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Purpose: Analyzed the expression characteristics of pyroptosis-related genes (PRGs) in peripheral blood mononuclear cells (PBMCs)
of gout patients by microarray, and constructed ceRNA network to explore the molecular mechanism of RNA-mediated pyroptosis
regulation.

Patients and Methods: Human mRNA, IncRNA, circRNA microarray data were used to identify differentially expressed in PBMCs
from patients with primary gout and healthy controls. Differential PRGs in PBMCs of gout patients identified by Genecard database
and mRNA microarray data. GO and KEGG enrichment analyses of these genes were then conducted. Protein-protein interaction
networks and cytoHubba were used to identify hub genes. Combining the IncRNA and circRNA microarray data, a ceRNA network
was constructed by Cytoscape to screen out key non-coding RNA molecules that can regulate target PRGs. Finally, the relative
expression levels of target miRNA and circRNA in 60 gout patients and 40 healthy subjects were detected by qRT-PCR.

Results: The results revealed 30 differentially expressed PRGs. GO and KEGG analysis of these genes were mainly concentrated in
the production and regulation of cytokines, NOD-like receptor signaling pathway and so on. Nine hub genes were screened by PPI
network, including IL1B, DDX3X, NLRP3, NLRP9, AIM2, CASP8, P2XR7, CARDS and IFI16. The has circRNA 102906
\hsa_circRNA 102910\hsa_circRNA 102911-hsa-miR-129-5p-DDX3X\NLRP3\NLRP9 regulatory network was constructed. The
expression of has circRNA 102906, hsa_circRNA 102910, hsa circRNA 102911 were up-regulated and hsa-miR-129-5p down-
regulated in PBMCs of gout patients. The relative expression of hsa circRNA 102911 was positively correlated with clinical
inflammatory indicators associated with gout, and the area under the curve of hsa circRNA 102911 for gout diagnosis was 0.85
(95% CI: 0.775-0.925; p < 0.001).

Conclusion: There are several differentially expressed PRGs in PBMCs of gout patients, which are involved in the regulation of gout
inflammation through multiple pathways. hsa_circRNA 102911-hsa-miR-129-5p-DDX3X\NLRP3\NLRP9 may be the key regulatory
pathway for pyroptosis to regulate gout inflammation, and hsa_circRNA 102911 may be a potential biomarker for the diagnosis of
primary gout.
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Introduction

Gout is an inflammatory disease caused by the deposition of monosodium urate (MSU) crystals in joints and other non-
joint tissues. The main clinical manifestations of gout include recurrent joint redness, swelling, heat and pain, and even
joint mutilation, urinary acid nephropathy and renal failure.* The incidence and prevalence of gout appear to be
increasing globally, seriously affecting people’s lives and imposing a significant economic burden on society and
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families.” Studies have found that acute and chronic inflammation and immune disorders play an important role in the
occurrence and development of gout, but the specific pathogenesis is not fully understood, especially the molecular
mechanism of acute and spontaneous remission of gouty arthritis is still a hot issue in the field of gout inflammation.*°
Therefore, further study on the regulation mechanism of gout inflammation has clinical significance for its prevention,
diagnosis and treatment.

Pyroptosis is a programmed cell death that occurs when cells are stimulated by signals associated with infectious or
endogenous damage. It can cause cell swelling and destruction of cell membrane integrity, resulting in the release of
cellular metabolites and inflammatory factors, which in turn trigger cascade amplification of body inflammation.’
Pyroptosis in cancer and inflammatory diseases has been widely studied, but the current research in gout is very limited.
MSU crystals were used to construct gout models at the cellular or animal level to study the role of burnt classical
pathways in gout.* ' At the same time, NLRP3, caspase-1, IL-1p, IL-18 are the main genes involved in the regulation of
gout. In gout inflammation, the MSU crystal, as an endogenous injury-related factor, leads to the assembly of NLRP3
inflammatory bodies and the activation of caspase-1, an activated caspase-1, which then cleaves the precursor IL-1p and
IL-18 produced by the Toll-like receptor protein 4 signaling pathway, induces maturation and secretion of NLRP3
inflammatory bodies into the extracellular environment, triggering cascade amplification of inflammation."' However,
more than 200 genes are involved in pyroptosis, and 216 encode proteins.'? The expression profile of pyroptosis-related
genes (PRGs) in gout patients is not clear, and its value in gout inflammation needs further clarification.

Transcriptome and microarray analysis have been widely used to identify new biomarkers for improved diagnosis and
treatment of various diseases, including gout."* "> In addition, the competitive endogenous RNA (ceRNA) network can
elucidate new mechanisms for promoting disease development in transcriptional regulatory networks.'® Therefore, in this
study, differential expression of mRNAs in peripheral blood mononuclear cells (PBMCs) between primary gout patients
and healthy controls (HC) detected by microarray technology. PRGs were screened by GeneCards. Then, Gout-related
PRGs (Gout-PRGs) were determined by the intersection of differential mRNA in gout patient and PRGs. Finally,
combined with microarray data, bioinformatics analysis and real-time quantitative PCR (RT-qPCR) amplification
assay, this research has demonstrated, for the first time, the specific profile of PRGs in PBMCs of gout patients and
explored the potential key genes and pathway network related to gout pathology, which may provide a new theoretical
basis for the molecular mechanism of gout.

Materials and Methods

Microarray Data Acquisition, Differential Gene Identification

The design and results of microarray data were based on previous reports.'>!'* Arraystar Human LncRNA Microarray
V4.0 (Arraystar, Rockville, MD, USA) examined mRNA and IcnRNA expression in PBMCs of 6 primary gout patients
and 6 HC matched by age and sex. Arraystar Human circRNA Array v2 (8 x 15K) (Arraystar, Rockville, MD, USA)
examined circRNA expression in PBMCs from the peripheral blood of 5 age-and sex-matched patients with primary gout
and 3 HC. The microarray data can detect about 15644 mRNAs, 14360 IncRNAs and 13618 circRNAs. Sample markers
and microarray hybridization were based on the Agilent Monochromatic Microarray Gene Expression Analysis Protocol,
and data normalization was performed by the Gene Spring GX V12.1 package (Agilent Technologies). Subsequently, we
used the R (version 4.1.0) software package limma (version 3.40.6) to analyze the difference of microarray data between
the gout and HC groups. The differentially expressed genes in gout were screened by fold change (FC) > 1.5, p < 0.05,
and the heatmap and Volcano plot were drawn by using the ggplot2 package.

Gout-PRGs Determination
A total of 254 PRGs were extracted from Genecard (https://www.genecards.org/). Using “pyroptosis” as the keyword, the

PRGs that encode proteins was searched in Genecard database. Subsequent analysis included 127 protein-coding PRGs
with a correlation score greater than 0.6. Next, we cross-analyzed the protein-coding PRGs and differentially expressed
mRNAs (DEmRNAs) using jvenn (http://www.bioinformatics.com.cn/static/others/jvenn/example.html).'” To better ana-

lyze the Gout-PRGs, we used ggplot2 packets to plot the expression of these genes in gout.
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GO and KEGG Enrichment Analysis of Gout- PRGs

For Gout-PRGs functional enrichment analysis, we used the GO annotations for genes in R package org.Hs.eg.db
(version 3.1.0), and the KEGG REST API (https://www.kegg.jp/kegg/rest/’keggapi.html) to obtain the latest gene
annotation for KEGG Pathway as the background, map the genes to the background set, and use R package

clusterProfiler (version 3.14.3) to conduct enrichment analysis to obtain the results of gene enrichment. The minimum
gene set was 5 and the maximum gene set was 5000, p < 0.05 and FDR < 0.10.

Construction of PPl Network

Based on differential expression of Gout-PRGs, protein-protein interaction information was downloaded through the
online tool STRING (https://string-db.org/), filtering conditions (Overall score > 0.4). The PPI network was optimized
with Cytoscape software (v3.7.2) for better visualization. We used cytoHubba’s three algorithms, Degree, Maximal
Clique Centrality (MCC), and Maximum Neighborhood Component (MNC), to calculate the top 10 hub genes. Finally,
the final hub gene was obtained by jvenn cross analysis.

Mechanism of Non-Coding RNA (ncRNA) Regulating Gout-PRGs
Construction of ceRNA Network
Five online miRNA databases, DIANA-TarBase v8, miRWalk, miRDB, miRcode and Targetscan, were used to predict
miRNAs targeting the hub gene.'®?? The co-expression network of mRNA-miRNA was constructed using Cytoscape,
and target miRNAs were identified as predictable miRNAs in at least two databases. Then the expression of miRNAs
predicted by RT-qPCR was tested in 100 subjects. Only those miRNAs with different expression in gout and HC groups
were selected for further analysis.

StarBase V3.0 (http://starbase.sysu.edu.cn/index.php) and IncBase V.3 (https://diana.e-ce.uth.gr/Incbasev3) was used

to predict IncRNAs. Starbase V3.0 screened for mammalian, human h19 genome, strict CLIP-Data (> = 5), and data with
or without degradome. LncRNA microarray data were used to detect the target IncRNA. The up-regulation of differen-
tially expressed LncRNAs (DEIncRNAs) and IncBase V3.0, IncBase V.3 predicted IncRNA cross analysis to obtain the
target IncRNA.

The circRNA microarray data was used to filter the intended circRNA. Arraystar predicted the circRNA most likely
to be combined with circRNA in circRNA microarray data by using TargetScan and miRanda homemade microRNAs
(microRNA, miRNA) target prediction software to predict the differentially expressed circRNAs (DEcircRNAs), the first
five miRNAs with higher matching values, and then determined the target circRNAs that can interact with the target
miRNA.>>?

Finally, Cytoscape was used to build a ceRNA network based on the interactions between mRNAs and ncRNAs.

Clinical Samples and Data Collection

This stage included 30 patients with patients with acute gout flare (AG), 30 patients with patients with intercritical gout
(IG) and 40 HC. Their target miRNA and circRNA genes predicted in the ceRNA network were detected using their
peripheral venous blood, and their clinical data were collected (Table 1), including sex, age, and laboratory indicators.
The samples were collected from gout patients in the Rheumatology and Immunology Department of the Affiliated
Hospital of North Sichuan Medical College from February 2021 to February 2022. The laboratory indicators, including
hypersensitive-c-reactive-protein (hsCRP), erythrocyte sedimentation rate (ESR), white blood cell counts (WBC),
neutrophile granulocytecounts (GR), lymphocyte counts (LY), monocyte counts (Mo), serum albumin (ALB), serum
globulin (GLOB), serum uric acid (sUA), serum urea (Urea), serum creatinine (Crea), estimated glomerular filtration rate
(eGFR), was completed by the laboratory department of the Affiliated Hospital of North Sichuan Medical College. All
gout patients met the American Rheumatic Society/European Alliance against Rheumatism 2015 Gout Classification
Criteria, and were subdivided into AG and IG groups according to their clinical manifestations.** Specifically, gout
patients with joint swelling, fever, and pain symptoms over the past 3 days were classified as AG, while those without
joint symptoms for at least 2 weeks and with normal ESR, hsCRP, and WBC counts were classified as IG.

Journal of Inflammation Research 2023:16 hetps: 1713
Dove


https://www.kegg.jp/kegg/rest/keggapi.html
https://string-db.org/
http://starbase.sysu.edu.cn/index.php
https://diana.e-ce.uth.gr/lncbasev3
https://www.dovepress.com
https://www.dovepress.com

Dove

Table | Clinical and Laboratory Data of Subjects Studied

Gout Group (n=60) | AG Group (n=30) | IG Group (n=30) | HC Group (n=40)
Gender F/M 0/60 0/30 0/30 0/40
Age(years) (X £ SD) 38.6x11.74 38.93+11.98 38.27x11.68 38.45x10.16
hsCRP (mg/L) [M(IQR)] 9.45(24.25) 25.34(35.51) 1.69(2.60) -
ESR (mm/h) [M(IQR)] 11.50(26.50) 30.50(35.75) 4.50(5.25) -
WBC (x109/L) (X + SD) 8.58+3.21 9.96+3.17 7.2+2.64 5.96x1.40
GR (x109/L) (X & SD) 5.71x2.77 7.02+2.61 4.39+2.28 3.53+0.96
LY (x109/L) (X + SD) 2.10+0.71 2.03+0.81 2.16+0.59 1.910£0.56
Mo (x109/L) (X + SD) 0.54+0.25 0.65+0.28 0.44+0.16 0.35+0.10
ALB (g/L) (X £ SD) 45.56+4.06 44.95+4.91 46.17£2.95 46.01£1.53
GLOB (g/L) (X + SD) 32.58+4.65 34.03+5.7 31.13£2.67 28.35+3.85
sUA (umol/L) (X £ SD) 472.12+169.46 486.38+185.89 457.85%153.13 354.27+49.06
Urea (mumol/L) (X £ SD) 4.77x1.27 4.79+1.27 4.74%1.29 4.67+1.12
Crea (umol/L) (X £ SD) 82.33+15.99 82.77+18.57 81.88+13.23 73.14+8.93
eGFR (X £ SD) 97.71+34.26 92.96+25.29 101.83+£40.45 100.89+14.96

Abbreviations: F/M, female/male; Gout, primary gout, including acute gout flare and intercritical gout; AG, patients with acute gout flare; IG,
patients with intercritical gout; HC, healthy controls; X & SD, Mean % Standard Deviation; M(IQR), Median(Inter-Quartile Range); hsCRP
hypersensitive-c-reactive-protein; ESR, erythrocyte sedimentation rate; WBC, white blood cell counts; GR, neutrophile granulocytecounts; LY,
lymphocyte counts; Mo, monocyte counts; ALB:Serum albumin; GLOB:serum globulin; sUA:serum uric acid; Urea, serum urea; Crea:serum
creatinine; eGFR, Estimated Glomerular Filtration Rate.

Hyperuricemia, metabolic syndrome or other chronic diseases were excluded in the healthy controls as HC. All subjects
were male, and there was no significant difference in age composition between the 3 groups (F = 0.029, P > 0.05). The
study was approved by the Ethics Committee of the Northern Sichuan Medical College and was conducted in accordance
with the ethical norms of the 1975 Helsinki Declaration. All patients signed informed consent following institutional
guidelines.

RNA Extraction and RT-qPCR Detection

Heparin anticoagulation tubes were used to collect 4mL of early morning fasting peripheral venous blood from all
subjects. PMBCs were isolated by Ficoll density gradient centrifugation. Total RNA was extracted from PMBCs
according to the Trizol kits (Invitrogen, United States) instructions. For miRNAs, reverse transcription and quanti-
fication of miRNAs from the extracted samples was performed using the All-in-One ™ miRNA qPCR kit (Gene
Copoeia, Rockville, Md, USA). RT-qPCR based on instructions from Gene Copoeia kit. U6 snRNA is used as an
internal control. For circRNA, the total RNA of 2uL is taken from the reverse transcription kit (TaKaRa, Japan) to
synthesize cDNA. The reaction system included TB Green Premix Ex Taq II (Takara Bio, Inc): 5 microlitres, positive
primers: 0.1 microlitres (10pmol/L), reverse primers: 0.1 microlitres (10pmol/L), cDNA: 1.0 microlitres, ddH20: 3.8
microlitres. The thermal cycling conditions are as follows. At 95 °C for 10 minutes, then denatured for 40 cycles at 95
°C for 10 seconds, annealed at 60 °C for 1 minute longer. The expression of the housekeeper gene (B-actin) is used as
an internal control. All the reactions had multiple pores, and the relative level of RNA of each gene was 2-ACT.
Table 2 lists the B-actin and 7 circRNA primer sequences for RT-qPCR (Shanghai Bioengineering Co, Ltd, Shanghai,
China).

Statistical Analysis

IBM SPSS Statistics 26 (SPSS, Inc, Chicago, IL, USA) was used to analyze data. The continuous variables were
described by mean + standard deviation (x £ s), and the comparison between groups was made by #-test or one-way
ANOVA. The non-normal distribution was described by median (quartile interval) [M (IQR)], the comparison between
groups was made by Mann—Whitney U or Krusk al-Wallis H-test, the correlation among variables was made by
Spearman correlation analysis, and the diagnostic efficacy of circRNA on gout was analyzed by receiver operating
characteristic (ROC) curve. Statistical significance was defined as p < 0.05.

https:

1714

Journal of Inflammation Research 2023:16
Dove!


https://www.dovepress.com
https://www.dovepress.com

Dove Niu et al
Table 2 RT-qPCR Primers Used in This Study

Gene Name Forward Primers Sequence(5’-3’) Reverse Primers Sequence(5’-3’)
B-actin GAGCTACGAGCTGCCTGACG GTAGTTTCGTGGATGCCACAG
hsa_circRNA_102906 TCGCTATTGCTGCTACCAGAGA AGTCTTGTATCCAGGCCGGG
hsa_circRNA_102908 AGCTGTTACTTTCCTATGGAGCCT ACTTCGAGGGCTAAACCACATTT
hsa_circRNA_102909 ATGCAGCCAAGAATGGGCATG AGTCTTGTATCCAGGCCGGG
hsa_circRNA_102910 CACCACTTCACGATGCAGCC CCTCCTAAACACACAGGCTCTCT
hsa_circRNA_10291 | TCGCTATTGCTGCTACCAGAGA AGTCTTGTATCCAGGCCGGG
hsa_circRNA_102912 GGCGAGTGATGTCTAGTCCCT TCCTCCTAAACACACAGGCTCT
hsa_circRNA_063334 CTGCCGATCCAGGAGCAACT CCACGGCCACTGAAATCCAC

Results

Data Normalization and Differential Gene Identification

mRNA, IncRNA microarray data sets (6 gout patients, 6 HC) were normalized (Figure 1A and B). A total of 3036
DEmRNAs were identified on mRNA microarray data, including 1040 up-regulated and 1996 down-regulated mRNAs.
A total of 3533 DEIncRNAs were identified on IncRNA microarray data, including 2022 up-regulated and 1511 down-
regulated IncRNAs. Heatmap and Volcano plot analyses show these results (Figure 1C—E. Differential identification of
circRNA microarray data sets was consistent with our previous study (13), in which there were 279 DEcircRNAs,
including 238 up-regulated and 41 down-regulated circRNAs.

Expression of PRGs in PBMCs of Gout Patients

Cross analysis of DEmRNAs and 127 PRGs yielded 32 Gout-PRGs (Figure 2A). The box chart (Figure 2B) shows the
differential expression of 32 Gout- PRGs in the gout and HC groups, with only 30 Gout- PRGs showing statistical
differences (p < 0.05).

GO and KEGG Enrichment Analysis

To further explore the function of Gout-PRGs, we performed GO and KEGG enrichment analysis on 30 Gout-PRGs with
statistically significant differences. GO enrichment analysis showed that Gout-PRGs was mainly enriched in the
production and regulation of cytokines, production, regulation and secretion of IL-1pB, defense response. Figure 2C
shows the biological processes of the first 10 GO enrichment analyses. KEGG pathway enrichment analysis showed
enrichment in NOD-like receptor signaling pathway, IL-17 signaling pathway, C-type lectin receptor signaling pathway,
cytoplasmic DNA sensing pathway, TNF signaling pathway and Necroptosis. Figure 2D shows the top 10 KEGG paths.

PPl Network and Hub Gene Difference Analysis

Based on Gout-PRGs, a PPI network was constructed with STRING, which consists of 30 nodes and 59 edges. And we
used cytoscape to optimize and visualize the PPI network (Figure 3A). CytoHubba’s three algorithms were used to
compute the top 10 hub genes, as shown in Figures 3B—D. The cross analysis resulted in the identification of nine hub
genes (Figure 3E). Details of these hub genes are shown in Table 3, They are the most important in the PPI network and
may play an important role in the pathogenesis of gout. In addition, we compared hub genes in mRNA microarrays data
with samples from AG, IG, and HC groups. IL1B, DDX3X, NLRP3, NLRP9, AIM2 were mainly up-regulated (p <
0.05), CASP8, P2RX7, CARDS, IFI16 were down-regulated (p < 0.05). In particular, DDX3X was low in the AG group
(p < 0.05) and NLRP9 was high in the AG group (p < 0.05) as shown in Figure 3F—N.

ncRNA Regulates the Gout-PRGs Mechanism

Determination of Hsa-miR-129-5p

Studies have shown that pyroptosis is a pro-inflammatory form of programmed cell death, which has been confirmed in
gout research.® ™! Therefore, we chose IL-1B, DDX3X, NLRP3, NLRP9, AIM? to further study. Considering that I[L-1B

Journal of Inflammation Research 2023:16 hetps: 1715
Dove


https://www.dovepress.com
https://www.dovepress.com

Niu et al Dove

18 - 18
4+ 3 1 4+ 1 4+ 3+ 1 4+ 0+ 4 ;
16 16
» 14 1 » 14
E 3
§12- 8 §12,
2 10 1 210
] 15}
< <
8 = 8k
9 ]
® 6 T 6
E E
(=} (=}
Z 4 Z 4
2 L - - - 1L 1 L L1 1 1 ] - 4L 1L 1L 1 1 1
O-’\"Ll'bh‘ob'\"v":\"t’b R S R
& ¢ ¢ ¢ £ & Q\N\o {d\o \«\o \\}o fvve 5xp & ¢ ¢ & S O\N\o &\o {d\o \\}0 ‘,}xp ,5,\9
N > M N > N >
S & é’° Q,°° <§>° & & & of,>° g§° goo
mRNA samples IncRNA samples

Expression i mRNA DEGs

SampleGroup: @ HC @ Gout 71 :

v Down-regulated

log2(FoldChange)

-log10(pvaluc)
6 7 IncRNA DEGs
5 : A Up-regulated
4 N - v Down-regulated

log2(FoldChange)

& & ¢ -logl0(pvalue)

Figure | Data normalization, mRNAs, IncRNAs difference analysis. (A) Normalized box diagram of mRNAs microarray data. (B) Normalized box diagram of IncRNAs
microarray data. (C) Heatmap of differential expression of mMRNAs. Red rectangles represent high expression and green ones represent low expression. (D) Volcano plot of
differential expression of mRNAs. (E) Volcano plot of differential expression of IncRNAs. The red plots represent up-regulated genes, the black plots represent
nonsignificant genes, and the green plots represent down-regulated genes.

Abbreviations: Gout, primary gout, including acute gout flare and intercritical gout; AG, patients with acute gout flare; IG, patients with intercritical gout; HC, healthy
controls.

is a downstream target.'""** In the mechanism of gout inflammation and pyroptosis, thus it was not included in the study.
Next, we predicted the miRNAs associated with DDX3X, NLRP3, NLRP9, and AIM2 from five databases and found 191
mRNA-miRNAs (Figure 4A). At the same time, miRNA that target three or more of the Gout-PRGs were selected.
Finally, hsa-miR-129-5p, hsa-miR-24-3p, hsa-miR-338-3p were determined. Then RT-qPCR was used to verify the
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Abbreviations: Gout, primary gout, including acute gout flare and intercritical gout; HC, healthy controls.

miRNA expression level in 100 subjects (30AG, 301G, 40HC) PBMCs. Only has-miR-129-5p showed significant
difference between gout and HC groups. In gout group, it was significantly lower than that in HC group (p < 0.05),
and there was no significant difference between AG and IG groups (Figure 4B-G).
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25 nodes and 58 edges.Each node represents a protein, while each edge represents a protein-protein association. Red circle represent the up-regulated genes. And green
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and HC groups. **p < 0.001, **p < 0.01, *p < 0.05.

Abbreviations: ns, no significant difference; Gout, primary gout, including acute gout flare and intercritical gout; AG, patients with acute gout flare; |G, patients with
intercritical gout; HC, healthy controls.
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Table 3 Hub Genes

Gene symbol Description Log2FC P value Up/Down
ILIB Interleukin | Beta 3.091261 0.000107 Up
DDX3X DEAD-Box Helicase 3 X-Linked 1.800122 0.00098 Up
NLRP3 NLR Family Pyrin Domain Containing 3 1.452344 3.31E-05 Up
NLRP9 NLR Family Pyrin Domain Containing 9 0.794876 0.00345 Up
AlM2 Absent In Melanoma 2 0.692054 0.003991 Up
CASP8 Caspase 8 —1.07128 3.60E-06 Down
P2RX7 Purinergic Receptor P2X 7 —0.87889 0.000526 Down
CARDS Caspase Recruitment Domain Family Member 8 —0.60951 2.12E-05 Down
IFI16 Interferon Gamma Inducible Protein 16 —0.60662 0.000102 Down

Abbreviation: FC, fold change.

LncRNAs and circRNAs Interacting with Hsa-miR-129-5p

Next, we use the online databases StarBase V3.0 and Lncbase V. 3 to screen for IncRNAs that interact with has-miR-129-
5p and can appear in the up-regulated DEIncRNAs, culminating in one target IncRNA MALAT1 (Figure 5A). The
differential expression was compared using IncRNA microarray data (Figure 5B and C). Combined with the results of
DEcircRNAs, there were 7 circRNAs that could be targeted by has-miR-129-5p, including hsa circRNA 102906,
hsa circRNA 102908, hsa circRNA 102909, hsa circRNA 102910, hsa circRNA 102911, hsa circRNA 102912,
hsa circRNA_063334. Considering that LncRNA and mRNA came from the same sample and the same microarray
chip, and circRNA was different from them, we conducted RT-qPCR detection of circRNA that might be related to hsa-
miR-129-5p. The expression of circRNAs was detected in 100 subjects (30AG, 301G, 40HC) PBMCs (Figure 5D-I).
Hsa circRNA 102906, hsa circRNA 102910, hsa circRNA 102911 were found to be significantly higher in all gout
patients (p < 0.05). In addition, the relative expressions of hsa circRNA 102906, hsa circRNA 102910,
hsa circRNA 102911 in AG and IG subgroups were significantly higher than those in HC groups (p < 0.05), and the
relative expressions of hsa circRNA 102906, hsa circRNA 102911 in AG subgroups were significantly higher than
those in IG subgroups (p < 0.05).

Construction and Analysis of circRNAs-Hsa-miR-129-5p-NLRP3\NLRPI9\DDX3X

Regulatory Network

Literature search showed that IncRNA MALAT1 was involved in the occurrence and development of gout in MSU
stimulated THP1 models, so our study does not consider IncRNA_ MALAT! regulatory network.”® Thus, a circRNA-
miRNA-mRNA regulatory network is constructed on the basis of ceRNA hypothesis (16) for the target gene. (Figure 6A)

In addition, in order to further understand the possible mechanism of action of circRNAs in gout, the correlation
between hsa circRNA 102906, hsa circRNA 102910, hsa circRNA 102911 and clinical laboratory indicators was
analyzed. The expression of hsa_circRNA 102911 in gout patients PBMCs was found to be positively correlated with
ESR (r = 0.338, p = 0.008), hsCRP (r = 0.385, p = 0.002), WBC (r = 0.315, p = 0.014) and GR (r = 0.335, p = 0.009).
(Figure 6B-E) The remaining two circRNAs were not found to be clinically relevant.

At the same time, the diagnostic efficacy of three circRNAs for gout was examined and the ROC curves were
analyzed. The area under curve (AUC) of hsa circRRNA 102906 were 0.786 (95% confidence interval (CI), 0.695—
0.877; p<0.001; sensitivity=91.7%, specificity=57.5%), the AUC of hsa_circRNA 102910 were 0.766 (95% CI, 0.667—
0.865; p<0.001; sensitivity=81.7%, specificity=75.0%) and the AUC of hsa circRNA 102911 were 0.850 (95% CI,
0.775-0.925; p<0.001; sensitivity=91.7%, specificity=62.5%). (Figure 6F—H)

Discussion

As a newly recognized type of programmed cell death, pyroptosis is a hot topic in various diseases, especially in tumor
and inflammatory diseases.””*® Studies have shown that pyroptosis can play a dual role in cancer progression. Cell
burnout releases inflammatory cytokines, stimulates normal cells, and leads to the transformation into tumor cells, and
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Figure 4 mRNA-miRNA co-expressed networks and co-targeted miRNAs differentially. (A) The mRNA-miRNA co-expression network is built by Cytoscape and consists
of 181 nodes and 191 edges. DDX3X has 122 target miRNAs, NLRP3 has 20 target miRNAs, NLRP9 has 44 target miRNAs, and AIM2 has only 5 target miRNAs. One node
represents an mRNA or miRNA, and one edge represents an interaction between an mRNA and miRNA. Red diamonds represent hub genes, green circles represent
miRNAs, and yellow circles represent co-targeting miRNAs (three hub genes targeted). (B—G) Differential expression of co-targeted miRNA between Gout and HC groups
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Figure 5 Differential expression of IncRNAs and circRNAs targeted. (A) Venn diagram between aStarBase V3.0, IncBase V.3 and up-regulated DEIncRNAs targeting
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Abbreviations: ns, no significant difference; Gout, primary gout, including acute gout flare and intercritical gout; AG, patients with acute gout flare; IG, patients with
intercritical gout; HC, healthy controls.
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promotes cell death.?*>° However, current knowledge of pyroptosis in gout are limited. The research on the mechanism
of pyroptosis involved in gout mainly focuses on the NLRP3/caspase-1/GSDMD pathway, which activates Caspase-1
through the NLRP3 inflammasome, cleaves the downstream GSDMD protein, induces pyroptosis, and releases IL-1p and
IL-18 cytokines to exacerbate inflammation.!’ However, the expression of several PRGs in gout and its mechanism are
still not clear. GO and KEGG analysis showed that these Gout-PRGs were involved in the production and regulation of
cytokines, IL-1B-production, regulation and secretion, defense response, NOD-like receptor signaling pathway, IL-17
signaling pathway, C-type lectin receptor signaling pathway, cytoplasmic DNA sensing pathway, TNF signaling pathway
and Necroptosis. Previous studies have reported that these pathways play an important role in the regulation of gout
inflammation.*'**> These results suggest that these Gout-PRGs may be involved in the pathogenesis of gout through
multiple signaling pathways.

By constructing a PPI network, we identified nine key PRGs, including five up-regulated genes in gout (IL1B,
DDX3X, NLRP3, NLRP9, AIM2) and four down-regulated genes (CASPS, P2RX7, CARDS, IFI16). Among them,
NLRP3 and IL-1B have been identified in previous studies as involved in gout inflammation by regulating pyroptosis. As
a typical representative of the NOD-like receptor protein family, NLRP3 is not only one of the most studied pattern
recognition receptors in gout, but also one of the important molecules of the classical activation pathway of
pyroptosis."'! The inflammatory corpuscle complex is activated after sensing the signal of pathogen and manifests as
perforation of cell membrane and release of inflammatory cell contents, mediating the production of a series of
inflammatory factors, including IL-1f, IL-18, TNF-a, etc. Of these cytokines, IL-1p is the most closely related to
gout.*® Activated IL-1p activates chemokines and other inflammatory regulators by activating IL-1R, causing neutrophils
to enter joints and other urate deposits, exacerbating the gout response.* About CASPS, Liu et al predicted it to be the
core target of plantain active compounds in the treatment of gout and hyperuricemia based on network pharmacology.**
A Korean study suggests that genetic variability in the P2X7R rs3751142 and CARDS rs2043211 genes may be involved
in the development of gout.*® In addition, regarding our predictions of AIM2, DDX3X, NLRP9, IFI16, they are all
related to the process of pyroptosis.*®>” However, no studies have been reported on gout, and the mechanism of its
involvement in gout is unclear. This provides a new way for us to further study the mechanism of pyroptosis in gout
inflammation.

NcRNAs, such as miRNA, LncRNA, cirRNA, are a class of RNAs that do not encode proteins and have crucial roles in
human health and disease, including gout.'>'> Current studies have shown that IncRNA and circRNA can act as a kind of
ceRNA to regulate target gene expression by competing with related mRNAs to bind to the same miRNA through miRNA
response elements.'® Our team has long worked on ncRNA’s role in gout. Previous work identified 3522 DEIncRNAs and
279 DEcircRNAs in gout patients using microarray data. To further investigate the role of these different ncRNAs
regulatory downstream PRGs in gout, we selected three up-regulated PRGs (DDX3X\NLRP3\NLRP9) in PBMCs of
gout patients to construct ceRNA networks with microarray data. In 100 patients (30AG, 301G, 40HC), RT-qPCR was used
to detect the predicted miRNAs and circRNAs, and it was found that has-miR-129-5p was down-regulated and
has _circRNA 102906, has_circRNA 102910, and has _circRNA 102911 were up-regulated in gout patients. We speculate
that has_circRNA 102906, has_circRNA 102910, has_circRNA 102911 may act as a spongy molecule of has-miR-129-
5p and competitively combined with DDX3X\NLRP3\NLRP9 to regulate the Gout-PRGs. Gout is an inflammatory disease
in which pyroptosis plays an important role in cascading reactions that lead to acute inflammatory injury.* So We took the
predicted upstream molecules that regulate the Gout-PRGs, analyzed the association between circRNAs and clinical
indicators. Only found has circRNA 102911 was positively correlated with the inflammatory markers of gout patients.
In combination with the ceRNA hypothesis, we first proposed an RNA regulatory pathway in which PRGs participates in
the mechanism of gout inflammation, has_circRNA_102911-hsa-miR-129-5p-DDX3X\NLRP3\NLRP9.'¢ In addition, as
a class of ncRNA with a closed loop structure, circRNA is widely and stably distributed in the human body, with certain
tissue, time sequence and disease specificity, and can be used as a new ideal diagnostic biomarker for diseases.**** In this
study, the ROC curve analysis found that the AUC of has_circRNA 102911 for distinguishing gout from healthy people
was 0.85, indicating that it has good diagnostic performance and may be a potential biomarker for the diagnosis of primary
gout, which indicated that has_circRNA 102911 was a potential biomarker for the diagnosis of primary gout.
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Of course, this study also has some limitations. On the one hand, the sample size used for analysis and verification is
relatively small. Therefore, future studies need to increase the sample size and at different biological levels to further
support our view. On the other hand, although we suggest that the has circRNA 102911-hsa-miR-129-5p-DDX3X
\NLRP3\NLRP9 pathway may play an important role in the regulation of gout inflammation, further functional
experiments are needed.

Conclusion

Our work, for the first time, elucidated the expression profile of Gout-PRGs and identified nine hub genes specifically
expressed in PBMCs of gout patients, especially the DDX3X\NLRP3\NLRP9 up-regulated in gout. By constructing
a ceRNA network, the regulation mechanism of pyroptosis in gout was explored from the transcriptome level, and the
regulatory network of has circRNA 102906\hsa circRNA 102910\hsa_circRNA 102911-hsa-miR-129-5p- DDX3X
\NLRP3\NLRPY9 was initially found. Furthermore, has circRNA 102911-hsa-miR-129-5p-DDX3X\NLRP3\NLRP9
may be a key regulatory pathway for Gout-PRGs and has circRNA 102911 may be a potential biomarker for the
diagnosis of primary gout.
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