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Abstract
Objective: To	identify	differentially	expressed	lncRNA,	miRNA,	and	mRNA	during	the	
pathogenesis	of	gout,	explore	the	ceRNA	network	regulatory	mechanism	of	gout,	and	
seek potential therapeutic targets.
Method: First,	gout-	related	chips	were	retrieved	by	GEO	database.	Then,	the	analysis	
of	differentially	expressed	 lncRNAs	and	mRNAs	was	conducted	by	R	 language	and	
other	 software.	Besides,	miRNA	and	 its	 regulated	mRNA	were	predicted	based	on	
public	databases,	the	intersection	of	differentially	expressed	mRNA	and	predicated	
mRNA	was	taken,	and	the	lncRNA-	miRNA-	mRNA	regulatory	relationships	were	ob-
tained	 to	construct	 the	ceRNA	regulatory	network.	Subsequently,	hub	genes	were	
screened	by	the	STRING	database	and	Cytoscape	software.	Then	the	DAVID	data-
base was used to illustrate the gene functions and related pathways of hub genes and 
to	mine	key	ceRNA	networks.
Results: Three	hundred	and	eighty-	eight	 lncRNAs	and	758	mRNAs	were	 identified	
with	significant	differential	expression	in	gout	patient,	which	regulates	hub	genes	in	
the	ceRNA	network,	such	as	JUN,	FOS,	PTGS2,	NR4A2,	and	TNFAIP3.	In	the	ceRNA	
network,	lncRNA	competes	with	mRNA	for	miRNA,	thus	affecting	the	IL-	17	signaling	
pathway,	 TNF	 signaling	 pathway,	Oxytocin	 signaling	 pathway,	 and	NF-	κB signaling 
pathway through regulating the cell's response to chemical stress. The research indi-
cates	that	five	miRNAs	(miR-	429,	miR-	137,	miR-	139-	5p,	miR-	217,	miR-	23b-	3p)	and	five	
lncRNAs	(SNHG1,	FAM182A,	SPAG5-	AS1,	HNF1A-	AS1,	UCA1)	play	an	important	role	
in the formation and development of gout.
Conclusion: The	 interaction	 in	 the	 ceRNA	 network	 can	 affect	 the	 formation	 and	
development of gout by regulating the body's inflammatory response as well as 
proliferation, differentiation, and apoptosis of chondrocytes and osteoclasts. The 
identification	of	potential	therapeutic	targets	and	signaling	pathways	through	ceRNA	
network can provide a reference for further research on the pathogenesis of gout.
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1  |  INTRODUC TION

Gout	is	one	of	the	most	common	metabolic	rheumatism,	it	features	
the	 chronic	 deposition	 of	 monosodium	 urate	 (MSU)	 crystals	 that	
lead to recurrent gouty arthritis, tophus, kidney stones, and gouty 
nephropathy.1

Epidemiological evidence shows that gout has seen an increas-
ing global incidence and gets younger in the past few decades, which 
incurred a huge burden on social medical costs. It also undermines 
the	quality	of	life	of	patients,	drains	labor	forces,	and	impedes	socio-
economic development, while its specific pathogenesis still remains 
unknown.2 Previous studies have shown that hyperuricemia is the 
pathological	basis	of	gout	attacks,	and	MSU	formation	and	its	induced	
inflammation is the key to the emergence of clinical symptoms.3 
However, serum sodium urate has not risen in some patients with acute 
onset of gout when there were apparent symptoms. Commonly used 
drugs	for	the	treatment	of	gout	at	present	mainly	include	non-	steroidal	
anti-	inflammatory	drugs,	colchicine,	glucocorticoids,	all	of	which	have	
many	 toxic	 side	 effects	 and	 contraindications.4,5 Therefore, further 
research on molecular mechanisms of gout is essential for discovering 
safe and effective diagnostic and therapeutic targets.

Long	 non-	coding	 RNA	 (lncRNA)	 is	 a	 type	 of	 non-	coding	 RNA	
with a length greater than 200 nucleotides. When discovered, it was 
considered to have no actual function, but recent studies have con-
firmed	that	lncRNA	plays	a	regulatory	role	in	the	biological	processes	
(including	 epigenetic	 regulation,	 transcription	 regulation,	 and	 post-	
transcriptional	 regulation	 in	the	form	of	RNA),	and	 in	regulating	the	
innate and adaptive immune response and immune cell development 
at the same time, which makes it a biomarker for the diagnosis of many 
diseases.6	Recent	studies	have	shown	that	lncRNA	can	act	as	a	com-
petitive	endogenous	RNA	(ceRNA)	sponge	to	absorb	miRNA	to	change	
the	expression	of	messenger	RNA	(mRNA)	in	the	development	of	gout,	
thereby participating in the immune response, inflammation, cell me-
tabolism, and other biological processes of gout.7-	9 However, only few 
related researches are reported and specific mechanism has not yet 
been clarified. Therefore, microarray chip of gout was analyzed and a 
ceRNA	network	of	it	was	constructed	in	this	study.	Related	functions	
and	pathways	regulated	by	the	ceRNA	network	through	bioinformat-
ics methods were analyzed to offer new insights into the pathogenesis 
of gout and screen out potential therapeutic targets.

2  |  DATA AND METHODS

2.1  |  Screening- related chips for gout

“Gout”	AND	“Long	non-	coding	RNA”	AND	“Expression	profiling	by	
array”	were	applied	for	dataset	retrieval.	Most	of	the	databases,	such	
as	TCGA	and	Oncomine,	currently	mainly	provide	high-	throughput	

microarray	data	on	cancer-	related	research,	and	few	databases,	such	
as	Gene	Expression	Omnibus	(GEO)	database,	provide	data	on	non-
tumor diseases.10 Therefore, this study selected the only gout chip 
in	GEO	database	for	bioinformatics	analysis.	The	chip	matrix	file	is	
GSE16	0170	and	the	platform	file	is	GPL21827.	A	total	of	12	samples	
were	included,	of	which	six	were	peripheral	blood	of	gout	patients	
and	six	were	peripheral	blood	of	healthy	controls.

2.2  |  Re- annotation comparison

Probe	nucleic	acid	sequences	 in	the	platform	file	were	made	fasta	
format.11	 Then,	 the	 nucleotide	 sequences	were	 downloaded	 from	
the	Gencode	database.	After	that,	the	two	were	compared	by	R	lan-
guage to obtain the probe file with gene names.

2.3  |  Chip data analysis

Perl	 language	 was	 applied	 to	 compare	 the	 matrix	 file	 with	 probe	
file	to	obtain	the	gene	expression	profile	data	set	of	gout	patients	
and healthy controls. The human chromosome file was downloaded 
from	 the	Gencode	platform	 to	 add	 gene	 attributes	 to	 the	data	 to	
distinguish	mRNA	and	 lncRNA.	Then,	 the	difference	 in	genes	was	
analyzed by the limma package of R language, p < 0.05 and |log2 
fold	change	 (FC)|>1 were used as filter to screen out differentially 
expressed	mRNAs	and	lncRNAs,	and	finally	the	pheatmap	package	
of R language was used to draw differential heatmap of differentially 
expressed	lncRNAs.

2.4  |  Interaction prediction of lncRNA, 
miRNA, and mRNA

miRNAs	 that	 interact	 with	 differentially	 expressed	 lncRNAs	were	
screened	 with	 the	 mircode	 database.	 Then,	 predicate	 mRNAs	 af-
fected	by	miRNAs	from	public	databases	(miRTarBase,	TargetScan,	
miRDB),12-	14	select	mRNAs	that	could	be	predicted	by	the	three	da-
tabases, and take the intersection of the results and differentially 
expressed	mRNAs.	The	lncRNA-	miRNA-	mRNA	interaction	network	
was	then	obtained	and	imported	into	Cytoscape	to	draw	the	ceRNA	
network map.

2.5  |  Protein– protein interaction network 
construction

In	order	to	further	explore	the	mechanism	of	mRNA	in	the	ceRNA	net-
work,	mRNAs	were	imported	into	STRING	database,15 study species was 

K E Y W O R D S
bioinformatics,	competitive	endogenous	RNA,	GEO	database,	gout,	LncRNA

http://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE160170
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limited to "Homo Sapiens", and connection score was set to >0.4 to ob-
tain the protein interaction relationship. Obtained results were imported 
into	 Cytoscape,	 and	 "NetworkAnalyzer"	was	 used	 for	 visualization	 to	
construct	a	protein-	protein	interaction	(PPI)	network,	and	"CytoHubba"	
was used to screen out hub genes according to the degree value.

2.6  |  Gene enrichment analysis

Gene	Ontology	(GO)	and	Kyoto	Encyclopedia	of	Genes	and	Genomes	
(KEGG)	 enrichment	 analysis	 were	 performed	 with	 Database	 for	
Annotation,	 Visualization	 and	 Integrated	 Discovery	 (DAVID)	 data-
base.16	 Hub	 genes	were	 imported	 into	 DAVID	 database	 and	 study	
species	was	limited	to	"Homo	Sapiens."	The	results	of	GO	and	KEGG	
enrichment analysis were provided by bioinformatics tools on the 
website.	 GO	 enrichment	 analysis	 mainly	 includes	 three	 processes:	
biological	process	(BP),	cellular	component	(CC),	and	molecular	func-
tion	 (MF).	The	main	pathways	of	KEGG	include	metabolism,	genetic	
information	processing,	environmental	information-	related	processes,	
cellular physiological processes, and drug research. p < 0.05 indicates 
a significant enrichment result. Finally, the data visualization is made 
with ggplot2 package of R language.

2.7  |  Key ceRNA networks mining

Correlation	 information	of	 hub	 genes	was	 searched	 in	 the	 ceRNA	
network,	 lncRNAs	and	miRNAs	that	 interact	with	hub	genes	were	
mined,	 and	 a	 key	 lncRNA-	miRNA-	mRNA	 interaction	 network	was	
constructed.	Besides,	key	lncRNAs	and	miRNAs	were	screened	out	
according	to	the	degree	value.	Finally,	a	key	ceRNA	network	diagram	
was drawn by Cytoscape. In addition, a literature search was con-
ducted	for	the	 impact	of	key	signaling	axes	 in	the	ceRNA	network	
graph on gout formation and development.

3  |  RESULTS

3.1  |  Differentially expressed lncRNA and mRNA

Difference analysis was carried out after reannotating the chip by 
perl	 and	R	 language.	 It	 showed	 that	388	 lncRNAs	with	 significant	
change were found in gout patient compared with the healthy con-
trol,	 of	 which	 240	 lncRNAs	 were	 up-	regulated	 and	 148	 lncRNAs	
were	 down-	regulated;	 758	 mRNAs	 with	 significant	 change	 were	
found,	 of	 which	 327	mRNAs	were	 up-	regulated	 and	 431	mRNAs	
were	down-	regulated.	The	10	with	most	significant	change	among	
the	 up-	regulated	 and	 down-	regulated	 lncRNAs	 were	 selected	 to	
draw the heat map, as shown in Figure 1.

3.2  |  ceRNA network

A	total	of	206	miRNAs	and	1269	mRNAs	were	predicted	using	data-
bases	such	as	mircode.	Predicted	mRNAs	were	intersected	with	758	
differentially	expressed	mRNAs,	and	miRNAs	and	lncRNAs	that	were	
not	in	the	interaction	relationship	were	deleted.	An	lncRNA-	miRNA-	
mRNA	network	was	 then	obtained.	The	network	was	 imported	 into	
Cytoscape	 to	 draw	 the	 ceRNA	network,	 as	 shown	 in	Figure 2. The 
network	includes	a	total	of	181	nodes	(93	lncRNA	nodes,	29	miRNA	
nodes,	59	mRNA	nodes)	and	603	edges.

3.3  |  Investigation of hub genes by PPI 
network analysis

The	 PPI	 network	 was	 constructed	 with	 STRING	 database	 and	
Cytoscape, as shown in Figure 3.	A	total	of	20	nodes	and	33	edges	
are	involved	in	the	graph.	According	to	the	degree	value,	the	top	five	
hub	genes	are	screened	as	JUN,	FOS,	PTGS2,	NR4A2,	and	TNFAIP3.	

F I G U R E  1 Expression	levels	of	
differentially	expressed	lncRNAs	in	
different	samples.	Note:	The	left	vertical	
axis	represents	the	cluster	analysis	of	
differentially	expressed	lncRNAs,	and	the	
right	vertical	axis	represents	the	name	
of	differentially	expressed	lncRNAs.	Red	
represents	high	relative	expression,	and	
brighter red represents more significant 
high	relative	expression.	Green	represents	
low	relative	expression,	and	brighter	green	
represents more significant low relative 
expression.	Black	represents	no	significant	
difference	in	relative	expression.	At	the	
top, blue represents peripheral blood 
samples of healthy control and red 
represents that of gout patients
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These hub genes play a key role in the entire network and may be 
key genes in the development of gout. Basic information is shown 
in Table 1.

3.4  |  GO and KEGG enrichment analysis

During	 the	GO	enrichment	 analysis	 of	 the	 function	of	 hub	 genes,	
529	 items	were	 identified,	 including	480	BPs,	9	CCs,	and	40	MFs.	
According	to	the	P	value,	the	top	10	enriched	BP,	CC,	and	MF	are	
shown in Figure 4A. BP mainly involves in the cell's response to 
chemical	 stress,	 oxidative	 stress,	 and	 external	 stimuli;	 CC	 mainly	

involves	 in	 transcriptional	 regulatory	 complex,	 RNA	 polymerase	
II	 transcriptional	 regulatory	 complex,	 and	 the	outer	 nuclear	mem-
brane;	 MF	 mainly	 involves	 in	 DNA-	binding	 transcription	 factor	
binding,	R-		 SMAD	binding,	 and	 type	 II	 RNA	polymerase	 activated	
transcription	factor	binding.	KEGG	enrichment	analysis	of	hub	genes	
identified	 40	 items,	mainly	 involving	 IL-	17	 signaling	 pathway,	 TNF	
signaling	 pathway,	 Oxytocin	 (OXT)	 signaling	 pathway,	 and	 NF-	κB 
signaling pathway, as shown in Figure 5A.

The chord diagrams of the five hub genes were drawn by 
GOplot	package	of	R	 language	 to	show	the	 five	most	 significant	
enrichment	pathways	of	GO	and	KEGG	to	visualize	a	smaller	sub-
set	 of	 high-	dimensional	 data,	 so	 as	 to	 understand	 their	 specific	

F I G U R E  2 ceRNA	regulatory	network.	Note:	Red	circle	represent	lncRNA,	green	diamond	represents	mRNA,	blue	rectangle	represents	
miRNA,	and	lines	between	nodes	represent	the	regulatory	relationship.
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mechanisms in the enrichment process, as shown in Figures 4B 
and 5B.

3.5  |  Key ceRNA network

LncRNA	 competes	with	mRNA	 in	miRNA	 binding.	 The	 hub	 genes	
obtained	 from	 the	 PPI	 network	 were	 up-	regulated,	 and	 miRNAs	
(miR-	429,	 miR-	137,	 miR-	139-	5p,	 miR-	217,	 miR-	23b-	3p)	 in	 the	 in-
teract	 key	 ceRNA	 network	 were	 down-	regulated	 by	 lncRNA,	 as	
shown in Figure 6.	Key	 lncRNAs	 (SNHG1,	FAM182A,	SPAG5-	AS1,	
HNF1A-	AS1,	UCA1)	in	the	network	were	selected	through	the	de-
gree value, as shown in Table 2.	Experimental	studies	on	 lncRNAs	
and	miRNAs	in	key	ceRNA	network	were	retrieved	from	databases	
such	as	PubMed,	and	it	was	found	that	regulating	their	expression	

could affect the body's inflammatory response, osteoclast prolifera-
tion and differentiation, chondrocyte apoptosis, and autophagy. The 
results offer significant guidance in elucidating the formation and 
development of gout. Detailed information is shown in Table 3.

4  |  DISCUSSION

LncRNA	is	a	type	of	non-	coding	ribonucleic	acid	with	more	than	200	
nucleotides,	which	has	attracted	extensive	attention	in	recent	medi-
cal	researches.	Previously,	it	has	been	reported	that	lncRNA	involves	
in immune cell development, including dendritic cell differentiation, 
T-	cell	activation,	granulocyte	differentiation,	inhibition	of	T-	cell	prolif-
eration, and Th1 cell differentiation.17-	19	In	addition,	lncRNA	has	been	
considered as a powerful regulator of many genes and pathways in the 

F I G U R E  3 Protein	interaction	
network.	Note:	Red	node	represents	up-	
regulated	mRNA,	green	node	represents	
down-	regulated	mRNA,	and	the	line	
between nodes represents interaction 
relationship. The larger the node and the 
darker the color, the greater the degree 
value. Thickness of the edge reflects 
the connection score. The thicker the 
edge, the closer the interaction between 
mRNAs

TA B L E  1 Basic	information	of	hub	genes

Hub genes Related description Degree Value difference Trend

JUN Jun	Proto-	Oncogene 12 3.63 Up-	regulate

FOS Fos	Proto-	Oncogene 8 1.49 Up-	regulate

PTGS2 Prostaglandin-	Endoperoxide	Synthase	2 5 2.70 Up-	regulate

NR4A2 Nuclear	Receptor	Subfamily	4	Group	A	Member	2 4 2.89 Up-	regulate

TNFAIP3 TNF	Alpha	Induced	Protein	3 4 2.89 Up-	regulate

Note: The	expressions	of	JUN,	FOS,	PTGS2,	NR4A2,	and	TNFAIP3	in	the	peripheral	blood	of	gout	patients	were	all	higher	than	those	of	healthy	
controls.
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pathogenesis of inflammation diseases (including osteoarthritis and 
gouty	arthriti)	and	autoimmune	diseases	(including	psoriasis,	rheuma-
toid	arthritis,	and	systemic	lupus	erythematosus).20-	22	Though	lncRNA	
research is gaining popularity, research on its role in the pathogenesis 
of	gout	has	just	started.	Exploring	the	role	of	the	lncRNA	in	gout	will	
offer new insights into the pathogenesis of gout. Therefore, in this 
study,	data	were	extracted	from	the	GSE16	0170 chip to construct a 

lncRNA-	miRNA-	mRNA	network	based	on	the	ceRNA	mechanism,	and	
240	up-	regulated	lncRNAs	and	148	down-	regulated	lncRNAs	between	
gout patients and healthy control were identified based on bioinfor-
matics	analysis	to	explore	the	role	of	lncRNA	in	the	formation	and	de-
velopment of gout.

Hub	genes	in	the	ceRNA	network	were	screened	out	and	a	enrich-
ment analysis was performed to narrow the scope of research and find 

F I G U R E  4 GO	enrichment	analysis	of	hub	genes	bubble	diagram	(A)	and	chord	diagram	(B).	Note:	(A)	The	vertical	axis	represents	the	
name	of	GO	enrichment	analysis,	and	the	horizontal	axis	represents	the	proportion	of	enriched	genes	in	total	human	genes.	Redder	bubble	
indicates	more	significant	enrichment	and	larger	bubble	indicates	more	enriched	genes	in	the	item.	(B)	The	relationship	between	the	top	five	
GO	items	and	hub	genes	is	represented	by	chord	graph,	and	the	colors	of	nodes	are	displayed	according	to	the	value	of	logFC

F I G U R E  5 The	KEGG	enrichment	analysis	of	hub	genes	bubble	diagram	(A)	and	chord	diagram	(B).	Note:	(A)	The	vertical	axis	represents	
the	pathway	name,	and	the	horizontal	axis	represents	the	proportion	of	enriched	genes	in	total	human	genes.	Redder	bubble	indicates	more	
significant	enrichment	and	larger	bubble	indicates	more	enriched	genes	in	the	item.	(B)	The	relationship	between	the	top	five	pathways	and	
hub genes is represented by chord graph, and the colors of nodes are displayed according to the value of logFC

http://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE160170
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the key mechanism of gout. Results suggested that hub genes such 
as	JUN,	FOS,	PTGS2,	NR4A2,	and	TNFAIP3	were	all	up-	regulated	 in	
the	 serum	of	 gout	 patients	 and	were	mainly	 enriched	 in	 IL-	17,	TNF,	
Oxytocin,	and	NF-	κB signaling pathways, and its biological processes 
mainly	 involved	 cell-	to-	chemical	 response	 to	 stress,	 oxidative	 stress,	
and	external	stimulation.	Both	the	regulated	hub	genes	and	the	biolog-
ical processes and pathways were closely related to the formation and 
development of gout.23,24	Oxytocin	 signaling	pathway	 could	be	 acti-
vated under acute/chronic pain stimuli to relieve pain and alleviate car-
tilage	matrix	degradation	through	nerve	and	body	fluid	regulation25-	27; 

IL−17	signal	existed	in	Th17	helper	cell,	and	it	could	stimulate	mono-
cytes and macrophages to secrete inflammatory factors, thus aggravate 
the	acute	and	chronic	inflammation	induced	by	MSU	crystals.	Studies	
have	 shown	 that	 increasing	 NR4A2	 induced	 Th17	 differentiation,	
which	 could	 up-	regulate	 IL-	23	 receptor	 expression	 and	 increase	 the	
secretion	of	inflammatory	factors	such	as	IFN-	γ,	IL-	23,	and	IL-	1728,29; 
TNF	pathway	mediated	eosinophils	cells	and	lymphocytes	to	accumu-
late	in	the	inflammation	site.	When	TNF	bound	to	its	receptor	TNFR,	
RIP1	could	be	recruited	and	subunit	IKKγ	ubiquitination	could	be	regu-
lated	to	activate	NF-	κB	and	AP-	1	pathways,	thereby	inducing	sustained	

F I G U R E  6 The	key	ceRNA	network	
that	up-	regulates	mRNA.	Note:	Red	
circle	represents	lncRNA,	green	diamond	
represents	mRNA,	blue	rectangle	
represents	miRNA,	and	the	line	between	
nodes represents the regulatory 
relationship

TA B L E  2 Basic	information	of	key	lncRNA

lncRNA Related description Degree Signal axis

SNHG1 Small	Nucleolar	RNA	Host	Gene	1 3 SNHG1/miR−23b−3p/TNFAIP3
SNHG1/miR−217/NR4A2
SNHG1/miR−137/PTGS2

FAM182A Family	With	Sequence	Similarity	
182	Member	A

3 FAM182A/miR−23b−3p/TNFAIP3
FAM182A/miR−139-	5p/FOS
FAM182A/miR−139-	5p/JUN

SPAG5-	AS1 SPAG5	Antisense	RNA	1 2 SPAG5-	AS1/miR−217/NR4A2
SPAG5-	AS1/miR−429/JUN

HNF1A-	AS1 HNF1A	Antisense	RNA	1 2 HNF1A-	AS1/miR−23b−3p/TNFAIP3
HNF1A-	AS1/miR−217/NR4A2

UCA1 Urothelial	Cancer	Associated	1 1 UCA1/miR−23b−3p/TNFAIP3

Note: SNHG1,	FAM182A,	SPAG5-	AS1,	HNF1A-	AS1,	UCA1	can	affect	the	occurrence	and	development	of	gout	by	regulating	the	miRNA	and	mRNA	
that interact with them.
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inflammation30,31;	Elevated	blood	uric	acid	also	activated	NF-	κB path-
way.	When	NF-	κB protein was stimulated by blood uric acid, it would 
be	 transported	 to	 the	 nucleus,	 bind	with	 PTGS2	 (Cyclooxygenase-	2,	
COX-	2)	promoter	region	(including	NF-	kB	site),	activate	the	oxidative	
stress	response,	release	IL-	1β and other inflammatory factors, and fur-
ther	stimulate	the	expression	of	IL-	17	pathway.32-	34	TNFAIP3	had	the	
biological	function	of	deubiquitinase,	which	could	block	the	interaction	
between	ubiquitin	 ligase	 and	 conjugation	 enzyme,	 thereby	 inhibiting	

the	activation	of	NF-	κB signaling35;	A	complex	formed	by	FOS	and	JUN	
in	 the	nucleus	could	bind	 to	 the	AP-	1	site	of	 the	 target	gene,	which	
would	 not	 only	 activate	matrix	metalloproteinase	 (MMP)	 to	 destroy	
cartilage	matrix,	promote	NF-	κB signal to induce osteoclast differentia-
tion and damage bone, but also promote the secretion of inflammatory 
factors	and	exacerbate	 joint	 inflammation.36-	38 Therefore, the author 
believes that by acting on the above targets and pathways, the inflam-
matory factors in the blood can be effectively regulated to inhibit the 

TA B L E  3 The	role	of	some	lncRNA/mRNA	in	gout

miRNA/lncRNA Expression Target molecule and pathway Result

miR-	42937,39,40 Up-	regulate JUN,MMP2,MMP9,TNF-	
α,NF-	κB signaling pathway

Inhibition of inflammation and osteoclast 
differentiation

lncRNA	SNHG141-	43 Up-	regulate miR-	137,	TNF-	α,	IL-	1β,	IL-	6 Inhibition of inflammation and chondrocyte 
apoptosis

miR-	139-	5p44,45 Up-	regulate JUN,FOS Inhibition of inflammation and osteoclast 
proliferation and differentiation

miR-	23b-	3p46-	48 Up-	regulate TNFAIP3,	NF-	κB signaling 
pathway

Promotion	of	inflammation,	cartilage	matrix	
degradation, and chondrocyte apoptosis

lncRNA	UCA149 Up-	regulate miR-	23b-	3p Promotion of autophagy and inhibit cell apoptosis

Note: lncRNA/miRNA	can	effectively	regulate	the	body's	inflammatory	response,	the	proliferation,	differentiation	and	apoptosis	of	chondrocytes	and	
osteoclasts, and ultimately affect the formation and development of gout.

F I G U R E  7 Mechanistic	map	of	hub	
genes and their enrichment pathways. 
NOTE:	TNF	receptor	signaling	complex	
(TNF-	RSC)	is	formed	when	TNF	binds	
with	TNF	receptor	(TNFR).	The	receptor-	
interacting	protein	1	(RIP1)	and	inhibitor	
of	nuclear	factor	kappa-	B	kinase	(IKKα, 
β, γ)	can	be	recruited	and	ubiquitinated	
by	TNF-	RSC	through	linear	ubiquitin	
chain	assembly	complex	(LUBAC).	(1)	
TAK1	is	activated	by	ubiquitination	of	
RIP1,	which	could	further	activate	IKK,	
JNK,	and	p38.	Then,	NF-	κB	and	AP-	1	are	
respectively	upregulated	by	IKK,	JNK,	and	
p38.	AP-	1	is	a	transcription	gene	which	
is related to chondrocyte degradation, 
OC differentiation, macrophages, and 
Th17 cells secrete inflammation factors 
(IL-	17,	IL-	23,	etc).	(2)	NF-	κB binding protein 
(IKB)	can	be	phosphorylated	and	cleaved	
by	IKK	kinase,	which	enables	NF-	κB to 
transfer from cytoplasm to nucleus. This 
process can trigger the transactivation of 
PTGS2,	which	can	promote	the	release	of	
ROS-	dependent	IL-	1β. The secretion of 
inflammatory factors in macrophages and 
TH17	can	be	promoted	by	IL-	1β
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body's inflammatory response as well as the proliferation, differentia-
tion, and apoptosis of chondrocytes and osteoclasts, thereby alleviating 
the destruction of articular cartilage to treat gout and its complications 
(Detailed information is shown in Figure 7).

In	 order	 to	 further	 explore	 the	 correlation	 information	 of	 hub	
genes	in	the	ceRNA	network,	this	study	screened	and	analyzed	miRNA	
that	 lncRNA	 and	 mRNA	 competed	 to	 bind.	 According	 to	 the	 key	
ceRNA	network,	key	miRNAs	include	miR-	429,	miR-	137,	miR-	139-	5p,	
miR-	217,	miR-	23b-	3p,	and	key	lncRNAs	include	SNHG1,	FAM182A,	
SPAG5-	AS1,	HNF1A-	AS1,	UCA1.	These	miRNAs	and	lncRNAs	play	an	
important	 role	 in	affecting	 the	 interpretation	and	expression	of	hub	
genes.	Recent	studies	have	shown	that	 increasing	the	expression	of	
miR-	429	reduces	the	levels	of	MMP2	and	MMP9	and	effectively	in-
hibits	 the	 induction	of	 IL-	8	by	TNF-	α39,40;	miR-	137	 in	osteoarthritis	
exhibits	low	expression	and	involves	in	processes	such	as	the	release	
of	 TNF-	α,	 IL-	1β,	 IL-	6,	 or	 chondrocyte	 apoptosis,41,42	 while	 lncRNA	
SNHG1	can	negatively	regulate	the	expression	of	miR-	137	and	par-
ticipate	 in	gene	expression	 regulation	of	 the	above-	mentioned	mol-
ecules.43	miR-	139-	5p	can	directly	target	JUN	or	FOS	to	achieve	the	
effect	of	 inhibiting	AP-	1	activity,	thereby	inhibiting	cell	proliferation,	
inflammation, migration, and invasion.44,45	miR-	23b-	3p	is	involved	in	
the	regulation	of	cartilage	matrix	degradation	and	chondrocyte	apop-
tosis,	which	 can	 target	TNFAIP3	 to	 regulate	NF-	κB Signal pathway, 
thus enhancing the inflammatory response of macrophages.46-	48 Xian 
Z	et	al.	found	that	lncRNA	UCA1	can	reduce	the	level	of	miR-	23b-	3p	
and	affect	the	expression	of	target	genes	by	adsorbing	miR-	23b-	3p.49

Therefore,	 through	 regulating	 the	 signal	 axis	mediated	 by	 key	
lncRNAs,	 inflammatory	 response,	 the	proliferation,	differentiation,	
and apoptosis of chondrocytes and osteoclasts can be regulated 
to	 control	 the	 formation	and	development	of	 gout.	Moreover,	 the	
screening	of	 these	specific	 index	proteins	can	provide	 reliable	de-
tection	indexes	for	further	research	on	clinical	or	animal	gout	exper-
iments,	which	can	effectively	shorten	the	experimental	period	and	
reduce	 the	 experimental	 cost.	 Clarifying	 the	 interaction	 between	
lncRNA-	miRNA-	mRNA	 and	 the	 function	mechanism	 of	 lncRNA	 in	
gout is still the focus of future research.

5  |  CONCLUSION

In	 conclusion,	 this	 study	explored	possible	pathogenic	mechanism	
related to the formation and development of gout by constructing 
the	ceRNA	network	of	gout,	and	provided	a	reference	and	direction	
for further research on the regulatory relationship between gout 
genes	that	were	expected	to	become	diagnosis	markers	and	thera-
peutic targets in the future.

6  |  LIMITATIONS

This study has some limitations. On the one hand, only GSE16	0170 
contains	high-	throughput	data	for	gout	in	GEO	database.	Beside,	we	

did	not	search	other	databases	for	high-	throughput	data	on	gout	be-
cause	most	of	the	current	databases,	such	as	TCGA	and	Oncomine,	
mainly	 provide	 microarray	 data	 for	 cancer-	related	 research.	
Therefore,	we	will	perform	additional	high-	throughput	sequencing	
of gout in the future. On the other hand, results are only partially 
verified	in	the	query	literature	and	the	rest	of	them	still	lack	experi-
mental	verification,	thus	further	molecular	biology	experiments	will	
be	conducted	in	the	follow-	up	work	to	verify	gene	functions	at	the	
cell or sample level.
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