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Construction of circRNA-miRNA-mRNA regulatory network in nodular goiter
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Abstract : To screen the differentially expressed circular RNA (circRNA) in nodular goiter based on bioinformatics
analysis and reveal the role of circRNA-miRNA-mRNA regulatory network in nodular goiter. The microarray data of
nodular goiter tissues are retrieved from GEO database, and the differentially expressed circRNA is screened by R
software. Multiple bioinformatics databases are used to predict miRNAs and mRNA downstream, and target mRNA
is enriched with GO and KEGG. The core genes are selected by STRING online database and Cytoscape software.
Two circRNAs, 42 miRNAs and 546 mRNA are identified. GO and KEGG enrichment analysis show that the target
mRNA is mainly involved in cell growth and gene expression regulation. 14 core genes (SP1, IGF1R, RPS6KB1,
SMAD2, SMAD3, SMAD4, VEGFA, CCND1, CDK2, HSPA4, HIF1A, CREB1, NR3C1 and STAT5A) have been
selected by the Cytoscape software. Finally, the circRNA-miRNA-mRNA regulatory network is constructed based on
2 circRNAs, 11 miRNAs and 14 core mRNA. The abnormal expression of circRNA and related circRNA-miRNA-
mRNA regulatory network in nodular goiter may become a new target for diagnosis and treatment of nodular goiter.
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PL“Nodular goiter” , “ circRNA ™ Ay & Bt ] K &
GEO %44 %2 (http . //www.ncbi.nlm. nih. gov/geo ) , i
et GSE93522 Fdladtk . AR AR I RE LS 1 44
KGN T 3 5575 1k FIR R i ZH 2R 6 491 1 2H 21
7 circRNA IFEIAE
1.2 #HRAZE
1.2.1 ZER3KIA circRNA Bk

FIH R 4.0.2 B Limma 43 54 45 55 P FHR
Ji 2 2R I B 41 4 22 5 3R IB Y cireRNA, 7 25 4%
PE R 2575 1 FAR i ZH ORI TE 5 2H 21 cireRNA &
KA logFCl =1, HAZIE )G P {E (2K Benjamini
—Hochberg 777X} P B8 1E ) Z/NF0.05,
1.2.2 2257335 cireRNA 454 miRNA

)R 4 A 2R W 05 5 B0 P X 22 S R ik
circRNA V7EL5 5 1Y miRNA FE47 0000, £icHis e A0 5%
circhank ( http://www. circbank. cn/searchMiRNA.

html ) | circinteractome ( https;//circinteractome. irp.

nia. nih. gov/) . miRDB ( http ://mirdb. org/cgi — bin/
custom. cgi ) M circatlas ( http://circatlas. biols. ac.
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1.2.3 miRNA T L A T

F| H] TargetScan ( http://www. targetscan. org/
vert _ 72/), miRDB ( http://mirdb. org/cgi — bin/
custom. cgi ) , miRwalk ( http ;//mirwalk. umm. uni -
heidelberg. de/), miRTarBase ( https://mirtarbase.
cuhk. edu. cn/ ~ miRTarBase/miRTarBase _2022/php/
index.php) ,TargetMiner (http;//www.isical.ac.in/ ~
bioinfo _ miu/targetminer20. htm ) , RNA22 ( https://
cm. jefferson. edu/rna22/), RNAlnter ( http://
rnainter.org/) 7 KEHE W miRNA-mRNA 2
[ AT REAYHE M C R, Z=AE B3R 5 N E S AL R
B RETIUI 21 B ML € miRNA T mRNA
1.2.4 ¥ mRNA GO Fl KEGG & 4T
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(Kyoto encyclopedia of genes and genomes, KEGG) &
o, i L5451 P<0.01,
1.2.5 # mRNA & H H {E ( Protein-protein
interaction , PP1) W 4% K 4200 35 [A] i 12
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T 43R Cytoscape %44 #9 Cytohubba
MOCODE i {4 ( ZH BT : degree cutoff =2, k-
core = 2, node score cutoff = 0.2, maximum depth =
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2.1 FEFHERRIRMARERRIE circRNA

GSE93522 Fs AL i e 2] 2 A5 & AP 22
33K cireRNA,2 4 cireRNA #3835 138, 4351k
hsa_circ_0100181 F1 hsa_circ_0104916, TEILFE 1,
2253 IK cireRNA #4175 22507,
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Table 1 Basic information on differentially expressed circRNA

circRNA FikKF logFC Adjusted P PSR A T EFHEH
hsa_circ_0100181 s 2.631 0.032 chr13. 28830428-28841538 PAN3
hsa_circ_0104916 i 2.962 0.032 chrl5; 93467550-93528903 CHD2

2.2 FiflZE R RIE circRNA-miRNA #1 miRNA-
mRNA #[EX &

18 17 circbank | circinteractome .miRDB ¢ circatlas
4 HEYE B R E TN 25 R GR circRNA 455 19
miRNA 42 4~ FETF TargetScan, miRDB, miRwalk
miRTarBase , TargetMiner, RNA22 , RNAlnter 7 KA
PETIMHE miRNA FiF mRNA, 263845 611 XF miRNA-
mRNA, 546 4~ Tl mRNA, FEILE 2,
%2 circRNA-miRNA % miRNA-mRNA #8[5 % ZF4E R
Table 2 Predicted results of circRNA-miRNA and miRNA-mRNA

circRNA miRNA mRNA % H
hsa-miR-767-3p 5
hsa-miR-1287-5p 5
hsa-miR-1294 20
hsa-miR-3185 14
hsa-miR-3192-5p 39
hsa-miR-3713 0
hsa_circ_0100181 hsa-miR-4314 1
hsa-miR-4722-5p 39
hsa-miR-576-3p 3
hsa-miR-605-3p 22
hsa-miR-6736-3p 24
hsa-miR-6873-5p 44
hsa-miR-6894-5p 9
hsa-miR-103a-2-5p 5
hsa-miR-1200 10
hsa-miR-1229-3p 10
hsa-miR-145-5p 28
hsa-miR-3126-5p 5
hsa-miR-3157-5p 5
hsa-miR-3944-3p 0
hsa-miR-4326 2
hsa-miR-4436b-5p 0
hsa-miR-452-3p 0
hsa-miR-4639-3p 0
hsa-miR-4684-3p 6
hsa-miR-4695-3p 0
hsa-miR-4778-3p 13
hsa_circ_0104916 hsa-miR-4786-3p 9
hsa-miR-5002-3p 2
hsa-miR-5195-3p 10
hsa-miR-5196-3p 0
hsa-miR-629-3p 5
hsa-miR-6748-3p 6
hsa-miR-6804-5p 21
hsa-miR-6812-3p 1
hsa-miR-6815-3p 16
hsa-miR-6834-5p 14
hsa-miR-6868-3p 48
hsa-miR-6873-3p 149
hsa-miR-6882-3p 14
hsa-miR-767-3p 5
hsa-miR-877-3p 2

2.3 miRNA Ti#EERE GO 1 KEGG B&EA#

W TN E ) 546 AHOIE P T ATEL M T =k
17 GO 1 KEGG & 8414, a5 R LI 1 FE 2, GO
(% S TR e 100730 e 111 e S B AN ]
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i AL 2 5 RNA BARE 113 3 T3
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TUIRe A R ES 5N E A B TEiE B
I R RERR G 2A M55 55, KEGG &S
R, LRI PR AR TR A DG A 3
AGE-RAGE in diabetic complications {5 5 i .
Endocytosis, PI3K-Akt {5 5 i ¥, MicroRNAs in
cancer , TGF-beta {5518 }% 4%
2.4 PPI M5 RiZOEEFIE

ik STRING 7R T H R4 8 5L P 2R 1 AR I
2K, i —2F A Cytoscape ALK, WA 3, T
Cytoscape BRI 1 H 14 MZOIERH , 7 512 SP1,
IGF1R, RPS6KB1, SMAD2 , SMAD3 , SMAD4 , VEGFA,
CCND1, CDK2, HSPA4, HIF1A, CREB1, NR3C1
STAT5A.,
2.5 circRNA-miRNA-mRNA/#% i £ & if 4= W 4%
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HHATIET circRNA 7E45 9P HUR B e o i 5 FH
A RIE . ARFFREET GEO BRE A8, S1E WA
ZURA L, 285795 P BOR AR A 41 20 hsa_cire_0100181
il hsa_circ_0104916 FKik I, T AW {F B ¥4
Mo e T VCHC B B 55 A9 circRNA-miRNA & miRNA-
mRNA, XFHOEE K 1T KEGG & 04 & e A 17E
PI3K-Akt {55538 % & 48 W i, X 5 SCHR i 45 R —
H'?), hsa_circ_0100181 7£ NJEH/IN B A4 iz 3 1 40
Murb BER  JF L ABKARMOR M 7 =8 35 1 1 T4
JLR F TR AR R RS Y R & B
TR PRI N 35 R e R ik > X R hsa
cire_0100181 1] & = 17 % 18 Ty BE 5% il FH R AR AR
W, BT A & PL has-miR-1294 ] F 422 41 [ 41

IGFIR M3k i 7E HUIR AR f, IGF-1 Hy HOIR R
T R AN B, T aE g S S 5 i g =X
5 FER g 40 i 1 7y 126 , K hsa_cire_0100181/has—
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