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Construction of ceRNA network in liver ischemia/reperfusion

injury and screening of the potential therapeutic agents
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Abstract

Key words

Background and Aims: Liver ischemia/reperfusion (I/R) injury is a common pathophysiological
change often involved in liver transplantation and hepatectomy. Competing endogenous RNA (ceRNA)
regulatory network can participate in the occurrence and development of many diseases. However, there
are only a few reports on the function of ceRNA network in liver I/R injury. This study was conducted to
construct a ceRNA network related to liver I/R damage via bioinformatics approaches, and meanwhile to
screen potential therapeutic drugs based on the differentially expressed genes.

Methods: The mRNA and miRNA expression chip data of liver I/R damage were obtained from the
GEO database. Gene differential expression analysis was performed using the limma package in the R
language, and the scatter plots, volcano plots and heat maps were drawn using the ggplot2 package. The
protein-protein interaction (PPI) network was constructed using String database and Cytoscape software.
The GO/KEGG function enrichment analyses were performed on the differentially expressed mRNAs
screened out using Metascape database. The transcription factors that may regulate these differentially
expressed genes were analyzed through the transcriptional regulatory network database. The miRNA-
differentially expressed gene network was constructed using miRTarBase database. A ceRNA network
was constructed through starBase: ceRNA database. The natural medicines that have potential effects on
the expressions of key differentially expressed gene were screened using the Comparative
Toxicogenomics Database (CTD).

Results: Two liver I/R injury mRNA data sets (GSE10654 and GSE117066) and one liver I/R injury
miRNA data set (GSE72315) were obtained from the GEO database. A total of 16 genes up-regulated in
I/R group and down-regulated in ischemic postconditioning (IPO) group, and 7 genes down-regulated in
I/R group and up-regulated in IPO group were screened out by analyzing the mRNA expression data set
using limma package and Venn diagram. The results of GO/KEGG functional enrichment analyses
showed that the differential genes were mainly involved in the positive regulation of cell death and the
biological process of response to extracellular stimuli, and participated in the MAPK signaling pathway.
Transcription regulatory network database analysis revealed that six transcription factors (Trp53, Cebpb,
Crebbp, Fos, Nfkb1l and SP1) may be involved in the regulation of these differentially expressed genes.,
two miRNA-mRNA axes (mmu-miR-32-5p-Btg2 and mmu-miR-9-5p-Mt2) may play an important role
in liver I/R injury were obtained through miRTarBase database analysis and combined with the
differential expression of miRNAs after I/R injury in the GSE72315 data set. Through starBase: ceRNA
database analysis, 9 ceRNA networks were finally obtained, namely, the XIST/MEGS8/LINC00963/
MALAT1-miR-32-5p-Btg2 axis, XIST/NEAT1-miR-132-3p-Btg2 axis and HSPA9P1/RALGAPAI1P1/
RPS26P39-miR-9-5p-Dusp6 axis. Seven botanicals (quercetin, resveratrol, genistein, couestrol,
curcumin, capsaicin, and scopolamine) that could exert potential therapeutic effects by reducing the
expressions of key genes were screened out in the CTD database.

Conclusion: The important ceRNA networks in the process of hepatic I/R injury and potential
therapeutic drugs are screened through bioinformatics analysis, which provide an important basis for
further research of the pathogenesis of liver I/R injury and its therapeutic drugs.

Liver; Reperfusion Injury; RNA, Competing Endogenous; Drug Development; Computational Biology
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Figure 1

Gene expressions in GSE10654 and GSE117066 datasets

A-B: Scatter plot of total genes in GSE10654 and

GSE117066 datasets (red color standing for up-regulation of genes, blue color standing for down-regulation of genes);
C-D: Total gene volcano map of GSE10654 and GSE117066 datasets
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Figure 2 The expressions of differential genes between GSE10654 and GSE117066 datasets A: Venn diagram analysis of up-
regulated or down-regulated genes between GSE10654 and GSE117066; B: The expression of co-up-regulated or co-down-
regulated genes in the GSE10654 and GSE117066 datasets
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Figure 3 'V isualized analysis of PPI network of differential genes related to I/R injury A: Scatter plot of the total genes in
the GSE117066 dataset (red color standing for up-regulation of genes, blue color standing for down-regulation of genes);
B: Total gene volcano map of GSE117066 dataset; C: Venn diagram analysis; D: PPI network visualization analysis
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Figure 4 Function enrichment analysis of differentially expressed genes related to I/R injury

ment analysis; B: Transcription factor enrichment analysis
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Figure 5 Differentially expressed miRNAs related to I/R injury
expressed genes; B: Expressions of miRNA in I/R group; C: The miRNA network associated with I/R injury

A: Analysis of miRNA networks combined with differentially
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Figure 6 The ceRNA network associated with I/R injury
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Figure 7 Drug-target network related to I/R injury treat-

ment ( A standing for drug, O standing for tar-

get, the red straight line standing for the down-regu-

lated expression, and the green dashed line standing

for up-regulated expression)
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Table 1 Summary of natural medicines to improve liver I/R injury
SCifk KIREH) I FEFABL
Jang, %527 eupatilin SHEEER WD JAE RN T
Pan, 25281 alpinetin HIESS A NF-x B/MAPK i i
Zhang, %1291 aucubin Mot e P HMGB1/TLR-4/NF- B i , 410 i S Ak 7 e A A g =
Lin, Z5050 ginsenoside rgl ANZ AT Rgl B i T
Du, %31 aloin PR i TLR4/MyD88/NF-«B i
Park, 4532 hesperidin Wi Bt iR E AL R B o
Dusabimana, 25133 nobiletin JBRE % WG ANAE A gLk (AR )
Hua, 55134 glycyrrhizin HER AT PR At A A T
Zaki, S5 plumbagin EYFEES T T ARAE S AR A PR T
Lu, %3¢ asiatic acid TAEFRR SRR S AR T RE
Wang, 45537 curcumin LR 4 TLR4/NF-« B i
Atef, &3] cardamonin INEFER P AR AL ORI A
Li, 45691 fucoidan HEZWE RN (9 TAK2/STAT 1 38 S0 55 9 Tt 4 it
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Table 1 Summary of natural medicines to improve liver I/R injury (continued)
SCHk KIRZGY) T FEHILE]
z:?ggl[:‘” salidroside RSN 395 MAPK BB , ¥ GSK-3B/NRF2 803 4 S R A 1
Wu, &2 quercetin Witk % T3 ERK/NF-k B, #1040 A 1 Fn (4 1
Akbari, 251431 crocin FELAER RIS E AR TR A LT R
Zheng, “F# schisantherin a TR BEH ] MAPK G (0683555 5 S AR L 1
Wu, 2] nobiletin NBEH 0 L o AR SR 2 10 A TLRA/NF- B it B 1
Lin, 2046 berberine IR A Sirt1/FoxO3ou 5 T A A 1 15
Tsaroucha, 25147 apigenin i3 AR T
He, 2491 resveratrol IR ) TLRA/NF -1 B 3 5855 S A S AR M 7
Chi, 2491 sulforaphane B MR O NRE2/ARE T8 %06k 55 248 R T R4 Ak ik
Sun, 2550 cryptotanshinone PR P INK 55 MAPK 38 , 400 40 1
Mahmoud, Z£5"1 limonin (iR S 0] TR 300 55 ok 553 4P 52 7 R 4 i J2 v
Zhang, 2% matrine T2 I I RE AN A A IS N
Akinci, %53 genistein HBLA T/ SNE R F B FR A

x2 BMEREIURBGHLERYICA
Table 2 Summary of chemical drugs to improve liver I/R injury
SCHik 225 L& G/l
Zhang, %554 fenofibrate A IR PR SR A SIS 40 1 2 LR T 1
Ma, 451551 propofol PR B ] Bnip3 /519 £ 3
Durasevic, 55 meldonium K Bk ] S AL 9 i S5 T
Xiong, 557! i - . 5 W 8020 I8 T SR S
Lin, oy eophenolate mofedtl O L R
Zhou, %1% BV HIF 1o A 40 g T
g, g et R e g 8 0 0 e
Wang, 45611 suberoylanilide hydroxamic acid Rz %l 0] AKT/GSKS{/NF B B2 SR ML) M1 A J3] AKT/mTOR
’ T (R T o AL )

Kamel, %562 perindopril e Sl Il D S AR I ST SN
Liu, %7163 spermidine WA e ] AMPK-mTOR-ULK 1 8 % | 3 [
Sherif, 2514 vildagliptin iy ibag N4 TLR4/NF-<B/HMGB1 Fil caspase-3 Fik
Liu, 45656 N AT I KLF2 B HARAP PRSP (eNOS TM AT HO-1) H9 23K , W b4 A ik, 3 il

SEAE S, A AT AR
Li, 5§67 ketamine A T O A A Ak, B A0 g 1
Shin, 468 genipin e GEf A S AR s S 2 b A T RE R A
Wang, 45169 dexmedetomidine FHEEFERRIE 3 TLRA/NF- Bl i , FAK S8 58 S L
Lee, S50 everolimus & | T AR v
Shen, 2501 ethyl pyruvate WEARR W T HMGB1/TLRA/NF-b i1, H0055] 2401 U8 T (3 0
Koh, %7 losartan FAbH PO PPAR-y, I I IS AL 271
Tiifek, 257 dexmedetomidine ARACRIE R R N
Fu, 4504 flurbiprofen EENEALZAS il GSK-3B 15 5 1% T RZ Rl Z 1
Ocuin, 47 nilotinib RPHE 0 2L TN K RIEE S B4 i MAPK
Dai, £ tetrahydrobiopterin USRS a5 T MRS A I NO & %
Fondevila, %7 biliverdin EESS PR T4 T IRIA
Settaf, 57 trimetazidine iih bz FEAR ASAT AT ALAT VA PE, 118 ATP & i AR T ik
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