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[ Abstract] Objective To investigate the mechanism of curcumin in the treatment of diabetic retinopathy
(DR) by network pharmacology and molecular docking.  Methods The compounds targets of curcumin were
predicted by SEA and SwissTargetPrediction databases,and the DR target genes were obtained by CTD database. The
different genes were mapped and matched by Venny database to screen their intersections. The intersecting genes were
submitted to GeneMANIA database to construct a protein-protein interaction network. WebGestalt database was used to
conduct enrichment analysis and AutoDock Vina was used to perform molecular docking of the core targets. Results A
total of 52 targets of curcumin, 1 599 targets of DR and 48 intersecting targets were detected. The core targets were
serine/threonine-protein kinase 1 ( AKT1), tumor necrosis factor-a ( TNF-a ), epidermal growth factor receptor
(EGFR) ,signal transduction and activator of transcription 3 (STAT3) and heat shock protein 90 alpha family class A

member 1 ( HSP9OAA1). Enrichment analysis suggested that these targets were mainly associated with signaling
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pathways ,including the EGFR tyrosine kinase inhibitor resistance signaling pathway, hypoxia-inducible factor-1 ( HIF-1)

signaling pathway, interleukin ( IL)-17 signaling pathway and advanced glycosylation end product-the receptor of

advanced glycosylation end product ( AGE-RAGE) signaling pathway.

Conclusions  Curcumin may play an

important role in the treatment of DR by regulating multiple signaling pathways to inhibit the inflammatory response

and combat oxidative stress.
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Figure 1 DR pathogenic genes and target of curcumin A :Venn diagram intersection between DR pathogenic genes and target of curcumin B:PPI

network of intersecting genes C:PPI diagram visualized by Cytoscape DR :diabetic retinopathy
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Table 1 Degree algorithm analysis for the top 10 target genes

HP 1D B
AKT1 33
TNF 30
EGFR 24
STAT3 22
HSPY90AAT 21
MMP9 20
GSK-38 15
EP300 14
APP 13
HSP90AB1 12

K PP W 2 5] rv B 5 i I A% 0 8 5 AKT1(PDB
ID .4ejn) INF(PDB ID:lext) .EGFR(PDB ID.5yu9) .
STAT3(PDB ID:5njx) . HSP9OAAL ( PDB ID:5h22) ff
N2, DA R A N EAR AT o F x4, 45 R R 2%
R 54 SRR /N T -1 keal/mol, AT R I 1)
XTHEETE M (B 5,3 4)

£2 GO E&EDH

Table 2 GO enrichment analysis results

T AKT: 22 512/ 75 2 B2 - 4 FH W s TN : i R SE IR 7 s EGFR : 3% Je
A 321 STAT 55 6 5 J B SR 1A 7 s HSPOOAAT : JA K 5 4
H 900 ZJE A ZEU5Y 13 MMP : 5 J57 5 Jog JIk i 5 GSK < it 5 T 2 4 5
EP300:E1A 454 2 H p300; APP : & #; 1 14 2 [ ; HSPO9OAB1 : #4K 75
HH 90a FKIE B FM 1

Note ; AKT serine/threonine-protein kinase; TNF; tumor necrosis factor;
EGFR: epidermal growth factor receptor; STAT: signal transduction and
activator of transcription; HSP9OAA1 ; heat shock protein 90« family class A
member 1; MMP ; matrix metalloproteinase ; GSK ; Glycogen synthase kinase;
EP300: E1A binding protein P300; APP: amyloid precursor protein;
HSP90ABI : heat shock protein 90 alpha family class B member 1
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Figure 3 Bar charts of KEGG enrichment analysis of target

genes FDR: false discovery rate; EGFR: epidermal growth factor
receptor; HIF; hypoxia-inducible factor-1; IL: interleukin; AGE-RAGE
advanced glycosylation end product-the receptor of advanced glycation end

product
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Figure 2 Bar charts of GO enrichment analysis of target genes A :biological process B:cellular component C:molecular function
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Figure 4 Compound-target-pathway-disease network of KEGG enrichment analysis
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Table 3 KEGG pathway enrichment analysis results

E S T REH

hsa05215 I 371 B 98 {5 42 5 EP300,EGFR ,AKT1,GSK3B ,RAF1,MMP9,MMP3 ,BCL2 ,HSP90ABI ,HSP90AAI
hsa01521 EGFR [if% % i 15 6 700 i) 350 1 245 1 1 5 3l 1% AKTI ,BCL2 ,EGFR ,GSK3B ,RAF1 ,RPS6KBI ,STAT3

hsa04066 HIF-1 {32 i % AKTI,BCL2 ,EGFR ,EP300,PDKI ,RPS6KBI ,SERPINEI ,STAT3
hsa04657 IL-17 {5 5 18 # GSK3B ,HSP90AAI ,HSP90ABI ,MMP13 ,MMP3 ,MMP9 ,TNF
hsa04914 R A 5 1 B 40 6 2 i AKTI ,AURKA ,CDC25A ,HSP90AAI ,HSP90OABI ,PLK1 ,RAF1
hsa04933 W PRI I & RE T AGE-RAGE {4258 % AGTRI ,AKT1,BCL2 ,NOX4 ,SERPINEI ,STAT3 | TNF

hsa05210 45 H i (5 5 % AKT1 ,BCL2 ,EGFR ,GSK3B ,RAF1 ,RPS6KBI

hsa05206 Jib 93 T A M RNA ABCCI,BCL2,CDC25A ,EGFR ,EP300,MMP9 ,RAF1 ,STAT3
hsa04915 W V8 2 A B AKTI,BCL2 ,EGFR ,HSP90AAI ,HSP90OABI ,MMP9 ,RAF 1
hsa05200 P O 1 AR (5 0 AGTRI ,AKTI,BCL2,CSFIR ,EGFR ,EP300,GSK3B , HSP90AAI

TE :KEGG : RUARHE K 55 1k R 21 71 b4 45 EGFR « 3 B A K R 7 52 % s HLIE - 40375 5 R 1 IL - A AT B A 3K 5 AGE-RAGE « I 391 3 Ak 2 K 7™ ) — 1 01

HAL LR T Z AR

Note : KEGG : Kyoto Encyclopedia of Genes and Genomes; EGFR : epidermal growth factor receptor; HIF ; hypoxia-inducible factor;IL:interleukin; AGE-RAGE

advanced glycosylation end product-the receptor of advanced glycosylation end product
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E.STAT3
Figure 5 Molecular docking diagram of the core target genes and curcumin A.AKT1 B.TNF
C.EGFR D:HSP90AA1 E.STAT3
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Table 4 Molecular docking results of core targets

LEFH L EA PDB P 1D Xt 4% fi it (keal/mol)
AKTI 4ejn -2.35
TNF Lext -3.98
EGFR 5yu9 -2.03
HSP90AAL Snjx -2.14
STAT3 5h22 -1.43

TE - AKT: 22 5 B2/ 5 2 B2 — 58 171 U ; TNF - )R R SE R T s EGFR . 3R B2
AR - Z 4 HSPOOAAT R 50 26 1 90a Kk A 28R B4 15 STAT {5
5 5 R ORI T

Note: AKT: serine/threonine-protein kinase ; TNF; tumor necrosis factor;
EGFR :epidermal growth factor receptor; HSP9OAAT : heat shock protein 90a
family class A member 1; STAT: signal transduction and activator of

transcription
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