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Abstract

Objective: To investigate the mechanism of Fungal keratitis (FK) treated with artesunate (ART) by
network pharmacology. Methods: Screening potential targets of ART using SwissTagetPredictions
database. GeneCards and OMIM databases were used to search for targets associated with fungal
keratitis. The intersection of drug targets and disease targets was obtained by combining the data
and removing the data, and the potential targets of ART in the treatment of fungal keratitis were
obtained. The Venny 2.1 platform was used to draw the Wayne map. The network diagram of “Ar-
tesunate-fungal keratitis-Target” was constructed by Cytoscape software. The intersection targets
were imported into STRING database to construct PPI protein interaction network, and the key tar-
gets were screened by topological analysis. The intersection targets were further studied by gene
ontology (GO) functional enrichment and Kyoto Encyclopedia of Genes and Genomes (KEGG) path-
way enrichment analysis. Finally, Autodock software was used to perform molecular docking be-
tween key targets and active compounds. Results: 110 targets of ART were screened by network
pharmacology. A total of 1809 targets of fungal keratitis were selected. A total of 34 potential targets
of ART were predicted for the treatment of fungal keratitis. Protein interaction network analysis
showed that EGFR, STAT3, MMP9, SRC and STAT3 may be the core targets of ART in the treatment
of fungal keratitis. By GO enrichment analysis, 673 cell biological processes were obtained, which
mainly involved cell response to chemical stimulation, cell response to oxidative stress and cell re-
sponse to abiotic stimulation. KEGG pathway enrichment analysis obtained 79 related signaling
pathways, including Relaxin, FoxO, TNF, HIF-1, Notch, Rap1 and other signaling pathways. Molecular
docking results showed that ART had the best binding stability with EGFR, and was stable with
STAT3, MMP9, SRC and STAT3. Conclusion: ART may act on EGFR, STAT3, MMP9, SRC and STAT3,
and has therapeutic effects on fungal keratitis through Relaxin, Fox0, TNF, HIF-1, Notch and Rap1
signaling pathways.
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ZUHVE A 8 ¢ (Fungal keratitis, FK) & — i 2 (R e P A T, 42 51 AR I AR P 7 2 S35
WAIFEI 1] ZLRIVE A RIS 10 R 55 FR S AR TR, LA A 4 0 2 05 4 2 ) R 5 7
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HEIEIREEZ A RS R RSN HA RIFMPR AR, FEEEEHT NF-«B. Nrf2,
PI3K/Akt/mTOR. TLR4/MyD88 %5{5 5k, WAHTESHS . MR, S A SEEEEH
[4]. Wang S5 NI R I, 75 75 3% I8 P 38 0 700 B AR R0t A b 00 1] 288 S8 DR1 1 P 7 A R0 o ] 287 I 4% A8 0 e
Ii[5]. Zhao ZE NIIWFFC RN, FiEIREREGS CD71 B2 WAL+, FRARLfE CD71 Bk, B
IR, AT DAL R RE 2 i J8 (Retinoblastoma, RB)KVEH[6]. 7 &5 BEEG AL IE SZr LAFR a0 ih 2% 1K)
TEVERTUR BB (7). ZRA BIR, FRATHEN T S R NRE B AR v T TR A ). SR, i
AR FUUE ST 8 IR e 08 78 500 M A I 2 P R IEVR T AR A

AT, AT H 7 AEME B2 8 B SRS 0 i T RORSKBUF A & S IE e . M A
JEL 9% PRI AE RS AR OGS 2, DA VB FE A OCIE, AT TN 250 vy R, i M “ 75 IR - e
PEAE S - $ER” RIS, PR FUTE R T T BB 1 A B AR I AE IR ST AL . AN FiE F AR B
FHVEORE B SRS i L RAPPIR R BRI TT 5B A B AR 1A% OB ORPE RS, @ GO AN
KEGG 70 #3075 & DR Ma T 7R/ E R AU SCBa B, 1 20 X BeBORBEAT IO AIE,  DLIR N T fiff 2 2250
ST ERTTRAE AR . B 7045 J ik — 0 B 0 B8 A1 8 8 (0 RO ATL A R o) 5 3B (DY 97 SR s 2
BEEIS SR

2. 5 H*E
2.1. BRI R EE YA EREXEATE

DL E B EE N O {8 H PubChem 751 425 Hif¥) Canonical SMILES 7 SwissTagetPredictions £ 4%
PEHATHE A W I A5 R . Ok Hh s e A5 20 45 R AT REE R T 0 IS5 . 7E GeneCards
(https://www.genecards.org/)« OMIM (https://omim.org/) % H e =1 35 H I TR 4 A7 168 28 X6 B[R], R 50080 e 3
TE L.

22. EEREATEEMAREBEERES Venn 247

ZWRE R S PO AL RN SRR R, RIS R IR AT R SO AR R IOV AE A TSR 4. 4E venny2.1
w7 ) S N TRV A R T IR T i DR RS SR I ORAF Veenny &1, 0 75 B BRI V6 /7 B 1 1 A i A L
RBHAT AT AR

2.3. EEREEEIEMENE

W EEAZ O AT EERE SR S O\ Cytoscape3.9.1 (https://cytoscape.org/), 4 “FHEHElE - HEMEMIER -
AL

2.4. PP1 EB E{EMEH IR B A% D R THiE

¥ 2.2 RIS IS E A DGR BE 1 AL B _EE A String AR, K “species” 144 “Human” ,
MWEEE - EEPAHEERMEZE . a5 - & AHEAERHESSEH String PN B 52 8] 1) B3
AAEEAT BAEA, I A8 A U BAR RS BT At 5. 1950 8hm, 8 8 SR B4R FH R s
M String $di 22 S AT A AL A B. Combined score, F45 58 S\ Cytoscape 3.10.0 R A4FHE4T AT 44L
SN, 1B AT AR . WE ML R SRS, B, BEE. KNSRI S99y, B E AU BAR
FIMZ .,

2.5. GO BEE 2 KEGG BREL T
o 32 [R 41 P 2H 43 (cellular component, CC)~ 43T T AE(molecular function, MF). “E#i #2(biological
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HETR A

process, BP)F12& K U 5843 51K F GO (Gene Ontology)fl KEGG (Kyoto Encyclopedia ofGenes and Genomes)
HEAT M. 12 RStudio B “ggplot2” . “clusterProfiler” . “enrichplot” « “org.Hs.eg.db” , X{ifi
7 BT M AR R PR VR AE B A5 R AT FE R A3 (gene ontology, GO)FN 5 #F AL K] 5 2 K 2 1 B} 4= 5 (Kyto Ency-
clopediaof Genes and Genomes, KEGG)73#T7. LA P.adj<0.05 A JEAF1G B IR & E4E 1, FExtgh kT
AL

2.6. BEERESTELSND FXHE

&4 Pubchem %45 %2 (https://pubchem.ncbi.nlm.nih.gov) X K 75 & BE G 19 3D 4544, H-f& A OpenBabel3.1.1
(http://openbabel.org/) & 47N mol2 #% 3. T RCSB PDB %i#&  (http://www.rcsb.org/) & R A% Lo 48 i AT AR
Faa gk, FH PyMOL2.5 (https:/pymol.org/) A4 L AT R BV 70 S oA . 9l e S0 B 145 Ak 14,
SN pdb #. IJEFIH AutoDock #fF:(https://autodock.scripps.edu/) R AF 4T 43 F X B b 1HEH
BeAAFIZ R 2 M 145G Re 71, 5 Pymol BAFIHEAT T AL 7 T X445 53

3. ZRESH
3.1. BEEREATEEMARKHNE ST

R venn €0, K TR BUA RS 5 A TP AU RS ORI ML, 2200
B, SERZELSHA 2 3 34 LR )

Disease

Figure 1. Venn diagram of ART and FK targets
1. EEREMEREMARKEE L Venn B

3.2. BEEERERERENEE

P B BRI S R MR A R A TN B LA 1 34 MZOHE RSN Cytoscape3.7.2 Fif, # % “ Artesunate-
Fungal keratitis-#£ 51” P25(] 2).
3.3. /A E{E(Protein-Protein Interaction, PPT) 4% A B A% 30 s iF ik

Kbk th i) 34 AT IRBRIA T 3R E A R A 9 AR BE RN String BdfE A, FRAEWIFI DY Human, £
AR FEAERIZ% (] 3). ST Cytoscape BRAFZEAT I MAL 0T, HFEARHE T sl JSEEL i 126 HH TERE R A% Lo 1 FH 22
B 1). SR BB IE SR i, RIS S R ER IR T 50 B A I A8 PR S B A R
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Artesunate

Figure 2. “Drug-Disease-Target” network of ART in the treatment of FK
2. EEREATEEMEARRN 1 - B - B MEE

Figure 3. PPI networks of potential targets of artesunate for the treatment of fungal keratitis
3. ESREATTEE M ARIEEI SR PP ML

Table 1. Target genes of artesunate in treatment of Fungal keratitis

* 1. EEREATEENARKNESER

FUAEN H P GV i Bl JEAE
EGFR 189.461 0.750 23
STAT3 77.247 0.702 20
MMP9 65.468 0.673 18
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SRC 119.260 0.635 18
CASPS8 29.432 0.611 16
PARP1 16.939 0.600 15
CASP1 98.446 0.600 15
MMP2 41.589 0.611 14
MAPK14 21.143 0.559 13
EP300 18.246 0.559 12
CTSB 81.556 0.569 12
PIK3CA 19.390 0.541 12
GZMB 13.104 0.541 11
CREBBP 15.011 0.550 11
MET 115.844 0.559 10
CXCR2 8.253 0.532 10
ITGB1 12.068 0.550 10
ACE 64.319 0.541 9
MMP3 3.257 0.500 8
ELANE 3.531 0.485 8
PPARD 65.998 0.508 7
CTSG 3.892 0.485 7
DDR2 1.309 0.471 5
BTK 0.548 0.471 4
CSNK2A1 0.000 0.429 4
PLEC 0.000 0.458 3
DHFR 0.000 0.434 3
PTGDR2 0.000 0.393 2
PSEN2 3.560 0.388 2
PSENI1 2.610 0.375 2
CYP1A2 67.543 0.384 1
CYP2C9 6.976 0.375 1
DGATI1 0.000 0.340 1
STS 0.000 0.280 1

34. EERBES XBESNT FRHEER
TR S AT S BLCRILIGIAT A FXE, A TR R 4, Xt RIS o W 2. 45
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Figure 4. Schematic diagram of molecular docking

E 4. HF3EREE

Table 2. Binding energy between artesunate and key target proteins

*2 BEERESXREERZENG SR

wEY) LIPS

#hi 4 Be(kd mol ™)
Compound Target Binding energy
R EGFR 9.1
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STAT3 -7.0
MMP9 -7.4
SRC 7.1
CASP8 -8.0

3.5.GO E&E T

HMA R4.1.1 BRI H 1 34 AT RERIA YT £ B A PE A IR R L ST GO BT, L3RG

673 MY FT . Hrh A 7 (Biological process) 577 4, 4R 4> (Cellular component) 43 4,
53 ¥ Uifig(Molecular function)53 A~. 7EK] 5 41, GO DRe /M A #E . A4 5 1431 T RE AT 10 3
R DARREE R EBU(P < 0.05). AW iEr, Q&g b B RN W 8RNI SR 0 )
TR S SORE L A AR A AR R SR L A PR PR R B R s A R A B S R 6 A A R
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AR EY). B PRV L U REGUB. WURLT4E. £ ORI . 3 8 F o 4n i oh 2
e 7> T DhReR o INEE N DIBEE I . 2RI RS TR . 2 Z KR . 2R B N KBS 1 R
R RIS L IRIFEH A4 G DNA G587 5K 7456 . RNA R85 1R 7 DNA 2587 5K 1

b SRAMKEETE. BRI T4 .
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Figure 5. GO enrichment analysis results of ART in the treatment of FK (Top 10)
5. EERIEATERM AR S GO BEMEREZHT 10)

3.6. KEGG B9

FIA R4.1.1 AR R IEFEXNTHEHF 34 N EDRERE YT E 30 1A IR 58 (0 G B 8 pSdk AT T
KEGG & %471, LR H 79 48 . JEil Bioconductor 1) R £, £l 7 HEFIHT 30 1) KEGG Pathway
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Figure 6. KEGG analysis results of ART targets for FK (Top 30)
6. ESRINATTEEMARRI LK KEGG 245 R (HEZ AT 30)

4. Wig

WEFE ORI, T EEE T AR 90 RS K BRUE X ¥ 1 1, Beclin-1 3IAFI LC3IVT LUE 1/, p62 R
WL BE AMPK/SIRT {5 5@, KIEPL . PUSIEMUEIEH, 5K BB A R HR 36 7 08 FR o FR 194 JisE
JRARDRIER8]: thah, Hntmt 5 N ILLE UM i B i B rh, 35 8 B e mT DA )0 i 25 1) P
Pk AN I bR R I B B (9], 6 1S AR I, 5 EBERR7E B A B P B IS E[10]. 54 Lkt
FUAESR,  TRATTHE T T BRI I I e B AN 1 i B SRR AE VR T SR M AR S S 1 ACHEAE FH o 0 A
WO T LA AR I e H bR, R ITE BUBE PR AR R S AN 275 B R R A 34 ML EIEE A, BN T RS
TBIT LA A A IS TERE £ P STRING #¥s PEAe it [ BAE 28 3 14T I ZS S 42200, TRk
I EGFR. STAT3. MMP9. SRC F CASP8 1] BE/2& T s UE Il A FE V0T 0B 1 A JEE 98 A F A% O B Ao
EGFR 2R FEKHEFZAFIER A2 —, S 5MMIMEANE 5% S, Liv AN, JHihdE
BB GLTT LU EGFR, IR 2 AR Rk R 7 7= A, 386558 HSAE 40 8 ith 25 18 1 R 41 4 ¢
ER . BRFFL[12] 5 R B S BR w2 281 400, 5315 EGFR-ERK 1/2-c-Fos i&4%, /5 GM-CSF #l
G-CSF B8 STAT3 E 9 95k K FIAE K IR 116 R Ui 4B A S R, IR A s g . a8, M5
FEASFE(13]. WHFER, STAT3 ZHIFTEMERGE, FHWT STAT3 155 0l B E K NLRP3 % PEAREGE
HINLRP3 AHK RAE[14]0 IL-17 BIP=AERAAN2 DU B S % I E WL, STAT3 251895 Th17 40501t
FIhRE[15]. (AMERIEMNRZ, ZFRARREMMPE = STAT3 1l fe 288 ook B i 25 1 &) B,  WivE B
HHEH, STAT3 = 2 iE T 40V 1gG N, 72 ERR4IIEH = STAT3 2520 IL-10 B/~ 4:[16].
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MMP-9 A3 A AR thoBr A2 IS T T B, IR MIMIP-9) (18] 308 W] el e JE A P 7 JEE 46 51 7 1) ) JE e A AR
MAFAR[17]. HEEBEGEFES, Dectin-1 IRAIEFRTN B-HEWE, N'F SYK Fl SRC 1555 Fi# %,
TR 4R T R IROR FE R ELTE I fE J1[18]. SRC R BRI th 2 5 i 4% th B 10 1 (0 g i fE
[19]. Caspase-8 #IN AT TAF 51 303, WL BG40 AR TR 2 AN HI 0] NLRP3 28 M/ MA I #S
KIFPLRAEF[20]. BELIKT caspase-8, B LLFEAK MIP-1 A1 MCP-1 FI3I%, J/b EVE4N B it 4E, 4] VEGF-
A. TNF-o fl IL-18 H21k, M6 2ORE Ik LASORT AR U A [ 21]. 456 iR e SO R PE R,
AT NEAE N 185 BRI B 0% R FE 18 97 LR M A B A AR

GO &AM R R, $EHEDA =BG X RO SV T 20 B4 (A RS M S5 A 1) 2 Dy e
KEGG B /T4 R, IRV YT B ME A R SO R b e 2 2% 5 5 il g, - ZLAHE Relaxin,
FoxO. TNF. HIF-1. Notch. Rapl {55 iBEH%. Relaxin /™ FUFZEVER, QREHLr4itb. mEy k.
M A Prds PURT- RIS BRI VER[22]. FoxO [R5 & 28 M i R s R F[23], RES 2
HERES 1856, Z5HMREENE, IE PRSI RE ST, LU /IS5 [24]. Li 45
NIRRT 251 R B, £ 1 & BR B RGN RS R h, HIF-1 A S48 48 B Mg AR AT 1 (0 S BR T kg
Yao Ye ZABFF 261 H, HIF-1 K7t #if] NLRP3/IL-18 {55 ¥, MIi-F# Th 1 Treg 401
SR FI R A4 ) AT o O ot 5 T DA Rt o FEE P A S LR . A WE SR B, #| Noteh (55
A, T DL i A X IR R A AT BRAE I [27]. Wang S8 N [28], Rapl ZERGR KA 1 H
R BR B A B BE I A o) SE B, S T SRR AR T R, H0H] T B A B R R R R
BEARAR DG SRE Rl T HISRIE, BRIK T A B BRI I EE )

P AL HE I 7 7 B e rT R AR T BoRad g, PRI Ffer, S B R S B, ATk BRI
B PR AR AR . AR S B A B 07, I P 4 25 B2 Ry P B T AR R
BEWRAE 1R YT LR VA28 P AR FALA, (RAZFE—E MR BRYE . — 5T 2 A A M 445 B AR A il —
e, B PO () HE AR I R SR IR R R IIE . 5 — T TR A 7 AN M S 56 DL K sh A s
ITHE. Rk, AT EIREG 13— 20 TF ORI PR B F SR T B B R S Re, R — D)
Tt 9T LAt

5. &t

AW FUAR AL X 2% 253 2 A0 03T RHEOR, VIR TT 1 i IRIE A T B A T A T AEAE AL
AP REEIS 2 o) 2R R 2 AR 07 ORFE LGB R 45 R W], i BRE T 2/E M T EGFR.
STAT3. MMP9. SRC Fll CASPS8 240 55, J£1+7 Relaxin. FoxO. TNF. HIF-1. Notch. Rapl %555 if
PREERIGST HR VMR R . B R — PR R E E IR R T B A R A VR ISR A 7 B
filte SR, ABFFMAAAE—LLRRIE, B 008 2 i A AT UL A e TAERIBE A, ok
HATRAIRUE, Bk, 755 BIRFFCr, 7k — 0 i 4 i S DL 24 S5 SRAlE S AR AL AN R .
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