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Abstract

Objective: This study aimed to predict the potential targets and related pathway network of vitexin
in the treatment of lung cancer based on network pharmacology, and to perform preliminary struc-
tural verification of key candidate targets by molecular docking. Methods: Chemical information of
vitexin was retrieved from TCMSP and PubChem. Potential targets were collected from Prediction,
SwissTargetPrediction and PharmMapper, and gene names were standardized using UniProt. Lung
cancer-related genes were obtained from GeneCards, OMIM and CTD using “lung cancer” as the
search term. Shared targets between vitexin and lung cancer were used for STRING-based protein-
protein interaction analysis. Cytoscape 3.10.4 and CytoHubba were then applied to identify key
nodes using the Degree, MCC, MNC and EPC algorithms. GO annotation and KEGG pathway enrich-
ment were performed in R with the clusterProfiler package, and adjusted P-value < 0.05 was used
as the significance threshold. EGFR, SRC, HSP90AA1, ESR1 and PIK3R1 were selected for molecular
docking according to topological ranking, pathway association and functional relevance. Results: A
total of 216 candidate vitexin targets and 700 lung cancer-related targets were collected. Their in-
tersection contained 42 targets, 38 of which were retained in the PPI network. Cross-comparison of
the four CytoHubba algorithms yielded nine candidate hub targets: SRC, HSP90AA1, EGFR, ESR1,
PIK3R1, MAPK1, STAT1, MAPK8 and HIF1A. GO enrichment returned 1235 significant terms, includ-
ing 1126 biological process terms, 28 cellular component terms and 81 molecular function terms.
KEGG enrichment identified 149 significant pathways, mainly including pathways in cancer, HIF-1
signaling, PI3K-Akt signaling, MAPK signaling, EGFR tyrosine kinase inhibitor resistance-related
pathway and apoptosis pathway. Molecular docking showed that all five selected targets had dock-
ing scores lower than -7 kcal/mol, with EGFR displaying the lowest docking score (-10.10 kcal/mol).
Conclusion: The predicted network and docking results suggest that vitexin may be associated with
lung cancer through an EGFR/SRC/HSP90AA1-centered regulatory network, which may further
connect with PI3K-Akt, MAPK, HIF-1 and apoptosis-related pathways. These results should be re-
garded as hypotheses derived from bioinformatics and molecular docking analyses and require fur-
ther validation in molecular, cellular and animal experiments.
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1. 51§

I L A BRI R 1 — B A e E A, R R U AR T B 2 — o A4 GLOBOCAN2022
Giit, 2022 FEAEERLA 250 Fi GRS H RG], FETRGIZ) 180 JiBI[1]. ITe4E, K2 IE CT ffifx.
ST BEREYT AR IR T AW R TR IR, S A TR Rk eGE . A, ReRAE. ER
MRS ECH W, VRIT RN 25 LA SAS RSO 45 o] TS SRAFAE[2]-[4]o FEIXRRE R, MRIR W) h SR 46514
B VR Z B et IR e R Ay, D3R A — @ s

HE IR (Vitexin) J& T 3BT R RARE D, A 4130, S8 5 55 25 sl @ IR AR ) b 2 ml S H % ek
or. CEAHERE R, HIRFEAYIR. PrEk. OIERY . MEfy M RuHIE SERS]). &
IR FE R, ARSSIRIE YO T RS AN R . T . RN TR T DA R I A A L R
Liu 55[6]7E AS549 4l S #R SRR MR AL A rho 82 21, 130 P FAIC p-PI3K. p-Akt I p-mTOR /K7, #&:
YUAE T, FEXH MR A KRB — 2 MBI E . LIRET RO R PR R A T seah ek R, (R R
BE YO Rl OB SRR PR B TR B — DA

W28 2 R R NP B R ORI ER A R R R, SR G LSS ME RS T e AR AR K 43
THEAH[7] [8]o AT RIAWM S, HAERAAAARIR T80, RIAE SCIRI0IE 2 1/, SofE BhadE e
A 268 23 A 246 /MBI 0 FRLEAT SERR B o TR AR I, 1R A 3 B N SR AT LA R, B
L5 EE A VE LRI, AR BRI Z0R0IE A o AT 5058 e F L I 5 il A G HE i, A4 % PPI
W25, FREAFIEAZ GRS, FFRE—20 4T GO Thesk H A KEGG @i, VAN 82 sLi it 3tk .

2. RIS H*®
2.1. HEEE 2K S EEE LT

fE TCMSP ¥4 FE [9] A &R 4L B AH C %6 B, JF L CAS 5 3681-93-4 K InChIKey :
SGEWCQFRYRRZDC-VPRICQMDSA-N XA & 3 34T 4% %) o B 5 75 PubChem #4272 H LA vitexin i
ATEW), RS TR CaHO10. SMILES FE= e 2D £58 3 .

F4EIFFF SMILES 15 B85 & Prediction V&, FHMS RS, FIH UniProt Retrieve/ID Mapping
T HAE UniProt ID ¥ NFrAERE R A FR, 3R1S 105 MES . R [F— SMILES 45#4J#: % SwissTargetPre-
diction £ [ 10], #IFHPRE N Homo sapiens, i3 4 NEEFFE . 55K PubChem £ 2D &5 #4 SC4F
A% % PharmMapper V- & [ 11347 ) M 258 HULAS, HI4645 3 299 MEEE S PL NormFit > 0.6 AT i
% IE5E K UniProt ID ¥4 /5, {REH 118 NMIEFEME A Z R £ ZKHE PharmMapper P53 734 Fl J5 22 4%
TR REREEBCE, TR RILEC A RS B T, e & =IOk S, S IFLRRES
T, 193] 216 AR RIEHE A

2.2. BfERREE R R

7E GeneCards. OMIM. CTD ###i %, LA “lung cancer” JMyocitinl, 2 i< . GeneCards #)
SRR ZRARTT 11,894 MHIESK H, 28 Relevance score > 15 il J5#55] 413 /M5, CTD #1462 H 4 167,415
A, #R¥E Inference Score > 150 $2HL 314 ML A5 OMIM KR 45 R4 22 5 I UniProt brifEAbJ5 153 67 ANl
JEAH OGN o L IRTRIEFRHESS & & EE VR A . A DS RS SR AT R 2, B AR TR SR AR
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MIARE . =F8IRGIF. bdEtbIFL )R, K453 700 e sm LA .
23. BAMSEFREFRRTHE

K 216 ANHEIRIFF R EE KA 700 NIEEZREE 75 3N Venny 2.1.0 FELF &, SREC B, P
TFIE R SR G B2 AT IR X B, T PPL IZR AR . A0 AT IE S ThRE & B4R 0 HT o

2.4. PPI B Stz 15 midix

BRI 5 5N STRING %4 e[ 1213847 PP 204, YIS 40%E$E Homo sapiens, 15 7€ ik
HAEBEASEER 0.400. STRING 45 1) BAE 70 30 32 2 I WL D R R B 3 BARUE SR Rl (E 22, FFANRE
HERKREALGMRE . FT Ik, A3CK PP MR N DIRE R 25 il LA L. B S TSV 30, JF
7E Cytoscape 3.10.4 B4 [13]H 58 M 2% AT A4k . 7E Cytoscape iz 4T CytoHubba ffif4[14], X W25 it
1T . Degree. MCC. MNC Al EPC PUFH B4 A BT 10 A7 50, B PUZH &5 R T8 X b
5, DASRAS AN R BB I A% OB A

2.5.GO0 5 KEGG E&E49#H

K3k PP 2% 1 A 2 8 £ 4% 400 Entrez ID J5, 7E R 55 A H A clusterProfiler [ 151317 GO
ThREERE A KEGG B 4 & £ 5#T1 . GO 4 #7178 75 biological process (BP). cellular component (CC)A1 molecular
function (MF) =ANZ1H . Gti1 4456 K F Benjamini-Hochberg /7 ¥:A% 1E 2L H LL#E, LA adjusted P-value < 0.05
YERN S EEbRAE, R ggplot2 £ & A< IKE.

2.6. HFxHiE

T PURh L. EGFR. SRC. HSP90AAIL. ESRI 1 PIK3R1 B FLAME A% o8 55 T i 70 15 %
43HT . SRR 1Y PDB #% 045 . RCSB Protein Data Bank 4 FE 3545 . 4130 HF 1 = 4E 45 #) L SDF #4 =%
M PubChem #(# FE3RHL, F181F OpenBabel 3.1.1 ¥ {44425 PDB #% 3. Ffi)f5, {4 PyMOL 3.1.6 # {4
FRZARE A GRI PR T RREAR, 8T AutoDockTools 1.5.7 B4 5446 & (I #-ATINA. Hfi P
5 Jo A% SUTRACER o R4 300 F1 32 A B8 14— %6408 PDBQT # 5, KA AutoDockVinal.2.5 B A4 T 4
TFxHz . KRR L4 G Rt (keal/mol) KR, 4 RERE F IR - ZBE G SRBRE. mdE
i1 2 AW = 4iR G385 PyMOL B AF3EAT FT AL

3. ZR
3.1, HHEF AR X R ENAE R
£ Prediction. SwissTargetPrediction A1 PharmMapper —/NF- S Fiill, FH UniProt #E4T & FR¥EFE )5,

g 216 MBI RIE SR 55 . GeneCards. OMIM 5 CTD #4845 B2t ik . &IF 2 E, L1583 700
A HEARSCHE &5 o Venny 0 HT 7R, BIZREE S AEA 42 NESIER, W 1.

3.2. PPl MM S MLER

¥ 42 NILAEE RN STRING J5, Horb 38 MERUE M H TR0 M i E B BAEM LS, HARE
BETEEEEANS, RANREMNL ., E—2% STRING T H 1 HAEHPE S N Cytoscape 3.10.4 #H1T
fifafitl, WARKREED, ELFRREORMEERKR, R/ AEE R Degree H. 4554 2
TRy SR AR A R EON B, T AR O B, PR T e B AR S AN A E, L
2,
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Figure 1. Venn diagram of the intersection between vitexin candidate targets and lung cancer-related targets
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Figure 2. PPI network of vitexin-lung cancer intersection targets. A: PPI network constructed using the STRING database; B:
Cytoscape-optimized PPI network

2. MR - PR SE4EA PPI 4EE. A: STRING HHREEHIERH) 38 N3RS PPIM4; B: Cytoscape ffift%s
BIEH) PPI M4
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3.3. {REZLERGE

£ Fi& PPI W28 Jkfili I, SRA CytoHubba XJ 4% 15 fUdEATHEF . Degree. MCC. MNC 1 EPC Y
FES BITEIERT 10 A2795555, FEXTDULH S5 B R G 3/1F 9 Mz L L, 7378 SRC. HSP90AAL.
EGFR. ESR1. PIK3R1. MAPKI. STATl. MAPKS #l HIFIA, W% 3.

A Degree McC

Size of each list

10

EPC i MNC :
Degree MCcC

Number of elements: specific (1) or shared by 2, 3, ... lists

| : |

Figure 3. Screening of candidate hub targets based on CytoHubba. A: Top 10 targets identified by the Degree, MCC, EPC and
MNC algorithms; B: candidate hub targets obtained from the intersection of different algorithms
3. A: Degrees MCC. EPC F MNC TUFHEATHESEIRORT 10 (#8m; B: FRIBEARERGHRER DS

34.GO Rk EELR

Xt 38 A~ PPI 4% L 2E4T GO /3 #7 /5, 7E adjusted P-value < 0.05 Z#F FILA35] 1235 MREXH, 3
H BP1126 %k CC28 %% MF81 %% BP JZ1H ‘& S5 ik (1) 45 H £4F cellular response to biotic stimulus. cellular
response to lipopolysaccharide. response to molecule of bacterial origin. reactive oxygen species metabolic process
H response to oxidative stress, Ut HHIXEEEE 555 ORERIE. AL RO 0N I0E MAFERC R . CC =+
FF5 n] protein kinase complex. caveola. transferase complex. vesicle lumen 1 plasma membrane raft Z55E/7;
MF JZ T W4 FR7E protein serine/threonine kinase activity. protein serine kinase activity. phosphatase binding-
transcription coregulator binding % DNA-binding transcription factor binding %53hgE, LK 4.

3.5.KEGG BB EEER
2 KEGG &0, L35 149 2538 & I . %18 p.adjust HE5, A2 504 ()38 4155 Pathways

in cancer. Lipid and atherosclerosis. Prostate cancer. HIF-1 signaling pathway. Cellular senescence. Relaxin
signaling pathway. PD-L1 expression and PD-1 checkpoint pathway in cancer A & Endocrine resistance %%,
WL 5. g4 w GEdE R B A AH DG HLR] , AR SCHE R OGVE R IE B . HIF-1 15 5 il . PI3K-Akt {5 il
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Figure 4. GO enrichment bubble plot including BP, CC and MF categories
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Table 1. Enrichment results of key KEGG pathways

1. E5KEGG BREELER

12.5

BP

Count

® 50
@ 75
@ 1o
@ 25

(o]
€ log10(pvalue)

- 1e-04

1e-06

1e-08

I 1e-10

MF

BEE AR
Jer R0
HIF-1 {5 5@ #%
PI3K-Akt {5 51 %
MAPK {5 5@ B
EGFR % 2 B2 i Bl 41081 771 ik 245
AT

KEGG ID

hsa05200
hsa04066
hsa04151
hsa04010
hsa01521
hsa04210

GeneRatio

23/38
11/38
12/38
7/38
7/38
6/38

Count

23
11
12

p.adjust
1.93E-17
1.59E-11
8.23E-08
3.70E-04
1.77E-07
4.44E-05
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KEGG Pathway Enrichment Results
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Figure 5. KEGG pathway enrichment bubble plot (Top 15)
[E 5. KEGG BB EE S SIEE(Top 15)

M E EFE R R, PIBK-Akt {550 #05 HSP90AA1.EGFR. PIK3R1.MAPKI.CDK2.CDK6.
MTOR. GSK3B. NFKBI. IGFIR. TLR4 F1 NOS3 ¥ i, IXULFL[R 2 SANMETE . F kiR, Rl
1k 253 2% . MAPK {5 58 %% X EGFR.MAPKS8.MAPK1.MAPK 14.NFKB1.IGFIR #1 TGFBR2
SGHE, PRORILTTRE S IGEE . RO N AN TS AT AHE . EGFR R 2R PRGN ) R 24 8 % = 5 SRC.
EGFR. PIK3R1. MAPKI. MTOR. GSK3B 5 IGFIR %575 i, it W43 H A (%L #E 4 5 EGFR i 24
WLEAFTER R, AN REHE A 2 H R A 10 %% EGFR-TKI i 25 7EH -

3.6. DFFHEGER

HiE— P VRS AR SR O S (B B ESS G R R, AFFFER EGFR. SRC. HSP90AAL,
ESR1 A1 PIK3R1 TuAME ST 0 T X045 S5 R BIR, HIfE S HIRSEE A iRHE1S 7 B 8 i, St
EOGEEEE AT BE A — I FUR S5 A Wi o b, 4ERIF 5 EGFR HIXH243 43 81K 4—10.10 keal/mol;
5 ESRI Al PIK3R1 X155 43 5 9—8.70 keal/mol A11—7.97 kcal/mol; 5 SRC F1 HSP9OAA1 fIxH %45
534939 N—=7.50 keal/mol F1—7.32 kcal/mol, L5 2.

MR GORTE, HEIRE BRI 3 NAH R B LI 456 H48,  JF 552 8 A0 s e 1 2 AT L T 5%
&, W 6. JHIHBCKRER/R, EGFR 456 M4 Bl =2 & LYS-745. ARG-841. ASN-842 il ASP-855
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Sk %L, SRC X E ¥ K THR-88. THR-98 F1 THR-101 £55%3E; HSP9OAA1 £ % J2 GLU-47. ASN-51.
GLY-132 M1 GLY-137 255% %, ESR1 E 54 J TYR-459 #1 SER-518 2557& 5, PIK3R1 %94 % THR-362.
HIS-365. ASP-367. LYS-382 fll ARG-386 Z5¥kdt. iRAkF L RS & D48 s AR XK, AIfER
JE SRR AN LIRIIEN S % . FRSE RG2S +FF EGFR. SRC. HSP90AAL. ESRI I
PIK3R1 1E At IR0 T Fl e e e ¥ s ) v e o o, EGFR X443 70 Bk, #&7% EGFR ] Rg 245
TR LEAE I M 2% rP B AR I 45 610 R

Table 2. Molecular docking scores of vitexin with five candidate hub targets

2. gRESAMREROCESN S FRHES S

EP 2T BB (keal/mol)
EGFR -10.10
ESRI -8.70
PIK3R1 -7.97
SRC -7.50
HSP90AAL -732

e T390 AutoDock Vina THERA,  SUEBIRIEFHRRBCE - ARG RBRE .

Vitexin-EGFR

Vitexin-PIK3R1
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Vitexin-SRC

Vitexin-HSP90AA1

Figure 6. Molecular docking conformations of vitexin with five candidate hub targets. Green sticks represent vitexin, red
residues indicate the major interacting amino acid residues around the binding pocket, and yellow dashed lines indicate major
non-covalent interaction distances

6. HHFSA MR LSS FAHERERE. FEEREHRTHITE, 46RERTESOKFAENEE
HEERSERKZE, ARELARITEFRXNEEERES

4. W

i (4] A AN R B AN R R — A T R G R, T 2 AR O A S O R R A 15
A H AR . AR R TT A i 7 #Esh 1R VR T R e, ey, EREBAAR KR
REATS SR BRI R SR 7 [2]-[4]0 RARTEPERC T A 25 8B 45 . E IR 2 S0 R, e DU R 254
RGBT 7R 2 B 500E . 8 L EoR, HIFF A S AS49 QR T, HAE4 SRS AL R A5 7Y
ORI RT A K [6] 0 AR SN IR 25 24 T 2 £ 55 5 b JH T AN i AR DB 55, 3R T R L 5 SR IR AIE I 40 1
FIE R T

AT e ) SRC. HSP9OAAL. EGFR. PIK3R1. MAPKI1. MAPKS Al HIF1A 257 fi 3fE 4
PRSL, 2 P RE L [FRA R — A BA L Ui PR RIS 7 T AE RS A, DU PI3K-Akt Fl MAPK @A
AX L 428 9 28 o EGFR A7 T~ 24H Jf 5 52 A4 T Sl R U J 2 1T, JH e 5 VAW S5 mT Tm) s DA 2o Y BB A A0 15 5
FEidt— DS PI3K-Akt 55 RAS-RAF-MEK-ERK 5 #%[16] [17].SRC {E NAEZ AR R BRI, "] 5 EGFR
S Z R BT A SRS, 2 5T . REBAAITIRIT[18]. HSPOOAAL NIE N TR,
TRES 5 4EFE EGFR. AKT. HIF1A MR AHCE A RAREME[19]. TRk, MIMZESHE, HEiRHnT
AedFAE Al fE T3 — 4l . M2 20 EGFR/SRC/HSPOOAAL %5 Eif 5 4, 1A1#E4E5) PI3K-Akt.
MAPK 1 HIF-1 %5 2 2 Jififi #HOCAE S 3h[17] [20] [21].

I3RS RO IR g SR 1S5RS T RIE SCRE . Mg EAZ DR SR, AR S EGFR
(% 245 3 B A% (=10.10 keal/mol), $27~FL5 EGFR WA LA X BT A% [FR, 4L 5 SRC
H1T HSPOOAAT [FIX 145343 5l 9—7.50 keal/mol A1—7.32 keal/mol, L& Rl —E4iaitash. 454 KEGG
BHEL R, EGFR. SRC Ml PIK3R1 [F 138 T PI3K-Akt }2 EGFR #5455 M, i MAPK1/MAPKS
M5 MAPK i 2% A4 i S8R S DIAE DG o BT DASR H — AR IE BT LR e 43R nT skidd 5
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EGFR. SRC & HSP90AAI1 % by 15 sUERUHEAE, HI55 B85 (5 5 o 8us B afoe v, i
M PI3K-Akt/mTOR F1 MAPK AN, f 25 5 4uMuE A . I8 023G 5 A B H0E RS .

Liu 5002 34 01 H T BRAK AS49 4Hfi p-PI3K. p-Akt Il p-mTOR /K7, FHiFSUMET . $0i 4
RSB ZE Ko o AR S AN AN RN 48 J2 T P VR 37 PIBK-Akt 38 % 7] L b Jh 7 - T Ao (1 B @ %, gt —
oK e b A i L R 2 2 EGFR/SRC/HSPOOAAL W 4%, i B 4t 30 O 1] W] fig 5% Wi
PI3K/Akt/mTOR ##2fit 7 5 5¢ BAEIENLHIMELE . CA PR HIAA PI3K/Akt/mTOR Fi7E JE /N1 fid fili ez
KA FEFNAT T B BB Y [22]. UbAh, HIF-1 38R0 Tm s 0 & s, A s e
VB AT BEAMN R BR T34 GBS 5 #0410 vT BBV ARG B S RISORI 40 fil v i2 1 4 . HSP90AAT 5
HIFIA Z [AfF(EDIRERR R, AI# P RES 5 5 & MM Sfe e AR EUR M 4ERE; 1 PI3K-Akt 5 MAPK i %
WIS 2R U AR TR R A RIE . Rk, AR AT REIE R ¢ iR 2 4/ A48 R (1 -PI3K-
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