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Abstract

Objective to explore the material basis and mechanism of Weining Granules in the treatment of
gastric cancer. Methods cell viability and migration were detected via CCK-8 and transwell assays.
The active compounds and differentially expressed proteins of WNG were obtained by liquid
chromatography-mass spectrometry and proteomics techniques, respectively. The active ingre-
dient-target-gastric cancer network was constructed by using Cytoscape 3.9.1 software. GO/KEGG
Enrichment analysis was performed to predict the signaling pathway. Key core targets were re-
vealed through PPI (Protein protein interaction). The interactions between key core targets and
active ingredients were explored by molecular docking. Results A total of 23 effective compounds
and 19 targets of WNG were identified against gastric cancer. KEGG pathway analysis found that
PI3K-Akt and apoptosis pathway may be the main therapeutic pathways of WNG against gastric
cancer. The PPI action network and bioinformatics analysis reveal that VEGFA, BCL2L1, and CDK4
are key therapeutic targets for gastric cancer. Conclusion formononetin, quercetin, and curdione
may be the main material basis of WNG in the treatment of gastric cancer, which is related to the
regulation of VEGFA, BCL2L1, and CDK4 signaling pathways.
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1. 51§

B WAEIE . —. TR PAHSREE SR, 2020 E4 Bk R B 108.9 A, & 4EkE
RIESERHIT) 5.6%;: JET ] 76.9 Jifl, (HEFETHGIN 7.7%. HIE Bl 47.8 Ji, BT 37.4 Jifl,
a3 )i AR B SR LRI AR T N B 43.94%F1 48.62% [1]. LR 2004~2020 4EHh [E B R UL T- 2 2 T
R, Hi 2R ™R, BEEhERRRE. BORMAE 2] BEMF R, Rek, 7
TEYT 2 PR AT T XU R AR A7 H A - LS, (H B I A0 15 10%~20% [3], Ko B ST
AbT A, AT R ZE . B SE O BRI, RRERIEE, IEIR FE R R 4 B 2R
HIRIT 7, WYY AT BRI ZGYETT AR A IR T . SR, TR BIVE EOR, SR 259 K
GPIRITIERDEA IR . & 53[4] [5] [6]. Bk, SREIFAMN B RIGIT45Y.

HHERZE AT EERE, RHEEA “ma K. 2N AR SE005, B 1z N % R
WBIT7, WAREERI[8]. BB TE[9)%:. FEEL @I IR IE . MRS, IEAR, FS
SHARIA T e R, SRTHIR R I S ST 2 R M T R PRI AR T A [10]. KRR R
FORR B, AT IC A 24 S A OE T A Va7 IR b SR Al AT B TR L T ORI A RS R [14]
[12] [13]. B 7*MUki(Weining Granules, WNG)ENHRZE 77, FEHER, A, KE, MLELM
YAl I PREHE R I B 7 BORLAE BV T R R ILR Y, o B B ImRRER . 1K AEA7 T, DA Rk
W7 IEA R RS T T, BA VIR IRST RL[14], SR HIAIT B 98 0 T 2tk S AR FIALEIAT) AR 56 42 i B
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P2 2GR R S R e [ 248G« BRI EUR T 2007 EE AR [15]. STIRG A A4 T
W DR S B AR GEh SR 25 MR R I A LRI [16]. X4 25 2 R L 2 B pd . 238 5
AR /L O 2 N T SN 25 W s B AR B CE AR FIBLARI[17] . B0, 2=l s Nis FT
2P S LR E TR 1L RS AAG YT W A I ALEE[18] . Fan S 1 i 25 25 B2 MY 1 /e MR
PEAN S e BOAE FINLAI[19]. ABE T TR 2532 . A AR, BT ZERREM. A7
ST BTN, JRE AU RS - BB & R A R AL BRI s B T RORLA T R AT R o)
L AERIOUH, 2] 8 T R0RL - ooy - BERT - ER - B HARMSE, Bl TR E T
TIURLAT 2808, 73 X4 k5 (K4 o

2. 5k
2.1. BTRAEERMMR S HHERE ST

ARG @ e - PR HOR SRS B T RO £ ELE MRS 23 AN[20] (R 1), BiJE, KR E
(R PR Y 42 R\ Pubchem %4 2 (https://pubchem.ncbi.nlm.nih.qov/) #4745 %, 35431 40-& 11K 2D &5
¥y, ¥ 2D Sikyuk SMILES 45 #4205 A\ Swiss Target Prediction %4 % (http://www.swisstargetprediction.ch/),
DA {5 probability > 0 2y 126 B8 U405 P08 CEHE 5

22. BTHNBENERREER

AR SO ) 1B 4 SGC-7901 I H T [H RV E R 4t M e, FFEEFRAE S 10% A2 fLiE & 100 U/ml
8RR LR R DMEM Bra#dkrt, fRMWRE N 0.1 o/ml 1B T Bk AL SGC-7901 4 48 /N,
SRECA M B A 5 R A TMT brid s &8 A AL 5908 B 7 IR R 3 S B Rs i B . bifs, DARIAR:
#j|Fold Change| > 1.2, P <0.05 Jyfifiitnitisies B T BRIz 1 2 R RILEH.

23 XEHRHIHEMER I

B, AL ST S A 2 R Rk H S\ Venny 2.1.0 (http://biocinfogp.cnb.csic.es/tools/venny/) 2 il 35
R, fiiide AT EERE s B 1 o HLUR, WSS SRR AU 3\ Metascape 1 5 (https://metascape.org/gp/index.html),
PL P <0.01 Jyfikdnitt, 4r %34T GO (gene ontology) =411 6E 4 #1 A1 KEGG (kyoto encyclopedia of genes
and genomes)ill % & #4001, o GO Thig /o Hr 46 4E Pik F2 (biological process, BP). 4T ZhfiE(molecular
function, MF) & 41 fitd 41 sk (cellular component, CC), KRB M HEE RN A FHAERE TS
(http://www.bioinformatics.com.cn)%: il GO T4 Hri IR B KEGG il & S Hr 26 T K

24. “BTHR - S - BR - EE - BE WMENISE RO S IEE

R IR0 1 EBE TR, SCERHE RIS Sl T A& Cytoscape 3.9.1 H1, 44 “ B T2k
- RSy - RN - R - B W4, TR CytoHubba it AN R AT IRANMT, TR R
S8, UAHHF 0 (Betweenness Centrality). 4231 H10 (Closeness Centrality). [ 15 (Degree) =25 247
IR TP B AR R e A%
2.5. BB R EEiE

P AT HERE 5 B A %\ String (http://string-db.org/) EdiE &, KRR E v A (Homo sapiens), {5 &1
HR“047 . WEANMMHLERGRE, HWEEH - 83 AE(protein-protein interaction, PPI) M5, S

HE RN TSV # IS \ Cytoscape 3.9.1 % ff, FIF cytoHubba f6i¢F T B H BTS00, %FHF
e BaE Ot BAE = RSERR K TP I R S A R OB A
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26. BDBRNERIN . EFEINRERERIEFMERZ(ROC) 5347

M TCGA Hdf e b FHIFHEEE TPM #5201 B e RNAseq Hudl & B ANIRIRGEE. XEEE,
fEH R (4.2.1)1 “stats” QW4T Z 7RG ito0#r, FHAEH “ggplot2” AL 45 R T4k, 1 R (4.2.1)
(1) “survminer” QAT ARSI T, IEITIEIT R (4.2.1)1) “pROC” g ROC 43 #fT.

2.7. SFRHE

T % M\ PDB ¥ 1% (https://www.resh.orgl) 3R UL Co B ST 37 4544, R Pymol 444 4546 237K
ZWCAR G PRAF R . M\ Pubchem i 22 Hh SR U 0 47 1) 3D 4544, FIF Open Babel 3.1.1 ¥ {4-# SDF
A mol2 w2 Wl I L R B S5 S Y451 3\ Auto Dock Tools 1.5.7 FHEAT N, wE
AR i 5 A 9 PDBQT HIA& UORAF, W24 FIBC A4 ) PDBQT U443 A\ Auto Dock Tools 1.5.7
AT o PR . BT s G BRI AR 45 A B 3N Pymol gk AT rf AL .

2.8. ‘MRAIETE K Transwell SEI&

B A KA ) SGC-7901 4ii % 5000/FLAHE T 96 FLAR , 24 /NS INAAS AR B WNG Ab#E 48 /)
i o Bt JE BEFLINN 10 fAF CCK-8 ¥, 4k 485 3% 2 /N 5 I & 450 nm AL - Transwell /) % (ECM550,
Chemicon, USA)#Je F TG MG R TR HE KA 2270 1 /N o AN R AL BRAH (5 > 104 AN ) B B> =
(EE)F. KEFH 10% FBS ) DMEM £ 72 5 MBI = . 24 /N JE, BUBHEN R 3R 140,
I B P R[] 5 N SR T AR FH 45 R e el AR T
3. &R
3.1. BTHEA(WNG)FIEMKHEHIE B & MmpaEE TR

N T AN B T BRI e R G B SRS (s, ATDTRE T CCK-8 K transwell SE46 . 4R 7R,
BT ORL 751 B A H P b AT o) F R M R B (1] 1(A)) e Transwell 25 55 B 5 ROk 35 1) 5 e 40 L 1) ot
(15 1(B)).

A B

Viable cells %

T T U

T %
0.0 0.1 0.2 03 04§
wng(g/ml) :

Control 0.05 0.1 02
wNG (g/ml)

0.1g/ml 0.2g/ml

Figure 1. WNG inhibited the proliferation and migration of gastric cancer cells in a dose-dependent manner. (A) Pro-
liferation curve of SGC7901; (B) represent images of cell migration and statistics

1. BT HRGTEMREIEIE S REaEES TR, (A) MIRIEEMEE; (B) @IEIBSERNGIT

3.2. ZHIRL ST AN B THIE R B 538 R AU R EY
Bt - BB SR, I bt B ARl &9 5 80 B A & Wi Fr Bt s, FIA SCIEX OSV1.4
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BAFFRATI B TR0k 4w 23 A R EE TR BiEYER s T\ Swiss Target Prediction %44 22 Hidt
ATEE TR, LUE S probability > 0 JBIE 7 16753 437 D EGIMAHSSEE A, b SER (Betaine) T4 A
R 25 AR IR AR DGR A5, W T O A S 22 AN U

Table 1. The main active compounds in WNG

1 BTHRTHEREERS

UTRE) &) 7 FR AHXE 1
1 FEERR CeHsO; 192.12
2 i CsH11NO, 117.15
3 B B C16H1,05 284.26
4 B T CyH2019 446.40
5 EW R cx Cy7H4204 414.62
6 IR C16H1,04 268.27
7 AR Ci5H,0, 234.33
8 R4 B CaoH4405 484.68
9 TR CyoH2200 430.41
10 HEA Ci5H240, 236.35
11 e C1oH13N50, 267.24
12 HEEH | CusH72016 869.04
13 Z Ci5H1609 340.28
14 R T Cu3H26010 464.47

FANRZR B0 L Tj-D- 4] 6 W

o (FA I E-4-O-BET A-D-IHLIH 1 £ B ) CasHazOu 52053
16 pIE R C1oH1,06 336.29
17 HMEEHD CusH70015 827.01
18 FA B it CoHisNOs 431.65
19 A EVI Cs1Hgi02 1049.20
20 ERRH CusH72016 869.04
21 HEKHH Ca1HggO14 784.97
22 i C1sH1007 302.24
23 LT VI CaoHe2013 738.90

3.3. BTERNACET BEME SGC-7901 EHFRIAILET I

FR G AU AL /T 90T 95 [20],  LA|Fold Change| > 1.2, P < 0.05 AtsiE, #5153 619 B T ki T H
Jeb 2 0 25 S Rk R A (] 2).
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Figure 2. Volcano plot of differentially expressed proteins induced by WNG
2. BTPNSSHNBRERRIAEBALE

3.4. XEMLWHHER GO/KEGG 43#h

RS R PRI KL

Component targets Disease targets

600
(57.9%)

Figure 3. Venn diagram of drug components and disease intersection targets

3. YIRS SRR R R EE

Biological process Cellular component Molecular function

Figure 4. GO enrichment analysis
4.GO B&EIR
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hsa00100:Steroid biosynthesis
hsa05200:Pathways in cancer
hsa01524:Platinum drug resistance
hsa05212:Pancreatic cancer

- logo(pvalue)
hsa04151:PI3K- Akt signaling pathway
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hsa05225:Hepatocellular carcinoma

w & o o

hsa05207:Chemical carcinogenesis - receptor activation

hsa05208:Chemical carcinogenesis - reactive oxygen species

hsa05206:MicroRNAs in cancer

hsa04080:Neuroactive ligand- receptor interaction

0

2 4 6
Counts

Figure 5. KEGG pathway enrichment analysis
5. KEGG B EE 7T

BT R S 5 2 R RIAE AN, HEE] 19 MSEHE S 3). ¥ 19 MERSAFA
Metascape ¥} Elﬂl&ﬁ GO 73 # Al KEGG &%/ #T(P < 0.01 H#E 5%t >3).GO EEn s iR 19
ARSI E ARV I R (BP) 57 4. 44143 (CC) 13 %6+ 4 FAEMIIIRE(MF) 9 %% . HR¥E P {E ik
i BP. CC fil MF % 5 ZAEARIE, 200 B AMEME I RS & eI Tk BT . 40
GrEL SRR AR B AR AR L R (K] 4). KEGG @E%”ﬁ%/%ﬁ%ﬂ% 11 MBS, FES
J PIBK-AKt {55 88 . FEAER @M . UM T m . R R AR & RS 5 R Ak 27 30 i S
(# 5).

“BTHAL- B - R - R - BT MERAE RO R

W 19 ANACEESE A 22 M RURSY JE 4ERT 10 ¥ KEGG {5 5 il # 5 N\ Cytoscape 3.9.1 #1, & “ 15
TORURL - o - BE A - S - B (& 6). B 53 MR, 110 2534, A cytoHubba 4 TR
R ARINSE, EENM PO BandO . EE RS ERIN KT P E A S R AR K
WEF I Loy, B LAIEI 3 /2 betweenness > 0.104, closeness > 0.218, degree > 2.22 JNIR{E ik i 3 4
sy, i HitE % (Quercetin). 3K —fid(Curdione). ¥ #41£ Z (Formononetin).

3.5.

Diosgenin

hsa05206:MicroRNAS in

hsa05207:Chemical
carcinogenesis - receptor

o hsa05200:Pathways in
activation

hsa05208:Chemical

Esculin
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e
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~sor muronuHWGglm side 5
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\ EPHXT < F2 _BDE—— ZAMOXT - -
gastric cancer- e 7z Weining granule
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Figure 6. WNG-component-target-pathway-gastric cancer network

6. BTHRL - BSY - ¥ - IBEE - BRENEKE
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Quercetin

‘Astragaloside IV
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3.6. LR ML

PR B H A STRING £¥s 1, WM E A - & A EAEPP)MZHFIH Cytoscape 3.9.1 #fF44
SRR PP ZS (1 7). B34 17 AN A, 30 4il, WL P S R . TRk, siARE
L B AR, TEMIZ Y E R . R cytoHubba #RfFIFEIRINSEL, DA bt Bk
HO e BEAE =R S LRI R TP E BRI AR T AR O B0 U GR 2)o BEMEHER T =A% 0
55 VEGFA. BCL2L1. CDK4.

CYP51A+———SOAT1
W
Figure 7. PPI network of the intersection targets
7. 3ZER¥E A PPl L%
Table 2. Topological analysis results of protein targets in PPl network
= 2. PPl MZE BRI L

TS HE AT FEE AHP O £z s SRy G
1 VEGFA 8.0 60.066666 0.23188406
2 BCL2L1 8.0 51.933334 0.23188406
3 CDK4 7.0 25.066668 0.22535211
4 BIRC5 5.0 8.533334 0.21333334
5 TOP2A 4.0 1.6666666 0.2
6 MCL1 4.0 2.0 0.21621622
7 TOP1 4.0 6.733333 0.21621622
8 TK1 3.0 0.0 0.19753087
9 HMOX1 3.0 24.0 0.21052632
10 PLG 2.0 0.0 0.2
11 F2 2.0 0.0 0.2
12 FDFT1 2.0 0.0 0.06666667
13 SOAT1 2.0 0.0 0.06666667
14 CYP51A1 2.0 0.0 0.06666667
15 NR3C1 2.0 0.0 0.20512821
16 EPHX1 1.0 0.0 0.18181819
17 PSEN2 1.0 0.0 0.19753087
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37. B EBRPHNRIA,. FFER ROC of

BHY, BALESAEYE BT THEA T 3 MO S B R AT IR . Bk,
335#2%15&3\1%7;2@1, msr 24U L, VEGFA. BCL2L1. CDK4 i & 2 mkik T B4 (A 8(A)); ﬁ\:
RIS H o RE TG A RIS IEADC(E 8(B)); ROC 234l BN IX = /MZ 0o R A2 B i KU I IR
TRIFEFR(E 8(C)).

1.0 =
8 /
- ,
Il 0.81 ;
8o g 4
= & o P
S = 61 0.6 1 7
7 Normal g ,
s Tumor 3 =t
a, af) Bl
b ED a’ 0.4 5 .
27 44 3 2
= A7
024 )3 4 — VEGFA(AUC=0.877)
’ — BCL2L1(AUC=0.882)
24 4 — CDK4(AUC=0.861)
T T T 0.0 T T T
VEGFA BCL2L1 CDK4 0.00 0.25 0.50 0.75 1.00
1-Specificity (FPR)
VEGFA (210512_s_at) BCL2L1 (215037_s_at) CDK4 (202246_s_at)
S HR=153(1.27-184)] =1 HR=1.67(1.39-2.02)| =" HR=1.31(1.29-1. ss)
logrank P=7.6e-06 logrank P=6.3¢-08 logrank P=0.0040
) 0 | \ 0|
S S =3
> > \ > \
£o 2o | Zol \
ES 5 S ~ ES] 0\
< ] ey, <
=< \ S S o \
g—_f S \ \."'Qmu.. 2 Ny gs \\\’*“\
‘ . T Y ettt (a0} \"“N., =8} g, TS
a Sante ~ C RO ~ R e
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0 50 100 150 0 50 100 150 0 50 100 150

Figure 8. Expression and prognosis of key targets in GC. (A) DEGs analysis; (B) ROC analysis; (C)
Prognosis analysis

E 8. mLEEEBEPFHNRERAEZH. (A) EXFTIESH; (B)ROC 734f; (C) M/E7H

38. AFXHE

B T RORAZ O o GEAR B RITERAE R . Wit =) 5% 0 R (VEGFA. BCL2L1. CDKA4)fii4)
FX . 5 EIR: VEGFA. BCL2L1. CDK4 737l 53R . HIT=MA LR . Mt B 20 v P i i (o
3. &9,

Table 3. The molecular docking score of core targets and core components

*® 3 BRSO S RS TR

[N = AN % score
Curdione —7.43

VEGFA Formononetin —5.53
Quercetin —4.84

Formononetin —71.74

BCL2L1 Quercetin -6.11
Curdione -5.73

Curdione —6.62
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CDK4 Quercetin —6.05
Formononetin -5.1
VEGFA-Curdione
Figure 9. The molecular docking between core targets and compounds
9. MLEBSRUKTEI S FRHE
4. Wig

B TR AR A [ 2 2 P R IE T SRR R T 2 IR R S IS T e 25 52 0, R B R IR A I R
BT [14]. AHORWE TS AR, B T ROk Ae I B A0 p e e, 75 5 BRI 2 [20]. A, H
B T RURLYATT 1 8 1 24 2R Al A A FA LA AR B B o AT F 2k T 25 AR MG B2 (R 2385 71Xt
. ZERFILRHT. TG 53T & ROC 43 4) 3 25 & S0 (VU 3 - i I S 3k A T2 2% R Gkt 1 B
TURLIATT B G s s AR RS 5B . 45 R TR, B TRk B R 3 B R 23
YEFT 19 A B IHE . VB0 S 2 E SE7E PISK-AKE 5 5B AR m e . 40 T .
HKEBE A A RS 5 B A BUR @ B S A B . 4> T X B4 AR B T BRI TT B 1A% O o
RFTERRE R MR R ZEE, #Z.OFE SN VEGFA. BCL2L1 J CDK4,

W26 G2 T3 “Z gy - ZHLN - 2R WEEY) g T R R T AT . EAT,
TE R 73 WX 28 25 1 2% (R AH DG 0, BHIIE A 2 I BRI A 0 70 (I M 1 ) DA 43U 11 SRR A A 6
W28 5 2, i TCMSP. TCMID. GeneCards X OMIM %5, FfAHEAT HIE 1S3 70 (20 BRI 4 5E)
FH TR T 2 R0 2 A AR B 5 T AS [ T % 5000 126 v AR o AR AL FE 1 Pl 24 SR B R AR TE, X T
SR FE P X 28 B Tl R A FILAR AN e . AEAHRE T, AR I WO €l - i e A Se 50 i A B 7
WL EEL RSy, I EE AR A SRS B TR S BN 2 R RIS EENE R E S AR T G 2% 23
L, AV R T NS, A,

AR R I =A% 08 5 VEGFALBCL2L1 & CDKA 1E BB R AR ErhI3iE 7T E R EEN A0,

Ve y
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ML A il i 8 184 B R e % e TR B PRI 22—, YRS LA A S PR R PR A 2 IR VR 9 IR T AE R R [21] 0 T
FARTE R~ VEGFA W DL S Mos g A p, Mmfe it B EK 5% #22]. Har, oA
Ramucirumab [23]. Apatinib [2417E N {12 Rl VEGFA #E[aiG77 BREZ54. BCL2L1 /& BCL-2 Fk I
TR, fERmAL PR, T BCL2LL i B fuig5E[25]. CDK4 Z 54 fiRE, Himk
12 R A P S S T ) EE R R 2 —[26] 0 TEARHF T, AT =A% 0 s 3R i (Curdione)
FITEH 1 2 (Formononetin) f 4 7 25 (Quercetin) 5 DA _E = /MZ O BB S A R IF T s e . A RS R %
WA A 2R St R 2 e T 1 VEGFA 3R, FIHIIINE T2 [27] [28]. it = Reidt T i BCL2L1 5%
BRI T [29] 0 Wi 2 KR TR AR 2R TN I CDKA4 3654515 S 40 i 8 WIBH A [30] [31]. AT 5 —
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