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Experimental verification of the effect and mechanism of Weifufang on
gastric cancer based on network pharmacology*

LIU Siyu"~, LI Dongfang"”', HE Yingchun’, TANG Qi', SUN Rui', DENG Zhenzhong'

('The Graduate School of Hunan University of Chinese Medicine, Changsha, 410208, Hunan, China; *Department of Integrat-
ed Traditional Chinese and Western Medicine, Hunan Cancer Hospital / the Affiliated Hospital of Xiangya School of Medi-
cine, Central South University, Changsha, 410013, Hunan, China; * Hunan Key Laboratory for the Prevention and Treatment
of Ophthalmology and Otolaryngology Diseases with Traditional Chinese Medicine, Hunan University of Chinese Medicine /
Hunan Provincial Engineering Technology Research Center for the Preveniion and Treatment of Ophthalmology and Otolar-
yngology Diseases and Protection of Visual Function with Traditional Chinese Medicine, Changsha, 410208, Hunan, China)

Abstract: Objective To explore the mechanism of Weifufang (an experienced effective prescription for the treatment of
gastric cancer developed by Hunan Cancer Hospital) in treating gastric cancer on the base of network pharmacology. Meth-
ods The effective active ingredients and potential targets for treating gastric cancer of 12 traditional Chinese medicines con-

tained in Weifufang were searched by using the Chinese Medicine System Pharmacology Database and Analysis Platform,
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DrugBank, GeneCards and other databases. The potential targets were imported into DAVID database for gene ontology
(GO) analysis and Kyoto Encyclopedia of Genes and Genomes (KEGG) analysis, and the potential biological processes and
involved signal pathways were screened out. CCK—8 and Western blotting were used to verify the signal pathway with the
highest enrichment degree in KEGG analysis. Results Weifufang therapy for gastric cancer may involve 88 active ingredi-
ents represented by quercetin and luteolin, and may act on 194 targets represented by TP53, STAT3 and Akt. GO analysis
involved 148 biological processes, and KEGG analysis screened PI3K/Akt, TNF, HIF-1 and other signal pathways. In vitro
experiments proved that the Weifufang extract could inhibit the proliferation of human gastric cancer HGC-27 cells, and
decrease the protein expression of p—PI3K, PI3K, p—Akt and Akt. However, Weifufang extract could promote the prolifera-
tion of human normal gastric epithelial cells GES—1 and up-regulate the protein expression of p—PI3K, PI3K, p—Akt and
Akt. Conclusion This study preliminarily predicted the regulatory network of "traditional Chinese medicine—multicompo-
nents—multitargets—multipathways" in the treatment of gastric cancer, and verified that the Weifufang extract could inhibit
the proliferation of gastric cancer cells by inhibiting the expression of PI3K/Akt signal pathway related proteins. It proved
that the network pharmacology technology was credible in mining Weifufang, but it was incomplete at the same time, provid-

ing a basis for further exploring the mechanism of Weifufang.

Keywords: Network pharmacology; Weifufang; Gastric cancer; PI3K/Akt
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Fig. 1 The number of effective compounds in Weifufang
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Tab. 1 The number of Weifufang—related targets

2 44 Bk DrugBank #4%  UniProt £ 1E £
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Note: Nodes represent proteins encoded by different targets, and horizontal lines with different colors indicate different meanings of target interaction.
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Fig. 2 PPl network before and after core target screening
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Note: The circles represent the intersection targets, and the horizontal lines represent the interaction between the targets; The bigger the circle, the

brighter the color, and the greater the contribution of the target is; The thicker the horizontal line, the brighter the color, and the more closely connect-
edthe targets are.
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Fig. 3 PPI network topology analysis before and after core target screening
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Top 20 of KEGG Enrichment
hsa04151: PI3K-Akt signaling pathway [ )
hsa04668: TNF signaling pathway °
hsa04066: HIF-1 signaling pathway )
hsa04068: FoxO signaling pathway [ ]
hsa04115: p53 signaling pathway °
hsa04660: T cell receptor signaling pathway ° Gene number

hsa04917: Prolactin signaling pathway ° .10

hsa04012: ErbB signaling pathway ° e15

5, hsa04919: Thyroid hormone signaling pathway ° : %(5)

‘; hsa04620: Toll-like receptor signaling pathway ° Ppiliie
‘5 hsa04071: Sphingolipid signaling pathway ° 36-06
& hsa04010: MAPK signaling pathway ® 26-06
hsa04722: Neurotrophin signaling pathway °
hsa04370: VEGF signaling pathway . 1e-06
hsa04621: NOD-like receptor signaling pathway .
hsa04915: Estrogen signaling pathway °
hsa05231: Choline metabolism in cancer .
hsa04064: NF-kappa B signaling pathway .
hsa04664: Fc epsilon RI signaling pathway
hsa04662: B cell receptor signaling pathway
0.1 0.2
Rich factor

A HERARTERERARER S, MERI R TTEZME . Richfactor 7 B 8y 2B 5 Z & H 7 HE W HE
Note: The larger the circle, the more the number of enriched genes; the redder the color, the higher the credibility. Rich factor is the ratio of the tar-

get gene to the background gene of this pathway.

H5 KEGG 2 #f Ak A
Fig. 5 KEGG analysis bubble chart

0.75 - L VEN R 225250 H & T Ik B LY294002", CCK-845 R B~ , 5HE H4lftt,
221 PBK/AKtESERAEBEAME ANBEE W 2 7 A 1Y 294002 2H X} HGC—27 41 it 34 5 /) 30
HGC27 At P MER Mt - BiE  SIAWEEN, ZRESIEEL(P<0.01); 55
PI3K/Akt 5 5B 7E B Z N B HGC-2741  FHEKE IGF-1 4% HGC-27 40 A 3% 58 i 40 il A 541
Mo s sE b B VE R, 72 B B P IR am A FER L EALAE 48 h B 22 R E i L (P<0.01) (%
PI3K/Akt {5 5 38 B B 3 R IGF-1" R0 il 571 3.1817). Western blotting 45 R 7%, 5 NC 414 L,
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(MO eRHBERXEFET R BEXTHRER LS, BEEKTHRES A, HEETHREIEOREE; (B) KEGC 447
“GRE-ZARETEREABREEEESE HEKTHRESFEFRBNEL,

Note: (A) The red circle represents the herbs contained in Weifufang, the orange rectangle represents multicomponents, the blue rectangle repre-
sents multitargets, and the yellow square represents the core targets; (B) The "multitargets—multipathways" display after KEGG analysis. The pink circle
represents the pathways, and the yellow rectangle represents the targets participating in the signal chan.

Ko BAF BT BEE‘TH-FZRA-FRE-FEEHER

Fig. 6 The“traditional Chinese medicine—multicomponents—multitargets—multipathways” regulation chart of Weifufang for GC

%2 RRERERAFRBMFHGCC-27 ta b iE 1 69 % %

Tab. 2  OD and CV values of HGC—27 cells treated with different concentrations of water extract of Weifufang at different time points

. 24 h 48 h 72 h

oD CV oD CV oD CV

NC# 0.73+0.01 = 1.31+0.03 = 1.38+0.01 =
0.5g- L' BHE A 0.68+0.01" 99% 0.83+0.02" 60% 1.18+0.01" 84%
0.6 ¢ L"HEH 0.61+0.02™ 80% 0.75+0.02" 53% 0.97+0.02™ 66%
0.7¢-L"BE N 0.50+0.02" 61% 0.40+0.02" 23% 0.78+0.03" 53%
08 g-L"HETH 0.43+0.01" 49% 0.34+0.02” 19% 0.30+0.01" 14%
09g-L"HE A 0.29+0.01" 25% 0.30+0.03” 15% 0.18+0.01" 1%
1.0g-L"BE A 0.24+0.01" 16% 0.28+0.017 15% 0.15+0.01" 1%
ZHH 0.13+0.00” = 0.10+0.00” = 0.10+0.00” =

7E: 5 NCALRE] — B ] &2 1, " P<0.01, n=6,

Note : Compared with NC group at the same time piont, “P<0.01. n=6.
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&3 B A BRA IGF-1 3 LY294002 3 HGC—27 i & 71 49 % )
Tab. 3  Effects of Weifufang combined with IGF—1 or LY294002 on the viability of HGC—27 cells at different time points

o 24 h 48 h 72 h

0D Cv 0D cv 0D Cv

NC4l 1.03+0.14 = 1.17+0.06 = 1.11+0.05 =
EEEWE 0.59+0.02" 50% 0.57+0.01"¢ 2% 0.70+0.02" 20%
42 I7+1Y 294002 2H 0.34+0.45"¢ 14% 0.30+0.027¢ 17% 0.27+0.02"¢ 56%
B & ) +IGF-141 0.60+0.03" 53% 0.68+0.04"¢ 53% 0.67+0.02" 61%
L.Y294002 41 0.45+0.07""¢ 36% 0.67+0.01"¢ 52% 0.65+0.02""¢ 52%
IGF-141 1.050.14"¢ 102% 1.12+0.04 124% 1.42+0.16™ 133%

ZEHA 0.12+0.00"¢ — 0.12+0.00"¢ — 0.12+0.00"" —

E Rl — B 55 NC2L4R L, " P<0.01."P<0.05; 55 B L7 4148 0L,“P<0.01, n=6.
Note : Compared with the NC group in the same time, “"P<0.01, "P<0.05; Compared with Weifufang group, “*P<0.01. n=6.
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Fig. 7 Inhibitory effect of different treatments on the prolifera-

tion of human gastric cancer HGC-27 cells
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g1 24 h 48 h 72 h
oD CV oD CV oD CV
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IGF-14 0.87+0.02°4¢ 111% 0.94+0.03"4¢ 122% 1.09+0.05"4¢ 104%
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E: 5 NCAR — 8 S48, P<0.05.7P<0.01; 5 IGF-1 41481k ,*P<0.01; 55 LY294002 48k, 2 P<0.01; 5 § 57 48481k ,4P<0.01, n=6.
Note : Compared with the NC group at the same time point, “P<0.05, “P<0.01; Compared with IGF-1 group, *P<0.01; Compared with LY294002

group, “P<0.01; Compared with Weifufang group, ¥P<0.01. n=6.
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