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Mechanism of bufalin in the treatment of gastric cancer based
on network pharmacology and cellular experiment
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Abstract: To explore the mechanism of action of bufalin in the treatment of gastric cancer based on network pharmacology,
molecular docking and cellular experiments in the study. The PubChem and PharmMapper databases were used to retrieve the
drug targets of bufalin,and the related targets of gastric cancer were collected in the GeneCards database ,and the PPI network
diagram for common targets of drugs and diseases was constructed by Venny software and STRING database ,and GO enrich-
ment and KEGG pathway analysis were performed through the DAVID database. Cytoscape3. 9.0 software was used to visual-
ize and screen the core targets,and the relationship between the core targets and gastric cancer and bufalin was analyzed by
GIEPA database , Kaplan-Meier method , AutoDock and PyMOL software , respectively. Finally, the targets and pathways predic-
ted by network pharmacology were experimentally verified by cellular experiments. The results of network pharmacology
showed that 285 drug targets and 909 gastric cancer targets were screened out. The number of common targets between bufalin
and gastric cancer were 91 ,HSP9OAA1 and SRC were core targets based on the ranking of PPI network value,the expression
level in gastric cancer patients,and the correlation of survival and prognosis. KEGG enrichment analysis showed that bufalin

in the treatment of gastric cancer may be related to PI3K-Akt, FoxO,Ras and MAPK signaling pathways. The results of surviv-
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al analysis showed that the expression of HSP9OAA1 and SRC mRNA in gastric cancer tissues was significantly up-regulated ,

and the overall survival of patients with high expression was significantly lower than that of the low expression group. The mo-

lecular docking results showed that the core targets had relatively strong binding activities with bufalin. The results of cellular

experiments showed that compared with the control group, the proliferation and migration of gastric cancer cells MGC-803

were decreased ,and the number of apoptosis was increased. The expression levels of HSPOOAAL, SRC, Bel-2, p-AKT and

FoxO1 were significantly down-regulated, and the expression of Bax protein was significantly up-regulated. In summary, bufalin

may play a role in the treatment of gastric cancer by regulating the core protein of HSPOOAA1 and SRC and the Akt/FoxOl1

signaling pathway.
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Fig. 1 Venn diagram for the common targets of bufalin-gastric cancer
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Fig.2  Network diagram for the potential targets of bufalin-gastric cancer
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Fig. 3 PPI diagram for the key targets of bufalin-gastric cancer
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Fig.4 The mRNA expression levels of core targets in gastric cancer tissue and normal gastric tissue
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Fig. 6 GO enrichment analysis of potential targets of bufalin in the treatment of gastric cancer
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Fig. 7 KEGG enrichment analysis of potential targets of bufalin in the treatment of gastric cancer
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Fig. 8 Docking mode between bufalin molecules and key target proteins
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Fig. 9  Effect of bufalin on the proliferation of MGC-803 cells
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Fig. 10  Effect of bufalin on the proliferation of MGC-803 cells by Edu assay
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Fig. 11  Effect of bufalin on the migration ability of MGC-803 cells
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Fig. 12 Effect of bufalin on apoptosis of MGC-803 cells
B ERARICIH T4, Note: Apoptotic cells are marked by white arrows.
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Fig. 13 Effect of different concentrations of bufalin on the expression of cell-related protein in MGC-803 cells

3 itieE&R

B R R 2R, 2R YRR R
I7 B R R L T M 2 RS 2y
Y2 R0 SRR, B T2 N TR S A A
WFFE ™ AT 3 T I 4% 26 B 2 7 1 o s i R

A7 B P TR R R A5 Sl S e A B .
FEI S 25 -4 B I 2% PR A 91 AT AE i A
FHEE Ao ARG PPL ™) 2% [ 73 A1 {715 : HSPOOAAT |
AKT1 SRC ,MAPK! F2 ALB PIK3R1 CASP3 AR,
HRAS 45 [ e U Ik R A7 B R B D e, e



1054 KIRF=YIB R 5T K

Vol. 36

HSPOOAAT (AKT1 F1 SRC NAHHAEFHE2 i = Ay #E
Mo WFFEHhil i GIEPA (4 %2 /A1 & B HSPOOA AL
F1 SRC mRNA 7E B2 h R EHH TIEHEH
HZ (P <0.05), H Kaplan-Meier 4= 7% 73 #71 i /8
HSP90AAL F1 SRC 7¢ B ¥ i & 3R ik 5 H AN R 70
JalBEM (P <0.05), [Hitk, #7~ HSP9OAAL Fi
SRC FJ RESE M5 Ik IR Y7 i 1) o 2L A9 A% O 1 F AR
Mo P Ay R A R R MR R S50
#5 HSPOOAAT 1 SRC ¥ HAT B AISS S BETT
HSPOAAT JE R 4 it K 38 8 1 oo (HSP9O)
J&F HSPOO K%, SNl N & &= & i —Fp 4> F1F
A8, 38 5 5 B AR AT B, VR A0 S A AR R T
AT 7% % 2 Fp A2 W) 25 o Y. BF 58 % W,
HSPOOAAL 7 B b m ik, B 5 BE A e
PIAHSE i 7 B R 40 M P ) HSPOOAAL 33k
AT LR 98 R Ui 25 A 4 0F P g 200 i 38 7 i AiE 2% b e
PR A BESEHGE  HSPOO S8 it 5 Ake LS &
P Akt ZE A R RE M, UE TS Akt A OGAF S
S R TR 0 M B L PR T AT A R,
HSPOOAAL A] BTG YT IR AE ¥ 72 73 T #E 5. SRC
e 7 A S R A, O i A Bk R I B
FEP HGE 3 2 5 22 B 5 5 38 [ 5 e 20 M
S A0 B A L AT B RN R T 4 — & 4 AN i
W BRI B, SRC R L E B A Rk,
Tl SRC 25 A A4 2 25 T LA 1 5 95 40 B 35 78 i
HEARML AT A BFSEIEN], PI3K 24 SRC & A 1
TNUHE ST, WAL SRC AT LUSKE T i PI3K
B, UE i % AKT 36 P, DA 9 55 g 78 440 el 7
WaEE TR AIPHTS . AKTL J&—Fh 22 &/ J5 &R
E O BOEE, BFOY R W] AKTL 8% 78 B i b & &
RN AR, AKTI 8 o 1 i s ) 2 1 Y
WS S A TR REMER S 2R Y
R PR AKT 1558 B 5 0 % 2 % R T i
HABEZEMNIEM. FoxO1 jZ& AKT {558} T i
— N ) P SRR TR NSRS B
TR AR T HA AR A, 0% B 9 40 I 1) 3 BR AR
WA —EREmAE . B kRt i R e g E
1t AKT/FoxO1 15 51 [ 4 15 U8 7 K 1 1 B T A 1
ESEEAEAE T, KEGG il B & £ 0 &
I, VEAEAE S 2P0 K A 8 T PIBK/AKT
FoxO RAS il MAPK %5 £ £ {5 53 . [Hut, LA L
$E7R AKT/FoxO1 {553 % ] 68 76 W5 ik 2 1441 15 9
21 4 B AR 0 T O T o AR P R A AR

Mo

AWFFE I MTT 525 Edu 555 120 g R JR 52
5 & BN [ e 5 0 ek 2 ] 0 1) 15 9 MGC-803 4 ifg
G R, R VEN I TS, FiE i Western blot
LI AS [ e B s s S R4 FH 1 S IR A s, 0
15 HSP9OAATL SRC AT FHKEE H B RIK, 451 I
71N Bt 5 W e 2 0 FHVAR B2 04 3, MGC-803 41 Jify v
HSP9OAATL Sre Fl Bel-2 5 4 14435 T 4, [A] i Bax
HARZRIE L SR T WFFE W g 52 J2 Q0 ol 38 13 410 1
21 it 3 A A AR 0 400 B R T Y, AR 9 38 5 Western
blot M p-AKT H1 FoxO1 & 1K kK, 45
RN, Bl WE R R VR 340, p-AKT 1 FoxO1 &
2 A8 7K S B AR, B ok, f 0 s ik 32 RT e LA
HSP9OAAL F1 SRC > 3= B 40 5, B0 R i AKT/
FoxO1 {55 5538 I, KAFIRIT B ER .

ZE A, AR5 DL MGC-803 4 i R ifF 5%
X5, RITME I R R MGC-803 4 g 1 4 i T
FER 52 Ao F-HLE . SEO0 25 SR W ik R ]
REIM LT T A% O 5L HSPOOAAL F1 SRC ik, #E 1M
JEFs AKT/FoxO1 {5 53 &0 11 5 98 40 e MGC-803
FXE5E TR fEHE I T, B RIGYT B 0
Y FUE T R T R BRI . AR A
ZAE AR T W5 R R AE RS X MGC-803 24 fifu 11
S, N — R TR SE 5 IR AR ME R
RIGIT B E LA

S 3k

1 Sung H, Ferlay J, Siegel RL, et al. Global Cancer Statistics
2020: GLOBOCAN estimates of incidence and mortality
worldwide for 36 cancers in 185 countries[ J]. CA Cancer J
Clin,2021,71:209-249.

2 Zeng Y,Jin RU. Molecular pathogenesis, targeted therapies,
and future perspectives for gastric cancer[ J]. Semin Cancer
Biol ,2022,86 :566-582.

3 Ji KY,Li GL,Wu SH, et al. Research progress of traditional
Chinese medicine intervention in cancer immune escapel[ J].
Nat Prod Res Dev( RIXF=¥HT5E 57 %) ,2024,36:167-
174.

4 Soumoy L,Ghanem GE,Saussez S, et al. Bufalin for an inno-
vative therapeutic approach against cancer [ J ]. Pharmacol
Res,2022,184:106442.

5 Zhang JJ,Zhou XH,Zhou Y , et al. Bufalin suppresses the mi-
gration and invasion of prostate cancer cells through HO-

TAIR, the sponge of miR-520b [ J]. Acta Pharmacol Sin,



Vol. 36

X IG5« T [0 4 24 T2 1200 i S B AR W R 2367 B R P AL

1055

10

11

12

13

2019,40.1228-1236.

Yu Z,Li Y,Li Y,et al. Bufalin stimulates antitumor immune
response by driving tumor-infiltrating macrophage toward M1
phenotype in hepatocellular carcinoma [ J ]. J Immunother
Cancer,2022,10.:e004297.

Shih YL, Chou JS,Chen YL, et al. Bufalin Enhances immune
responses in leukemic mice through enhancing phagocytosis
of macrophage in vivo[ J]. In Vivo,2018,32.1129-1136.
Chen G,Zhang H,Sun H,et al. Bufalin targeting BFAR in-
hibits the occurrence and metastasis of gastric cancer through
PI3K/AKT/mTOR signal pathway[ J]. Apoptosis,2023,28.
1390-1405.

Liu XL,Zhu PY ,Ma JR, et al. Antioxidant activity and mech-
anism of Centranthera grandiflora Benth roots based on net-
work pharmacology and in vitro experiments [ J]. Nat Prod
Res AND Dev( KR P=W#F5¢ 5 %) ,2024,36(1) . 155-
166.

Birbo B,Madu EE,Madu CO,et al. Role of HSP90 in cancer
[J].Int J Mol Sci,2021,22.10317.

Hui Y, Yuan WG, Wei S, et al. circSLC4A7 accelerates stem-
ness and progression of gastric cancer by interacting with
HSP90 to activate NOTCHI signaling pathway [ J]. Cell
Death Dis,2023,14.452.

Pahwa R, Dubhashi J,Singh A, et al. Inhibition of HSP 90 is
associated with potent anti-tumor activity in papillary renal
cell carcinomal J].J Exp Clin Cancer Res,2022,41.208.
Tang F,Li Y,Pan M, et al. HSP9OAA1 promotes lymphatic

metastasis of hypopharyngeal squamous cell carcinoma by

14

15

16

17

18

19

20

regulating epithelial-mesenchymal transition[ J |. Oncol Res,
2023,31:787-803.

He L,Feng A, Guo H,et al. LRG1 mediated by ATF3 pro-
motes growth and angiogenesis of gastric cancer by regulating
the SRC/STAT3/VEGFA pathway [ J ]. Gastric Cancer,
2022,25:527-541.

Gao P,Seebacher NA , Hornicek F,et al. Advances in sarco-
ma gene mutations and therapeutic targets| J |. Cancer Treat
Rev,2018,62.98-109.

Liu W,Guo TF, Jing ZT, et al. Hepatitis B virus core protein
promotes hepatocarcinogenesis by enhancing Src expression
and activating the Src/PI3K/Akt pathway [ J]. FASEB J,
2018,32:3033-3046.

Verma K, Jaiswal R, Paliwal S, et al. An insight into PI3k/
Akt pathway and associated protein-protein interactions in
metabolic syndrome: a recent update [ J]. J Cell Biochem,
2023,124.923-942.

Li L, Wang K, Liu Z, et al. Compound Kushen injection in-
hibits EMT of gastric cancer cells via the PI3K/AKT path-
way[ J]. World J Surg Oncol ,2022,20:161.

Lloreta J, Font-Tello A, Juanpere N, et al. FOXO1 down-regu-
lation is associated with worse outcome in bladder cancer and
adds significant prognostic information to pS3 overexpression
[J]. Hum Pathol ,2017,62,222-231.

Li L,Sun C,Liu L,et al. Mechanism of deguelin in inducing
gastric cancer cell apoptosis by AKT/FoxOl signaling path-
way [J]. World Chin Med,2022,17:2575-2579.

(L34 1063 W)

15

16

17

He B,Zeng J,Liu W et al. Effect of hirudin on pulmonary fi-
brosis by regulating p38 MAPK/NF-«B signaling pathway and
its mechanism[ J ]. Chin Pharmacol Bull ( §7 [E 24 3 2% 8
) ,2022,38.1334-1340.

Lyu JM,Tang YH,He CH, et al. Effects of the combination of
cycloheximide and total flavonoid from Dracocephalum mold-
avica L. on mice with pulmonary fibrosis[ J]. Nat Prod Res
Dev( KIRF=INIFE 57 %) ,2024,36.109-116.

Xiong Y, Cui X,Zhou Y ,et al. Dehydrocostus lactone inhibits
BLM-induced pulmonary fibrosis and inflammation in mice

via the JNK and p38 MAPK-mediated NF-B signaling path-

18

19

20

ways[ J ]. Int Immunopharmacol ,2021,98 ;107780.

Wei P, Xie Y, Abel PW, et al. Transforming growth factor
(TGF) -B1-induced miR-133a inhibits myofibroblast differen-
tiation and pulmonary fibrosis[ J]. Cell Death Dis,2019,10;
670.

Wang Y, Zhang S, Li F, et al. Therapeutic target database
2020 : enriched resource for facilitating research and early de-
velopment of targeted therapeutics [ J]. Nucleic Acids Res,
2020,48 :D1031-D1041.

Hossain FMA , Choi JY, Uyangaa E, et al. The interplay be-
tween host immunity and respiratory viral infection in asthma

exacerbation[ J . Immune Netw,2019,19:¢31.





