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 OE. a6 ATREHEFEHTFHERKLS CCKS k. @IBRE. MIBEE. FREEHREBRIFTHE
%677 BRAER. Jrik: AXi@id ChEMBL. UniProt. GeneCards % #(4% 2 & jvenn K1F A R £ 677 BRI H £
&, AFaRAEER (PP 247, AR KK (GO) §E£ /4. TALBRSARATHAH (KEGG) ##%'E
Eo AR AMA IR, #—F KA Auto dock BT 5T, BB mMEEHAE FHRE (Cel
counting kit-8, CCK8) WiEFEEZXN B RmMLIFIER. % FERLFERSEERELEA 24 GO »
WA, TEEAREGEMNFTREATESTEE. LFRBELE, FOKBFAX; KEGC /o ALK BT AT
AWEERRA—THRABEIER. ARBERTERRERLBER; 2 THEER I TRAAF TRGLELEN
ACHE|-9.1[>MAOA|-8.8|>CA2|-7.4|>DPP4|-7.3|>CAI|~1.2[=GRM5|~7.2[>ADA|-6.8|>CASP3|-5.8|, * B ARA= % 4k £
HRIFO oM. RIMEREAN, FEENBTRMBZA NI OIFIER, X TRAEIEIK MA0OA. DPP4,
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Based on Network Pharmacology, Molecular Docking and Experiments
to Explore the Anti-gastric Cancer Effect of Apigenin

MAHETIJIANG-Maolidan , WANG Junlong, NUERXIATI-Rehebati , LI Ziwei’

(Xinjiang Key Laboratory of Clean Transformation and High Value Utilization of Biomass Resources, School of Chemistry

and Chemical Engineering, Yili Normal University, Yining 835000, China)

Abstract: Objective: Network pharmacology, molecular docking technology, and CCKS8, wound healing, cell invasion,
plate colony formation assay were used to explore the effect of apigenin in the treatment of gastric cancer. Methods: The
ChEMBL, UniProt, and GeneCards databases and jvenn tools were used to obtain the potential anticancer targets of
apigenin. Then, the PPI network analysis, gene ontology (GO) enrichment analysis and Kyoto Encyclopedia of genes and
genomes (KEGG) pathway enrichment analysis of key targets were used to investigate the mechanism, and Auto dock
software was used for further molecular docking. Lastly, the inhibitory effect of apigenin on gastric cancer cells was
verified through cell counting kit-8 (CCK8) experiments. Results: There were 52 potential targets of apigenin in the
treatment of gastric cancer. GO analysis showed that apigenin might exert its anti-gastric cancer mechanism by regulating
signal transduction, chemical synaptic transmission, and proteolysis. KEGG analysis showed that apigenin played a role by
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regulating the neural active ligand receptor interaction, nitrogen metabolism and other signaling pathways. The molecular
docking results showed that the binding energy of ligand and receptor was: AChE|-9.1>MAOA|-8.8|>CA2|-7.4>DPP4
|=7.31>CA1|-7.2[=GRM5|-7.2|>ADA|-6.8]>CASP3|-5.8|, indicating that the ligand and receptor had good binding affinity.
In vitro tests exhibited that apigenin possessed significant inhibitory effect on gastric cancer cell lines, which might be due

to its ability to reducing the expression of MAOA, DPP4, AChE and increasing the expression of CA2. Conclusion:
Apigenin has the effect of anti-gastric cancer, and the main targets involved in its effect are AChE, CA1, CA2, CASP3, ADA,
MAOA, DPP4, GRMS5, which shows the advantages of apigenin in multi-component, multi-target, and multi-channel, and

provides a reference for the follow-up study of the anti-gastric cancer effect of apigenin.

Key words: network pharmacology; molecular docking; apigenin; gastric cancer
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RAE . P, WA BIVE /N, 1697 R A T
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e ARE SRR A SR I TR 259, ©SC ST
RHUIEZGY) ) ELRAR

T2 (Apigenin) iy 4,5, 7—=FFFL8RH, PR N
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T B HlE . &, &R TSR 2
JTERHTY 180 5, SRR AMUAFAE TR RIS =%
Hh, IFEE T A IS P R b, s A DS e
SoAE™, PESCHERIRGE, Froe s B REREE. BN BT
U PRt It ik, BT, g R I,
FESE R AENS VTS AP IR AN B0 =4 T, REREBHAR
AU JE B . AR DEARMEIE T, P e A i iR 22 ST
¥, HHEA M/ B EAIRGE IR, Mok
[ RN T oY R W AREE 2 nT DL i An e s . o8
TR ARSI LRI . A2 AR BHEEDS) FASE XA
BEAIM SGC-7901 i TSR, T2k #m i BaE e
RS H5iFHFIFR EIEA —E IR ERH . i
LU WY TSR R IR IVE . BRTASE RS
J58 T BOVE FIPLR I S e A A

(o) 445 223 B2 A SRy 25 B AR 00— 4k, J2 3T
ERSE I FR G ) E B AN HE A ) N 2y
WIS 2Z A LI 22, AT SRAS VR T A 280K,
SPUT BT R GRS | A RGNS
Wiz BAR259) 53 I HREE 5 519 sk B0
Bl hEEZGET AVERIPLTLEAT 24 BARFIK 19
FEAL IZHLHIZLTF LK 25 B 1 e 3 . REefb
g, P 2% 2B Eal A T v 25T A i 2
HEAA LTS,

BT I, AT ST SR N 45 25 B 2F 5 41X 0
eGP A SR DT B R B, STPT N B I A i
(AGS. MGC-803) AW 12 5 4 F P47 411
AR T — 2T B R A SR AL, S DAS ST T

SRR RALH Y BB NS B
1 #MR5EEE
1.1 MREEE
NBIEAIER AGS. MGC-803 i Hu.OBE
BELMMLZE; Froe R bnniit (Gabral)  _igblhn T A1k
B2 2> 7] ; RPMI-1640 35 32 WK . 16 4 IfiL 3 ( Fetal
== Hyclone 2\ Fl; B2 Eh 2%
W% W (Phosphate buffered saline, PBS) &4
B A F; 0.25% [P . 7 -5 2 52 XL (Penicillin-
streptomycin, PS) 32 [E Gibco 2\ 7 ; CCK-8 iz 7
. FEE . SR gl MR
MERE AR AN F]; Trizol  #RMEHGAEENE A BR
3 H); Transwell 200 /Nas Tt EAERHL 7]
Heracell Vios 160i CR 48 AL % 3546 . Multi-
skan FC ZIIAEMFRIXL . Sorvall LYNX 6000 s %
ZRESOHL. ABI7500 ZE)EsEf PCR X FEERK IR
Bl (P ED A R 7] Primo Vert {3 B AH 22 i 1%
TEEZE A A HE]
1.2 LTk
1.2.1 BARZEFH S Y222 0T T SR R BT
B IVER, SRS S RhE LR 1,
1.2.2 FFERE X E A T LA “ Apigenin”
S KB ETE ChEMBL 0da PE P8 s L 5 S, T
UniProt 28 J72 v 36 21 (19 ¥ 05 58 — 56 1k R L A
%o WA R S HES KR EATIER, L
“Gastric cancer” & KHE A K R GeneCards 2 ¥E %2,
FEFFAT ) FE R 22 FR A AR O A5 8 H T B e L R (R
xR, HTRE5HT.
1.2.3 PPI P45 48 it T A S il 43 P 455 B i B %
1.2.2 AT 3R 5 e A OCHE A5 A 2 jvenn
1, FRAG A MBS AR A OB [ A L e A F
STRING ZHzJ%E F, £+ “Homo sapiens”, & AHH
{5 1E 0.400, BRBLYF 25 (948 25, 755 PPI 25, 48T
HAF B AL R 5 A F Cytoscape 3.9.1 A, #EE
TR 5 B4 C R E, I E between SRIEA
A2 A, FE PR A B 2 TR T
1.2.4 GO YR wi M KEGG il % & 00T KT
Wk B (1938 HE S S5 A David 282 T, 435115
#| 4= ¥y 3 F2 ( Biological process, BP) . 4 jitd 20 sk,

bovine serum, FBS)
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Table 1 Database and website for network pharmacology analysis
Rl i d
ChEMBL L e einLa https://www.ebi.ac.uk/chembl/
GeneCards NRILR A B 1% https://www.genecards.org
UniProt AR B AR https://www.uniprot.org
jvenn T BIA https://jvenn.toulouse.inrae.fr/
STRING R AR R https://cn.string-db.org
David TR, AT RNZR & & R 4 https:/david.nciferf.gov
PDB PR AR B 45 B8 https://www.rcsb.org
Bioinformatics WEEEIRT & http://www .bioinformatics.com.cn

( Cellular component, CC) . 43 F Ij B8 ( Molecular
function, MF) X A5 518 IS F B o OBk Ee 8
TEIFERERT 25 DO, SABIUER TR,
it GO B AT UL FYE S i
1.2.5 4rFXM#: 1.2.3 AR B AL O A HT A,
£ PDB #¥a )% h & A & 1 1Y pdb 4520, A E
Pymol BT 2285/ Ny T RUK AL, Jo S A
% Autodock Tools "FlNE, T i pdbqt #5:0. 7E
Chem (s 2 h 8 R I T80T R E W 3D 451K
mol2 #%=, £ Pymol 24+ 5 H S pdbqt #%2C, fH
JH Autodock Vina 4 AT, B4 G BELXTE
He B9 Pymol M T #4547 o
1.2.6 RHPSCE: AR &E 10% 19 RPMI-1640
BEFEWL, BT 37 °C. 5% CO,, W FNTR I B 3% F5 46 v
Wit
1.2.6.1 CCK-8 yEA Il 4mffays 1 BAnf & B ik
F1) 80% X1 £ A= K HA MY B ¥ 40 i (AGS, MGC-803),
i FHAMBL T USG5, AU 80, L 4<10Y/FLIN 8
BEEF T 96 LA (100 pL/FL), 96 FLAR 2% — 8l
A PBS, #tGesZ 278 L 450 TR FAa TP B3R
24 h )&, FFRIHIEFREL, A 10% MyER 1640 H55E
WIHFE, Wi FRAi 45F M 37 °C. 5% CO,, ¥H 4 h, 25
FI X BRZH . I 10% ML B9 1640 58 & BE 3R I, S04
i AR MR EE T SE R AR UEUL (1, 2, 4, 8, 16,
32 umol/L), E5F=0 8], 24 h; 24 h J& AERFEFE HHEL
96 FLAR, Ff ) HAr i A CCK-8 357 (0.5 mg/mL)
100 pL, 4kZEFE 2~4 h, Bt 228405, M) 450 nm
Kb S GRE
A, A,
A-A,
o Ay L0 FLIWE G RE (5 4 A . 15 SR UK.
CCK-8 IR AN W) s A, AT BEFLIOGHE (5 41
Jitd. BRFRUE . CCK-8 ¥, &) A, as FIFLI
SERE 3R . CCK-8 I, NS4, 26%) .
1.2.6.2 4R ERIM GG A6 BOSEUE
K09 B4 (AGS, MGC-803), DIl 5x10° 43
BT 6 FLA 1, 37 °C. 5% CO, FH53% 24 h; 24 h )=,
W Fs i SRk, FEAN MRS 37 _E il &R, TR 3 s J0
FrR R T B IR T AL, DL RN [R) e BE 7

MAEFH (%) = ( )x 100

REB MRS FRILA, A 8 pmol/L F1 16 pmol/L
I FESR 4 115 AGS 1 MGC-803 4ijifl, £ 24 h
IR FEITRVIE, 43 HIAE 0. 24 h FAMEBE T IR, &%
T E R SR
1.2.6.3 Transwell SZIGHGIN AN {22888 T1 kb T
XA K B AL, W L3RI, IIBEIR LR vhER A TR
Ve, PSS AL, N A 1640 55 3R W 4 1Ak,
200%g B0 5 min; 3K _ LI, IIA 1640 B3R EE
A, BEAT AT, 295541 5%10°; 7E 12 FLAR P
A 500 uL 1% 10% FBS 11 1640 B354, A Transwell
Hiff/NEE, EEANA 200 L 4UH0E, # 8 15 min,
AN AR, UORE . BB A L EF Ao A
8 umol/L 1 16 umol/L 732 2 14 JC IMLVE 35 F= W, -
12 FLIREREAFEFRAG T 355% 24 h; 24 h J5, BUD
Transwell /NEE W FE R F# W, PBS %8 =1 . £ 12 fL
M T FLA A 4% Z R 2 mL, /NER MR
AW EE 10~15 min; TEREAR, ¥ Transwell 7
FTEREA PBS 1Y 6 cm NI RIYGE =, REEMEEI/ N
JEEHR o BEINENCTRIZ AL 5 YL 4 5~10 min(F3fL
1 mL). Zligkye/NE, MRS /NEN -
Ell S = NS R 2 e PR =% ) il | | A =%
PBS, F 64 Transwell /NE L 2%, Whn PBS. 7E
IEs B 8 ANARET UL M M 55, AT Lb#L .
1.2.6.4 P SERESIISA I I LAY TEAE ST BrAb
TR ECAE A I R AN IR AL S, S8 AR g Sk (kA
BiFRIE+10% RG24 007E ) B5-B e A fte ki, FE 4% an
Ra gz F 6 FLARERF=AR b, 25 525 4H 422 R 800 /-4
Mu/fLs kLSRR 14 d 84 R EBCAAToke b 2a i
BT 500 Mk, Ak aEbE 3 d S T HeR T ISR 4 i
MRS FaFESE RS , 76 WA T X 4 uEA T AR, SR
J& PBS PR 1 WK, FFLIIA 1 mL 4% 2= 38 H [ [
AE 30~60 min, PBS ¥E% 1 K FFLINASYE S 2 ik
1 mL, L fa 4}l 10~20 min; PBS BESE 4HRE T UR, 15
T, S A EEAS 6 FLAR A AR FLIES TR R
1.2.6.5 RT-qPCR IERKMIEHFKIE  FIixit: T
5 1 3 A A s R MR B A R A F (-
WP IATE M. 2 2 5 T 510075,

RNA $2HC A AGS 41ifgF1 MGC-803 il itudil
T 6 FLH, 24 h J5 43545 T 8. 16 umol/L FY 3%
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#2 RT-qPCR 51¥IF5
Table 2 Sequence of primers for RT-qPCR

*3 PUREECTT

Table 3 Premix formula

EIE7EA IS5 —3") 1G4 K AFA(uL)
MAOA-F 5°“ACAGCCTGACCGTGGAGAAG-3’ RNase-free dd H,0O Z A0
MAOA-R 5°-GAACGGACGCTCCATTCGGA-3' 2xOne Step SYBR Green Mix 10
AChE-F 5°-GGGGTTGCCTGAGATTGGG-3' One Step SYBR Green Enzyme Mix 1
AChE-R 5“CGCAGGGACGACTTTCACA-3' 50xROX Reference Dye 1 0.4

CA2-F 5°“-GCCAAGTATGACCCTTCCCT-3’ EREY 04

CA2-R 5-“TGTCCATCAAGTGAACCCCA-3' LIt 04
DPP4-F 5°-CTGGGGTAAAGCCAGAATCA-3'

¢ U ’fﬁﬁﬁRNA 1

DPP4-R 5“-“TGGTGGTGCACACCTGTAGT-"3

RGBTSR 24 hy BG4S F=FE PO, T 5355
FE, {3 PBS mhyk =k AL A 500 pL Trizol, &
SR FT, {40 M8 FE 43 4%, SR )5 % A2 B1) RNase-free
1.5 mL Ep &b, 7K E##'E 10 min; SFLINA 100 pL
=& HbE, IR 15 s, FEIEFHE 15 min, 12000 1/
min, 4 °C B> 15 min; B.0 50 2 /K AHFERL 25T
W Ep &b, In&E i i SN EE IR S, iR EE
10 min, 12000 r/min, 4 °C 25.0» 15 min; &.0> )53 -
W, HI 500 pL TR Y 75% LB, J I vETR 7 2807,
7500 r/min, 4 °C BS.0» 10 min; 85.00)5 77 3, B0
BB T4l B, 7HEF 15 min, 58 H R TR0
T 18 Ep &P A 20 pL % DEPC 7K, F43WFT
B A e AR BN E RNA ¥R, I 1
1 uL RNA #7005, IF50Hrali)E .

FC I VR : Fe34 3 U5 A v 1 il oAk
SAE] Ep &, TSR E

PCR JZ 1 : BC il 41 )5 5% 990 45 B s iOIR &
6000 r/min 558 2.0, BSO8R G 96 FLAR & T
RT-qPCRAX I, & W SE B EE N 50 C,
3 min; FUASTEHBERIE N 95 °C, 30 s; PCR {EER 0]
BB A 40 PGS, IR 95 °C, 10 s F1 60 °C,
30 s; AR TR B EE 95 C, 15 s;5 60 °C, 60 s;5 95 °C,
15 s; ISR HIFRE 99 C,
1.3 HEAIE

B 3 NEFLESRE 3 IR, BT A2 E

Image J Al GraphPad Prism 9 %k {4, 4% 32 i FH 1y
{HbrMEZE R IR, Hop, P<0.05 RO A G2 .
2 HBRESH
2.1 $B=AYIREN

PUTSREAE W FEXT SR, 75 ChEMBL %45 22
HWRITRERE AFEBAAE T 3L 339 M A,
M H 3% Y Confidence 90% J& “active, both” HA
SR M, BE19 8] 61 ARG .

M\ GeneCards ZHE 42 v 2 1) B 9 AH G 10 B A,
a2 B B ARG BT 15117 1
2.2 PPl AR KR 5T — ¥R m 4% E R

TR 61 DRI M h 22845 5 R A
AL 52 A4, DL 1, SRR ILIAHE PR 28 2 STRING
B, 455 PP 4%, LA 2.

L] TR

BT 73R 5 B A8 SUHE i 15 R
Fig.1 Venn diagram of cross targets between apigenin
and gastric cancer

[CHRNE2

K12 PPI 2% 5 - #E ni M 25 14

Fig.2 PPI network diagram and composition-target network diagram
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Cytoscape & — 3K AT LUK 2085 7T A0 it 4 o
¥R £ 5 H 09 HH 32 ¥ S 5 A 3 Cytoscape
3.9.1 B A, Aa R Sy — B AT 2 ] L U A
“Betweenness” {H KT 200 AYFI S, A58 582K
5 B g A B2 M8 & . AChE. CASP3. CAIl. CA2.
DPP4. ADA. GRMS5. MAOA, 3\~ 55340 5 ™
LR EILIE 2.

2.3 Go INREEEM KEGG BEEESHh

El 3 R TFSRERIGIT B AR L AL GO I

30 1

Enrichment score
(3]
S
!

—_
(=)
!

AERARSS R . XS 2 515 5185 /L2 fimfl
18 | HE KA B G RR | DU B, S fih
SRR PR 45 B Tl T P | PR i RS2 AR A
EAIE I 1 Sl A R

KEGG i % = S 45 R ANIE] 4 o, Ph e ih PR
R —Z A E AR ZARET . 8515 S am s . AR
12 PR AT MRS I IRAS — 2 FPN | B R R ER
o BRI . HHAREESS i, cAMP {5 538 i | 75
KEVERTIPE . B IR . TIPS 5515 5 8 B AT B R A e

m==m BP

CC
== MF

Biological process

Cellular component

Molecular function

K3 AFREDUE RS GO AT

Fig.3 GO analysis of apigenin anti-gastric cancer targets

Nitrogen metabolism

Nicotine addiction

Tryptophan metabolism

Cocaine addiction

Long-term potentiation

Amphetamine addiction

Prolactin signaling pathway

Gastric acid secretion

Cholinergic synapse

Serotonergic synapse

Glutamatergic synapse

Neuroactive ligand-receptor interaction
Inflammatory mediator regulation of TRP channels
AGE-RAGE signaling pathway in diabetic complications
Alcoholic liver disease

Biosynthesis of cofactors

Calcium signaling pathway

cAMP signaling pathway

Alcohoism

Alzheimer disease

Pathways of neurodegeneration-multiple diseases
Metabolic pathways

U —lg(P-value)
U 5
4
3
= 2
|
Count
+3
. .6
9

el12
el15

10 20 30

Kl 4 JFSRERHUR SR KEGG i s 48

Fig.4 KEGG pathway enrichment of apigenin anti-gastric cancer key targets
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. AT LB, 128 Mok 5C 1038 B P (B ik
G, S EAT I b/ N, P 28 S 5 T 2Rk
PR B A A 5 4 PO, BURERE(S S Wat 55
PN T AR AP 1Y, 25 TTRH TSR EEHN H] B R0 &
AR
24 SFXHEE

BiE 5T E TR RN 4 R, F
5B REY S HE B R Bl gt A58 1 RO ST, 4o XA
HE 44 N . ACKE|-9.1|>MAOA|—8.8|>CA2|—7.4|>DPP4
|-7.3|>CA1|—7.2|=GRM5|—7.2|>ADA|—6.8|>CASP3
|=5.8|, Al A ST R RS G ER . RUTRERSHIE
AR LA RS B R RIES S RE T, S aniEl s
7R o

F4 HIEILE SRR TR

Table 4 Results of molecular docking between gastric cancer
targets and apigenin

R 45418 (keal/mol)
AChE -9.1
CASP3 -5.8

CAl =72

CA2 -7.4
DPP4 =73
MAOA -8.8

ADA -6.8
GRM5 =72

CA25TFRE

DPP45JTHE
K5 ik
Fig.5 Molecular docking diagram

2.5 {ARSMEEG
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