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H & 8 (stomach adenocarcinoma, STAD) FA %1 .
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TRV S 0 e R RV 3R K BRI [ Fr) 38 2 K O 22 57 4 R
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o [R5 40 ) B 9 T & 109 FBS.1% P/S i
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R A B 15 51 80 20 ~90 Vo it Ik 2 11 1l 7 A A5 AR
KM (525 : AB1609, Jilt #f 5 v 4= W) B A7 IR 2w
{10 i JB =98 0 (1o 25 WA £ 35 {3 TR D 2% ot 22 5h
Tt A S B, T o 305 TR . K KM T
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10 mmol/L i . SEH IS o KM e 8 55 5 b
FEZ 100,200 pg/ml ALK BE -4 48 7E I [A] 995 75
2 ML s %F TR 2 45 57 2 (R B DMSO. CYP19AL i
#35 i R pcDNAS3. 1-CYP19A1, 25 # {k %f M
pcDNA3. 1C Fig R —H A EARGIRAED . #4i
LA T 6 FLAR b ZEIE G BE IR B 60 %6 ~70 24 B fiff
JH Lipofectamine 2000(4%5 ;11668018 , 35 [E F& Bk & 1
IRBHEE 28 w4 i 3 7 AT g Fe UL )E 4~6 h
R RE IR AL AP E SR 48 h R AT R 2S5 .
1.8 FTWEE 7§ (surface plasmon resonance,
SPROY 434 f#i ] SPR 43 ¥t & 4t (Biacore T200, 3%
B SEUHR ML WD ol o s o 1 e A IR Ak~ D7 R K E
AN CYP19A1 FE (1 (185 : BK-DB1925, ¥ & Fl 4
Y H AR A BR A 7D [ 2 7E CMS A& B s i 2.
V¥ il T HBS-EP + 12 17 22 vh i (9 A ] ¥k B2 19
KM(1.,2.5,10.50,100 pmol/L) A 30 pL./min [ 1H
FE P A SR T DA IS R B S A B
A7 8w DA M 00 e 1 ok B . S IE SR R BRL AT
(response unit, RU) , i i #1525 E £ 14 21
1: 1 Langmuir 45488, {#i H] Biacore ¥F-4% %k 4 31
AV 3 R AR R B S 25 G Bl ) S ROT A A R R
(Kp) .
1.9 RNA Y qRT-PCR AR 45 il i 5 )y 5 - fil
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BOABRZ w1 A4 AP 32 BOE RNAL IF8 2300t
JE 3t (NanoDrop2000, 3¢ [ 28 Bk €A /R B2 7)) I
i RNA VREERIAERE . L1 g 25 RNA 0 5
) & (5% 5 - G3337-100, BRI FE4E /K AR W) B AT
B HD 5% 5% cDNA, fifi | PCR ¥4 i 7] &
B84 :G3326-15, I FE4E /R A W BB A BR A 7))
7E 520 PCR & 48 (7500 Fast, 3% 8 28 2% €A /R BH%
A FD LA qRT-PCR. Brl5I40 : CYP19AL IE
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M 5 -TTGGAAATGCTGAACCCCAT-3", Jz In]
5" CAAGAATCTGCCATGGGAAA-3'; GAPDH
iE ] 5 -GGAGCGAGATCCCTCCAAAAT-3', &
] 5'-GGCTGTTGTCATACTTCTCATGG-3", 1f
WAL 1R A8 P 5 3047 40 B R Y28 Pk IR K
FMAEM . L GAPDH J NS, R 272 kit &
X mRNA ik, BRSO 3 .

1.10  Western-blot 2387 W HE 40 LI 7E vk B &
A B R G RIPA 2 (5845 : PO013, |
R RAEWHEARAG R A D % 30 min, 7E 4 C
T LA 12 000 r/min 2.0 30 min, W4 BV . {#H
sk B 2 (bicinchoninic acid, BCA) & [ # ik
M & (55 . Po01L, HigH = RAEWHAFRA A
R R . BEGEE 30 pg HAS EREZ R
17455 P0015, Rl =~ RAEWHE ARARAFD IR
AL s @t 10% SDS-PAGE (BeyoGel™ Plus
SDS-PAGE Hepes running buffer, %25 :P0552, F
G35 = RAEWHARA RN FD /38 I A R a5
(VE-180, I 1§ K GE BB A B A w5l Fl % 5t 28wl
T35 :G2017-1L, I T 4 IR AW B A IR FD
%% % PVDF i (5255 . IPVH00010, 3 [& % # A
A B H S Y BIR W (185 G2052, iR 8 4 /R A
VR AERA D EER FHABE 1~2h. 784 CTF
59 H 8% Pi-CYPLIAL (575 : ab35604, %
FEEHL A AL 1 2 1 000) flH-GAPDH (1% 5.
10494-1-AP, s W = & A& ¥ & R A R 2 #,
1:50000, ] TBST ¥ 3 W . fE=Z=R T 5
HRP 5 H =40 (L FEdife 1gG L 485 : SA00001-2,
R =G A HARAF R A L1 2 5 000; 51 FEHT R
IgG. 5% 5 : SA00001-1, ik I = & 4= W £ A A BR 28
f],1:5 00000 F 1~2 h, FRIEEE. i FHH
B4k % % Yt (enhanced chemiluminescence, ECL) i
(5345 :36208ES76, [ 2 AE YR AR FD
TEAL 2 K648 & G5 (Tanon 5200, | K RERH%
ARAED AW . [ Image] BAF RS
5 91 L GAPDH AapfEpEf7IH—1k .

1,11 CCK-8 5256 A I 41 Jfd 75 J) R 5 0 Ar - 4%
20 L AR AL 5107 AN 4 i 1% %% B B2 R0 T 96 FLAR
100 p L K5k vh, W BE 13 % I 48 2 Wk B 1 KM 5
DMSO Ab#, X T4 JL 3G 07 PFAL  FEAL B 48 h 5
LA 10 pL. CCK-8 3k | (1545 : C0048M, I 1 35
RAEYFARGIRATD . X TR 5047 . 76 0,48,
96 h m A CCK-8 il , B B 7 37 “C ARF 53 %k
0.05 1y CO, &M F WM& 1.5 h, IJF i H B b5 1
(Multiskan FC, 3¢ [& 3§ Bt €t /R B4 2 /) ) 2

450 nm ZEEYWOCREE . B SFRCE 3 A E R AL, S
BHEE 3,

112 Ui ORI 40 ML T2 R HeRh T 6 fL AR
f9 20 L 100 pg/mL F1 200 pg/mL () KM 5 DM-
SO 4b#R 48 h, WA F £ W Z R (ethylenedi-
aminetetra-acetic acid, EDTA) /Y Jif &5 H B 75 1k I
Ut BE LSRR IF 20 ML, UK Ve B9 PBS BEYR 2 W R
£ T 1X Annexin V455wt . {44 Annexin
V-FITC/PT i T- A M0 & (515 : G1511-100T » 5
DUERHE IR AE MR AT BR 2 W) 4% ) 3 1 150 B a0k A7
A 5 uL Annexin V-FITC, %R 4 £ % i
TR 15 min, FEATA S pL PT A, BRI
B WO E 5 min, 37 RIE ] X AH HEAL (FACS-
Calibur, EE 2l > 5D AT g JF R . A
FlowJo i fF 4 #4045 . Annexin V-FITC B £ /PI
B 0 20 B )3 28 o B39 0 T 40 I8, 1 Annexin
V-FITC B/ PT B fr) 200 U 25 S 6 401 08 = / 3R 52
AN, AR T A CRL AR L A oA B T
113 Geitsp kb3 prfy e i Sc g iy ph ~r gk Ay 2= 0
3. L. X £+ S £, R GraphPad Prism
8.0 B A AT G 43 M. 2H 8] Fb AR Ik ST AR AR
¢ K50, 22 20 18] F AR F B IR 3R 7 22 3 Bt CANOV A)
JG4T Tukey's FfFH 5 . BUM K 55 . P<<0. 05 K 2%
WA G R L

2 7 R

2.1 KM py#0 S 90 5 08 g% s £y KM 4k
22300 Co Ho, No O, HoAb 22 5 an 18 1A B, 7E
2 V-4 SwissTargetPrediction 1 SuperPred 3t %8 4
i 220 A4~ KM (¥ A HE i, o 8 A8 i g P 4 3
AE 1B, MAZERERN LT GO §E Ly TIE
(molecular function, MF) .4l Jfg 20 43 (cellular com-
ponent, CC)F14:= ¥ 15 # (biological process, BP) |
M KEGG i & £ 0t K. G H A Z K
“ES AR Sl PR Rl 2 0 P G RS2 R B AE
“MAPK {5 5 il %7 5515 5 10 7E KM FE L s
EEE R 1C. D),

2.2 RSV BRI ARG S IR R R R IR
P, BEAT B B A AE A0 DA A R 23 A 22 I
it ad X 22 5 Rk FE P (B 2A) , Hh NTRK3
(HR=1.872,P=0.014) ,CYP19A1(HR=1. 863,
P<C0.00D) iy i ik 5 & A GC 5 A B XU
RO A OV Ge 2 0 S HoA BRI 4 CSART
F2R il SIPRS 8504 i it 2 5 L (P<<0.05) . f#i ]
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Fig. 1 Target prediction and pathway enrichment analysis of KM

Lasso 43#r ik — B i 8 1y 7 A~ H A B # (6 19 56 A
(SERPINE1, PROC, CXCR4, CYP19A1, KIT,
AXL, CHRNAT) ] T 4 8 A= 47 KB 155 7 (& 2B
C), HZ B35k 0. 087 2.,0. 007 8,0. 048 8,0. 218 6,
0.042 7.0.078 1 F1 0. 116 0, X 7 A~4#1F 3 A ¢
GC AL R IkAKF- T 5 HEL(E 2D) .,
TCGA-STAD A GC %4 b, 5 7 N HE
e I 25 42 R0 TIE 45 11 w5 LR 4 v 2 v 2658 L I 7R AIK
KU 20 G 32 55 (B 3ALB)Y . A FEA BT B, & KL
x4 FB A T A A R I AT IR XU 4 36 B
REA RAF I R 2 B (i (B 3C. D). X GC 41
2159 55 A 2R 22 5 3k W W 43 B 8w 7E GC
HLURA 2 999 AL W LR, 421 MR B ET

P (K 3E), GSEA & 8 73 R W, “ 28 [l R A4
YA 5 5l e GC 480 & 25 F R (& 3F) .
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S0 A0 95 2B Al i A e i Cextracellular matrix,
ECM) 414175546 BP 2 51| v i 25 5 4 1 5 i Jt 2
H ) ECM”“ECM 254 i 437 76 CC Fil MF 2 51| i
B 3G), KEGG i %1 & 4 43§ Wor . “ L4
JiL H 1 20 1 4R ECM- 32 (R HH A 1 A 5 B
I 2% Bk 45 30 I 8 2 4R (B 3HD

2.3 KM 5 CYP19A1 A H/E I K H 3t i H £ ik
BB T AR R KM 78 CYP19AL
TSR ARG A AR N R E S A S R
H R A9 45 A BEL Eynane = (—28.5342.13) kJ/mol,
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Gene selection and model validation for GC prognosis

Fig. 2
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B D43 o DA B L7 i AR 1 5 4 928 9 4 b 1) DG A
M ARG CYPL9ATL 1R Jig 2 AL il 48 3 19 #%
O

SPR #r&5 R W n . KM 5 CYP19A1 LUK &
W i SR E 45 A (K 4B), K A (38,89 £
2.10) pmol/L (& 4C), T TESE T 4 BLAH H.AE H
qRT-PCR Z5 3 R, 5 5%t B4 EL 35, FH A ) vk B 1
KM(100,200 pg/ml)4b B oK g & k28 CYP19A1
] mRNA FikKF(E 4D), Western-blot 4317 2.
%KM 4 ¥ (100, 200 pg/ml) 5 MKN28
AGS 40 i CYPL9ATL 2 1 /K S 5 5 b4 #i 1:
FEAK (4B,
2.4 0[E CYP19A1 Al KM b i 7E GC 41 g b i
Difesn Rk —2 B CYPL9AL £ GC i3

AeE FH IR R4S KM By 52 0 . ffi FH MKN28 1 AGS

g & #57. CYP19A1 1 %3k (OE-CYP19A1D) i
GC 4 f B AL, I 78 mRNA Fi 8 11K 7 2 5 0 i 1A
T FIE (E SAB) . TIEE KL 45 R R, KM
BZEHIH OE-Ctrl A1 OE-CYP19A1 41 i (¥ 1% 1 &%
BasE (B 5C. D), A, v 2 40 i AR 2 A7 2% B, KM
MHREFEST 2 MM AN T, H CYP19AL
BYIE A B F W T KM B2 @ T-/EH (K 5E) .

3 i i

ZH GC BFWZ M O U R MW 697 7 R
PePEA B TS BOR AN AR R A RBUR
7RG . B AE Dy B 24 SR HR O 00 B R 2
P LG PE R KM E B 2 58 - HL R B G AR 55
PR R s Y AR KM 4T GC i Bk
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From Computational Modeling to Experimental Validation: Mechanism of
Koumine Targeting CYP19A1 for Gastric Cancer Treatment

LIN Hailing' , SHI Lingfei' , ZHAN Yinghao', QUE Wancai'"’
1. Department of Pharmacy, Fujian Medical University Union Hospital, Fuzhou 350001, China;
2.Phase [ Clinical Trial Unit, Fujian Medical University Union Hospital, Fuzhou 350001, China

ABSTRACT: Objective To systematically investigate the specific mechanism of action and antitu-
mor efficacy of koumine (KM), the primary active component of the traditional herb Gelsemium elegans ,
in gastric cancer. Methods A combination of computational methods including target prediction, bioin-
formatics analysis of the cancer genome atlas (TCGA) data, and molecular docking was employed to screen
potential targets of KM and construct a gastric cancer prognosis risk model.  In vitro cellular function as-
says evaluated antitumor of KM effects by assessing viability, proliferation., and apoptosis in gastric cancer
cell lines (MKN28 and AGS). Surface plasmon resonance (SPR), qRT-PCR, and Western-blot analysis
were employed to elucidate molecular mechanisms of KM in the interaction and regulation with the key tar-
get CYP19A1. Results Bioinformatics analysis and the prognostic model identified CYP19A1 as a key
potential target and a high-risk factor associated with poor prognosis in gastric cancer. In vitro experi-
ments demonstrated that KM significantly inhibited proliferation and viability of MKN28 and AGS cells
while inducing apoptosis; these effects persisted even in the presence of CYP19A1 overexpression.
Mechanistically, KM was confirmed to directly bind CYP19A1 protein and downregulate its expression at
the post-transcriptional level.  Conclusion This study provides evidence for the therapeutic potential of
KM against gastric cancer, with CYP19A1 likely serving as a key target mediating anti-cancer activity of
KM.

KEY WORDS: koumine; gastric cancer; CYP19A1; molecular docking; apoptosis
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