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WE  Z AR 82T 582 (BRU)E T 548 B T (SHH)/ R 40 1% 45 % B T 1(GLIE 5 @
%3t F BEMGC-803 40 i 3G 76 . iE A5 Andn i & MR A RS PR, ARIPNIEFRMGC-803%8 i, 23 Fl Bl IR E
BRUAL 22 émfier, 7 1% 2h A IR B, e gmli sy A B4 s+ BB 4A(Ctrl4e), BRUAK. F . & /K B 48(L-BRU.
M-BRU. H-BRUZ, 200. 400. 800 nmol/L), H-BRU+SHH%& #| 28 (H-BRU+PM%R), K /A 5- Lk F-27-
BLESRF(BAU) AR R 40 I8 38 70, ALK 20 IO AU ) 40 08 = RJRAA F I LI 40 iR iE 4% Transwell
N A 40 A3 2 dn i AT R 2 LB 4m R AR S, Western blotheISHH. GLI. 248 i &
4 KA F(VEGF). f% W &4 KE T2 H2(VEGFR2). PTCHI(patched 1). SMO(smoothened) % &
FAF M. 4R BT, %852200.400. 800 nmol/L A BRUAE iR Z #47 /5 4 5236 5 Ctrl4E b4, L-BRU.
M-BRU#=H-BRUZIMGC-803 0 i EdU B/ 40t B 43kl afa X R &F ., Mz 28 E. TREE
%ASHH. GLIl1. VEGF. VEGFR2%& & £ ik /K-F T &, fmi /A= £ 38 hn(P<0.05); PM#| 33 7 H-BRUAT
MGC-8034m /it F _Ei& 454749 1F A (P<0.05). %R &9, BRU %18 i 47 4| SHH/GLIYZ 5@ 58 & & £ &,
FrH § EMGC-803 403874 . i£4%. 4 &ﬁmﬁriﬁx Pt 2m B .

E4HRIF FIE TR, B, SHH/GLUES Sl ek W5 i, Mm%

Effects of Brusatol on the Proliferation, Migration, and Angiogenesis
of Gastric Cancer MGC-803 Cells by Regulating the SHH/GLI Signaling Pathway

XIONG Yulong', CHEN Bo**

(lDepartment of Traditional Chinese Medicine, Huanggang Central Hospital, Huanggang 438000, China,
“Department of Gastroenterology, Second People’s Hospital of Yichang, Yichang 443000, China)

Abstract This article investigates the effects of BRU (Brusatol) on the proliferation, migration, and an-
giogenesis of gastric cancer MGC-803 cells by regulating the SHH/GLI signaling pathway. MGC-803 cells were
cultured in vitro and treated with different concentrations of BRU to screen for drug action concentrations. The cells
were separated into five groups: control group (Ctrl group), BRU low, medium, and high concentration groups (L-
BRU, M-BRU, H-BRU group, 200, 400, 800 nmol/L), and H-BRU+SHH activator group (H-BRU-+PM group).
EdU (5-ethynyl-2’-deoxyuridine) method was applied to detect cell proliferation. Flow cytometry was applied to
detect apoptosis. Scratch healing assay was used to observe cell migration. Transwell chamber experiment was ap-
plied to detect the invasion. The vascular mimicry formation experiment was applied to observe the angiogenesis.
The expression of SHH, GLI, VEGF (vascular endothelial growth factor), VEGFR2 (vascular endothelial growth
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factor receptor 2), PTCHI (patched 1) and SMO (smoothened) were detected by Western blot. The results showed

that 200, 400, 800 nmol/L were selected as the concentration of BRU for subsequent experiments. Compared with

the Ctrl group, the percentage of EdU positive cells, scratch healing rate, and number of cell invasions, the number
of lumens, and the protein expressions of SHH, GLI1, VEGF, and VEGFR2 in MGC-803 cells decreased in the L-
BRU, M-BRU, and H-BRU groups, while the apoptosis rate increased (P<0.05). PM weakened the effect of H-BRU
on the above indicators in MGC-803 cells (P<0.05). The results indicated that brusatol may inhibit the proliferation,

migration, invasion and angiogenesis of gastric cancer MGC-803 cells and promote cell apoptosis by suppressing

the protein expression of SHH/GLI signaling pathway.
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W7 2 M5 TR, fEXLIEEE T, HA8 KT (sonic
hedgehog, SHH)& fix # E (il 2 —, SHHIE S 1E
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B N A KBl F (vascular endothelial growth factor,
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1.1 EZERAFISNE

A B4 (MGC-803). — ¥ 1] T/ (bicin-
choninic acid, BCA) 7 (¥2*5 : P0010). SHH¥
TEH(PM, 525 : SF6822-5mg, ¥ PM#} A% T DMSO
i 1 mol/LHRER, A I B B S 56 I T ik
FE 1 mmol/L). 5-Z.J3k -2 - Bt S IR 1 (5-ethynyl-2-
deoxyuridine, EdU)-488 2 i 314 4 o I 48 771 & (T
5 CO07I)MWH Lilg8 = RAEMBARGIRA A ;
BRU(%% 5 : SML1868-5mg)J4 [ 3¢ [ Sigma-Aldrich
A AR THEGRF £ 8(cell counting kit 8, CCK-8,
HY-K0301). FRICER [ V- IR D 6 2= /b e
(Annexin V-fluorescein isothiocyanate/propyl iodide,
Annexin V-FITC/PI)ZH i 3 T4 67 & (B2 % - HY-
K1073)#1 [ 3% [E] MedChemExpress 2 @] ; i —4t
SHH. GLIl. VEGF. & W A K 75244k 2(vas-
cular endothelial growth factor receptor 2, VEGFR2).
Tl 192 H Vil 1% i S0 (glyceraldehyde-phosphate dehy-
drogenase, GAPDH)fitL/A A 4 H F845 18 (3 ) 290K
A RA A, PTCHI(patched 1) SMO(smoothened)
U S P05 — P H 9EE Abcam A ) ; Varioskan
LUXZ H el AR 1 « QuantStudio™ 55ZH} 3 G 58
HPCRAES . COZME 74 Nanodrop200073 '
JEREETE S TBU S L DT UE M E (radioimmunoprecipita-
tion assay, RIPA)ZLfiFIHE HXZZ Mt (125 - 89900)
F w3 LM% (polyvinylidene fluoride, PVDF)JE (7%
51 T2234). HL{L2E K (electrochemiluminescence,
ECL)IRF & (T8 5 WP20005). Attune™ Nx T z04H
B4 ¥ B 25 [# ThermoFisher Scientific2y ) ; JG2F
RGN H R (PEERA A + TR
% (sodium dodecyl sulfate, SDS)-E HLIK A 1 3
[EBio-Rad A A .
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1.2 753k

1.2.1 @mRFRABYRE ik HEIFEH
MGC-803 40 i, H ML T, 1 40 B EE J5 FH AN [RIH B2
BRU(0. 100~ 200 400~ 800+ 1 600 nmol/L)#47 A+,
H AL FL LT (1) MGC-8034H 13- 47 41 By P UL , 3l
)24 48, 72 ho [A1&ALAHIIA 10 mL CCK-8ixk
A, AkBRE R4 b, KHIBEFRX (450 ndB K )Rl %L
MGC-80341 /i, iR AL (DYE, 1 MGC-803
HMIAETE 2 . JHHRAFIE 26 =[(SL 5041 D~ 1 40 D)/(Rt
HEZH D-25 H 41 D)]x100%. §iiidk tH A 38 i DL gE
ITIRBESRE . BMIREY R E 6NE L. LR ER
=W

1.2.2 EdUR#N MGC-803%afasg ot Xt
AR MGC-8034H g 2 F (4% 10%/4L)7E 244LAR 1,
I3 AR AT BRUAL X FEZH (Ctrl4H ). BRUARIK
FE4 (L-BRUZ ). BRUHK 4] (M-BRU4L ). BRU
R E 41 (H-BRU4L ). H-BRU-+SHHIHOE 7141 (H-
BRU+PM4), #47 Ja 25256 . H A L-BRUZL.M-BRU
4. H-BRUZHL %5151 A200. 400. 800 nmol/L BRU,
H-BRU+PM4L i A 800 nmol/L BRUAI1 mmol/L
PMUML 4k 24595 24 h, 3% BRERAE U0 #E4T EdUFRIC,
4% %2 5% F i = 3, 8] 52 30 min, Apollofethy, 4°,6-—fik
H 2Lk (4°,6-diamidino-2-phenylindole, DAPI)
=R oY R S RSN C R =S S L E N
THE BAUBH P40 f b I E Xt 285 ik ge it S . 5K
WEE =R

1.2.3 AKX a4 MGC-803 48 it 8 = 1% 4L
Wt 1.2.277 AL 24 h/E FIMGC-803 41, F10.25%
JiR AR A BE37 °CI44E1 min, 5577 T 6 7L (1x10%4L),
HY 100 mL7#%2H 4 A 23 3% 8 Annexin V-FITC/P14H
I 90 a7 1 AT A B A P I N A
BEAT RS, 73 b 240 P ) 1 2 (R SR T AT SR T )
F)o

124 XA EBANMGC-803 40t £ 4 1
o K 12200415 1 MGC-803 4 g i\ Jik 25 1 i
(0.25%)HHAT7H 4 1 min, AREFL 1< 10805481 67041
HLER FEAR i 7R, TG 100 mLA At L B
) H —E R, TR, A S5, B85S 1 IIPBSZE
M, ARG 4kSE 748 h, F B (10)W%20 h
H148 hisfRIJR B JE (W), 53 c N Wkl Wis, v 540
RYREE 2, MG ZR=[(Wo W)/ Wo]x100%.

1.2.5 Transwell/)s & £ 3046 MGC-803 48 itfZ £ 1

Vi Transwell/)N = 2 U EL B, F H 2 MGC-803
SR Jo N A M55 7R 5L VR B A MR 2, R At b
(1X10°//N=E) E Transwell =, 555724 h, 4% L K=
TELE %230 min, FH0.1%%5 558 % i 44 430 min. 24H
e I IRIC T . G R .
12.6 mEMELRER ¥ 1.2.29 45 MGC-
80321 AL NN 0.25% K 25 (11, 37 °CYH1L1 min, %%
BB 20 BE T S R (1< 10%40) B 96F LA, AL
JETSE I Matrigel 2 I, 55757 28 h/5 75 5 & 2
BE N M EEMGC-803 40 B R 1 400, FEFLSANALET I3
i
1.2.7 Z& @ ¥Pik ik (Western blot, WB)#| SHH/GLI
1FFil ARG RRFL  WE1220 4424 h
JEMGC-8034H s, I ARIPAZLAARM, $REUEEA, 1%
HMBCABG & EMHERVRNEELRE. &
SDS-#t K LIk 73 & 5 , #5EN 2 PVDFE I, =i E
1 hy 23 A NH B LB 3508 1:1 000 S i — it
SHH. GLIl. VEGF. VEGFR2M1GAPDH¥i14 4 °C
B A IR RE EL 4B 1:3 000 AH . — T, =5 T i
H2 ho JELEE KRG ECLIAFI & TR, A
Image A FA T 5, R £ 11 2% 71 IR K FE AR R 43
M H W A RAEOL. B AR RIE K DLH 8
K 51l 5 N 2 GAPDH K E 1 2 LR
1.3 BIRESHh

K HHSPSS 24. 0 X Bt AT i vt 0 #r . £
IR V3 8 b i 22 320, AT LR 3 07 22 40 A
2H | P PR L3R SNK-g 556, {5 Bonferronifs 4
BHTZ EHLRARRIE. P<0.05, 2% BH S it%E L.

2 FR
2.1 BRUZH4IKE ik

{4 & 9 0~1 600 nmol/L[¥) BRUALHE MGC-
8034Mi24. 48, 72 h)&, IRIEFE100 nmol/LLL LA,
MGC-803 407735 N F4(P<0.05), W# 1. &itH,
24, 48. 72 h BRUMICs73 724 1 049.37. 950.81.
858.95 nmol/L. H1T800F11 600 nmol/L BRUALHE J&5
(20 AT V5 2 Geit 2 22 57, TR R IE A0 A v 1 1
TEOLR, NTELRIIE 24 24 R SRR 40 v P, 5 225k
B i 2356 T 200, 400 2 800 nmol/L(FIMK T 1Cs H.
X Y FE AT B AN FDVE ABRUM TARMREE .
2.2 BRUXMGC-8034HpE1E5E ., AT RN

5 cCtrl4l bk, L-BRU. M-BRUFI H-BRUZH.
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Table 1 The effect of BRU on the survival rate of MGC-803 cells
BRUZYII L . 24 hH LA 2/% 48 hZH L7 15 5/% 72 W LA 2%
BRU drug concentration 24 h cell survival rate /% 48 h cell survival rate /% 72 h cell survival rate /%
0 nmol/L 6 100.00+0.00 100.00+0.00 100.00+0.00
100 nmol/L 6 98.99+9.70 98.4849.71 97.3649.72
200 nmol/L 6 83.37+8.22*" 82.15+8.09*" 80.14+8.01*"
400 nmol/L 6 67.2446.87%" 64.32+7.05%" 62.54+7.04%"
800 nmol/L 6 49.26+5.10%%@ 47.56+5.13%%@ 45.34+6.02%%@
1 600 nmol/L 6 47.26+4.88*%@ 45.26+4.90%"@ 43.12+5.81 %@
F 76.830 81.878 80.895
P <0.001 <0.001 <0.001

*P<0.05, 50 nmol/LEL#E; “P<0.05, 5100 nmol/LELEE; “P<0.05, 5200 nmol/LELEL; “P<0.05, 5400 nmol/LELEL.
*P<0.05 compared with 0 nmol/L; *P<0.05 compared with 100 nmol/L; “P<0.05 compared with 200 nmol/L; “P<0.05 compared with 400 nmol/L.

Ctrl group

L-BRU group

50 pm

M-BRU group

H-BRU group H-BRU+PM group

50 pm

El1l BRUXMGC-8034hA 1558 A0
Fig.1 The effect of BRU on the proliferation of MGC-803 cells

EdUFH P40 i 77 5 b R %, MGC-80341 i 12 &
1N (P<0.05); 5H-BRULL#E, H-BRU+PM 4] EdU
BH 4 21 B 7 43 EE 3 0, MGC-803 41 B 7 1~ 3 K &
(P<0.05), WLEE1. KE2f5R2.
2.3 BRUXMGC-8034REiT AR ZERIF M
5 ctrld b, L-BRU. M-BRUAMIH-BRU%L
MGC-80340 My KR & & % . 41 fu 4= 22 %0 & FE K
(P<0.05); 5H-BRULL#:, H-BRU+PMZLMGC-803 4]
MR &2 4R 2 EE S NP<0.05), WLE3.
F4F1%2,
2.4 BRUXMGC-803 4 B [0 E 72 5% B 52l
CtrlZH MGC-803 40}l & i 25 KA AT 6 % &5
CtrlZH th %5, L-BRU. M-BRUM H-BRU%H , & 45
PR RR FE I N, TSR A e 8, F MR IR

T BFIK (P<0.05); 5 H-BRUA L%, H-BRU+PM
Y s A A I R S, A I BRI N (P<0.05), L
KI5FI#3.
2.5 BRUXMGC-8034f fiSSHH/GLI{E S & & 89
A

5 Ctrl4l tb %, L-BRU. M-BRUAIH-BRU4,
SHH. GLIl. VEGF. VEGFR2. PTCH1. SMO
A RIEE i (P<0.05); 5 H-BRUA EL#5,
H-BRU+PM# SHH. GLI1. VEGF. VEGFR2.
PTCHI1. SMO%E FRIA L i (P<0.05), WK 6F1
x4,

3 i
B 2 R N\ S B ) B R . — , B
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#2 BRUXMGC-8034fE185E . THMFM
Table 2 Effects of BRU on the proliferation and migration of MGC-803 cells

i ., EdUPFHPEZ /% SHAPE T/ % RIRBAEH% ) RES G

Group Percentage of EdU-positive cells /%  Apoptosis rate /% Scratch healing rate /%  Number of cell invasion
Ctrl group 6 55.48+6.26 3.71+0.36 90.54+9.04 175.53+17.52

L-BRU group 6 40.27+£5.12% 20.54+1.98* 73.25+7.32% 142.64+14.19*

M-BRU group 6 25.35+4.03* 29.4842.94*% 56.36+5.62* 105.16+11.51*"
H-BRU group 6 13.68+3.16%* 40.35+4.03%" 35.87+3.54*4 75.58+7.55%"
H-BRU+PM group 6  43.57+534@ 22.17+2.20¢ 72.14£7.21¢ 141.45+14.08¢

F 66.549 160.227 54.857 49.584

P <0.001 <0.001 <0.001 <0.001

*P<0.05, 5 Ctrl4H LA "P<0.05, HL-BRUZLLEL “P<0.05, 5M-BRUZ HLAEL; “P<0.05, 5H-BRUA L .
*P<0.05 compared with Ctrl group; “P<0.05 compared with L-BRU group; “P<0.05 compared with M-BRU group; “P<0.05 compared with H-BRU
group.

Ctrl group L-BRU group M-BRU group H-BRU group H-BRU+PM group
10440.02% 2.68% 10*40.06% 15.91% 10°0.14% 24.36% 10°40.21% 32.66% 100.11% 17.42%
10°4 10%4 10°4 10° 10°4

Z10° = 107 =107 Z10° Z10°
10'4 1ot BT 104 10' 10 8
96.27% 1.03% 117940% 4.63% 70.38% 5.12% 59.44% 7.69% 77.72% 4.75%
10° - rrrm—rrrrrml e 10 ——— 10" e 10" e 100 ‘ . .
100 100 100 10°  10° 100 100 100 10° 10} 100 10 100 10° 10 100 100 100 10°  10° 100 100 100 10°  10°
Annexin V-FITC Annexin V-FITC Annexin V-FITC Annexin V-FITC Annexin V-FITC
B2 BRUKMGC-80340RET-AIS NN
Fig.2 The effect of BRU on apoptosis of MGC-803 cells
Ctrl group L-BRU group M-BRU group H-BRU group H-BRU+PM group

o

El3 BRUSIMGC-8034BRT RIS
Fig.3 The effect of BRU on the migration of MGC-803 cells

Ctrl group L-BRU group M-BRU group H-BRU group

H-BRU+PM group

El4 BRUXMGC-8034HAE{R 2RI #MT
Fig.4 The effect of BRU on the invasion of MGC-803 cells
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Ctrl group

L-BRU group

H- BRU+PM group

M BRU group H-BRU group

&5 BRUXTMGC-8032H A B T2 AR B 22 e

Fig.5 The effect of BRU on angiogenesis of MGC-803 cells

%3 BRUXTMGC-8034H At i B 2 AR A 520

Table 3 The effect of BRU on angiogenesis in MGC-803 cells

il ; El R

Group Number of lumens
Ctrl group 6 42.83+4.28
L-BRU group 6 31.70+3.17*
M-BRU group 6 18.52+1.85%"
H-BRU group 6 9.35+0.92%*
H-BRU+PM group 6 27.69+2.66©

F 123.093

P <0.001

*P<0.05, 5CtrIdl LA *P<0.05, HL-BRUALEL#K; “P<0.05, 5M-BRUZLLLAL; ©P<0.05, 5 H-BRUAL LL#K -
*P<(.05 compared with Ctrl group; “P<0.05 compared with L-BRU group; “P<0.05 compared with M-BRU group; “P<0.05 compared with H-BRU

group.

sHH D GEED D e @S 5| kD2
GLI D SN Gamp e= au» |15 kDa
VEGF D <l Gms e amm» 27 kDa
VEGFR D SIS s s smme |51 kDa
GAPDH (D (N G @B & 36 kDa
PTCH| WP S s s S 161 kDa

SMO WS SIS e s s 86 kDa

GAPDH WS SNNES SRS SN SR 36 kDa

E6 BRUXIMGC-803Z0ISHH/GLI{E 518 IR HH £ & A FRE RIS

Fig.6 The influence of BRU on the expression of proteins related to the SHH/GLI signaling pathway in MGC-803 cells

ﬁﬁ%ﬁ?ﬁﬁ%ﬁ'i%ﬂkﬂ?fﬂﬁ ARG EEEFER  EMT). 5 e 40 1A g i e 25 il S i 2 1
EE, FERZHRE MMM A ZE R, B EEBKE Sl s samE . T B AT
IEL&E%@%‘%\ MR WEEE. BEN SRFBEBIRE A, IR SRR AA7 R

Pt SRR A0,

BRERERRESEBRRS, K0 B, WA B R R BB B L], S0

I % —[8] 78 i %4k (epithelial-mesenchymal transition, HIA RRIT AN T v, X FRAK B AE TR e i K
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4 BRUXMGC-8034ESHH/GLIE S 1@ 18X & B RIARF0
Table 4 The influence of BRU on the expression of SHH/GLI signaling pathway-related proteins in MGC-803 cells

iifip n  SHH GLII VEGF VEGFR2 PTCHI1 SMO

Ctrl group 6  1.23+0.12 1.1240.11 0.95+0.09 0.92+0.09 1.0940.10 1.05+0.09
L-BRU group 6  1.02+0.10%* 0.93+0.09* 0.77+0.07* 0.7340.07* 0.90+0.09* 0.83+0.08*
M-BRU group 6 0.78+0.07* 0.73+0.07** 0.59+0.06*" 0.56+0.05*" 0.70+0.08*" 0.62+0.06*"
H-BRU group 6 0.49+0.04*" 0.45+0.04*" 0.4140.04% 0.39+0.03*" 0.42:40.04* 0.38+0.04 %"
H-BRU+PM group 6 0.89+0.08¢ 0.86+0.08¢ 0.82+0.08¢ 0.78+0.07¢ 0.83+0.08¢ 0.76+0.07%
F 61.182 56.347 54.171 59.338 57.387 75.573

P <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

#P<0.05, 5Ctrl4l lL#; *P<0.05, 5L-BRU4LLLEL; “P<0.05, SM-BRUZLLL#; ©P<0.05, 5 H-BRUZL H# .
*P<0.05 compared with Ctrl group; *P<0.05 compared with L-BRU group; “P<0.05 compared with M-BRU group; “P<0.05 compared with H-BRU

group.

T AR H L,

BRUJZ MASHHF- R 2B —Fh BB A4, H 2
FER RE8 5 T — RV RN, BFEH R 40
MK B, U PUIREEEDL, Ex 2 FhEA
i B IR SR A B, DR B R AR NPT 29 R
77, Bl : BRUB]LERSM ) 7L e 40 i A K IR
BB T U8, BRU RIS PI3K/AKYNF-«BIB i 4
JEZHEAE SN B 5 SGC-7901 401 _E i 8] 78 R 44,
PP T, BRUMEIE R i Nrf2/SLC7A11/GPX4
{5 50 B HE MR BERR B T, 5 Bk 0 e 4T O
T, FR 0 Rz o % e 400 o 3% 5 U7 BRU BT JE i 41
il Nrf2/HO- 118 26 75 S 2R AU TR A i A 5 e 248 i 35
B U8, BRUE R 40161 PI3K/AKtE 5 38 B 1) 3 7% Al
NF-xB-p65 1A% iz , 33 1 401 i) F /I 240 it fii 9 240 P
Ra5E | I SHE T, KHF il R GG A
7)< £ BRUXT MGC-803 41 A (4 i/, &L 200
400 800. 1 600 nmol/LFJBRUALHE MGC-80341fi2
24, 48, 72 hjE, AL R I B E T %, 1Mm800FI
1 600 nmol/L BRUALEE I 41 i /775 R A Seit %=
5, PORATREAATEHIHE B RN, BT EYCCR, &
223200, 400, 800 nmol/L 3/METICs ik EEVE A
Je SRS BBRURI 2GR B, RE LR UE 2 HI I8N, X
G FE AR M B E T PR D BE VP AL o DRI IR SEIR 45
BRI, K. P EIRE BRUAHL G, MGC-80341
MIMETEZR | TR 2R 13 R B, A
MGC-8034HMa A T2 34 0, H B A R BB B A vE
F&7~ BRURE LAV BE AR 5 XA MG C-803 4t fifd 3%
W TR, (R4 T, NS5 HLE
FBLE | A FER 258057 Bl

SHH/GLIE Tl & — sk E MG K § i 2 i
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