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Abstract Objective To investigate the effect of aloperine (Alo) on the proliferation, migration
and invasion of gastric cancer cells. Methods Human gastric cancer cell lines HGC-27 and AGS
were treated with 0, 100, and 200 umol/L Alo. CCK-8 was used to detect cell viability. Colony
formation assay was used to detect cell proliferation. Flow cytometry was used to detect apoptosis.
Scratch and Transwell migration assays were used to detect cell migration. Transwell invasion
assay was used to detect cell invasion. Western blot was used to detect the expression of proteins
related to proliferation, apoptosis, migration, invasion and Hippo pathway. Results Compared
with the control group, the cell viability, number of colony formation, cell migration and invasion
were significantly reduced after 100 and 200 pmol/L Alo treatment, and the apoptosis rate
significantly increased ( P < 0.05 ). Additionally, the expressions of proliferating cell nuclear
antigen (PCNA), B-cell lymphoma/leukemia-2 protein (Bcl-2), neural cadherin (N-cadherin),
Vimentin, and transcriptional co-activator with PDZ-binding motif (TAZ) were significantly
reduced, whereas the expressions of Bcl-2-associated X protein (Bax), phosphorylated
yes-associated protein (p-YAP), and large tumor suppressor 1/2 (LATS1/2) significantly increased
(P <0.05). Conclusion Alo inhibits the proliferation, migration and invasion of gastric cancer
cells HGC-27 and AGS by regulating the Hippo signaling pathway.
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& M (phosphatidylinositol ~3-kinase/protein kinase B/mammalian target of rapamycin,
PIBK/AKT/mTOR). #X ¥ «B( nuclear factor kappa B, NF-kB). Ras & 4455 S L,
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1.1 K

1.11 20K  GC A R HGC-27, AGS 41 it s\ 7 # F A dn B A BR A ml #2 k. HGC27
MR TR B, BHERERR. AGS IR T /LB, BHERER.

1.1.2 EEMEARF]  Alo W H2£E MCE A5 (H25: HY-13516) , Matrigel Matrix % /5
JRI 2 E BD AR (595 356234) , CCK-8 il &l A& M AR AR A
Al (18%5: MA0218) , —HIEAK. 4% HLANME . RIPA A (15 : D8371.

P1110. R0010) . BCA #HEHEMKEEME G M4 S RO H LR Z R E A w (5.

PC0020. G1062) , Annexin V-FITC/Mtt e ( propidium iodide, PI) JT7 &M H X
Wi A A BT B A W, RPMI-1640 3577 52 A i 1 g ) 1 56 [ GIBCO BRL A R (585
C11875500.25200056), fifi 2 IfiLiE 4 F LA {2%1] Biological Industries /A & ( #%5: 04-001-1ACS),
245 %) 55 (1 ( neural cadherin, n-cadherin ). Vimentin. Bcl-2 #H5¢ X & 1 ( Bel-2-associated X
protein, Bax ). B 4H ok E2y8/ A M- 2 55 1 ( B-cell lymphoma/leukemia-2 protein, Bcl-2 ).

TAZ. B4 MA% 515 ( proliferating cell nuclear antigen, PCNA ). GAPDH A i« BIE Pt
19T 33 Proteintech A& ($¢5: 22018-1-AP. 60330-1-1G. 50599-2-IG. 12789-1-AP.

23306-1-AP., 23306-1-AP. 10205-2-AP. SA00001-2 il SA00001-1) , pYAP1(Ser127). LATS1/2
W B i e AaE] (B35 ET1611-69. ER65865) .

1.2 ik
1.2.1 fuRER A K Freatianid, e N 10% 64 75 IRPMI-1640%%
FR3E, IR IN1%$4E £ (100 U/mLEE ZA1100 ng/mLEER R)MIL-B & B, B T37°C. 5%
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1.22 CCK-8 52 HUWHUE KW AGS. HGC-27 4, BLoUsEgnif, M 1mL 584k
FLE BN, B 10 pL 4B RS, IEE LA 3 000 4N/100 uL/AL, #F0T 96 LA, FH1E 96
FLAR A AFFL 450 100 uLPBS B k78K, T 37 °CIf) 5% CO2 %14 N1 7%, AUHubE f5 AT
ZihbEE, WE A, 100, 200, 400, 800. 1000 umol/L Alo A4, 45FLj0 100 uL 4f
MBI, FAER S AMNEAL, 24 h JFERFLIIA 10 uLCCK-8 ¥, B AH1E FR R i I8 A3k 741,
RATEE 2h, B EES OO R AT 450 nm AR . [F 1RSSR 48, T2 h, ARG
%, I H GraphPad Prism {E&.

1.2.3 RIVESER W EA¥A4. 100, 200 pmol/L Alo ALFRZHAI 24 h, HUM U4 K3 Alo 4bF
(11 HGC-27 11 AGS 4iffHfh 1 6 FLiR H, TAEEAEFL 85100 N4, K577 12 h A4 BE
FH 200 pL 340K 7E 6 FLBR A RI“H 570, i PBS JEM L BRIEVF IO Et R I
NEAKEEHR, F 40 585 N0 F 0. 24, 48 h fE B 4s: PSR ESE- A .
NG 1% FBS 5533 4k 415 9% RPMI-1640 4k4L3%3%, i Image J #4FHr kIR THIAR
I ERIREE %, LRSI ESE 3 k.

1.2.4 FLEFERSEY WES A4, 100, 200 umol/L Alo ZbER4HM 24 h, i 4 2 4 o 2
WG, BOWUEAN, FRRRAPER, TR MR % 551024l 6 FLAREEFLIN 2ml 4 &
o 4~5d 3 1K 14d JGZ5 B 9%, 4% 40 M Rl 2 v 2 15~30min. 0.1%%% i 4%
Jeft, 15~30min. #lf, DA ESCIGE AT 3 UK

1.25 Transwell IEBLL  #EZ A4, 100, 200 umol/L Alo ZFEANMI 24 h, {d 41 A IF ik
ARG, BOISEYIL, FH GIBCO-1640 Ll 77 F Mk g g, %R b= Bri i1
20 M =R VAT M FE S 5>10% AL, R JE I3 FO 6 1 97 B EE I 200 uL/fL. R M 700
UL10%FBS e 55970 . ¥ 24 JLBURNBS 7M1 9% . Bi 3R — R[] (AGS 4l % 24
h/HGC-27 4iffu & 36 h) , FIMRZEEBR B 4uif, K F =40 4% 240 i [E e i [ e
0.19%%4 fin 5 4k o, 7£ 100 fi i TS, i, it EED N AL AL A
MU T #8 28 ROKIR IR LI R 3R H AR AL, TS0 MRS R P g B, BEA72EH H
B, LRSI E A 3 K.

1.2.6 Transwell L% F/DIEHET 2 h #HEEFK, GIBCO-1640 Kifililf 7kt Bk
%99 01, IRAERASLEEIMA 100 uL THA/NER 24 fLtkh, BfEERREFME 2h. KE
A4, 100, 200 umol/L Alo Z-¥E4NL 24 h, F GIBCO-1640 FEfith 1 77 314 21 i 2 1 41 A

wE, BOUERANG, MRS, R LR PT A SRR D 5>40Y9L, HTCIL i



I SEA S FRFE E NN 200 puL/fL. FEIIA 700 uL20%FBS 5E 4R 775t . ¥ 24 FLBRBNE;
FFE IR WIR— TR (AGS 4 5 36 HGC-27 4R & 48 h) , FAMIZ L L=41M,
W R U A% U B [ E W S . 0.19%45 48 et 7E 100 f% S FAOEE. .
AN E B R L A T 5 MBI B RIRIR B AL N R AR, T
FAET TR P, BT AM L, DL RS E S 3 k.

1.2.7 MAMBRA T B 254,100,200 pmol/L Alo AEFELH 24 h, HIAE EDTA K
R TV A AL B 1) % R PR B, 1000 r/min 250 5 min, WCEESTM, FH A1 PBS Wik
YfE; AHARPTIE N 400 pl 1>Binding Buffer 2 EE4108, HIA 5 il Annexin V-FITC,
RARRA], FIREDOLMEE 15 min, SO 10 pl Pl Sk, BRIRST, UKIBEHECE 5 min,
£ 30 min WHEATHR AR ARN, P ESEEE S 3 K.

1.2.8 BEELESEY W E 45 A 4. 100,200 pmol/L Alo 73 HIALER4HAL 24 h 5, F&EE RIPA
SRR AL, SRR S, KRB Ik &, IR B 1 AREIR e A% B RN IR 2T 4k
7 (nitrocellulose, NC) fi |=; NC JEEZ A& 5% Ik B R, =i T 18R 2 h;
JBEVE NC IS —9i 4 CRIRIE B I Ik H, A& iR-20 1 Tris 220 #h77K (tris-buffered
saline with Tween-20, TBST) ¥t NC [, “Hi=iRfFE 1h, TBSTi5lk. ECL JRMILEK
Jt. B5. Bio-Rad BEAZHUZ M RS, Image I FUE M BRI (1 461 K A,
LA GAPDH N Zit5% H 8 A A Rk &

1.3 Giit%&# R GraphPad Prism 10. 0 XSSt 17 /047, HHEZORILI% + 45
HEZE( xas)Eon, ZARMBCECRHREE T 200, P < 0.05 NERAGITHE L. Fif
S E /b E G AT 3K, LIRSS SR W] B VAR

2 &R

2.1 Alo ¥ BIE4UMIIEAE CCK-8 SLIGRM, ME T RAERINTHA (0 umol/L) , 100,
200. 400. 800. 1 000 umol/L Alo Ab¥i & 3 [#{k GC 4Hffis HGC-27, AGS 17ih %, i g

W 5 24k 2 448 n 77 5 3 4 5 . AGS B 1Cs0 42 105.6 pmol/L, HGC-27 Y ICso 72 104.4 pmol/L,
LB 1A, 1B. ABFF%ESEE 100, 200 umol/L Alo #HHT )5 4528 . & 1C-1F Fis, TofEi
G, 5% IR AR EE, 100 pmol/L Alo fli# HGC-27, AGS 4l i v % T il 8 (P < 0.05, n=3),

200 umol/L Alo B 2 40ii] HGC-27, AGS 4l futsine /1, ZRA G5 E (P <0.01,n=3).



B 1 Alo #%l BREMKETEEE
Fig.1 Alo inhibited the proliferation of gastric cancer cells
A, B: HGC-27 and AGS cell viability detected by CCK-8 assay; C-F: Cell proliferation detected by colony

formation assay and quantification chart; *P < 0.05, **P < 0.01, ***P < 0.001 vs 0 umol /L Alo group.

2.2 Alo R BB T BE/GHI T Alo Xt GC 4IMFA TR M. WK 2A-2D FiR, ¥t
RN ARLE RFKH, SXFEAAMLEL, 2200 pmol /L Alo 42FE 24 h Ji5, GC 4Hffl HGC-27, AGS
(ST T- R R ZWIN(P <0.01, n=3); # AGS ', 100 pmol /L B FHT-F ETF, =RA
Giits & X (P <0.05, n=3), {HfE HGC-27 1, 100 umol /L AbFH 7 3 T4 1245 L (P > 0.05,

n=3).



B2 Alo {gi#BmamT

Fig.2 Alo promoted the apoptosis of gastric cancer cells

A-D: Apoptosis detected by flow cytometry apoptosis assay and quantification chart; *P < 0.05, ****P < 0.000
1 vs 0 pmol /L Alo group.

2.3 Alo %] BB RUTRERE ST N T 500 Alo % B 40T #2 (5em, &l 3A-3D ik,
ERERI T, SxIEAME, 1000 200 pmol/L Alo AbFR4H M 5 %] HGC-27, AGS 4 i )
T HE /(P <0.05, n=3 ). Transwell iE# SL4G [FIFE R B, 5 X RRAAAH L, Alo B B0 HGC-27,

AGS 4 )12 2868 71( P < 0.01, n=3), . 3E-3G.



B3 Alo il B & 40 IR BE

Fig.3 Alo inhibited the migration ability of gastric cancer cells

A-D: Cell migration detected by scratch assay and quantification chart <40; E-G: Cell migration detected by
Transwell migration assay and quantification chart <100; *P <0.05, **P <0.01, ***P <0.001, ****P <0.000
1 VS 0 umol /L Alo group.

2.4 Alo {1 BEAMKREBRES T BB IIIE Alo X GC IR 22RE /12 A M,

H Transwell 12283250 A THC M . 40l 4A-4C Frzr, H5XFHEZHAHEE, 100, 200 pmol/L Alo )



#l HGC-27, AGS 4 it (112 28fiE J1(P < 0.01,n=3). JF H, BE#& Alo ikETHE, HGC-27, AGS
IR 28R I ERAK, ZRASZITFE (P <0.01,n=3).
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Fig.4 Alo inhibited the invasion ability of gastric cancer cells

A-C: Cell invasion detected by Transwell invasion assay and quantification chart x<100; ****P < 0.000 1 vS 0

umol /L Alo group.

2.5 Alo Xf By 4IHMFE. T, EMT EERZAHNEW LRAHAMME 100 umol /L I 200
pmol /L Alo A3 24 h J5, Western blot il & 41 T-AH G B H IR ERIA . 455K 4n1& 5A-5D
N, HXTHRZAHEE, 1004 200 pmol/L Alo AbFE4HMIJE Bax fIZRiEY) i, Bel-2 MRIEM T
(P < 0.01,n=3). [AIKRAGI T #5EAHICE 9 PCNA, ok Alo 4b¥ 5 PCNA & Rk,
(P < 0.01,n=3). P EZ55ERM Alo 4 F 5% GC g, (e, Rsid—
BRI T EMT #1558 (1 N-cadherin. Vimentin 1314, 5% IRALMEL, HAE 100, 200 pmol/L
Alo AHEAN AR5 B AR IEA EAE(P < 0.01,n=3). F Alo {1t GC 4ufuid T, M|
WEE. ITBARZE, SARENE R B

B 5 AloX EEAMIE. A1, EMT EERENEH



Fig.5 The effects of Alo on the proliferation, apoptosis of gastric cancer cells and the
expression of EMT protein in gastric cancer cells
A-D: Proliferation, apoptosis, migration proteins detected by Western blot assay and quantification chart; *P

<0.05, **P<0.01, ***P <0.001, ****P < 0.000 1 vs 0 umol /L Alo group.

2.6 Alo X B8 HGC-27, AGS ZHijifd Hippo BEEHIBEMm LA ESZIG R,  Alo v LA & AmH|
GC [PEYERERE, Kk, #t— PR HEAE LS. 1 6A-6D fiz~, Western blot &8, 5
XTRRAAARLE, 1004 200 umol/L Alo AbFRANNIfG TAZ & F/KF R ERFK, iRk Yes MG

1 ( phosphorylated yes-associated protein, p-YAP )1 LATS1/2 /K- #3# & (P < 0. 01, n=3),

LR Alo B LUIEE I Hippo 38 B i 4] B e HE L

6 AloxBE4H Hippo Bk E 0 R MW
Fig.6 The effects of Alo on protein expression in Hippo pathway in gastric cancer cells
A-D: p-YAP, LATS1/2 and TAZ proteins detected by Western blot assay and their quantification charts; *P <

0.05, **P<0.01, ***P <0.001, ****P <0.000 1 vs 0 pmol /L Alo group.

3 Wik

GC 2% WA THATE &, A R FE 3 AE b [E i T HE 42 28 =18 B GC iRy
TR AT ARIGIT FITAT T N, 70 TR A R iR T e — @ FR A Ll T GC & HIAAF
FATREZ, S-FKMENE B w) DA AR AR SR T 5 245 LR AT T 2625 m] BE S BEAIK GC K&
T, (R B F — OO HIE T M, HIS 828, R GC B3 it 245 AT 25917
FERERIE I — D FZ R, WEY PRI RIS WI6RTT GC 2 AL RE. KRR



WEMEA ZRE. 2t AT, |aIER/DN, 7T LSO RS & R bk 58 A #E
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Alo J&AE A 2 v B B2 (e 5 B P e AR s M il gy, LA DU BURTE . PR
TEFEL, WERM, Alo fEVF 2R R4 B WP RER, e 2 RIEE R, LR
W BRI A B S, (ERE TR B RN R O, A AR T IR bR
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AT SER AR ZZ M XIS, S GC HRTT IR AR Hek . L3 B8, Alo T LB
] GC dNfpE sy . MR8, it GC M T:. Western blot s2383% 7~ Alo &3 FF1IK
HFAAH G 1 PCNAL $LH T & [ Bel-2. EMT A2 1 N-cadherin. Vimentin £ [ 1 3£I4,
HmiE R TR H Bax EERIRIE, LALESRIER, Alo fEARSNAT L] GC #ERE, (HILAEK
W IR S T i — R TT

Hippo 15 5 % S A0S 52 R A 2% B S B 4%, Mammalian sterile 20 - like kinase 1 £l
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{2 Alo ji#id Hippo 18 6 4% B i R K ALHIAEX G BR, fEARFH, LW EoR, Alo of LA
I LATS1/2 335, it YAP IIBERRIL, F#MIK TAZ SR, MM Hippo il . Kk,
Alo TTREIEIT K Hippo JEEGEERAME] GC AT . (HEMANE], FHilidHk s Alo
] Hippo JE S0 )RR N 3L GC HEREM ¢ R L — bRV

Zx FRTR, Alo nlRgiE Hippo i@ B GC A fiE /). 385, T ARZE, (EitM
/B, ¥E1n) Hippo % Al seH T697 GC. #RTM, NMHIZAMIELAIRIT GC T ZH RN
(3R SR BF 7T LA R B R 76 43 (R4 P S BIE 35 o
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