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Evodiamine induces apoptosis of human hepatoma cell line BEL-7402 by
Hippo-YAP pathway
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Abstract: Objective To investigate the effects and the underlying mechanisms of evodiamine (EVO) on apoptosis of hepatocellular
carcinoma (HCC) BEL-7402 cells. Methods Cell counting kit-8 (CCK-8) assay was used to detect the effect of EVO on proliferation
activity of BEL-7402 cells. Hoechst 33258 staining was used for observing morphological changes of apoptosis. The cell apoptosis and cycle
distribution were analyzed by flow cytometry. Quantitative reverse transcription-polymerase chain reaction (QRT-PCR) and Western blotting
assay were used to detect the expression levels of key genes from Hippo-YAP pathway in HL-7702 and BEL-7402 cells, including
mammalian STE20-like protein kinase 1/2 (MST1/2), large tumor suppressor 1 (LATS1), and Yes-associated protein (YAP), then to examine
the effect of EVO on the expression levels of these genes in BEL-7402 cells. The effect of EVO on the expression of YAP in hepatocellular
carcinoma BEL-7402 cells was observed by immunofluorescence assay. Results The proliferation of BEL-7402 cells were significantly
inhibited by EVO in a dose- and time-dependent manners. Hoechst 33258 staining showed that EVO induced BEL-7402 cell typical
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apoptotic morphology, such as nuclear chromatin concentration and edge accumulation. Besides, flow cytometry tests showed that
BEL-7402 cell apotosis were increased and cell cycle arrested in G2/M phase after being treated with EVO (P < 0.01). qRT-PCR and
Western blotting showed that the expression level of MST2 and LATS1 were lower in BEL-7402 cell (P < 0.05), while the transcription and

protein levels of YAP were significantly higher (P < 0.05). EVO could activate Hippo signal pathway, upregulate the expression of MST2
and LATS1 and then inhibit the expression of YAP in BEL-7402 cell (P < 0.05). Immunofluorescence assay also validated that EVO would
significantly inhibit the overexpression of YAP in BEL-7402 cell (P < 0.01). Conclusion EVO can induce the apoptosis of BEL-7402 cells,
which may be through activating Hippo signal pathway and then down-regulate the expression of YAP.

Key words: evodiamine; hepatocellular carcinoma; apoptosis; BEL-7402 cells; Hippo-YAP signal pathway
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HHREF (yes-associated protein, YAP) JEH 2T
SR RIS 5 R T ) — 2k AR Tk,
TEFHREAN PRI TE . JT. RIFBAFEREBEAT
RIFEBAEAC, §THAE 23 RIS A I R A
AISHZ AENSIE IS Hippo-YAP 155 18 M4 HepG2
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Bio-Rad AF]); DMi8 I & Rfse. {5E %R
B (fEE Leica A ] ).
2 7k
2.1 “HpEEESE

f£ 37 'C. 5% CO, Efa, BEL-7402 #
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LT, B I 500 pL A 75% 8, 4 C
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GCAACGAGAATTGG-3’, &[] 5-CCCCTTCACT-
CATCGTGCTT-3’; LATS1 5|#F5: IE[ 5-AA-
TTTGGGACGCATCATAAAGCC-3’, 1] 5°-TCGTC-
GAGGATCTTGGTAACTC-3’; YAP 5155 1EMH
5’-CAAATCCCACTCCCGACA-3’, [ [fi] 5°-TCTGAC-
CAGAAGATGTCTTTGC-3’; B-actin 51#)/F%1: 1E[A
5-TTGTTACAGGAAGTCCCTTGCC-3’, [ [ 5°-AT-
GCTATCACCTCCCCTGTGTG-3".
2.6 HIZENIFESLIE (Western blotting)

SEIh sy “2.57 T, UK MM, £
2 R AT SR A R B BT BCA

AW e R A S PR, A
a1 -8 CKMMARAEMM. & AT
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BN DAPI (4341 10 pL) %4#% 5 min J5, PBS
Be 3k, HUHH R BRIC R s T A ua e K A 2
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¢ £ % Chinese Traditional and Herbal Drugs

F504% F20H 2009510 # * 4965 »

80+

Bl 24h
sk 48 h
o 604 ok
é sx RE = B 72h
% k% * %k -
T 401 el
W *k
H

X i

025 1 4 8
RIRYIH/(umol L")
HxtiRA . "P<0.05 *P<0.01, T

"P<0.05 "P<0.01 vs control group, same as below
1 R BEL-7402 HAAETERIFNE (X £5,n=3)
Fig. 1 Inhibitiory effect of EVO on BEL-7402 cells by
CCK-8 assay (x £s,n=23)
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Fig.2 Results of Hoechst 33258 staining (x 200)
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Fig. 3 Effect of EVO on apoptosis of BEL-7402 cells (X £s,n=3)
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Fig. 4 Effect of EVO on cell cycle distribution of BEL-7402 cells (X s, n=3)
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Fig. 5 Expression levels of mRNA (A) and proteins (B, C) related to Hippo-YAP signal pathway in HL-7702 and BEL-7402

cell lines (X s, n=23)
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Fig. 6 Effect of EVO on expression (A) of key molecules in Hippo-YAP signaling pathway and protein expression (B, C)

levels in BEL-7402 cells (x *s,n=23)
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Fig. 7 Effect of EVO on expression of YAP in BEL-7402 cells (X £s, n=3)
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KERFFCUESE,  SR2Egah AT A 2 3051 22 R g 41
Maft kg5, it op . BmUOLL K st
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(AR ML AN B, BTG D B 5 R I R 2R
Bl T Lhad ik WWOX i 145 5 i g U2 STAT3M
ST MM REITEIEM . 2 B Ok sE
Hippo-YAP 15 5 i B 1£ JH- e T2 Bl th K #4555 B AR
H, AEIRE AT R R R, H AT AR LR
8. PRI AHIF 9T 3 W58 5 2K B Rt T JFH e 4t R oA
T2, JEYRP IR R S Hippo-YAP {5 5 il 2
[P

WISl CCK-8 1Rkl 5 2 o mg 3 fiF
JEZN M BEL-7402 38 5E4HI1E R . 45 5oR 0254
1. 4. 8. 16+ 32 umol/L [ SZESRBKLE 24, 48, 72
h YT B R AMGZ AN A, S AR A
Witk HAZE 16 pmol/L ) 2R HHAFE H 48 h J&,
BEL-7402 41 A8 1 BH 2 (3G ], (K] G AE I 4
() SR g AN 259K FEANE A IF 8], 3 — 2B A 5%
RZEYIHAT BEL-7402 41 - 19521 K T BEATLH] o
Hoechst 4 a6 52 25 54 5 e FF-Jes 40 Ao 0 T [ 5 i,
RO GRA A S A4 T H 2 . ik
YH AR 5 A IE S BEL-7402 4 il £ 52 28 ga i b
Ja, JAT AR RN 2, HoA0 i BB R A
Go/M .

Hippo-YAP 15 510 n] 2 TS B RN, i
TR . T R AT A,
TEW LB, 1200 B 32 B oG B K] MST1/2.
LATS1/2 F1 YAP Z6# . Hippo 8 B0 F) 1
WSS 5 5, MST1/2 Sl ol o Je i, 2B
s LATS1/2 WM, #3805 LATS1/2 Retg i)~
WERNLArF YAP, AT S B 20 R 248 B AR S 1
U161 G R T 58 R B, Hippo {5 5 8 B 11
K5 NI () e Az e FE 25 DA DU,

YAP & Hippo U EEMIBN F2—, &
Fi{E DNA 45 & 5B K+, YAP it N0 ft%,
58N 554K 7 TEADs 454, FF|FH DNA i f
ZEAThRE X8, K YAP/TEADs (I8 &%) 5 DNA
MG, Bl PR . A SCRIE 5 5
YAP 3k 323K /)N A H 30 40 g 5 e A e A
LG, FE/NRIFIE R85 S YAP R &

Fik L5 EBIEME HCC, TR YAP 7] LA
325k 2% JFT- e 441 A 11 398 T R LY, R e 2 SRR
YAP 7 HCC JERGE R E R . A7
K F qRT-PCR #l Western blotting SZEa A 7 1E % A
JHF4H B HL-7702 1 BEL-7402 40 7 ] YAP #iA7K
F, KIL BEL-7402 41 YA P RIAIKFHEXS
HL-7702 W R85 RZ RGN 1
BEL-7402 ZHffiH YAP HI3iE, #E—PuEst 7 YAP
Rk R R A RIBRITTREERZ —.

Hippo 15 5 I B A% Co A F 2 2 3% 1 208 4y

T YAP, sz rgmE. AR,
2 25 B IR R AN DA Mg B T B e A FEAIE S,
Hippo 15 T 1@ EH K, K S EYI TR
A, (R A AE B T, DR R s R R
WFFE R B, PHET Hippo-YAP 15 5@ )5, i YAP
(112 IA BE % S (1 3 FFH98 1) R A AL 200, FE AT
R R, BEL-7702 4i/ff¢) Hippo 15 5l
) MST2 #1 LATS1 & /KFAH L HL-7702 4t} 85
R, UESE Hippo {5 518 2% £F [ 48 i S 41
RAS, M YAP Rk ACFEIBIE B, shah, GHF5R
UESE AT #H Z AL L@ L Hippo-YAP 155 @ EE I
# HepG2 #Hfry A K. R, S50 525 B g ]
e 20 I S Hippo (55188, T YAP %
i, IR AFEIHAF S AR E TR . AL
i1t qQRT-PCR. Western blotting 4% ¢ Y S 06 IF
SETRT ARG AR, SR 5 G mR AL 35 - 41 MY JS , Hippo
S E S ) B S ) MST2 Al LATS1 RIE/KF
AR i, T YAP AMUAE S KA K FRIA S
YHE T, H YAP MR A =W E .
DL b &5 R348 Hippo 15 5@ % H 1 YAP 1E 2%
PR R DU P R B e EEWER, Kk,
YAP R S 1t 4 550 T R B A PR AR
XHME] YAP RIEWI AN, RAHEBAL IS
WA PR, X S eI A5 A e R T )5

SEBS F G .

ARSI g8 R, R E AT DL R
BEL-7402 40 & T2, AL AT A8 2 i ik Bg
Hippo 15 50, %[5 5 8 i b i o B 5 1
MST2 1 LATS1 3Rk, #6808
T YAP HIRIERKIEEA . A, iZAARIM I A
ACUESE T SR 5 B & — Pl 75 VR T7 e 1 2540, [+
It 9 A 6 9 1 R 25 096 7 WF FL 4R 6t 18 i
Ji T
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