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SRR, HSARMAT. ST MG132 41 Bel-7404 AE K AIHLE]. SR I (R34 B0 5 N () B0 )5, o
I B, B T MBS, Hoechst33342 #eff. MTT #5l. Annexin V/PI #iz40 fiiAR . Western blot 43> Kl MG132
Xf Bel-7404 I ARAI A 2540 ANM BT IR 02840 AW R ETMATE . AIRTEIE . AT T T
HIGAS S AP R R . 45 R BoR, MGI132 G50 B0 Bel-7404 40 2B K. 3 jab 189 n iy 5t 199 . g 300
Caspase-12, M FII# i 26 R A& 7290 15 Bel-2/Bax 7K1, {Rdb40 I ZE ¢ PIRETE, & ¥ FTBAG RUE8. Caspase-3, BY 1)
PARP, #S4IfMT:. [FIK, MGI132 W5 Beclin 1 M1 LC3B (1 L1, {2148 Bel-7404 41 % A B, TTAEESS B BE T W
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pathway, UPP) J& =W 44 A i F1 oo e 458 11 8 it 1) 7
T 0, TR T 40 P S R R Y
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W A Bz A T, R R S A A
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1.1 ##y

MG132(Z-Leu-Leu-Leu-al, Sigma 2Aw]), MTT
(Sigma A #]) , DMSO(L® B4k Tk A H KA
7)), Hoechst33342 (Amresco A f] ), PARP — i
(Santa Cruz), Caspase-3 —#T (Cell signal technology,
CST), Cytochrome ¢ —#T (CST), LC3B —#i(CST),
Beta-Actin — T (Apitomics), Bax — i (Apitomics),
Beclin-1 — T (Apitomics), Bcl-2 — $T (HuaAn
Biotech), Caspase-12 —#Hi(Abcam), I'Prheé)t —
PUL(LICOR), HATJE Bel-7404 41 Jfu ¥k (M H ATCC),
Annexin V-FITC/PI # T= # M| i 7 & (Becton
Dickinson A &), DMEM 1% 7% 3 (Gibco 2 ),
FBS(Gibco 2 wl) s 4 ¥ 250 ML (Hitachi A ), 4l
K& G (Millipore A 7)), 185 5 2 il Bi (Olympus
], BEFR{U(TECAN 2 H]), AANSOCIE R 50
(LICOR 2 #]), H ¥ K (% 2 F W A A,
FACScan %47t 20 41 M4 ( Becton Dickinson 23 7] )%,
1.2 ZHAEESEH

WA B T 5 AR K TR Al T S 10% Jifs A 1L
(FBS)[) DMEM K5 7% 4% 10° 4> / ml ke f5, K4
HLLL 100 wl/ FLEEFNT- 96 FLBH. F5IEEERFE 12 h
Ja, ¥ 96 FLB R IR, e R AN R B
MG132(1 pmol/L+ 3 pmol/L. 5 pmol/L. 7 pmol/L.
10 pmol/L)[¥] 2%FBS DMEM 5373, 3 1% PBS X}
WAL, BANREER 6 ML, MEFASEINH: 24 h,
48 h. 72h. MGI132 &b¥ 5, FALIMA 20 wl MTT
(5gL), 37C. 5% CO, ¥ H 4 h, WXk L, B4l
A 150 pwl DMSO, 7EREIK LW E 20 min f5 HI
FRACT 590 nm A RO FE(A) FF4k 1 22 Tl 40 A7
TR, AL R 3 K.
1.3 ‘AR FENE

¥ 3.5%10° 4~ /ml Bel-7404 41 fi 42 7 T 6 FLHK
d, WEEERZIR 12 h 5, N4 S pmol/L 1
MG132, *fH AN &K PBS, 37C . 5% CO, i
7%, AWIWER 12 hy 24 hy 48 h G, fRIE G B
B T M SN2 AR A
1.4 Hoechst33342 A&

¥ 2.5x10° /> /ml Bel-7404 40 fu 2 %0 1 12 4L
B, WEEEREFE 120 J5, g4I 1 pmol/L.
3 wmol/L. 5 wmol/L f¥] MG132, 5} I 21 Jin & 2 )
PBS, 37C. 5% CO, #3%, ZrnIfEM 12 h. 24 h.
48 h J5 5L IN A Hoechst33342(10 g/L)4% 1 pl. i

JEIFH 30 min. PG AT N US40 A% S
k.
1.5 SRR N EAEA T E

7 6 FLA Rl 5x10° 4N /ml [¥) Bel-7404 4
Mo, WEBEREFR 12 h 5, fEMMZ541H A 3 pmol/L
1) MG132, XJ R4 i A\ %5 & 1) PBS, 37°C .
5% CO, 537, 48h )&, WiZdi3Rdk, M Annexin
V/PL 40 3 T A W A A o B A e TA I
PBS PRk 2 3, BRSNS A, A
400 wl IR Ix 256 28 M isors 40 i vk 5 &%, 4 5l n
A 1.5 pl Annexin- VIXFIH 1.5 wl PL 305 REDG
B 15 min J5, SRR R
1.6 Western blot #&iFT15 S i@

16 6 FLAR FF Bl 5%x10° 4> /ml Bel-7404 4 fi,
WikEREF 12 h J5, fEmgh4ih A 1 wmol/L.
3 wmol/L. 5 wmol/L ] MG132, X 41 v jin A 2%
W PBS, 37C, 5% CO, 4l ju % F= 46 TF 15 % 6 h.
12h. 24 h, 48h J5, WEAMETFRAE, A4l
R CE = KA T, K 1 min 5, & F 40,
T [ 40 Mo AR RS 2 EP &, 12 000 r/min 250
10 min, B B, 400K ¢ LIS B Yang
SO Tk, ot S A BR A5 B3R H A R A
JAZ RN e R AR I M B oy . DA BB R R
Pierce® BCA Protein Assay Kit(Thermo 2 7])2E17 45
FI e &

AN IR v, A, BE
12%5% 15%I1) Tris- H 20 SDS- % N i BE & BE IR,
HE{T SDS-PAGE JE#6li5.  JI 10%2F1fi7 4°C & it
Wh. —Pisis, 37TCHEIKIFE 2 h. TBST ¥k 2
G NS — 90, 37CHERIFE 1 h. TBST ¥k 2
UG AELL AN G R AT B 5T
17 ESBREVNRMBANRMEHFBE R
A

7E 10 cm 40 i 3% 7% ML A 2 Fh 2x10° 4> /ml 11
Bel-7404 41 Jfl, 750 25 40 % N 3 pmol/L 1)
MG132, XJ 4l i A% &= 1) PBS, 37C . 5%
CO, ¥57%. 48h o, A4, FH PBSIEYE 2 X,
A RYTTE R & 2.5% )% 811 0.1 mol/L PBS &1
W(pH 7.2)[E % 2 h. PBS i&¥E, )5 1%VU% AL
BRI E 2 b, WREERREE(50%~ 90%) [ LI gk —25
K, PR A A, FER S IR e, RiE
W, Bt F ORI RIE BRE R D) b1 T
et fEEWHE T BB (JEOL, Akishima,
Japan) " ALEE N 24 41 -5 0k HEZH 40 B P 5 9 s () AR
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LA H R T K.
2 % R © - ©
21 MTT K8
iR WoR, ANEREE ) MG132 /£ A [ B[]
Ja, e BN Bel-7404 40 oA K, S HLIN
VB A6 At P N B AR A M . MTT 4 A7 05 % /% = © v (d)

O 24— 4Ly O AL -2 (1 41). @3k SPSS #&
15341, MG132 1E ] Bel-7404 400 1 K. 2 K.
3K, ICs {4y 54 16.3 pmol/L « 7.0 wmol/L
3.5 wmol/L(K 1).
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Fig. 1 Cell viability was assayed by MTT test
Hepatoma carcinoma cell (Bel-7404) was treated with MG132 at
concentrations (wmol/L) of 1, 3, 5, 7 and 10. On days 1, 2 and 3
post-effection, cells were stained with MTT as described in Materials
and methods. Results are presented as x + s (error bars) of triplicate
experiments and are expressed as a percentage of untreated control cells.

o—e: 1 day;m—m: 2 day; A—A : 3 day.

22 RS

Bel-7404 41 s [ MG132 435 5 Hy B s 7 5 1>
Ak, A WA USSR R ) A B
48 h J&i, Bel-7404 41 A=K 2 2 B W ANH], I
RTS8 A MAE4n . A0 MRS B 30 A it
A gz k4K 2).

Hoechst %+ (i £ I MG132 DL 1 wmol/L.
3 wmol/L. 5 pwmol/L {9 & /E Hl Bel-7404 4 /il
12 h. 24 h. 48 h JG AN ML TR0 % A 4 (n
B4 ok, WERER, SO0 BB T WS,
M iz g s —, LRl . 1 MG132 4b 2
YN PAZ Gt P SR ER . [, JEE R
PT /M. PR TUEE, RIS R
WEHOIRBCE A G (K 3).

Fig. 2 The size and configuration of MG132 treated
Bel-7404 (b,c,d) compared with untreated Bel-7404
(a) Untreated cells. (b) Treated with 5 pmol/L MG132 for 12 h. (c)
5 umol/L, 24 h. (d) 5 wmol/L, 48 h. Original magnification x200.

24 h

12h

48 h
x
o

N

Fig. 3 Bel-7404 cells were stained with Hoechst 33342
after treated with Mg132 at concentrations (pumol/L)
of 1, 3 and 5 for 12, 24 and 48 h respectively
(a) Control. Control acted as untreated cells. (b) 1 pwmol/L. (¢) 3 wmol/L.
(d) 5 wmol/L. Original magnification x200.

2.3 Western blot #H "X ERHMT K

B IR AP0 MG132 1 FH T Bel-7404 41
1240 )5, — U5 iiER PR Bel-2/Bax LUAE, B
MRS R AR AT, R Bt 5 o D
Caspase-3, BY1J) PARP, 53— 5[, it 28 i
W7, SR BTN, S Caspase-12, 1'%
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M T. MG132 735 L 1 umol/L. 3 pumol/L+
5 wmol/L [F19 5 11 F Bel-7404 411 /fid 6 h 12 h. 24 h,
48 h. fE 24 h i}, PARP. Caspase-3. Caspase-12.
Bax. 4l 5 ¢ (1) A5 I BE 25 E@bu
M3, SIEMSE. Bel-2 & AR IE MM,
HAH K (K 4a). BFTEJBREH, PARP. Caspase-3 E‘J
TILRAE 24 h A3 (& 4b).

(2)

Control 1 pmol/L 3 pmol/L 5 p.mol/L

Cytochrome c|
Caspase- 12
Cleaved Caspase-. 3
PARP

Cleaved PARP

+ P85

Beta-actin “— — cmm—

() Control 6h  12h  24h  48h

-~ P17
o e m—

Beta-actin " — e eSS e—— SE—

Cleaved PARP

Fig. 4 Bel-7404 cells was treated with
different-concentration of MG132, for 48 h (a)
and Bel-7404 cells was treated for different-time
of MG132, with 5 pmol/L (b)
Western blot to investigate the expression of mitochondria-mediated
signaling pathway related genes Bcl-2, Bax, cytochrome ¢ and the
endoplasmic reticulum stress pathway related gene Caspase-12, which
induced Bel-7404 cell apoptosis. The activated executive protein
Caspase-3 contributed to apoptosis were detected, also, the downstream
protein poly (ADP-ribose) polymerase (PARP) of apoptosis has also
done. Result shows remarkably increased the expression of the splicers
of both caspase-3 and PARP. MG132 induced the apoptosis of Bel-7404

cells in a concentration-dependent and time-dependent manner.

2.4 Western blot 12| B X ERQRTL
RIET R T T R EAET S, T AR AE T

J& T I RRE PR AET . dok, ek 2 9T B
H s 5 MR i k Ae . R JREDIAH G, LC3B Al
Beclin 1 /& 2 5 H Wk K T8 Ji 1) 5 B AL PR 1o,
MG132 73 L 1 wmol/L. 3 pmol/L. 5 wmol/L #]
WEEAEH] Bel-7404 41 ffl 24 h J5, Western blot 45 5
WoR, 9P AW R IR TKE B TN R
4, kA BvErEsET (B S).

Control 1 pmol/L 3 wmol/L 5 wmol/L
+—LC3-1
LC3B :
- ~—LC3-11

B-Actin i e - ——

Fig. 5 Bel-7404 cells was treated with
different-concentration of MG132, for 48 h

Western blot to investigate the expression of autophagy pathway related
genes LC3B and Beclinl.

2.5 ARIHHRRARAS LA AR E T

W AIBEAINEF MG132 LA 3 pumol/L 1 Bel-
7404 411 48 h, WHEAH M2 Annexin V /PI XUHY
Jeis DAL I AN T, E Annexin V =%t
1M PLA 2% DS540 o 5L 40 i g v, S 45 2R
WoR, MG HI T A RE TR HEH TR
2.1%, 10 HER N 24 4L i) 4 i S AR IR TG
JAT AN 0.2% (K 6).

—_ —_ [ [
(=) W [=] ()
T T T
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|
0 wmol/L
c/(wmol=L™)

(=)
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Fig. 6 Apoptosis detection assay after infection
with MG132 by Annexin V -binding assay
Bel-7404 cells was treated for 48 h at an concentration of 3 wmol/L with
MG132 or remained untreated as a control. The percentage of apoptotic
cells was calculated with CellQuest software (BD Biosciences). The
Bel-7404 liver cancer cells treated with MGI132 were positive for

apoptosis, whereas untreated cells seldom displayed any apoptotic effect.
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2.6 ESTHRIENERNRMIENS BB K

B A AR MG132 (0 4E F 48 40 o 1) 85
IS TR A e, SR TINE . Uik
A, MGI32 nf RS 40 M Ak, JLh By )
TE R e ELAL RS . S50 R ATE S Ha 7 8 B L
G024 20N R ZEL 40 B P P B I s 0 7 A LA R 1
W, IR Pl EW R 7. SRR X
S P T S PR, TEASIEF R g g
HH 2 L P o IR s B Ak R G B A (2 T Sk A ), 4
W2 T MGI32 (IER A2 T W RN E ), 1B
Bel-7404 A fa b G UEIN G . R AE N 25 41 W52 2
K ML (R (i Skbrid ), BE— P HE T
MG 132 7] LLE ik A W@ A dl A i A= K (1 7).

Fig. 7 Observation of endoplasmic reticulum stress

and autophagic vacuoles by TEM analysis
Bel-7404 cells was treated for 48 h at an concentration of 3 pmol/L with
MGI132 (b and c¢) or remained untreated as a control (a). —»:

Endoplasmic reticulum; — : Autophagic vacuoles.

3 it it

23 - AR ARIR 2 HOB ATP (1R B AF
AR AR, U A A UK T
REMT— D ENLH].  thidde ] DLs o Hom Rk £
P B A 40 T P9 1 B2 AR S AT X AN TR
FEI ARG TZ 28 S HL )R Bl 28 S0 R A4 R
i, AR ABANTE SRR, AR AR RS
BRIX R 0, AR S A PR T AR G
PR 5T, XA I B IO T RSR, T
WS 7, X AT BE 23 IR B — S8 SR A5 5 i

AR DIRE. THR, RN FREA T
R IR AR AT IR A Fp I B Ok 7 e, R
Pt LT 18 R B R e I8 24 ) R R ¥ 97 1)
Hhok

MG132 2 & B AR HEI R, nr LA %% -
AR AR 12 (UPP) RS 3 AR A1 F 2 1 A (1)
HEALIEYE, A ITIBEIT T UPP X 59 2 A (KB fR.
ZWFFURIE, MG132 EiLHE] 26 S B AR 1)
PE, ATCAREMI4N A I, S S AT, BRI
R, HSRA YRR R, R A
HIFR AT CASE ) 22 Fh il 11 26 A il R, A [R] g 4
o] BEAFAEAN A () 231 B

A SEBAIT TR FH R S AH S FH IS R F 52 1) 7 s
2y, MGI132 1k H I 9 40 ffL Bel-7404 J5, 1@ i
Western blot A& Il {5 5 10 i 71 AH ¢ 8 1 R KR IA,
ZE BN, MGI132 15 'S Bel-7404 41 fo 7 12 1) 7 X
AT DU RS bR AR, AT DA A R N
AR, Ak, 4NN A WA HOR DGR A I £
SRR IA. XS 25 A B T IRATE
— S WF SR A I R MG 132 i e 40 i
Bel-7404 A=K ML
3.1 MGI132 &b/t c N SHATIER
opA10)

AWFFEH, MG132 15 H I Bel-7404 41
3 il CA IS T) Jefs 52 0 7] 1 66 52 SR A9 8 1 o, kAT
Western blot 73 #7. B Z9YiR BE84 0, 40 L
Bel-2 #ik B &%, Bax £iEEWE, 2O
# o B AN G I, B RLARIR AR U IR AN,
Caspase-3 #Z3#0%, LB DIAR(19 ku, 17 ku) 752
AN 221K 3 190, Caspase-3 [ A6 75 40 Jo 03 115
SRS AL OMER . At Caspase ZIK N H—
FhATEH FHBON S 1, FTRPATE, HosE ]
DL | 2L R Ui IS ) 0 45 2 58 ADP- 1% B 2R & il
(PARP) (] [ fi# 19, PARP & WL i ¥ T 1k #42 h
Caspase-3 I1EH#L55. Caspase-3 83005 5 BE TR
PARP H'[#] Asp-Glu-Val-Asp(DVCD)J# 41, MM 87
T PARP™. PARP # By V) 5 2k 25 1E 9 DhRE, BOE
% PARP TR IR N VIR IS 1, &%/ MA
W] DNA B fi#. fEABE5TH, MGI32 fEH )G,
Bcl-2. Bax. 4083 c. Caspase-3. PARP 175
PR RIB AR AN R, H 2RI AombE. Rtk
AL HEWTE T Bel-7404 41 f b, 2R 1 A0 1 551
MG132 1] DL &b R 75 S 4 fui T
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3.2 MG132 3 5T M 5z #4112 #0E Caspase-12
TR Ry 20

T RPN AET:, SRR a2
AR ML PR, Har R BLEE = &M T

WA ST N T AR, IR AL T3S Y
&[21]'

W 5t M (endoplasmicreticulum, ER)J {2 A7F4ET
AT, 2RTEARERAGRETIE. R
RN I, 2 T 40 JR P I R N B A A 7K~ 1)
Yilie, WARVFZ RIS B . 50 D e
P51 ER RP(ERS), 71 40 0 T 44 H 24
FHE2 3 B SR A R 2 A 4 i,
IEH Bel-7404 40 N BT Hs 0 5%, 400 MG132
A FH )20 L P J5 D9 s 7 B S B 5. LG SIS0 B 5 ] R
2T MG132 $i 8 F Bg R3S PE, B0l &R
B BT B A 1 SRR T B P BT AR, EH
GRS /N R D DN IR S T
Caspase-12 S 4I M F T-. Caspase-12 £ /7 T ER
B, DLRTR B A7 AE, ANAE ERS R IEAL,
KA E AN 1) 5T KRB, A ST TS B )
br & WP, BUE ) Caspase-12 A 3E — 25 By 1)
Caspase-3, 151 AT, Sk 2 B A o o 2
Sk, 5 DU s b 4 SEAL U TR AR 0 0K
7t Western blot £l #1, Caspase-12 [1] 3 ik b &
MG132 5 B84 i om, S AEAHSC . BRIt AT
I KT 75 i Bel-7404 40 M0, AR 1 I A 0 5
MG132 n] LLIg ik 5T 9 oA 75 S 40 B g
3.3 MGI132 X4RAE B kR 200

XA RS, ERR 2 B I TR R B AR
RMAGENEO R EEAW M IE: 258 -HEH
MR RGN HEAEH, e RIS — 4 A
5 IR0 A0 it 25 R ATz 40 i B R 4 oy B 3k
R, AWRRER SO0 ARyl s &, [FiN S
REAMIE, GFEMMb. KA. e EITRW
CABCEIE IR IR A A R R, AR 1
¥ 3(LC3, three human LC3 isoforms: LC3A,
LC3B 1 LC3C) 5 Beclinl ¥J /&2 5 [ BEAKTE B
EHHE. LC3 2 RE H AR OCEE R Atg8 1925180
¥y, LC3 WA ( ProLC3) JEHG, 56 I L gk
APETETE LC3- T, JF 8 Fe R Rk 1Y T 24 1R
BR3E. SRJG, LC3-1 #% Atg7 i5tk, B Itwi&in
A VEARRESE 50 LC3-T. LC3- 11 247 117 H
Wit AR R AR, A2 A B AR R bR &5 43 2o 2,
Beclin 1 & AWRH S8 72—, B4 Class I

PBK 255 TR B GW, ik 5L F W 5 45 44 1)
FE R0, S8 s MG132 DL T umol/L. 3 pumol/L+
5 wmol/L (¥ J5 B FE 1 ] Bel-7404 411 e 48 h 5,
W HY 5 5] T Western blot A6 3 15 W 25 1 (1) 4
K. G REW, RACBEYIAN M AAT LC3- T £k,
M2y B A f Rk, HEAMERERS MG132
YERMRBE EAR DG, [FIEF, iz 4l Beclinl 43
FKERIA.

U Ak, 3 T BT W AN N
(autophagic vacuoles, AV)J2 iz B 11 41 Mo [ kA
W7k, fEzsEsh, AXNAE 240 M b 521K
HF TR DR AT LAHENT, & 1 A A
HIF M G132 M5BT 40 i Bel-7404 [FIHLHIAY AT
DA S T2 07 AR RS, 5 51 40 i B Wk
k.

i bprik, WEICUE B, R W R o )
MG132 nJ DL S 25 400 il e 40 B Bel-7404 11 2E K,
FF Hod ik i =040 B R LA A2 Western blot il 45 5 3%
. MG132 ] LLIE i 2 07 438 45 0 P T I 1 380048
S IEAn MgT, JF FLAT DLSOS 40 i 1A g 1
HE— 2P 4] Bel-7404 Mo 2B K. DL E=Fi (55
AR LR A HEAE S B JHT9 4 . Bel-7404 (145
R I gk i e A B T R Y R
Jigg LR — B IR VT AT RO, R
ATRNZ 25 - B AR08 5 0 40 ) T F0 W S5 I 5
W 2 AR AR R i — RS, A,
MG 132 5| (1) 20 B0 TR 1 3k 199 2R R e 1 4 e
FETZ 1AV AH EAE DL A A 4R SR AT 5 4R
W, ARG S U S SR R

2 % x M
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A Study on The Mechanism of The Inhibition of Bel-7404
Hepatocarcinoma Cell Growth by MG132°

ZHANG Jing?, LI Wei", ZHANG Kang-Jian?, LIU Xi-Jun"”, KONG Yan-Ping",
NIU NaV, JIANG Hai", ZHOU Xiu-Mei"™

(" Xin Yuan Institute of Medicine and Biotechnology, College of Life Science, Zhejiang Sci-Tech University, Hangzhou 310018, China;
? Institute of Biochemistry and Cell Biology, The Chinese Academy of Sciences, Shanghai 200031, China)

Abstract MG132(Z-Leu-leu-leu-CHO) is an inhibitor of proteasome, and it can reversibly inhibit the activation
of proteasome, thereby inhibiting the degradation of protein which involved in ubiquitin-proteasome pathway
(UPP), and inducing apoptosis at last. Study demonstrated that MG132 was capable of inhibition the proliferation
of Bel-7404 hepatocarcinoma cell. After treated with different-concentration of MG132 at different-time, the
change of morphological change and endoplasmic reticulum stress, formation of autophagic vacuoles and apoptotic
bodies, cells viability, cell apoptosis, the protein expression of both apoptosis and autophagy signaling pathway
related genes formation of in Bel-7404 cells were assessed by fluorescence microscope, Hoechst33342 staining,
MTT assay, Annexin V /PI flow cytometry, Western blotting and transmission electron microscopy analysis. The
results suggested that MG132 can inhibit Bel-7404 cells growth remarkably . It was able to activate Caspase-12
through endoplasmic reticulum stress pathway, can also influence the level of Bcl-2/Bax, and consequently
induced releasing of cytochrome c through mitochondrial pathway. Both of the two different signaling pathways
can activate Caspase-3 and PARP. Furthermore, MG132 increased the expression of Beclinl and LC3B.
Autophagic vacuoles were also detected by transmission electron microscopy analysis. It was confirmed that
MG132 inhibited the growth of Bel-7404 cells not only via apoptosis pathway, but also related with autophagy
pathway.
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