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mda-7/IL-24 induces apoptosis of hepatic carcinoma cells through endoplasmic reticulum stress pathway
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[ABSTRACT] Objective: To study the effects of mda-7/IL-24 on the growth, proliferation, apoptosis of different hepatic
carcinoma cell lines and the related mechanisms. Methods: A recombinant adenovirus Ad-mda-7 was constructed and was used to
transfect human hepatic carcinoma cell lines (HepG2, Hep3B and PLC/PRF/5) and normal liver cell line 1LO2. MTT assay and
FACS were employed to assess the growth and apoptosis of cells; the expression of related protein expression was examined by
Western blotting. The cells were treated with calpastatin [ (ALLN,25 pmol/L) for 30 min to block the endoplasmic reticulum
stress (ER-stress) and the above indices were examined again. Results: Treatment with Ad-mda-7 resulted in selective inhibition
of cell proliferation and induced apoptosis, especially in HepG2 cells; Ad-mda-7 showed no influence on normal cells.
Pretreatment with ALLN partially inhibited the above effects of Ad-mda-7. Western blotting revealed that Ad-mda-7 induced up-
regulation of BiP/GRP78 and Bax protein, activation of caspase-12, caspase-3 and phosphorylation of p38 MAPK in HepG2
cells. Blocking ER-stress with ALLN down-regulated Bax. caspase-12 expression and inhibited activation of caspase-3 and
caspase-12.but showed no effect on the expression of BiP/GRP78 or phosphorylation of p38 MAPK. Conclusion: mda-7/11.-24
can cause growth inhibition and promote apoptosis of hepatic carcinoma cells through the ER-stress pathway.
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IR o A G R -7 (melanoma differentiation
associated gene-7/interleukin-24, mda-7/11-24) & —
Toffih e 00 B BT, 5 A T G O AA ) 1932 A7 i, BT 3L
It 2 1K) 28 B R e ) B I Al i AL AR R A i 44
A L2457 — RGBT R B 75 A3 1 mda-
7/1L-24 REEFEIE U5 3 A [F) S8 B 10 Jo 967 40 B 9 T2, T
X IR AN T B WA PR, B AR S5C  e
BEDIVa T I R R, TH R B g A E T2 A R E R e
R T PR — LR AT AR SR A LT A
WEFEE S R I mda-7/11-24 7T 326 35 1 390 70 JFF g 40 M 348
L IFALRE LR T AE A DI HLHD AN AL TR AR AT
FUiE— 30 WL5E mda-7/1L-24 XF JHF 8 40 1 2 A 5T 9 i
(R 55 M) R FE A e AR IR 3 L T AR
Bl

1 #RFnA*

1.1 @miedsfc BRI R HepG2(p53 A AY) |
Hep3B(p53 #k 2k %) | PLC/PRF/5 (p53 58 4% 5 1 1E
WA R L2 W H %2 H ATCC A ., HepG2,
Hep3B Ml L02 7£ 7 10 % i 4= L7 1Y) DMEM(Gibco)
PLC/PRF/5 758 10% /N 4= 1L i 1) RPMI 1640 (Gib-
c0),100 U/ml % % M1 100 pg/ml B8 5= A FH 704
5%CO, M 37°C AR F7 41 MO 0T 1tk 28 4 s 4 (A

M>95%,
1.2 KRB E Admda7 9MBERELR B

BR[0T VR R B 5 7 mda-7 JE R 1) 5241 6k B
R MR 7-5 (Ad-mda-7) M g 45T R (R OLE E )
H MR TE Ad-GFP 1 0t B, 40 i % G 5 41 I
BEEAAHT 24 h % 2 X107 /fL4E T 6 fLIR, # )5
2 hE 45 i 5 R0, RS2 R 9% 72 h, W AT AN i
FORIE 8 40 0 5 e e 7 A00% R UE>T70 %0, HT T
J5 RS

1.3 MTT k4w e sa 4] £ A B K
WIgn M, 4% 5 X 10° /L% T 96 fLA., 40l BE 24 h
Jei s 23 I MO AN SE ) Ad-mda-7 . Ad-GFP, 4k £
g% 3 d Ja . RHA] MTT ¥R Wl 41 A 15 5 410 1l 2 DA
2 pmol/L #E % b % (thapsigargin, TG; Tocris) 1E A
BH P R 5 P 5 D0 S S T B, AR EE AT Y 72 h,
i mR 3k, Nk — 2 W mda-7 #00H
S Hf 1G5 5 PN T I 8 TR O AR L AR S T Al LU T
H 25 pmol/L 5 & H B 9 # 7 I ( N-acetyl-leucyl-
leucyl-norleucinal, ALLN; Calbiochem) 4 2 41 g 30
min, W H] MTT 75 W %% % Ad-mda-7, Ad-GFP J5 41
38 5 e, FE 5 AR N ALLN [ 5 3 4il A/ X e,
L4 AX@mpasAbnmpmc & WEMMR.75%

LW A°C [ 5 1 80, WAL I BE (PD % 5 30 min,
FACSaria 7t 240 4 4 (Becton Dickinson) 73 #7 # 4%
Jo A K ALLN T4k 2R 4 % 41 )0 1 4n ) B 499, 0 e
# 21 ( Ad-mda-7, Ad-GFP, ALLN + Ad-mda-7,
ALLN-+Ad-GFP) 41 g 4 12 % . K i modifit 3. 0
B Sy B Ak B T A H A

1.5 Western FP 346 &40 40 o & & & X WN4E
Ad-mda-7, Ad-GFP, ALLN + Ad-mda-7, ALLN +
Ad-GFP 4 SR g 40 ), I RIPA 40 0 22 fi 5 o)
U L, B A BT R 48 (Bio-Rad) W € & K
i, EREUEAT 12 %0 SDS-PAGE, I H i, e 5 A 1 4T 4k
¥ (Schleicher and Schnell), Z & N H & 5% M i
Wik 1 X PBS BB 2 h, 5 A W B ik R
THEE 2 h, RNEAPECTERIIA BIP/GRPT8
(Stressgen) \RPLN caspase-12 (Biovision) . ST A
caspase-3. % $L N P-p38 MAPK Hl % it A p-actin
(Cell Signaling) , Pt A\ Bax (Santa Cruz) fl il it A
caspase-8 (Biolegend) , B ik 4 £k ¥ 1 A i 1) B
PiR s i B IgG (Santa Cruz) Ei FIH A 2 h,
ECL(Amersham) i 5%,

1.6 SRt FAE P £ d SPSS 10. 0 Lk 4t
THERPE AT, B R I R M SRR A K
M ANOVA, P<<0.05 AZEFHAAGI#E X,

2 % R

2.1  Ad-mda-7 % 3 ik 45 0 3 AT R iR A
MTT A6 DU 4% 40 40 J A7 3% 2%, 45 L R, Ad-mda-7
B Ad-GFP & L0 1F 40 i 1.02 14 58 G 1 b 410 61
ER, 15 &Y Ad-GFP LL#, K% Ad-mda-7 fig
B 308 90 o 5 Pl e A M R AR K (P<<0. 05, 1), 7B
3 T 40 M Z P, HepG2 (p53 B A2 ) AR K 41 i1 ¢
M. MOI 24 10 B, HepG2 41 i A K 4 i) %
T 66% ., XLERFFTUE T Ad-mda-7 i% 5 7F 4 il
et 240 M P 386 B TR 1 T 40 T B S A A
2.2 Ad-mda7 #FAFERFEFTFERCAT W
AN g 45 R (R DRI, HEY Ad-GFP H
Eb, 9 40 i R IR Ad-mda-7 J5 40 M JH TR B
T (P<<0. 001) 5 1 1F %5 1T 40 Md 102 /& %4 Ad-mda-
7 8 Ad-GFP & A W] B o2&, 45 Rik/r: Ad-mda-7
Al REIE I E p53 AR L PEVES T I 40 R T
2.3 Ad-mda-7 # AR @ 0 A S W R A8 5A AR
X E O REY o PN Ad-mda-7 VE 5 A UK
(1) HepG2 FT9 41 f i3k — 20 ¥R J0 455 3 08 T2 i pL kil
Western EJ2F 45 R (& 2) kL HepG2 41 ff ¥ 4+ Ad-
mda-7 J& 5 # i BiP/GRP78; # 4% Ad-mda-7 F1PH 1
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XFHECTG 1 HepG2 48 fu &Sx I 21 Py 5% 9 W 380AH OC 22 1
caspase-12(57 000) 3 A4 B i v BL (48 000) , 1fiy [ ¥ %F
M caspase-12 112 M IR TE 20, T Ad-mda-7 # 4% 1F

W AT A1 102 K B8 ¥ 3E BiP/GRP78 Fl caspase-12,
2 RAEIR  Ad-mda-7 W] BB IS caspase-12 WiE P T MY
W A B 5 A e A PR T

120 120
2 s £ 100 £ 100
z z Z 80 z 80
o
E 40 A Ad-mda-7 _=' : 40 : 40
3 20 A W ALGFP g 3 20 3 20
0 "
0 01 1 10 100 1000 0.01 0.1 1 10 100
MOI MOI MOI MOI
1 Ad-mda-7 % 3 % BF 2 40 B & IE ‘& AT 40 A 38 78 09 52 1
Fig 1 Influence of Ad-mda-7 transfection on proliferation of liver cancer cells and normal liver cells
A:L02 cell; B:HepG2 cell; C:Hep3B cell; D:PLC/PRF/5 cell. * P<C0. 05 vs Ad-GFP.n=3,x*s
£1 RAMAMNSTSAMEBT X 7(ALLN+ Ad-mda-7) {) HepG2 4l }fd, 3 d J& 40 fl 17
Tab 1 FACS analysis of cell apoptosis in each group WER K 75% AL ALLN TiAb B 4% 3¢ Ad-mda-
=3,xts ~ VT2
Sy 7 [f) HepG2 41 MUAF 35 K 4 40% (P<C0. 05), 14
P { ic cells(Y N N
Cell lines ‘Z‘:mdo ;p"p“’“zze(:; If> . P ok K2 ALLN il &b B # 42 Ad-GFP 19 HepG2 41 2
“mda- N
HepG?2 47.3114.35 13.17+3.46 10.64 0.001 FEIE 5 8626 M 83% . 5 ALLN+ Ad-mda-7 [A] &
Hep3B 38.22+3.71  10.834+2.54 10.55 0.001 it ER(P>0.05),
PLC/PRF/5 35.4343.39 12.16+3.25 8.582 0.001
L02 15.07+1.83 13.65+2.17 0.866 4 0.4351

1 2 3 4

Procaspase-12 —
Cleaved caspase-12 ——

2 Ad-mda-7 3 E R B KR RS S FEARET
Fig 2 Ad-mda-7 activated ER-stress and

Bax——

Procaspase-3 —

Cleaved caspase-3 —— |

fi-actin
P-p38 MAPK —

f-actin

induced apoptosis of liver cancer cells
1:Control; 2:Ad-GFP; 3:Ad-mda-7; 4:Thapsigargin

2.4 Ad-mda-7 # % 3+ FF & 48 8 Bax, caspase-3 Fo
p38 MAPK & & A & 69 # A  Ad-mda7 ¥ §
HepG2 41 48 h J& Bax A RIE W B m T 54
Ad-GFP 41l i Jx X} H8 40 i ; caspase-3 M i J& B 3
(32 000) 7516 My B¥ A v Bt (17 000) ;1 caspase-8 1/}
o i s 2 OF L M B 2 p38 MAPK [ 12 4k (1]
3, Xuegt W Ad-mda-7 7] i Bax RI&, 15
T caspase-3 Wb 2Kt p38 MAPK IR k., nl fig 1
T AR BE T 5 A i e A R T

2.5 ALLN 4 # 3t Ad-mda-7 # § 69 A7 & 0 Je
3 78 37 %) BB 09 7 R

2.5.1 M@ 25 pmol/L [ ALLN XJ
HepG2 Jo W] W3 G/ AT, MTT 3 Aer il 45 21 Gt
(B 4) 4 ALLN AR B 30 min & %% % Ad-mda-

B 3 Ad-mda-7 ¥ 3 /5 T4 Bax,
caspase-3 1 p38 MAPK EH IR IA
Fig 3 Ad-mda-7 induced apoptosis and up-regulated Bax,
caspase-3 and p38 MAPK in liver cancer cells
1:Control; 2:Ad-GFP; 3:Ad-mda-7

120
. loo}
¢ 1
:;, 8[} B
g 60 |
> -
= 40 |
(&)

20 b

0

4 MITZHRNSHEBBPEFR
Fig 4 MTT analysis of cell viability in each group
1: Control; 2. Ad-GFP; 3. ALLN + Ad-GFP; 4. Ad-mda-7; 5:
ALLN+ Ad-mda-7. * P<<0. 05 vs ALLN+ Ad-mda-7. n=3.,x =%
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2.5.2 FFE@p AT WA Mo B g5 R K
B, Ad-mda-7 AP HepG2 40 Mo 8 1%k 44 %,
M ALLN-+ Ad-mda-7 &b 28540 fl 2 A7 28 % H LA
T2(P<C0.05), 1M &8 A% ALLN & H # 4 Ad-
GFP 1) HepG2 4l i 4 T2 73 5 b 13% F111.5% ,
B YL IR B (0 HepG2 418 9% HBLIM 12,3 41
ISt 2% 2 % (P>0. 05), X4 RHLoR, Ad-
mda-7 ] I OSP4T O
T, X —E B ALLN ],

2.6 ALLN TRA 3 2} AF 5% 48 )& caspase-3 . caspase-
12 #= Bax R A8 % Western EIIE45 R (K 5)%
W,4 ALLN A58 % Ad-mda-7 ) HepG2 41 Jit
R4 ALLN P4 9y Ad-mda-7 1) HepG2 41 2
Lt %2, caspase-12 f {4 52 2 W 3% # #; Bax A
caspase-3 MI3E LB R %, SR 1M BiP/GRP78 £ 8¢
AN ALLN &b B0k R W4 5 9F H p38 MAPK )
R AL T 345 O ALLN [ b BH i AR 4k, IX 4% 4%
BIER Ad-mda-7 B B $5 caspase-12 £ N 1N i
W S840 B VT e 4 M OR T, O LT BE S R ks 1A
WA A % D) R,

BiP/GRP78 —

Procaspase-12——
Cleaved caspase-12——

Bax ——

Procaspase-3 —

Cleaved caspase-3

P-p38 MAPK——
fi-actin

1 2 3 4
W
T — —

B 5 Western E[3TF 44 iUl BT %25 40 e
caspase-3 , caspase-12 #1 Bax 3%
Fig 5§ Inhibition of ER-stress blocked Ad-mda-7
induced down-regulation of caspase-3,-12 and Bax

1:Ad-GFP; 2:ALLN+Ad-GFP; 3:Ad-mda-7; 4: ALLN+ Ad-mda-7

304 it

JUE LA SRR I e B2 97 K P A Wt 2 (BT
FEHE N B EAFIFRA B E RS, BRIRT
A B BKE FE VR TT AT R B B IR 9T S AR I A
JTHERTHHN —Z R BiF2 BE 2N o
7 T W 30T, OF L e B2k R IS8 T BOFR B W
B S B UGS o T OB A R R N HE D 4
N PR B IR I2 U6 Y OROHT 1 7 ) AN A B
DALY 77 K 0 T 96 10 96 0 B 018 0 iy 5t L B DR T
RERLIEF G ER RN, AVFFIE R mda-7/11-

24 AN AT e F A B I RE A0 I 9 T L R I A
T A 0 M R A 28 B B 1O A D, i EL V) IE 4 1 4
G R RN A AT A R GIE B Ad-
mda-7 X JHJi 40 AT A 3 % A AR R 1 R
P TR D i IR R4 i Lo2 JBAEH] .

Gupta 25" R I, 40 8 A 1) mda-7/11-24 3@ i
2 I A 3 AN I R T G PR T2 AR B | 4R AR
I B R P95 I I I A, AT 52 A B S O
caspase-8 5| & A1 L I T 5 LR A G i JE 1 0 41 i
3 C Ml caspase-3 5141 LI 12, BiP/GRP78 &
N T Y 8 s Y bR i, caspase-12 1B B T2 IR
DR A5 P T 19 3 s I 5 A O T R R R T Ok B
TERYS . S RO % 4 BRI 1) mda-7/11L-24
SE AL T A BT R AR S A W, OF H mda-7/10-
24 LI C AV F 355 it A Bl 8 1 BiP/GRP78
B, A BF 9T 45 R 2R, Admda-7 ki BiP/
GRP78 & & ik, e i ik A 5T 199 13 800 %
e EUR A R T,

P52 B BN LA ) I B L dE R
0 L P PR 05 R G 5 A i AR | D Y il B A % A 1
AP , B R R A B R EH R Y (UPR) Al
Ca™" P12 . F% R 4 5T Y 8 (ER-stress) » 3 fi]
SEA MY T, W TG gl Catt T
R BE caspase-12 42 4 P9 50 B 30, 4R A
R B I N B S R 2 caspase-12 ) 1
U WP E L ALLN 7T Bl Ad-mda-7 1 TG 4r
51 caspase-12 M ELIGNY . AWF5T K A ALLN i
A HepG2 405, W B> T Ad-mda-7 S 1
0 L TR A A AR

Ad-mda-7 38 i % Ff i E 55 S R a0 i T,
AWK I Ad-mda-7 ¥ G ) HepG2 40 il Bax &
15 L caspsae-3 WA p38 MAPK il B2 1k 84 hn , 1M 46
T 52 A4 % 10 e 5 PE 2 caspase-8 WA BTG 4
ALLN #14] T caspase-12 933G AP o WY 38 38
% ,Bax Ml caspase-3 KA T, XLeg e R
75 HF 9 40 b, Ad-mda-7 W] fg ik i35 5 A 5 R
BB BiP/GRP78 M caspase-12 2 ¥ Bax % 17 .
p38 MAPK R AL A caspase-3 [R5 J5 T 24l i
T, SR, H AT IE A VE . Ad-mda-7 4 3 1 40 2
SR A T30 B L AT H N BT R IO R A B
Jei A A A B Y TR A A I T R e A
X il o 3K ] A7 B ISR S

mda-7/1L-24 52 40 L [ 1 TL-10 5K (¥ T 2
2 —,1L-20R1/IL-20R2 #1 1L-22R1/1L-20R2 &
BRI SRR ZA, Caudell 27T R W], mda-7/
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1L-24 ik 5 SRR Z AR 0 JAK/STAT 38 #% , 7
T 240 M P S s R R T bR I A R b
EIA/EH . R, Inoue T HF 9 R I mda-7/11-24
Al RS AR R (O 9E JAK/STAT 3@ i 5 5 i
g U S S S RSBy R O N (RS B I VA 2
p53 & 12, U 4, HepG2 4l f B & % ik 1L-22R1
mRNA fH2HZ 1L-20R1 fl IL-20R2" , AHF 5T
RI, Ad-mda-7 X 5 2 Bl M9 40 M R Hep3B(p53
B A 1 PLC/PRF/5(p53 AR 7 # B & 1
ALK R T AR, X R PR T
mda-7/11.-24 38 JEZ A FE p53 & 42 75 3 I 9 4l
H@?Jﬁﬁo
B2 AW SR B8, Ad-mda-7 EEMEF S
JEF 96 0 B A K A S RO T, i 6 IE R R 4 e O B 2
sE M, LT B8 2 I Gk s 5 N OE B S
A MR T, H AT, mda-7/1L-24 CF) 52 5 T 39
I R AR5, I T 4 76 2B 22980 [ R AT 1 IR R ik
KU REF NG N mda-7/11L-24 3 K 97 AT R 4R
P R W A A
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