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Enhanced inhibitory effect of adenovirus-mediated IL.-24 combined with chemo-
therapy agent on growth of liver cancer cell line PLC/PRF/5

WEN Ying-hao, YIN Zheng-feng“, KANG Xiao-yan, LI Jin, QIAN Hai-hua, CHEN Wei( Molecular Oncology Laborato-
ry, Eastern Hepatobiliary Surgery Hospital, Second Military Medical University, Shanghai 200438, China )

[ Abstract ] Objective: To investigate the inhibitory effect of adenovirus-mediated 1L-24( Ad. IL-24 ) combined with flu-
orouracil ( 5-Fu ) or epirubicin ( EPI ) on growth of human liver cancer cell line PLC/PRF/5. Methods: Human liver
cancer cell line PLC/PRF/5 was treated with Ad. IL-24 combined with 5-Fu or EPI separately. The growth inhibition rate
of cells was analyzed by MTT assay; the cell cycle and apoptosis were detected by flow cytometry ( FCM ). Results: Three
days after combined treatment with Ad. IL-24( 10 MOI ) and 5-Fu( 25 wg/ml ), the growth inhibitory rate of PLC/PRF/5
cells was ( 67.4 +0.58 )% , which was significantly higher than that in Ad. IL.-24 group ( [ 46.8 +0.74 ] % , P <0.05)
and 5-Fu group ([ 29.3 +0.60 ]% , P <0.05 ); three days after combined treatment with Ad. IL-24 ( 10 MOI ) and EPI
( 2.5 pg/ml), the growth inhibitory rate was ( 72.5 £0.92 )% , which was also significantly higher than those in Ad. IL-
24 group ( [46.8 £0.74 1% , P <0.05 ) and EPI group ( [32.2+0.69 1%, P<0.05). FCM showed that combined ad-
ministration of Ad. IL-24 and 5-Fu or EPI remarkably arrested PLC/PRF/5 cells at G,/M phase. The cell apoptotic rate
was (52.15 £2.32 )% in Ad. IL-24 + 5-Fu group, which was significantly higher than those in Ad. IL-24 group
([28.36 £3.49 1%, P <0.05) and 5-Fu group ([8.27 £2.61 ]%, P <0.05). The cell apoptotic rate of was
(58.67 +1.73 )% in Ad. IL-24 + EPI group, which was significantly higher than those in Ad. IL-24 group ([ 28.36 +
3.49 1%, P<0.05) and EPI group ( [11.82+1.91 1%, P <0.05). Conclusion: Ad.IL.-24 combined with 5-Fu or
EPI has enhanced inhibitory effect on growth of liver cancer cell line PLC/PRF/S.
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Fig.1 Inhibitory effects of different drug regimens
against PLC/PRF/5 cells proliferation
*P<0.05 vs Ad. IL-24( 10 MOI )or 5-Fu
(25 pg/ml )or EPI( 2.5 pg/ml)
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Tab.1 Effects of different drugs on cell cycle and apoptosis of PLC/PRF/5 cells( % )

Groups G,/G, S G,/M Apoptosis rate
Control 64.38 £2.09 20.56 +2.04 15.06 = 1. 66 0.74 +0.28

Ad. TL-24( 10 MOT ) 45.99 £2.49 18.74 +1.74 35.27 £2.11 28.36 £3.49
5-Fu( 25 pg/ml) 72.42 +2.01 15.63 +1.66 11.95 +2.38 8.27 +2.61
EPI( 2.5 pg/ml) 71.67 £2.34 17.46 +2.30 10.95 +1.98 11.82£1.91
Ad. TL-24 +5-Fu 49.87 +2.24 9.34+1.71" 40.79 £1.69° 52.15+2.32"
Ad. TL-24 + EPI 50.96 +1.81 6.19+1.58" 42.85+1.99° 58.67 £1.73"

*P <0.05 vs Ad. IL-24( 10 MOI or 5-Fu( 25 pg/ml Jor EPI( 2.5 pg/ml)
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Fig.2 Effects of different drugs regimens on apoptosis
of PLC/PRF/S5 cells as determined by FCM
A: Control; B: Ad.IL-24; C: 5-Fu; D: EPI;

E: Ad.IL-24 +5-Fu; F: Ad. IL-24 + EPI

I i
1L-24 Jii 25 R PE IR 0 A AH 2 FE R -7( melanoma

differentiation associated gene-7, mda-7 ), fe 4] el 1)

TH I A 38 23 A AR i N 28 S 20 A i v
B, 5 R R JE T TL-10 0% A9 43 Wb 40 it [H 1,
HEHa 4 N L2411 [L24 FER 5 7T MNE T
M6 MNNET, 5 IL-10 40 KR 5 IL-10,
1L-20 il IL-22 20 J— A4~ 25 DR 2 o0 T N e (o 4R
1g32.2-1g41 ., H4 K cDNA K25k 2 kb, [ iEHESE
it —A~ i 206 >8R iR S A 22 IR AT 1A, A+
X} ok 23 800, A2 PUSRIARIETE L4 . 1124 %
RJE T 124N 722 R %, C 5 h 2 M
BIKZ A IL-22R1/1L-20R2 F1 IL-20R1/IL-20R2' ",
RN LI EE RUESE, m Rk 1L24 fBi5 T2
TP e 200 L T T AN 5 T I R AN M, L PR A
FHANHK 31 1 3 6 240 g wo G il i 983 410+ 56 B8 pS3 .
PpRB . p21 WRZS ), IL-24 i BA £ Fb i i i 0%
{17104 50 A28 143 VRN 1y 1 g 1L
FPRURPE P45 PR, TL-24 14T IR v BE O R
— AR

ARG I AR SR Ad. 1124 51657 24
W) B Bl X RS 4L PLC/ PRE/S (M A
M AR pS3 BEPH & & & AR ol AE i B 1124
(PR 5 p53 BPRASTESE " IR A S 3 1
RN p53 S8 BYJIF s 40 il PLC/PRE/S , LI SE 55
AR SC BN H . A5 R R, Ad. 1124 5 5-Fu
B¢ EPLER Ik 40 A 410 i) 22 0 3 5 T M Ad. 1L-24
8 5-Fu 8¢ EPIL, i Ad. IL-24 5 5-Fu 8¢ EPI B¢ ] 1%
HAN R 1Y G, /M I BELC 5 SCk 2t i
Ad. IL-24 BIZE 3 —30), AT R B & & T



No. 4 IEEN, 5. BORTEA T 1L-24 BCA L7 25008 5 0 FHR 40 L PLC/PRE/S 35 A4 40 1] . 341 -

B Ad. IL-24 8% 5-Fu 3¢ EPL, b, A A58 #E
Ad. 1L-24 5 5-Fu 8 EPT 5 EF 00 50 20 i 14 5 1)
ML 5 3 R T A B 2 e R B e A G o
I, 1024 5407 257 e iR 7 LA — o 09 B Ab
W7, et m PR VR, JFRRAR 1L-24 MOS5 22T
FE K ARST 25 0 1L a8 B AN ROV H Y.
£ T 1L-24 54057 256 T 42 7 20 A AL R AT
AES Ad. IL-24 5724595 SR an e T A A
ANFE VR ALS Aoy 7R G, L H RS
Ad. TL-24 ]38 35 22 P A2 5 S 175 3 Iosd A e T
EES S

[ 5 % x #t]

[1] Inoue S, Shanker M, Miyahara R, et al. MDA-7/IL-24-based
cancer gene therapy: translation from the laboratory to the clinic
[J]. Curr Gene Ther, 2006, 6 (1): 7391.

[2] Chada S, Mhashilkar AM, Ramesh R, et al. Bystander activity of
Ad-mda7: human MDA-7 protein kills melanoma cells via an
IL-20 receptor-dependent but STAT3-independent mechanism
[ J]. Mol Ther, 2004, 10 (6): 1085-1095.

[3] Zheng M, Bocangel D, Doneske B, et al. Human interleukin 24
( MDA-7/1L-24 ) protein kills breast cancer cells via the 1L-20
receptor and is antagonized by IL-10[ J ]. Cancer Immunol Immu-
nother, 2007, 56 (2 ): 205-215.

[4] Gopalan B, Shanker M, Chada S, et al. MDA-7/1L-24 suppresses
human ovarian carcinoma growth in vitro and in vivo[ J ]. Mol
Cancer, 2007, 6: 11.

[5] SuZZ, Lebedeva IV, Sarkar D, et al. Ionizing radiation enhances
therapeutic activity of mda-7/IL-24: overcoming radiation- and
mda-7/1L-24-resistance in prostate cancer cells overexpressing the
antiapoptotic proteins bel-xL or bel-2 [ ] ]. Oncogene, 2006, 25
(16 ): 2339-2348.

[6] Chadas, Bocangel D, Ramesh R, et al. mda-7/11.24 kills pancre-
atic cancer cells by inhibition of the Wnt/PI3K signaling path-
ways: identification of IL-20 receptor-mediated bystander activity
against pancreatic cancer [ J]. Mol Ther, 2005, 11 (5): 724-
733.

[7]1 Yacoub A, Mitchell C, Hong Y, et al. MDA-7 regulates cell
growth and radiosensitivity in wvitro of primary ( non-established )
human glioma cells [ J ]. Cancer Biol Ther, 2004, 3 ( 8 ): 739-
751.

[ 8] Ishikawa S, Nakagawa T, Miyahara R, et al. Expression of MDA-
7/1L-24 and its clinical significance in resected non-small cell
lung cancer [ J ]. Clin Cancer Res, 2005, 11 (3): 1198-1202.

[91 Yacoub A, Mitchell C, Brannon J, et al. MDA-7 ( interleukin-
24 ) inhibits the proliferation of renal carcinoma cells and interacts

with free radicals to promote cell death and loss of reproductive ca-

pacity [ J ]. Mol Cancer Ther, 2003, 2 (7 ): 623-632.

[ 10 ] Zhao L., Gu J, Dong A, et al. Potent antitumor activity of oncolytic
adenovirus expressing mda-7/IL-24 for colorectal cancer [ J .
Hum Gene Ther, 2005, 16 (7 ): 845-858.

[ 11 ] Chen WY, Cheng YT, Lei HY, et al. 1L-24 inhibits the growth of
hepatoma cells in vivo[ J ]. Genes Immun, 2005, 6 ( 6 ): 493-
499.

[ 12 ] Oida Y, Gopalan B, Miyahara R, et al. Sulindac enhances adeno-
viral vector expressing mda-7/1L-24-mediated apoptosis in human
lung cancer [ J]. Mol Cancer Ther, 2005, 4 (2): 291-304.

[ 13 ] Chada S, Mhashilkar AM, Liu Y, et al. mda-7 gene transfer sensi-
tizes breast carcinoma cells to chemotherapy, biologic therapies and
radiotherapy: correlation with expression of bel-2 family members
[ J]. Cancer Gene Ther, 2006, 13 (5): 490-502.

[ 14 ] Caudell EG, Mumm JB, Poindexter N, et al. The protein product
of the tumor suppressor gene, melanoma differentiation-associated
gene-7, exhibits immunostimulatory activity and is designated
TL-24 [ J1. J Tmmunol, 2002, 168 (12 ): 6041-6046.

[ 15 ] Wang M, Tan Z, Zhang R, et al. Interleukin-24 ( MDA-7/MOB-
5 ) signals through two heterodimeric receptors, IL-22R1/1L-20R2
and IL-20R1/IL-20R2 [ ] ]. J Biol Chem, 2002, 277 (9 ): 7341-
7347.

[ 16 ] Gupta P, Su ZZ, Lebedeva IV, et al. mda-7/1L-24: multifunc-
tional cancer-specific apoptosis-inducing cytokine [ J ]. Pharmacol
Ther, 2006, 111 (3): 596-628.

[ 17 ] Inoue S, Branch CD, Gallick GE, et al. Inhibition of Src kinase
activity by Ad-mda7 suppresses vascular endothelial growth factor
expression in prostate carcinoma cells [ J ]. Mol Ther, 2005, 12
(4):707-715.

[ 18 ] Nishikawa T, Ramesh R, Munshi A, et al. Adenovirus-mediated
mda-7 ( IL24 ) gene therapy suppresses angiogenesis and sensitizes
NSCLC xenograft tumors to radiation [ J ]. Mol Ther, 2004, 9
(6): 818-828.

[ 19 ] Ramesh R, Mhashilkar AM, Tanaka F, et al. Melanoma differenti-
ation- associated gene 7/interleukin (IL )24 is a novel ligand that
regulates angiogenesis via the IL-22 receptor [ J ]. Cancer Res,
2003, 63 (16 ): 5105-5113.

[ 20 ] Miyahara R, Banerjee S, Kawano K, et al. Melanoma differentia-
tion- associated gene-7 ( mda-7 )/interleukin ( IL )24 induces an-
ticancer immunity in a syngeneic murine model [ J ]. Cancer Gene
Ther, 2006, 13 (8 ): 753-761.

[21] Wang CJ, Xue XB, Yi JL, et al. Melanoma differentiation-associ-
ated gene-7, MDA-7/1L-24, selectively induces growth suppres-
sion, apoptosis in human hepatocellular carcinoma cell line HepG2
by replication-incompetent adenovirus vector [ J ]. World J Gastro-
enterol, 2006, 12 (11 ): 1774-1779.

[WeFsEE] 2007 -06 -20 [f&EIB# ] 2007 -07 -30

[ Ax&mig] AL



