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Abstract

AIM: To study the treatment of the replication-competent
adenovirus-mediated transfer of interleukin-12 gene in the
mouse transplanted with gastric cancer in vivo, and to ex-
plore the new therapeutic approach of gastric cancer.

METHODS: The efficacy of CNHK200-mIL-12, ONYX-015,
Ad-mIL-12 was tested in nude mice and 615 mice with
subcutaneous human SGC-7901 and MFC 615 mice
carcinomas. The immunological mechanism in xenografts
gastric tumor of mice was further analyzed.

RESULTS: The replication-competent adenovirus-mediated
transfer of interleukin-12 gene slowed down the tumor
progress. This might be caused by the proliferation of the
replication-competent adenovirus. Ad-mlIL-12 had little

effect on the transplanted tumor in nude mice. While 615
mice bearing MFC gastric cancer presented the best anti-
cancer effects. Administration of Ad-mlL-12 was showed
to delay the growth of transplanted MFC tumor markedly
(P <0.001), and mediate complete regression of 3/10 es-
tablished tumor. In the setting of CNHK200-mIL-12, the
regression ratio was 4/10. Significantly prolonged survival
was observed in both Ad-mIL-12 and CNHK200-mIL-12
experimental groups of MFC gastric tumor bearing mice.
The analysis of the immunological mechanism in xenografts
gastric tumor of mice 615 showed that the expression of
IL-12 by CNHK200-mIL-12 and Ad-mIL-12 could greatly
stimulate the immune response against the transplanted
gastric tumor. It was found that these therapies could en-
hance the natural killer cell activity and specific cytotoxic T
cell activity. The CD4* and CD8* T cell infiltrated into the
tumor more significantly than that in the group of ONYX-
015 and control (P <0.001).

CONCLUSION: The replication-competent adenovirus can
specifically replicate in tumor cells and kill the tumor cells.
IL-12 is an effective cytokine stimulating anticancer immune
responses. When combined, it is complementary resulting
in a significantly improved treatment outcome.
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Shijie Huaren Xiaohua Zazhi 2004;12(7):1522-1526

miL-12
E1B55KDa ONYX-015
IL-12(mIL-12) CNHK200-

miL-12 Ad-mIL-12  SGC-7901

BALB/C MFC 615

CD4* CD8* NK CTL

: (ONYX-015 CNHK200-

miL-12) SGC-7901

615 Ad-mIL-12 (3/10)
(7/10) ;

CNHK200-mIL-12 (4/10) 1wk



miL-12 1523
10-14d (6/10) ax b?x 0.5(a b ).
. MFC
CD4* CD8* NK 1x 10/L 615 (0.1 mL/
CTL IL-12 ) 5-7d . 615
(P <0.001). 60 1x 10" MFC 5d
5mm Ad-buffer
IL-12 ( ) ONYX-015 Ad-mIL-12 CNHK200-
miL-12 15 ; Ad-buffer
miL-12 ONYX-015 CNHK200-mIL-12 Ad-miL-12
2004;12 100 pL 1 5 ( 5 x
(7):1522-152§ 10°pfu); 1 @
http://www.wjgnet.com/1009-3079/12/1522.asp
(b) ; 1wk 5
0 . 10 . Balb/c
40 SGC-7901 5-6 mm
4
1.2.1 NK CTL 4 h*Cr
5
3x 10° 3x 10° YAC-1
(-7, 37 2h NK
1 20 IL-2 200 ku/L
50 mL/L CO, 37 6 d
IL-12 IL-12 Na**CrO, MFC 1 50
1 25 CTL . =( cpm-
[8-15] IL-12 (mIL-12) cpm)/( cpm- cpm)x  100%.
1.22CD4 CD8 T 615
.PBS 2 10%/L
1 CD4 CDS8 4 30 min  PBS
1.1 ONYX-015( Berk AJ ) 2 FITC 4
CNHK200-mIL-12 Ad-mlL-12 ( ) 30min PBS 2 0.2 mL PBS
Ad-buffer 1x 10%pfulL. Ch4  CD8
ONYX-015 CNHK200-mlIL-12
Ad-mlL-12 :
SGC-7901 615 MFC Kaplam-Meier
CD4
CD8 FITC Pharmingen 2
.10 g/L 25 g/L 40 g/L SGC-7901 Balb/c 7-9d
. 615 MFC 615 5d .
4-6 50 9 18-23 g; Balb/c 2.1 ONYX-015 CNHK200-mIL-12 Ad-mlL-12
4-6 50 ey 18-20 g Balb/c SGC-7901
ONYX-015 CNHK200-mlL-12
1.2 SGC-7901 100 mL/L DMEM Ad-
MFC 100 mL/L RPMI 1640 miL-12 (P <0.05 1). Ad-
SGC-7901 miL-12
5x 10%/L Balb/c Ad- mIL-12

©imL/ ) 7d

(t=0.009 P >0.05); ONYX-015



1524 ISSN 1009-3079 CN 14-1260/R

2004 7 15 12 7

CNHK200-mIL-12 (t=5.73 P >0.05
2). ONYX-015 CNHK200-mlL-12

Ad- mIL-12
5 —
—&—Ad buffer
sg 4| —=—AdmIL-12
€ —A&—ONYX-015
o
S 3 —e—CNHK200-mIL-12
Z
ol
1k
OI
0 7 14 21 28 35
t( )
1 SGC-7901
100 —o— Ad buffer
—&— Ad mIL-12
80 —*—ONYX-015
9 —&— CNHK200-mIL-12
< 60
40 r
20
0 | I | | I | | |
30 40 50 60 70 80 90
t( )d
2 SGC-7901
5~

—¢—Ad buffer
= —=—Ad mlL-12
E | —+onvxo15
S 3 e CNHK200-mIL-12
-

3 615 MFC

100 [~ —e— Ad buffer
~ 8ol —&— ONYX-015
S —8— Ad miL-12

60 - —®— CNHK200-mIL-12

40
B 20

0 ol
20 30 40 50 60 70 80 90

t( Hd

4 MFC 615

2.2 ONYX-015 CNHK200-mIL-12 Ad-mlL-12

615 MFC Ad buffer
25-34 d
ONYX-015
Ad-buffer . CNHK200-
miL-12 4 1wk
10-14d .6
( 3 4). CNHK200-
miL-12 615
2 wk
6 mo
6 wk 615
1x 10'MFC 2 wk .
CNHK200-mIL-12 615 MFC
. Ad-mlIL-12 7/10
3

2.3 ONYX-015 Ad-mlIL-12 CNHK200-mIL-12

615 NK CTL
ONYX-015 615 NK  CTL
; Ad-mlL-12
CNHK200-mlL-12 615 NK  CTL
ONYX-015

(P <0.01 5 6).

60" g 1=25 1

HE T=50 1

20
X
=2
0
Control ~ ONYX-015 Ad-miIL-12 CNHK200-
miL-12
5 615 NK
80
JE T=25 1
g 60" ME T=50 1
401
':I l—
5 20 T
. | | |
Control ~ ONYX-015 Ad-miIL-12 CNHK200-
miL-12
6 ONYX-015 CNHK200-mIL-12 615 CTL



. miL-12

1525

2.4 ONYX-015 Ad-mlIL-12 CNHK200-mlL-12
615 CD4" CD8* MFC
615
. ONYX-015
CNHK200-mIL-12 Ad-mlL-12
CNHK200-mIL-12 Ad-mlL-12

CD4* CD8* ONY X-015
(.
40 -
CCcD4
<
S 4oL Ocos % 1 %L
. 20|
0]
5 R
, 0 o
S
o
0 | | |
Control  ONYX-015 Ad-mIL-12 CNHK200-
miL-12
7 615  CD4* CD8*
3
17
.E1B-55KDa
p53 E1A
p53
P53 (50%
p53 ) 281,
ONYX-015
[19-23]
ONYX-015
15%[24—25].
(
- )
[26-31] ONYX-015
CNHK200 IL-12
( )
[32-33]
615

IL-12

; Balb/c
T
615
CD4* CD8*
NK CTL
IL-12
IL-12
615 miL-
12
MFC IL-12
SGC-7901
IL-12
; IL-12
( IL-12
[34—36]) [37]
CNHK200-mlL-
12 615
4
1 Wu GH, Zhang YW, Wu ZH. Modulation of postoperative
immune and inflammatory response by immune-enhancing
enteral diet in gastrointestinal cancer patients. World J
Gastroenterol 2001;7:357-362
2 Shi XY, Zhao FZ, Dai X, Ma LS, Dong XY, Fang J. Effect of
jianpiyiwei capsule on gastric precancerous lesions in rats.
World J Gastroenterol 2002;8:608-612
3 Yu Y, Zhang YC, Zhang WZ, Shen LS, Hertzog P, Wilson TJ,
Xu DK. Etsl as a marker of malignant potential in gastric
carcinoma. World J Gastroenterol 2003;9:2154-2159
4 Zhang J, Su XQ, Wu XJ, Liu YH, Wang H, Zong XN, Wang Y,
Ji JF. Effect of body mass index on adenocarcinoma of gastric
cardia. World J Gastroenterol 2003;9:2658-2661
5 Guo HQ, Guan P, Shi HL, Zhang X, Zhou BS, Yuan Y. Pro-
spective cohort study of comprehensive prevention to gastric
cancer. World J Gastroenterol 2003;9:432-436
6 Gulmann C, Hegarty H, Grace A, Leader M, Patchett S, Kay

E. Differences in proximal (cardia) versus distal (antral) gas-
tric carcinogenesis via the retinoblastoma pathway. World J
Gastroenterol 2004;10:17-21



1526

ISSN 1009-3079 CN 14-1260/R

2004 7 15 12 7

10

11

12

13

14

15

16

17

18

19

20

21

Ding YB, Chen GY, Xia JG, Zang XW, Yang HY, Yang L, Liu
YX. Correlation of tumor-positive ratio and number of
perigastric lymph nodes with prognosis of patients with sur-
gically-removed gastric carcinoma. World J Gastroenterol 2004;
10:182-185
Su W, Ito T, Oyama T, Kitagawa T, Yamori T, Fujiwara H,
Matsuda H. The direct effect of IL-12 on tumor cells: I1L-12
acts directly on tumor cells to activate NF-kappaB and en-
hance IFNgamma-mediated STAT1 phosphorylation. Biochem
Biophys Res Commun 2001;280:503-512
Zhang R, DeGroot LJ. Genetic immunotherapy of established
tumours with adenoviral vectors transducing murine
interleukin-12 (mIL12) subunits in a rat medullary thyroid
carcinoma model. Clin Endocrinol (oxf) 2000;52:687-694
Barajas M, Mazzolini G, Genove G, Bilbao R, Narvaiza I,
Schmitz V, Sangro B, Melero I, Qian C, Prieto J. Gene therapy
of orthotopic hepatocellular carcinoma in rats using adenovi-
rus coding for interleukin 12. Hepatology 2001; 33:52-61

, , , . 12:

1999;7:71-72

) , , . miL-12
2001;21:279-281
Yamazaki M , Zhang R, Straus FH, Messina M, Robinson BG,
Hashizume K, DeGroot LJ. Effective gene therapy for medul-
lary thyroid carcinoma using recombinant adenovirus induc-
ing tumor-specific expression of interleukin-12. Gene Ther
2002;9:64-74
Nasu Y, Bangma CH, Hull GW, Lee HM, Hu J, Wang J,
McCurdy MA, Shimura S, Yang G, Timme TL, Thompson
TC. Adenovirus-mediated interleukin-12 gene therapy for
prostate cancer: suppression of orthotopic tumor growth and
pre-established lung metastases in an orthotopic model. Gene
Ther 1999;6:338-349
Duda DG, Sunamura M, Lozonschi L, Kodama T, Egawa S,
Matsumoto G, Shimamura H, Shibuya K, Takeda K, Matsuno
S. Direct in vitro evidence and in vivo analysis of the
antiangiogenesis effects of interleukin 12. Cancer Res 2000;60:
1111-1116

’ 1 ’ ’

miL-12 ( ).
2004;25:75-79
Galanis E, Vile R, Russell SJ. Delivery systems intended for in
vivo gene therapy of cancer: targeting and replication compe-
tent viral vectors. Crit Rev Oncol Hematol 2001;38:177-192
Bischoff JR, Kirn DH, Williams A, Heise C, Horn S, Muna M,
Ng L, Nye JA, Sampson-Johannes A, Fattaey A, McCormick
F. An adenovirus mutant that replicates selectively in p53-
deficient human tumor cells. Science 1996;274:373-376
Ganly I, Kirn D, Eckhardt G, Rodriguez Gl, Soutar DS, Otto
R, Robertson AG, Park O, Gulley ML, Heise C, Von Hoff DD,
Kaye SB, Eckhardt SG. A Phase | study of Onyx-015, an E1B
attenuated adenovirus, administered intratumorally to pa-
tients with recurrent head and neck cancer. Clin Cancer Res
2000;6:798-806

Nemunaitis J, Khuri F, Ganly I, Arseneau J, Posner M, Vokes
E, Kuhn J, McCarty T, Landers S, Blackburn A, Romel L,
Randlev B, Kaye S, Kirn D. Phase Il trial of intratumoral
administration of ONYX-015, a replication-selective adenovirus,
in patients with refractory head and neck cancer. J Clin Oncol
2001;19:289-298

Khuri FR, Nemunaitis J, Ganly I, Arseneau J, Tannock IF,
Romel L, Gore M, Ironside J, MacDougall RH, Heise C, Randlev
B, Gillenwater AM, Bruso P, Kaye SB, Hong WK, Kirn DH. A
controlled trial of intratumoral ONYX-015, a selectively-rep-
licating adenovirus, in combination with cisplatin and 5-fluo-

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

rouracil in patients with recurrent head and neck cancer. Nat
Med 2000;6:879-885

Kirn D. Oncolytic virotherapy for cancer with the adenovirus
dl1520 (Onyx-015): results of phase | and Il trials. Expert
Opin Biol Ther 2001;1:525-538

Makower D, Rozenblit A, Kaufman H, Edelman M, Lane ME,
Zwiebel J, Haynes H, Wadler S. Phase Il clinical trial of
intralesional administration of the oncolytic adenovirus
ONYX-015 in patients with hepatobiliary tumors with cor-
relative p53 studies. Clin Cancer Res 2003;9:693-702

Heise C, Williams A, Olesch J, Kirn D. Efficacy of a replica-
tion-competent adenovirus (ONYX-015) following
intratumoral injection: intratumoral spread and distribution
effects. Cancer Gene Ther 1999;6:499-504

Nemunaitis J, Ganly I, Khuri F, Arseneau J, Kuhn J, McCarty
T, Landers S, Maples P, Romel L, Randlev B, Reid T, Kaye S,
Kirn D. Selective replication and oncolysis in p53 mutant tu-
mors with ONYX-015, an E1B-55kD gene-deleted adenovirus,
in patients with advanced head and neck cancer: a phase Il
trial. Cancer Res 2000;60:6359-6366

Steinwaerder DS, Carlson CA, Otto DL, Li ZY, Ni S, Lieber A.
Tumor-specific gene expression in hepatic metastases by a rep-
lication-activated adenovirus vector. Nat Med 2001;7:240-243
2001;8:77-79

Kurihara T, Brough DE, Kovesdi I, Kufe D. Selectivity of a
replication-competent adenovirus for human breast carcinoma
cells expressing the MUC1 antigen. J Clin Invest 2000;106:
763-771

Yu DC, Sakamoto GT, Henderson DR. Identification of the
transcriptional regulatory sequences of human kallikrein 2
and their use in the construction of calydon virus 764, an
attenuated replication competent adenovirus for prostate
cancer therapy. Cancer Res 1999;59:1498-1504

Wildner O, Blaese RM, Morris JC. Therapy of colon cancer
with oncolytic adenovirus is enhanced by the addition of herpes
simplex virus-thymidine kinase. Cancer Res 1999;59: 410- 413
Wildner O, Morris JC. The role of the E1B 55 kDa gene prod-
uct in oncolytic adenoviral vectors expressing herpes simplex
virus-tk: assessment of antitumor efficacy and toxicity. Can-
cer Res 2000;60:4167-4174

Prince GA, Porter DD, Jenson AB, Horswood RL, Chanock
RM, Ginsberg HS. Pathogenesis of adenovirus type 5 pneu-
monia in cotton rats (Sigmodon hispidus). J Virol 1993; 67:
101-111

Torres JM, Alonso C, Ortega A, Mittal S, Graham F, Enjuanes
L. Tropism of human adenovirus type 5-based vectors in
swine and their ability to protect against transmissible gas-
troenteritis coronavirus. J Virol 1996;70:3770-3780

Smyth MJ, Taniguchi M, Street SE. The anti-tumor activity of
IL-12: mechanisms of innate immunity that are model and
dose dependent. J Immunol 2000; 65:2665-2670

Mazzolini G, Narvaiza |, Perez-Diez A, Rodriguez-Calvillo
M, Qian C, Sangro B, Ruiz J, Prieto J, Melero I. Genetic hetero-
geneity in the toxicity to systemic adenoviral gene transfer of
interleukin-12. Gene Ther 2001;8:259-267

Asselin-Paturel C, Megherat S, Vergnon I, Echchakir H,
Dorothee G, Blesson S, Gay F, Mami-Chouaib F, Chouaib S.
Differential effect of high doses versus low doses of interleukin
-12 on the adoptive transfer of human specific cytotoxic T
lymphocyte in autologous lung tumors engrafted into se-
vere combined immunodeficiency disease-nonobese diabetic
mice: relation with interleukin-10 induction. Cancer 2001;
91:113-122

Car BD, Eng VM, Lipman JM, Anderson TD. The toxicology
of interleukin-12: a review. Toxicol Pathol 1999;27:58-63



