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Application of interleukin 12 to antitumor cytokine and gene therapy

Abstract In vivo administration of interleukin 12 (IL-12) cells resulted in the continuous production of IL-12 and
at 2000 U/mouse induced IL-12-activated Killer (IL-12AK)caused abrogation of in vivo tumorigenicity. Tumor cells
cells in parallel with an elevation in serum interferpn-transfected with the IL-12 gene are potentially a good tool
(IFN-y) activity. Although NK1.3CD3- natural Killer cells as a tumor vaccine, as they effectively induced IL-12AK
are the major precursor of IL-12AK cells, asialoGMCD8* cells, IFNy production, and tumor-specific protective im-
T-cells were also demonstrated to be novel precursors. Suehinity. Although B16—BL-6 melanoma cells, which are a
anomalous Killer cells may play an important role in thbighly metastatic subclone of B16 melanoma cells, showed
early stages of the host defense mechanisms against tum@sistance to IL-12 gene therapy, combination therapy with
It was also shown that IL-12 is effective in inducing tumorthe B7-1 gene and systemic IL-12 administration almost
specific cytotoxic T-lymphocytes. Consistent with theseompletely inhibited tumor metastasis. Similar results were
data, IL-12 had marked activity against various kinds afbtained using B16—BL-6 melanoma cells transfected with
established tumors when given systemically. Mice cured bbth B7-1 and IL-12 genes. These results suggest that IL-12
tumors by IL-12 treatment acquired tumor-specific T-cels a promising cytokine for antitumor cytokine and gene
immunity. Moreover, we initially demonstrated that IL-1Zherapy.

was effective in preventing and inhibiting the growth of

primary tumors induced by the chemical carcinogeikey words IL-12 - Tumor- Cytokine therapy Gene
methylnitrosourea using c-Has transgeneic mice. Finally, therapy

we investigated the application of IL-12 to antitumor gene

therapy. Transfer of the IL-12 gene into A20 B-lymphoma

Introduction

Work presented at the 11th Bristol-Myers Squibb Nagoya Internatior‘gy'dence_ th_at Cyto_tOXIC T-Iyr_nphocytes (CTLs) re_COQr_"Ze
Cancer Treatment Symposium ()Cytokines and New Anticancer ~tumor-rejection antigen peptide bound to the major histo-
Agents on the Horizon of Oncology“, 24—25 November 1995, Nagoyapmpatibility complex (MHC) and lyse autologous tumor

Japan cells encouraged us to develop new strategies for tumor-
. specific immunotherapy [23]. However, it has been consid-
T. Nishimura (=) - K. Watanabe T. Yahata- L. Ushaku- S. Habu g1 q gifficult to induce tumor-specific immunity in vivo due
Department of Immunology, Tokai University School of Medicine, . C . .
Bohseidai, Isehara 259-11, Japan to low tumorigenicity and strong immunosuppression [20].
K Ando Recent experiments have demonstrated that activation of
Department of Infectious Diseases, Tokai University School of the _T-help_er func.tlon _at tum(.)r sites .(Iocal help) is essential
Medicine, Bohseidai, Isehara 259-11, Japan for induction of in vivo antitumor immunity [3, 4, 15].
Many investigators initially tried to induce local help using

M. Kimura . . .

Department of Molecular Life Science, Tokai University School of |nterleuk|n.2 (IL-2), _bUt_th'S was unsucces§ful due to the
Medicine, Bohseidai, Isehara 259-11, Japan short half-life of IL-2 in vivo. To overcome this problem we

| Saiki have tried several strategies to introduce local help in vivo
Research Institute of WAKENYAKU, Toyama Medical and [13]: targeting of both CD4T-cells and CD8 T-cells using
Pharmaceutical University, Toyama, Japan an antitumorx anti-CD3 bispecific antibody (helper/killer

T Uede therapy) [16, 17], delivery of MHC-binding antigen using

Section of Immunopathogenesis, Institute of Immunology Science, &N antitumor _mOﬂOClOUal antibody (MADb) [7], and applica-
Hokkaido University School of Medicine, Sapporo, Japan tion of IL-12 in tumor immunotherapy [8].
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The recently identified cytokine IL-12 has a longer halfintraperitoneally into MNU-treated transgeneic mice four times a week
life in vivo and has multiple immunoregulatory functionsgor 4 weeks. As a control, saline was injected intraperitoneally into
. . - . ransgeneic mice. The therapeutic effect of IL-12 was determined by
including activation of natural killer (NK) (':ells, CTLs, andcounting of the numbers of MNU-induced forestomach papillomas
Thl cells [22]. Therefore, use of IL-12 to mduce local helpsing a stereoscopic microscope. Seven mice per group were used for
in a tumor-bearing host appeared to be a rational strategytHia experiment.
this paper we describe the characteristics of in vivo-induced
IL-12-activated killer (IL-12AK) cells and the therapeutic

effect of IL-12 Qn both transplgntgble and primary .tumoéstablishment of tumor cells transfected with IL-12 genes or the B7-1
cells. We also discuss the application of IL-12 to antitumef,e

gene therapy.

Murine IL-12 genes and IL-12 p35 and p40 subunit genes were kindly

donated by Genetics Institute. p40 cDNA was subcloned into the

BCMGSNeo plasmid (generous gift from Dr. H. Karasuyama, Depart-

ment of Immunology, Tokyo Metropolitan Cancer Institute, Japan) [6],

which carries the neomycin phosphotransferase gene driven by a

cytomegalovirus (CMV) promoter; the resulting plasmid was termed

] BCMGSNeo-p40. p35 cDNA was subcloned into the CEP4 plasmid

Mice (Invitrogen, San Diego, Calif., USA), which carries the hygromycin B
phosphotransferase gene driven by a CMV promoter; the resulting

C57BL/6 mice and BALB/c mice were purchased from Charles Rivgilasmid was termed CEP4-p35. Tumor cells were transfected with

Japan (Yokohama, Japan) and used at 5-6 weeks of age. BCMGSNeo-p40 by electroporation (Genepulser; Japan Bio-Rad Lab-
oratory, Tokyo, Japan). Stable transfectants were selected by culture in
RPMI 1640 medium containing G418 (0.5 mg/ml), 10% fetal calf

Induction of IL-12AK cells in vivo serum, penicillin (100 U/ml), and streptomycin (10 mg/ml). After
cloning of p40-transfected cells, the cells were further transfected

Normal C57BL/6 mice received an intraperitoneal injection of recomwith the CEP4-p35 plasmid by electroporation. Tumor cells cotrans-

binant IL-12 (2000 U/mouse; kindly donated by Genetics Institutéected with the p40 and p35 genes were selected by culture in medium

Cambridge, Mass., USA) 1 day before the experiments. As a contrebntaining G418 (0.5 mg/ml) and hygromycin B (0.5 mg/ml). After

saline or IL-2 (2000 U/mouse; kindly supplied by Shionogi Pharmaloning, the expression of both genes was confirmed using a reverse

ceutical, Osaka, Japan) was used. Spleen cells from the treated rhigescription-polymerase chain reaction.

were harvested and passed through a nylon-wool column. The nylon- The B7-1 gene was transfected into B16—BL-6 melanoma cells

passed spleen cells (NPSPL) from IL-12-injected mice were useduwssng recombinant adenoviruses, Adex1CAwtB7-1, which encode the

IL-12AK cells. Pooled NPSPL from three mice per group were used murine B7-1 gene. Detailed methods for the construction of Adex1-

all experiments. To define the characteristics of IL-12AK cells, splegdAwtB7-1 have been described elsewhere [11, 19].

cells obtained from IL-12-injected mice were sorted into NKCD3-

NK cells, NK1.1-CD3* T-cells, asialoGM1 (ASGM¥CD8* T-cells,

and ASGMICD8 T-cells. In some experiments, IL-12 was injected

into tumor-immunized mice. The cytotoxicity of CTLs or IL-12AK

cells was determined by 4-%1Cr]-release assay as described pr

viously [14]. Results

Materials and methods

Effect of IL-12 on generation of antitumor effector cells
Tumor immunotherapy by systemic administration of 1L-12
Mice were intradermally inoculated with tumor cellsX2L0¢ cells) on C57BL/6 mice treated with IL-12 at 2000 U/mouse gener-
day 0. When the inoculated tumor cells were readily palpab ted k'".er Ce”S.at 24 h after treatment; this occurred
(6—8 mm), tumor-bearing mice received an intraperitoneal injecti&p_ncom|tant|Y with an 9|evat.|0n In serum ”:\NjfeV?lS
of saline, IL-2 at 2000 U/mouse per day {A0/mg; kindly supplied by (Fig. 1A). Killer-cell generation and IFN- production

Shionogi Pharmaceutical), or IL-12 at 2000 U/mouse per dayere not induced in control or IL-2-treated mice.

(5.6 x 106 U/mg; kindly donated by Genetics Institute) for 4 daysfrhe cytotoxic  IL-12AK cells were enriched in
Each group consisted of ten mice. The antitumor activity of IL-12 w . - s b - I
determined by monitoring of tumor growth by measuring the chan\%Kl-l CD3- NK cells but not in NK1.XCD3" T-cells

over time in the mean of two perpendicular diameters. The surviidfig. 1B). However, when ASGMCTD8* T-cells were
rate was also determined. Mice that lived for more than 3 months affgblated from NPSPL, they showed higher cytotoxicity
tumor regression were regarded as completely cured. Generationpfn ASGMECDS8+ T-cells (Fig. 1C). These results demon-
systemic protective immunity was determined by rechallenge with t o
same tumor or by Winn’s assay as described previously [13]. g?rgt?[? :hAatS(l\“illf/lic_:g”DSS?[I? thﬁ major IL'12'IAK prec(;Jrsor cell
an al -cells are a novel second-precur-
sor cell type for IL-12AK cells.
Inhibition of methylnitrosourea-induced primary tumor growth by Although IL-12AK cells were shown to be anomalous
IL-12 killer cells, which can lyse a variety of tumor cells (data not
The therapeutic effect of IL-12 against primary tumor growth wa§h0wn)’ ”—'12_ a_‘ISO md_uced ASGM(DD&L .tumor-slpecn‘lc .
investigated using c-Heastransgeneic mice [1], in which forestomachCTLS when injected into tumor-immunized mice. This
papillomas are induced at an incidence of 100% after 2 months byesult is not inconsistent with our previous finding that
single intraperitoneal injection of methylnitrosourea (MNU) at 50 mgtlture of human tumor-infiltrating lymphocytes with 1L-2

kg. Our previous data also demonstrated that at least one papilloma gan. _ .
be detected at 1 month after MNU treatment [1]. Aftls IL-12 caused enhanced generation of autologous

IL-12 administration was initiated 30 days after MNU treatmentUmor-specific CTLs [8].
IL-12 at 2000 U/mouse suspended in 100 ml of saline was injected
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Fig. 1 A C57BL/6 mice re-
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ceived saline, IL-2, or IL-12 by A) Serum IFN-y
1

B) NK-IL-12AK

intraperitoneal injection. After
24 h, serum IFNy activity was
determined by ELISA (Endogen).
B C57BL/6 mice were treated
with IL-12 intraperitoneally.

After 24 h, NK1.#+CD3- NK

cells and NK1.3tCD3* T-cells
were sorted by FACStar. Their
cytotoxicity against an NK cell-
resistant tumor, MBL-2, was then
measuredC C57BL/6 mice were
treated with IL-12 intraperitone- . .
ally. After 24 h, CD8 cells were 0 IL-2 Ounfractionated NK1.1+CD3-
separated into ASGMCD8* 40 30

T-cells and ASGM1CD8* c) ASGM1+CD8HT-IL-12AK D)
T-cells. Their cytotoxicity against

MBL-2 tumors was then deter-
mined.D C57BL/6 mice that had
received 2 injections of MBL-2
cells were treated with 2 intra-
peritoneal injections of IL-12. At

1 day after the last IL-12 treat-
ment, spleen cells were separated
into ASGM1+CD8+ T-cells and 10
ASGM1-CD8* T-cells by FAC-

Star and their cytotoxicity against
MBL-2 tumors was determined
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Tumor immunotherapy by systemic in vivo administratioffig. 2A,B  Tumor immunotherapy by systemic in vivo administration
of IL-12 of IL-12. A C57BL/6 mice were inoculated intradermally with MBL-2
T-lymphoma cells (2106 cells). When the inoculated tumor cells

. . . . . became palpable (day 4), the mice were treated with sabeck
Systemic administration of IL-12 to mice with lymphomag;cieq) "IL-2 at 2000 U/mousewhite circle3, or IL-12 at 2000 U/
caused by intradermal injection of MBL-2 lymphoma cellshouse black triangle3. In vivo tumor growth was then determined as

inhibited tumor growth, whereas IL-2 administratiorlescribed in Materials and methods. Tumor size was monitored by

showed no significant in vivo antitumor activity (Fig. 2A).ri“n?25‘é”g%rtvhi$a‘l3hgj”rgg§ i”etr:‘:r;‘t’::r}off ngffgegfdilcg'?r': igéa?r’:;f; over

The.eﬁeCt of systemic admlnIStr.atlon of IL-12 on T[h scribed above. Mice Cgred of tumorsgwithri)n 90 days were regarded

survival rate of tumor-bearing mice was also examine@ completely cured. Data represent mean vati&e

(Fig. 2B). Mice treated with saline or IL-2 showed mean

survival times of 18.5-2.8 and 19.21.2 days, respec-

tively. However, intraperitoneal injection of IL-12 signifi-

cantly prolonged the mean survival time to 24.8 days unrelated B16 melanoma cells. As shown in Fig. 3A and

for mice that were not cured; five of ten treated mice wei@B, mice cured of MBL-2 lymphomas by IL-12 treatment

completely cured. totally rejected the rechallenge with MBL-2 cells but not
To determine whether the disappearance of tumdiwt with B16 melanoma cells. Moreover, nylon-passed

following IL-12 treatment correlated with tumor-specificsplenic T-cells isolated from MBL-2 lymphoma-cured

immunity, mice cured of MBL-2 lymphomas were rechalmice possessed potent tumor neutralization activity in an

lenged with an intradermal injection of MBL-2 cells or ofin vivo Winn assay (Fig. 3C).
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We next investigated mechanisms of in vivo induction dfig. 3A—C Acquisition of systemic tumor-specific protective immu-

tumor-specific immunity following IL-12 treatment usingnity by immunotherapy with IL-12A MBL-2 T-lymphoma cells oi8
P y 9 g 16 melanoma cells were used to challenge untreated C57BL/6 mice

Va”‘?“_s anFlbOdleS'. AS Summanzed In Table 1, ”_1 VIVR\hite circleg or C57BL/6 mice cured of MBL-2 tumors using IL-12
administration of either anti-ASGML1 antibody, anti-CD4plack circle§. Tumor growth was monitored as described in the

MAb, or anti-CD8 MAb caused inhibition of IL-12- legend to Fig. 1. Data represent mean valdeSE for 5 mice.C In
mediated antitumor activity. Such inhibition was not ob4vo gufprg;nilétrrﬁ;ag?ge%ii\t/(iatyc:?(f:lgglOonr-Fﬁ;ze% usrzlééegf T\hg;ﬂszob-
served after administration of normal I.’ab.blt serum or ratglrﬂf)rs using IL-12 Klack circle was determined using the Winn
(data not shown). These results indicate that IL-1gssay as described in Materials and methods. As a control, tumor cells
mediated antitumor immunity is associated with the induatone were injected into miceblack triangle. Data represent mean
tion of both tumor-specific CD8 CTLs and a CD#4 T- valuestSE for 5 mice

helper cell response. It was also suggested that IL-12-

responsive  ASGMA cells (ASGMZ* NK cells and

ASGMICD8" T-cells) may play an important role in thechemically induced primary tumors using c-is trans-
induction of tumor-specific immunity. geneic mice. As previously demonstrated [1], the majority
of c-Ha+as transgeneic mice form forestomach papillomas
at 1 month after MNU treatment. In this experiment,
transgeneic mice were treated with either saline or IL-12
starting at 30 days and ending at 60 days following MNU
treatment. 1L-12 at 2000 U/mouse was injected intraper-

itoneally four times a week. As shown in Fig. 4C, it was

In addition to MBL-2 T-lymphoma cells, we confirmed thejemonstrated that IL-12 inhibited the growth of primary
systemic antitumor activity of IL-12 against Meth A sarcog,;mor cells.

ma cells and B16 melanoma cells (Fig. 4A, B). Moreover,
we also investigated the therapeutic effect of IL-12 against

IL-12 inhibits the growth of both transplantable and
primary tumor cells

Table 1 Inhibition of IL-12-mediated in vivo antitumor activity by administration of antibodies against ASGM1, CD4, or CD8 antigen

Time after tumor Tumor size (mm)
inoculation (day$)

IL-12 + antibody against

None IL-12Z ASGM1 CcD8 CD4

4 6.6-1.4 7.4+0.7 7.1+1.4 6.2-0.8 7.5K1.1

6 9.6+0.4 7.6-0.5 9.1+2.3 9.2+2.8 7.7+0.8

8 10.8+1.8 9.6+1.1 11.5t2.4 11,7417 10.1£0.5
10 12.2+1.9 9.5-0.8 14.0t3.7 15.0t5.5 115t1.6
12 15.7+4.4 7.6£1.3 16.0t3.6 17.2t4.7 13.7t2.5
14 19.2+4.7 55+2.2 17.2t4.4 18.0t4.5 16.2t3.4
16 21.5+5.0 3.0£0.0 Died 20.5:5.5 19.0t3.9
a Data represent mean values SE of the measurements of 2bearing mice on days 4, 5, 6, and 7 after tumor inoculation
perpendicular diameters in 5 mice/group d Anti-ASGM1 antibody, anti-CD4 MADb, or anti-CD8 MAb (500 mg/
b MBL-2 (2 x 106) cells were inoculated intradermally into the mouse) was injected intraperitoneally into tumor-bearing mice on
abdominal skin of C57BL/6 mice days 0 and 1 before in vivo IL-12 administration

¢ |L-12 at 2000 U/mouse was injected intraperitoneally into tumor-
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Application of IL-12 to antitumor gene therapy Fig. 4A—-C Systemic antitumor activity of IL-12 against both trans-

plantable and primary tumoré& BALB/c mice or B C57BL/6 mice

. . re inoculated with 2106 A Meth A fibrosarcoma cells oB B16
A20 B-lymphoma cells genetically engineered to secre lanoma cells. After the tumor mass had become palpable, IL-12 at

IL-12 were shown to lose their tumorigenicity and inducgooo U/mouse kack circleg or saline White circleg was injected
tumor-specific antitumor immunity in vivo (Fig. 5A, B). intraperitoneally daily for 4 daysC c-Hatas transgeneic mice were

Mitomycin C-treated tumor cells transfected with the IL—lZea:‘r?nd m‘rﬁ]r?eritonfa't'y th:.i M_’;‘hU atl_ rE"O ”:GIJ-LAltzl ?1;(;88 Sl;tgf MN‘; r
- . . - . . . | W WI I -

g_ene and injected mtrapentoneally_lnto mlce induced t%ega’weeclfforefweeeall(: At2n§gntr$soaﬂer Ml\?U treatmentc,’L;SIIethce)z

vivo IFN-y and IL-12AK cell production (Fig. 5C). More- mice were killed and the numbers of forestomach papillomas were

over, intradermal injection of IL-12 gene-carrying A2Qounted under stereoscopic microscopy. Average numbers of papillo-

cells into the skin of the left flank caused complet&as per mouse (7 mice/group) are indicated

regression of parental A20 cells injected into the right

flank of mice (Fig. 5D). These data suggest that tumor
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Fig. 5A—D Application of IL-12 to antitumor gene therapy.BALB/  activity (hatched barsand the cytotoxicity of NPSPLs against YAC-1

¢ mice were inoculated withxA0¢ A20 B-lymphoma cells transfected cells (solid barg were measured To investigate the possibility that
with both IL-12 p40 and p35 genes (IL-12-A20C1 ceback circle§ IL-12 transfectants could be used as a tumor vaccine, BALB/c mice
or with control A20 cells transfected with the IL-12 p40 geméhite were treated by intradermal injection ok2¥ parental A20 cells into
circles). B BALB/c mice that had rejected I1L-12-A20C1 cells werethe right-flank skin and were simultaneously treated by intradermal
rechallenged with parental A20 cellsléck circleg. As a control, A20 injection of 2106 IL-12-A20C1 cells in the left-flank skinklack
cells were injected intradermally into untreated BALB/c migehite circles). As a control, BALB/c mice were inoculated intradermally
circles). Thereafter, tumor growth was measur€BALB/c mice were with 2x106 A20 B lymphoma cells alonenfite circle9. The growth of
treated intraperitoneally with mitomycin C-treated parental A20 or ILparental A20 cells was monitored

12-A20C1 cells or with saline. At 1 day after treatment, serum {FN-
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cells transfected with IL-12 genes have potential as a tunfiég. 6 A C57BL/6 mice were injected intravenously withxBX*
vaccine in vivo. B16—-BL-6 cells mock-transfected with adenovirus vectidtogk),

6—BL-6 cells transfected with IL-12 gened {12), B16—BL-6
It \_/vas also dem‘?ns”ated that IL-12 g_ene therapy_félls transfected with the B7-1 gene using an adenovirus veBior (
effective for the inhibition of tumor metastasis. As shown i), or B16-BL-6 cells transfected with IL-12 genes and the B7-1 gene

Fig. 6A, mice injected with B16—BL-6 melanoma cellgIL-12+B7-1). At 3 weeks after tumor inoculation, the numbers of lung
transfected with IL-12 genes developed fewer lung metaﬁféaséiszs V\ﬁertta detfrr?lraai._?#?h—BBL%elme:%g&n;aaczelllsggﬁ)HOF)

o ; Rl —BL-6 cells transfected with the B7-1 ge -§ 2x104 cells
tases than those injected Wl_th parental B16—-BL-6 Ce! ere injected intravenously into C57BL/6 mice, which were then
The transfer of the B7-1 gene into tumors was also effectiy@ated with saline (BL6 and B7-12-6) or IL-12 at 1000 U/mouse
in inhibiting lung metastasis. Cotransfection of the B7-BL6+IL-12 and B7-12-6+IL-12) for 4 days. At 3 weeks after tumor
and IL-12 genes was most effective in inhibiting tumaonoculation, the mice were killed and the numbers of lung metastases
metastasis. Such synergistic therapeutic effects against I4f§§f calculated. All data represent mean valdeSE for 5 mice

metastasis were also observed after combination therapy
transfer into tumors (Fig. 6B). is how to overcome immunological suppression in the
tumor-bearing host [20] and induce tumor-specific immu-
nity, which inhibits tumor recurrence or metastasis. Con-
Discussion sistent with other reports [2, 12, 21], we have demonstrated
that IL-12 overcomes immunosuppression and induces
The present data show that IL-12 has significant antitumihmor-specific immunity in vivo. Although the detailed
effects in vivo against both transplantable and primafpechanisms underlying IL-12-induced antitumor activity
tumors. It is noteworthy that mice cured of tumors by ||_remain unclear, the activation of Thl-dominant immunity
12 treatment can reject rechallenge with the same tunt®t IL-12 appears to be important for the induction of
cells and acquire tumor-specific protective immunity. ~ tumor-specific cellular immunity. As shown in Fig. 1, IL-
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: TGF-f
MHC-unrestricted MHC-restricted

IL-10

Immuno-
suppression ?

IFN-y

Destruction *
A of tumor and A
‘irelease of [

tumor
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IFN-y EIEIENCIE
Emergency effector cells Tumor-specific immunity

Fig. 7 Possible mechanisms underlying IL-12-induced antitumor
activity in vivo



12 injection in vivo caused activation of IL-12AK cells, 4.
which consist of ASGMINK1.1+*CD3- NK cells and
ASGM1+CD3+*CD8+ T-cells. Both of these effector cells
produce large amounts of IFin response to IL-12 [9].
The evidence that in vivo treatment with anti-ASGM1
antibodies caused abrogation of IL-12-induced in vivo
antitumor activity strongly suggests that ASGMIIK or
ASGM1+ CD8 T-cells may play an essential role in the
generation of tumor-specific T-cell-mediated immunity in
vivo. It is hypothesized that IL-12-responding emergency-
effector cells, such as NK cells, ASGMID8+ T-cells, or
NKT-cells [5], may produce IFNrand destroy tumor cells.
The tumor antigen derived from the killed tumor may then

be processed by antigen-presenting cells and stimulate Tha.-

dominant immunity, which facilitates the generation of
tumor-specific CTLs (Fig. 7) [22, 23].

The overall goal of IL-12 therapy would be to reduce
primary tumor growth or tumor metastasis. For antigeni®.
tumors, IL-12 may show potent antitumor activity and
induce a tumor-specific response. However, for nonimmus-
nogenic or weakly immunogenic tumor cells, combination
therapy with tumor antigen peptide [18, 23] or costimula-
tory molecules [10] may be required. As shown in Figs. 5
and 6, IL-12 gene transfer into tumors induced tumoy-
specific protective immunity in vivo. Moreover, combina-
tion therapy consisting of the IL-12 gene and the B7-1 gene
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tumor-specific CTLs (data not shown). 13.

These results suggest that IL-12 is a promising cytokine
for antitumor cytokine and gene therapy. We are currently
trying to develop an efficient method to induce human
CTLs specific for autologous tumor cells using both the IL14.
12 and B7-1 genes.
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