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Abstract Interleukin (IL)-18 is a novel cytokine that induces interferon (IFN)-
v secretion and plays an important role in anti-tumor immunity. In the pres-
ent study, we constructed plasmid vectors encoding the murine mature-IL-18
cDNA linked with the Igk leader sequence and the pro-IL-18 cDNA in order to
estimate the efficacy of the mature-IL-18 vector and to evaluate IL-18-producing
tumor cells as a tumor vaccine. Colon 26 cells were transfected with the above
mentioned vectors or with vector alone (mock). The ability of the culture super-
natants of mature-IL-18 transfectants to induce IFN-+y secretion was extreme-
ly high in comparison to that of pro-IL-18 transfectants. When injected into syn-
geneic BALB/c mice, the growth of mature-IL-18 transfectants, but not pro-IL-
18 transfectants, was significantly less than that in mock transfected cells (p
<0.01, by ANOVA and analysis of covariance). Depletion of natural killer cells
did not affect the growth of transfectants. The growth inhibitory effects were
partially abrogated following treatment with anti-CD4+ and anti-CD8+ antibodies.
These data suggest that the rejection of mature-IL-18/colon 26 cells was mediated
through T cell activation. Gene therapy using mature-IL-18 transfectants con-
taining a plasmid vector and the Igk leader sequence may be a useful tumor
vaccine.
into the mature active form by caspase-1,

Introduction

Interleukin (IL)-18 is a novel cytokine
identified as interferon-y inducing factor
(IGIF)." Recent studies have shown that
IL-18 stimulates T-cell proliferation, aug-
ments natural killer (NK) cell lytic activity,
and induces interferon-g (IFN-v ) production
in type 1 T-helper (Thl) cells.* ” Thus, lo-
cal IL-18 production is likely to increase an-
titumor activity of host immune cells via al-
tered IFN-v levels. IL-18, like IL-1, lacks
a typical leader sequence.® IL-18 is processed

whichis an IL-1 8 converting enzyme (ICE).?
Because of the difficulty in engineering
secreted active IL-18, there have been few
studies of gene therapy using IL-18.'?

In the present study, we constructed plas-
mid encoding the murine mature- or pro-IL-
18 ¢cDNA, and then estimated the efficacy
of mature-IL-18-producing tumor cells as a
tumor vaccine. This is the first study to
examine the efficacy of the Ig«k leader se-
quence to stimulate secretion of active
IL-18 by cells transfected with plasmid vec-
tors and the possible use of mature-IL-
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18-producing tumor cells as cancer vaccines.

Expression of IL-18 mRNA in transfectants

Six of 7 clones expressing pro-IL-18 mRNA
and 7 of 8 clones expressing mature-IL-18
mRNA  were selected for bioassay.
Endogenous-IL-18 mRNA was not detected
in either colon 26 cells transfected with vec-
tor alone (mock 1 and 2) or in untransfected
colon 26 cells.

Bioassay for IL-18 produced from transfec-
tants

The levels of IFN-v induction by the cul-
ture supernatants were between 4 to 18 pg/
ml in the pro-IL-18 transfectants (10° cells/
24 hr), between 40 and 140 pg/ml in the
mature-IL-18 transfectants , and as 2 to 4
pg/ml in parent cell and vector-alone trans-
fectants (Fig. 1). We selected mature 2 (IFN-
low-inducing clone; 40 pg/ml), mature 6 (IFN-
v high-inducing clone; 140 pg/ml), and pro
2 (pro-IL-18/colon 26; 10 pg/ml) for further
examination.

Inhibition of tumor growth in vivo
The tumorigenicities of pro 2, mature 2,
mature 6, and mock 1 cultures were examined

by subcutaneous injections into BALB/c mice
in 3 independent experiments. The mean tu-
mor volumes of both the mature 2 and ma-
ture 6 clones were significantly reduced (n=
10), whereas mock 1 grew progressively un-
til the animals died (n=10). The mean tu-
mor volumes of both the mature 2 and ma-
ture 6 clones were also significantly reduced
compared with pro 2 (Fig. 2).
Rechallenge with parental cell (colon 26) and
Meth-A

Forty days after the disappearance of the
initial mature-IL-18/colon 26 implants, 7
immunized mice were injected with 2 x 10°
parental colon 26 cells in the lower left ab-
dominal flank. Seven non-immunized mice
were injected in the same manner as con-
trol. In all immunized mice, tumors were
rejected, whereas in non-immunized mice
tumors grew progressively until the animals
died.

Depletion test

There was no difference in tumor growth
between the NK-depleted group (n=10) and
the control group (n=10). Tumors in mice
treated either with anti-CD4+ (n=10) or
anti-CD8+ (n=10) antibodies grew rapidly
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Fig. 1 Induction of IFN-+y secretion by culture supernatants from tumor cells. The levels
of IFN-vy induction in the pro-IL-18 transfectants were between 4 and 18 pg/
ml, while those levels in the mature-IL-18 transfectants were between 40 and
140 pg/ml, and those levels in parent cells and mock showed levels as low

levels as 2 to 4 pg/ml.
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Fig. 2 Tumorigenicity of each pro 2, mature 2, mature 6, and mock 1 clone was ex-
amined by subcutaneous injection into BALB/c mice. Mean tumor volumes of
both mature 2 and mature 6 clones were significantly smaller (n=10), while clone
mock 1 grew progressively until it caused the death of the animals (n=10) (p
<0.01). Tumor volumes are mean * SE.

when compared with those in mice treated
with HBSS (control) (p<0.01).

Histology at the site of tumor cell injection

Immunohistochemical analysis of tumor im-
plantation sites in BALB/c mice 14 days af-
ter subcutaneous injection of Mature-6 trans-
fectant cells revealed a sparse infiltration
of CD4+ T cells and a dense infiltration
of CD8+ T cells in the tumor.

Expression of MHC class |, MHC class II,
B7.1, and B7.2 on tumor cells

All cells expressed MHC class I, but, MHC
class II, B7.1, and B7.2 were not detected
on any cells. There was no difference be-
tween transfectants and parental cells.

DISCUSSION

IL-18, whichis related structurally to IL-13,
is first synthesized as a leaderless precur-
sor, and it requires ICE for cleavage into
an active molecule. For gene therapy, a
conventional signal sequence is necessary
for extracellular secretion of mature-IL-18.
In fact, our preliminary study demonstrated
that pro-IL-18 cDNA transfectants of Meth-A

cells which are highly immunogenic tumor
cells, were completely rejected in all mice,
while pro-IL-18 ¢cDNA transfectants of co-
lon 26 cells (pro 2), which are weakly im-
munogenic tumor cells failed to show such
antitumor effects. We therefore constructed
a mature-IL-18 expression vector that con-
tains the Igk leader sequence, and trans-
fected it into colon 26 cells. Secretion of
bioactive IL-18 by mature-IL-18 transfectants
was significantly higher than that by pro-IL-
18 c¢cDNA transfectants. Furthermore, the
mature-IL-18 transfectants were rejected
more strongly than pro-IL-18 transfectants.

The levels of secretion of bioactive IL-18
should be important. It has been reported
that the dose of IL-18 administered corre-
lates well with the resulting level of serum
IFN-vy and the strength of its antitumor
activity.'” Therefore, for an effective gene
therapy it is essential to construct a vec-
tor that secretes high levels of bioactive
IL-18. Indeed, the abilities of our mature-
IL-18 transfectant to induce IFN-vy secre-
tion were well correlated with the rate of
the complete rejection. Osaki et al.'” con-
structed a adenoviral vector that contains



46 Kiyoshi Yoshimura

the mature-IL-18 sequence and the leader
sequence of the human parathyroid hormone
(PTH) gene. The transfectants in the study
induced secretion of about 40 pg/ml of
IFN-y . We constructed a clone using a
new vector that contains the Igk leader
sequence and induces secretion of large
amounts of IFN-vy (140 pg/ml). This
result suggests that the Igx leader se-
quence may be more suitable to induce
secretion of IFN-vy than that of PTH. Be-
cause a plasmid vector is easy and rel-
atively safely to handle, it is not neces-
sary to set up an anti-viral unit or to wor-
ry about toxic viral infection.

Different mechanisms have been
demonstrated in cells transfected with dif-
ferent cytokines. Transfectant with either
IFN-vy, IL-2, IL-6, IL-12, or IL-15 induces
primarily specific CTL activity,'*'* while
transfectant with either TNF-«, IL-4,
MIP-1a, or IL-8 induces non-specific
anti-tumor activity and granulocyte infiltra-
tion.'*' It is known that tumor rejection
induced by local secretion of cytokines is
mediated by a dual mechanism involving
specific and non-specific anti-tumor effec-
tors. With regard to the specific effects,
our results indicate that in vivo IL-18 stimu-
lates the sensitization of memory T lym-
phocytes, which is responsible for specif-
ic long-lasting antitumor protection. BALB/
¢ mice, which rejected IL-18/colon 26
cells, were protected against parental co-
lon 26 tumors, but not against Meth-A
tumors. There was no difference in tumor
growth between the NK-depleted group and
the control group. Tumors in mice treated
either with anti-CD4+ (n=10) or anti-CD8+
(n=10) antibodies grew rapidly when
compared with those in mice treated with
HBSS (control) (p<0.01). These results
suggest that the main effector cells are T
cells, but not NK cells. However, these
results are not consistent with results from
recombinant IL-18 i.v. studies and IL-18
gene therapy studies using MCA205.'*'V
Although the reason of the differences
was unclear, we thought that secreted
bioactive IL-18 at the tumor sites may in-
duce T cell mediated antitumor host
reactions. Our data also showed that IL-

18 transfectants induced successfully IFN-
v  production. Several studies have
demonstrated the efficacy of cancer vac-
cines using IFN-vy-producing tumor
cells.'*'® It is unknown that IL-18 gene
therapy is better than IFN-y gene ther-
apy. Since there is a variety of tumors,
it may be important to create a variety of
gene therapies. We therefore think that
IL-18 gene therapy may be one of the ef-
fective strategies for cancer therapy.

In conclusion, our study demonstrates that
a mature-IL-18 expression vector with the
Ig k leader sequence is useful for construc-
tion of clones that secrete a high amount
of bioactive IL-18 and that IL-18 secret-
ing tumor cells can elicit a specific an-
titumor immune response. Mature-IL-
18-secreting tumor cells may be useful as
vaccines for cancer therapy.
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