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Differential Antitumor Effects of Administration of
Recombinant IL-18 or Recombinant IL-12 Are Mediated
Primarily by Fas-Fas Ligand- and Perforin-Induced Tumor
Apoptosis, Respectively

Wataru Hashimoto,* Tadashi Osaki>* Haruki Okamura, * Paul D. Robbins
Masashi Kurimoto,® Shigekazu Nagatal Michael T. Lotze,*" and Hideaki Tahara®"

Systemic administration of rIL-18 protein to mice significantly suppresses the growth of murine tumor cell lines. The antitumor
effect of IL-18 appears to be primarily mediated by asialo GMI" cells. Since IL-18 enhances Fas ligand (FasL) expression on NK
cell lines, the IL-18 antitumor effects could be mediated by FasL-induced cross-linking of Fas and subsequent tumor apoptosis. To
address this question, rIL-18 or rIL-12 was administered to animals bearing the CL8-1 melanoma inoculated intradermally into
wild type (wt), lymphoproliferation gene (Ipr) (Fas deficient), or generalized lymphoproliferative disease genglfl) (FasL deficient)
mice. Although rIL-12 treatment retained significant antitumor effects in gld and Ipr mice, those of rIL-18 administration were
completely abrogated ingld but not Ipr or wt mice. In vitro cytotoxicity was significantly enhanced against NK-sensitive YAC-1
cells and CL8-1 cells by rIL-18 administration to wt mice, but not to gld mice. Furthermore, rIL-18 administration augmented the
cytotoxicity of liver lymphocytes harvested from perforin-deficient mice, whereas rlL-12 administration did not. Consistent with
the role of this pathway, rIL-18 administration also up-regulates the expression of FasL mRNA in splenocytes. Lysis of CL8-1 cells
induced by anti-Fas agonistic Ab was enhanced about 1.4-fold by IFN; a cytokine that is induced by IL-18 in vitro and in vivo.
We conclude that the antitumor effect of IL-18 is exerted predominantly through a Fas-dependent pathway. The perforin pathway,
however, appears to be the predominant cytolytic pathway mediating IL-12 antitumor effects. The Journal of Immunology,1999,
163: 583-589.

as an IFN«y-inducing factor (IGIF) based on its ability to paired NK cell activity and reduced Th1 cell response after injec-
induce high level IFNy secretion by both NK and T cells (1, tion of P. acnesor Mycobacterium bovigre also noted in these

2). IL-18 mediates other important functions, including enhance-mice. In mice lacking both IL-18 and IL-12 production, markedly
ment of NK cell activity and stimulation of proliferation of acti- impaired NK activity and Th1l responses are noted. Thl response
vated T cells (1-5). Recent reports have suggested that IL-18 afould be reconstituted by IL-12 administration but not in IL-18-
fects the development of cellular immunity (Thl response)treated animals. In addition to these functions, IL-18 also enhances =
following Ag presentation (6). It also potentiates IL-12-driven Th1 expression of Fas ligand (Fadlon NK (8) and Th1 clones (9) in
development in BALB/c mice and, with IL-12, promotes IRN- mice and on myelomonocytic cells in humans (10).
production from Th1 cells in a synergistic fashion. Unlike IL-12, ~ We and others have shown that rlL-18 has significant antitumor &
IL-18 alone does not drive Thl development in BALB/c or effects in multiple murine tumor models (11, 12). In addition, we oo
C57BL/6 mice. Studies of IL-18-deficient mice support the notionhave also shown that IL-18 could be utilized as a cancer gene 3
that IL-18 does play an important supportive role in Thl develop-therapy, especially when combined with systemic administration
ment (7). IL-18-deficient mice have normal IL-12 induction but of IL-12 (13). Interestingly, the antitumor effects of systemic
markedly reduced IFN+ production following LPS stimulation rIL-18 administration were retained, although diminished, in

IFN-vy or IL-12 gene-disrupted animals and were completely ab-
Departments of *Surgery antMolecular Genetics and Biochemistry, University of rogated by administration of ant_l-aS|an GML1 Abs (12). T.hese re.-
Pittsburgh Cancer Institute, Pittsburgh, PA 1521Bivision of Host Defense, Insti- ~ SUlts suggested that rlL-18 antitumor effects were mediated pri-
;uFte_.fork .Aldve;rtlcted l\ljledicil_ bScienBc'es,hHngoI Eogeget of Mecci)iiine, Hyogo, Japan;?arily by asialo GMI cells in an IFNy-independent fashion.
e v, S "¢ Cytotonicity of NK cells against tumr appears to be mediated

by apoptosis induced by delivery of perforin/granzyme or Fas

H s of publication of this articl defraved i by th of cross-inking by FasL (14). IL-12 enhances the cytolytic activity of
€ COsts of publication o IS article were defrayed In part by the payment of pag - . . . . . .

charges. This article must therefore be hereby maddrtisemenin accordance eNK'hke cell_s p”manl_y by inducing EXPFESSIOH of perforin (1_51
with 18 U.S.C. Section 1734 solely to indicate this fact. 16). Thus, it was of interest to determine how NK cells mediate
1 This work was supported by Grant POI CA59371 (to M.T.L., P.D.R., and H.T.) and IL-18-induced antitumor effects. We hypothesized that IL-18 an-

by a Career Development Award of the American Society of Clinical Oncology (to titumor effects were mediated by Fas-FasL-induced apoptosis of
H.T.).

2 Current address: Department of Medicine 1ll, Osaka University Medical School,
Osaka, Japan.

I nterleukin-18 is an IL-1-like cytokine that was first identified subsequent t@ropionibacterium acnegriming. Significantly im-
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tumor cells since IL-18 has been reported to enhance FasL exprebturine FasL expression in splenocytes by RT-PCR

sion on NK cell lines (8). We examined the IL-_18-med|at.ed anti- \jice were treated with Lug of IL-18 for 2 days; after being sacrificed, the
tumor effects on growth of subcutaneous tumor in generalized lymsplenocytes were harvested. Total cellular RNA was extracted from whole
phoproliferative disease gene (gld) (FasL-deficient), lymphoproMNCs using RNAzolIB (Tel-Test, Friendswood, TX). Four micrograms of
liferation gene Ipr) (Fas-deficient), and perforin gene-disrupted total RNA was reverse transcribed using an RNase H-reverse transcriptase
animals in vivo and in vitro. We demonstrate here that the antitu{SUPerscript; Life Technologies). Two hundred nanograms of RNA-equiv-

ff f letel . . h alent cDNA was used as a template for PCR. Amplification for FasL and
mor effects of riL-18 are completely absentgfd mice whereas B-actin was performed 22 cycles consisting of 94°C for 1 min for dena-

IL-12 antitumor activity is retained in botgld andlpr mice. In  turing, 57°C for 1 min for annealing, and 74°C for 1 min for extension. The
addition, rIL-18 stimulates the cytolytic activity of lymphocytes sequences of primers for FasL (19) aBehctin are as follows: FasL,'5
from wt mice, but notgld mice. These results demonstrate that €TA CCA CCG CCA TCA CAA C-3 and 3-CCT CTT CTC CTC CAT
AG CAC-3'; B-actin, 5'-TTCTACAATGAGCTGCGTGTG-3and 5'-

Fas-mediatt_ad tumor apoptosis plays a critical role in the antitumoEACTGTGTTGGCATAGAGGTC_3,_ Amplified products were electro-
effects mediated by rIL-18 but not that of rlL-12. Thus, the major phoresed on a 1.8% agarose gel and visualized with ethidium bromide

role of IL-18 is to modulate innate effector immune mechanismsstaining.

that subsequently enhance the induction of the specific adaptiVegects of an anti-Fas agonistic Ab on CL8-1 cell death

antitumor immune response. ) ) )
To determine whether the Fas Ag expressed on CL8-1 cells is functional,

ial h 1 X 10° CL8-1 cells were seeded in 12-well plates and incubated for 30 h
Mate”a s and Met ods at 37°C with an agonistic Ab (Jo2; PharMingenpd/ml) against the Fas
Recombinant cytokines Ag with or without IFN-y (50 ng/ml). The percentage of dead cells was

determined by fl ter aft idium iodide (PI) staining.
Murine rIL-18 was kindly supplied by Hayashibara Biochemical Labora- etermined by flow cytometer after propidium iodide (P1) staining

tories (Okayama, Japan). Murine rIL-12 was a gift from Genetics InstituteStatistical evaluation

(Cambridge, MA). Murine rIFNy was purchased from PharMingen (San o . . . .
Diego, CA). Nonparametric Wilcoxon test was used in the statistical analysis of the size

of tumor. Student’$ test accompanied with test was used in the statistical
Tumor cell lines and animals analysis of the in vitro cytotoxicity assay. The difference was considered
statistically significant when thp value was less than 0.05.
CL8-1 is a murine melanoma cell line derived from C57BL/6 mice and was
generously provided by Dr. Gorelik (University of Pittsburgh, Pittsburgh, Results
PA). This cell line was maintained as described previously (17) and wag vivo antitumor effects of rlL-18 are abrogated in FasL-
demonstrated to be free of mycoplasma contamination periodically. W”ddeficient Id mice
type (wt) C57BL/6 mice were purchased from Taconic Farms (German- 9

town, NY). Thegld (FasL-deficient)lpr (Fas-deficient), perforin-/—,and  We have previously reported that administration of rIL-18 signif-
scid/scidC57BL/6 mouse strains were purchased from The Jackson Lab'cantly suppresses the growth of CL8-1 murine melanoma cells.

oratory (Bar Harbor, ME). These animals were maintained in the animal tiv. IL-18 has b h t h FasL .
facility at the Center for Biotechnology and Bioengineering, University of ecently, 1L- as been shown (o enhance FasL expression on
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Pittsburgh, and were used for experiments when they were 7 to 10 wk oldNK cells (8). To examine the role of Fas-FasL-mediated apoptosis fi
) ) in this model, 1X 10° CL8-1 cells were inoculated i.d. on day 0 9
Animal experiments in C57BL/6 wt, Ipr, or gld mice, and 1ug of rlL-18 was injected %
All the animals were randomized and ear tagged before the experimentsp. daily for 7 days from day 0. Although riL-18 administration =
Experiments were performed in a blinded fashion. CL8-1 cell (10°) significantly suppressed the growth of CL8-1 cells in C57BL/6 wt &
were inoculated intradermally (i.d.) in the flank of mice on day O in groups and lpr mice (W/HBSS vs wt/IL-18, on day 15 through day 30 2
of five animals. Mice received once daily i.p. injections of rIL-18, rIL-12, . ' "9
or HBSS (Life Technologies, Grand Island, NY) on days 0 to 7. Tumor sizeP < 0.05,!pr/HBSS vslpr/IL-18, on day 6 thro“gh day 2 < %
was measured every 2 to 4 days, and the tumor volume was calculat€®05), antitumor effects of riL-18 were absentgid mice (gld/ Q
using the formula 0.5¢ A X B? (A=largest diameter; Bsmallest diam- ~ HBSS vsgld/IL-18, on day 21p = 0.36; wt/IL-18 vsgld/IL-18, g
eter). Each experiment was confirmed in at least one other experiment, ansh day 9 through day 3@ < 0.05) (Fig. 1). In contrast, 1L-12 8‘
the results of a representative experiment are shown. administration greatly suppressed the growth of CL8-1 cells even o
Preparation of mononuclear cells in gld mice (gld/HBSS vgld/IL-12, on day 9 through day 3@,< S
0.05; wt/IL-12 vsgld/IL-12, on day 30p = 0.77) (Fig. B). These [

Under deep ether anesthesia, mice were euthanized by exsanguinati -
through the subclavian artery and vein. In addition to blood, the liver and?gsuns strongly suggest that the antitumor effects of riL-18, but not

spleen were harvested. The spleen was pressed through sterile gauze dHe-12, administration are primarily mediated by the Fas-FasL
washed, and the cell pellet was treated with RBC lysis solution (0.83%pathway.

NH,CI) and rinsed twice. Hepatic mononuclear cells (MNCs) were pre- o . o .

pared essentially as described by Goossens et al. (18). In brief, the liver wadministration of rlL-18 enhances the in vitro cytotoxicity of
passed through stainless steel mesh, and MNCs were rinsed twice and wesplenic and hepatic MNCs of wt mice, but notgtd mice

resuspended in 32% Percoll containing 100 U/ml heparin. Following cen- . . . .
trifugation at 2000 rpm for 10 min at room temperature, the pellet was | O €xamine whether the Fas-FasL pathway is responsible for the in

resuspended in RBC lysis solution and then rinsed twice in 5% FCS-HBSSvitro cytotoxic activity induced by in vivo administration of riL-
. 18, we examined the cytotoxicity of splenic and hepatic MNCs
Cytotoxicity assay harvested from C57BL/6 wt angld mice after rIL-18 administra-
YAC-1 (lymphoma cells of A/S [H-2a] origin), CL8-1, and L5178Y (T cell tion against YAC-1 (NK-sensitive) and CL8-1 target cells. The
lymphoma derived from DBA/2 mice [H-2d]) were used as target cells.r||_-18 administration greatly augmented the in vitro cytotoxic ac-
Target cells were propagated in culture, labeled with 2@®Na2¢*Cr)0, tivities of splenic (Wt/HBSS vs wt/IL-18 < 0.05 (all points)) and

for 60 min at 37°C in RPMI 1640 medium containing 10% FCS, washed . .
three times with medium, and placed in cytotoxicity assays. Labeled targetd®Patic (W/HBSS vs wt/IL-18p < 0.01 (all points)) MNCs

(10%well) were incubated in a total volume of 2p@with effector cellsin ~ against YAC-1 cells in wt, but the augmentation was significantly
10% FCS RPMI 1640 in 96-well round bottom microtiter plates. The platesreduced ingld mice (wt/IL-18 vsgld/IL-18, p < 0.05 (all points)
were centrifuged before incubation, and, after 4h of incubation, the superi, poth splenic and hepatic MNCs) (Fig. 2A). Similar results were

natant was harvested and measured in a gamma counter. The cytotoxici .
was calculated as the percentage of releasable counts after subtraction@?mlf'ed when CL8-1 cells were used as target cells (F&g. On

spontaneous. The spontaneous release was less than 15% of the maximtfi@ other hand, riL-12 administration augments the in vitro cyto-
release. toxicity of splenic and hepatic MNCs against YAC-1 and CL8-1
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FIGURE 1. In vivo antitumor effects of IL-18 were abrogated in FasL-deficigidtmice. Groups of five animals were inoculated i.d. witix110° of

murine melanoma CL8-1 cells on day 0 in C57BL/6 \pt, (Fas-deficient), andld (FasL-deficient) miceA, Mice received daily i.p. injections of either

HBSS or 1ug of IL-18 for 7 days from day 0. Tumor size was measured every 2 to 4 days, and the tumor volume was calculated using the foxmula 0.5

A X B? (A=largest diameter; Bsmallest diameter). Bars represent mearSD. There is statistical significancp € 0.05) as follows: wt/HBSS vs
wt/IL-18 (on day 15 through day 30lpr/HBSS vslpr/IL-18 (on day 6 through day 21), argld/IL-18 vs wt/IL-18 (on day 9 through day 30). There is
no statistically significant difference between wt/HBSS §mHBSS (on day 3 through day 2p,> 0.07) or wt/HBSS andjld/HBSS (on day 3 through
day 21,p > 0.05).B, Mice received daily i.p. injections of either HBSS or 0.8 of IL-12 for 7 days from day 0. Tumor size was measured every 2

to 4 days, and the tumor volume was calculated using the formulx @\5< B? (A=largest diameter; Bsmallest diameter). Bars represent meagD.

There is statistical significance  0.05) as follows: wt/HBSS vs wt/IL-12 (on day 22 through day 3p)HBSS vslpr/IL-12 (on day 22 through day
30), andgld/HBSS vsgld/IL-12 (on day 19 through day 30). There is no statistically significant difference between wt/HBI@Sr/&RISS (on day 3

through day 30p > 0.098), wt/IL-12 andld/IL-12 (on day 3 through day 3@,> 0.53), or wt/HBSS andld/HBSS (on day 3 through day 30> 0.05).

A

FIGURE 2. The cytotoxicity of the splenic
and hepatic MNCs by IL-18 administration was
significantly reduced in FasL-deficiegkd mice.
C57BL/6 wt andgld mice were injected with
HBSS or 1ug of rIL-18 on day—2 and day—1,
and the splenic and hepatic MNCs were har-
vested from the mice. Harvested cells were

tested for their ability to lyse YAC-1and CL8-1 B

targets. MNCs from two mice per treatment
group were assayed at the indicated E:T ratios.
Bars represent meat SD. P numbers were in-
dicated when a statistically significant difference
was observed at all the points tested in the group.
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cells in both wt (Wt/HBSS vs wt/IL-12p < 0.05 (all points) in ~ wt/IL-18 vs PKO/IL-18,p < 0.05 (all points)) (Fig. 4). These
both splenic and hepatic MNCs) agtt mice (gld//HBSS vgld/ results suggest that in vitro cytotoxicity augmented by rlL-12, but
IL-12, p < 0.01 (all points) in splenic MNCs ang < 0.05 (all  not rIL-18, is mediated almost totally by the perforin pathway.
points) in hepatic MNCs) (Fig. & andB). Furthermore, rlL-12
administration augmented the cytotoxic activity of hepatic MNCs
against Fas-negative target cells (L5178Y), whereas rIL-18 admin

FasL mRNA expression of NK cells in murine splenocytes is
enhanced following rIL-18 administration

istration did not (data not shown). To determine whether IL-18 up-regulates FasL expression in
. ) . o splenocytes, mRNA was analyzed by RT-PCR. Splenocytes were
Administration of rlL-18 but not rIL-12 to perforin-deficient harvested from C57BL/6 wt mice &CID/SCIDmice (SCID) fol-

mice significantly enhances the in vitro cytotoxicity of hepatic lowing administration of Jug of riL-18 inoculation for two days

MNCs without further cell separation. FasL gene expression could not be
IL-12 enhances the cytotoxicity of NK cells (20), NKIT cells  detected in splenocytes of wt mice following rIL-18 administration
(15, 16, 21, 22), and CD8CTL (23). Recently, it has been re- by RT-PCR perhaps because of the limited sensitivity of our
ported that the induction of perforin synthesis and subsequent renethod. To examine IL-18-induced up-regulation of FasL expres-
lease may be responsible for the IL-12-induced cytotoxic activitysion specifically in NK cells avoiding the influence of B and T
of NK1* T cells (15, 16). To examine the role of perforin-medi- cells in bulk splenocyte preparation, splenocytes were harvested
ated cytotoxicity, we tested the in vitro cytotoxicity of hepatic from SCID mice who have a relatively higher proportion of NK
MNCs against YAC-1 target cells following rlL-12 or rIL-18 ad- cells in the spleen (24). As shown in Fig. 5, the expression of FasL
ministration in C57BL/6 wt or perforin-deficient mice. Although mRNA in SCID mouse splenocytes was augmented by riL-18,
the enhancement of cytotoxic activity induced by rlL-12 adminis- suggesting that IL-18 induces up-regulation of FasL expression on
tration to wt mice (Wt/HBSS vs wt/IL-12p < 0.05 (all points))  NK cells.

was completely absent in perforin-deficient mice (PKO/HBSS vs . L .

PKO/IL-12, p > 0.05 (all points): Wt/IL-12 vs PKO/IL-12p < Antl-F_as ggonlstl_c Ab _mduces enhanced death of CL8-1 cells
0.05 (all points)), that induced by rIL-18 administration (Wt/HBSS following incubation with IFNy

vs wt/IL-18, p < 0.01 (all points)) was still detectable but signif- To determine whether the Fas Ag expressed on CL8-1 cells is
icantly reduced (PKO/HBSS vs PKO/IL-18,< 0.05 (all points);  functional, the anti-Fas agonistic Ab (Jo2) was incubated with
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CL8-1 cells in vitro, and the intensity of Pl staining was measuredof target cells could be augmented by incubation with H7N-
to examine the extent of Fas-induced cell death. Treatment witlwhich can be induced by IL-18 (Fig. 6).
the anti-Fas Ab indeed induced death of CL8-1 cells, confirming Since IL-18 is known to share several biological functions with
that CL8-1 tumor cells are susceptible to Fas-mediated events (Figl-12, including the induction of IFNy production and enhance-
6 A andB). Interestingly, this Fas-mediated cytotoxicity of CL8-1 ment of NK-like lytic activity, we contrasted the antitumor mech-
cells was up-regulated by incubation with IFNFig. 6,CandD).  anism mediated by rIL-12 with that of rIL-18. We showed here
This was also confirmed by staining with the anti-Fas Ab, thatthat rlL-12 administration greatly suppressed the in vivo growth of
IFN-v stimulation could up-regulate Fas expression on CL8-1 cellscL8-1 cells, even imgld mice in which rIL-18 virtually had no
(Fig. 6E). These results demonstrated that Fas-mediated cytoto¥ntitumor effects (Fig. 1B). In addition, cytolytic assay revealed
icity could be significantly enhanced through up-regulation of Fasthat riL-12 administration failed to enhance the in vitro cytotox-
expression on target cells by IFN-which in turn is induced by jcity of hepatic MNCs harvested from perforin-deficient mice (Fig.
IL-18 stimulation. 3). These results indicate that IL-12 antitumor effects are mainly
mediated through perforin pathways, consistent with other recent
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Discussion reports that suggest that the induction of perforin may be necessaryg

We have demonstrated here that the in vivo antitumor effects ofor the IL-12-enhanced cytolytic activity of lymphocytes (15, 16).
rIL-18 administration are completely absent in FasL-deficigddt In contrast with IL-12, our results indicate that the antitumor
mice, but not in Fas-deficiempr mice. The in vitro NK-like ac-  effects of IL-18 are mediated primarily through the Fas-FasL path-
tivity against YAC-1 and CL8-1 target cells was remarkably sup-way. Although both our in vitro and in vivo results consistently
pressed irgld mice as well (Fig. 2). To evaluate the role of per- reveal the importance of the Fas-FasL pathway in IL-18 antitumor
forin pathways in the IL-18-induced antitumor effects, we effects, the role of perforin in rIL-18-mediated effects differs when
evaluated the cytolytic activity in perforin gene-disrupted mice.evaluated in vitro and in vivo. Although the in vivo studies using
Although IL-12-induced cytotoxicity was completely abrogated in gld mice suggest a minor involvement of perforin-mediated killing
this perforin-deficient system, IL-18- induced cytotoxicity signif- in IL-18 antitumor effects, cytotoxicity was significantly reduced
icantly remained (Fig. 4). Furthermore, RT-PCR analysis revealedh assays using lymphoid cells harvested from perforin gene-dis-
that rIL-18 administration up-regulated FasL expression on spleni¢upted mice. This is consistent with recent reports noting perforin-
NK cells (Fig. 5). We also demonstrated that Fas-mediated killingdependent cytotoxicity of liver NK1 T cells, which was aug-
mented in vitro by IL-18 administration (25). We believe that these
findings may be due to IFN-effects in vivo on target cells induced
by IL-18 administration but were not observed in short-term in
vitro cytotoxic assays. As previously reported in other tumor lines
(26, 27), IFN+ treatment augmented agonistic anti-Fas Ab-in-
duced death of CL8-1 cells in our studies (Fig. 6). rlL-18 admin-
_ FaSL istration induces Fas-mediated apoptosis both by up-regulating
FasL expression on NK cells and IFiNenhanced Fas suscepti-
m B-actin bility of target cells. There are other possible explanations for this
o ) difference between the in vivo and in vitro results. Conventional
FIGURE 5. Enhanced FasL mRNA expression in murine splenocytesCTLS may also participate in Fas-mediated apoptosis in vivo. The

following rlL-18 administration. Mice were treated with HBSS opd of P . . .
IL-18 for 2 days, and the splenocytes were harvested. Total cellular RNAIn vitro cytotoxic assay used in our studies is dependent on the NK

was extracted from whole MNCs. Two hundred nanograms of RNA-equiv-aCt'VIty of 'Ympho'd Ce_”s but is not _d_ue to CTL activity. Ou_r
alent cDNA was used as a template for PCR. Showngazetin (22 PCR ~ fecent studies evaluating gene-modified tumor cells to deliver
cycles) and FasL (22 PCR cycles) mRNA levels in splenocytes from ondL-18 demonstrated that CDO8T cells are involved in IL-18 an-

representative experiment repeated three times. titumor effects in animals bearing established tumor (13). Thus, it

HBSS
HBSS
IL-18
IL-18
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FIGURE 6. Death of CL8-1 cells was induced by
the agonistic anti-Fas Ab (Jo2) and further enhanced
by incubation with IFNy. CL8-1 cells (1x 10°) were
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seeded in 12-well plates and treated with an agonistic
Ab (Jo2, 1ug/ml) against the Fas Ag with and without
IFN-vy incubation (50 ng/ml). After Ab incubation for
30 h at 37°C, the percentage of dead cells was deter-
mined by flow cytometry after Pl staining,, Isotype
control (Hamster 1gG) stimulation;B) anti-Fas Ab
(Jo2, 1ug/ml) stimulation; C) isotype control (ham-
ster 1I9G) and IFNy (50 ng/ml) incubation; @) anti-

Fas Ab (Jo2, Jug/ml) and IFN< (50 ng/ml) incuba-
tion; (E) CL8-1 cells were stained with PE-conjugated
control hamster 1gG (open histogram). CL8-1 cells

@

>
>

Cell Number

propidium iodide (P1) s

propidium iodide (Pl)

O

were stained with PE-conjugated control hamster IgG
after incubation with IFNy (50 ng/ml) for 30 h
(hatched histogram)F, Expression of Fas Ag on E
CL8-1 cells. CL8-1 cells were stained with PE-conju-

gated anti-Fas Ab (open histogram). CL8-1 cells were
stained with PE-conjugated anti-Fas Ab after incuba- A
tion with IFN-y (50 ng/ml) for 30 h (hatched
histogram).

Cell Number

Log PE intensity

A
2
E
3
P-4
T 80.7%
(8]
propidium iodide (PI) propidium iodide (PI)
Isotype control anti-Fas (Jo2)
Ly 2
—— CL8- A CLE-1
&
E / CLE-1+
CLB-1+
1FN-y (50ng/m!) 3 k.~ IFN-y (S0ng/ml)
3
o

Log PE intensity

is conceivable that a subset of T cells, possibly sensitive to aﬂtiACknowledgments
asialo GM1 Ab treatment, may be responsible for the dlﬁ‘erencewe thank Dr. Quan Cai for generously providing the primer for murine

observed in vitro and in vivo.

FasL. We thank Drs. Toru Kitagawa, Yasuhiko Nishioka, Muneo Nu-

quieaa o 1senb Ag /610" jounwiw 1" mma//:dny wody papeojumoq

Q

The antitumor effect associated with administration of riL-18, nasaki, Takuya Takayama, Motohiro Hirao, Fumiaki Tanaka, Hideho &
but not riL-12, is mediated by triggering Fas-dependent tumor apookada, Kazumasa Hiroishi, Hiromune Shimamura, Andrea Gambotto, and N
ptosis. The experiments performed here were primarily designed tbevent Balkir for their valuable assistance and suggestions. We are also

study the role of rIL-18 in innate, but not adaptive, immune ef- grateful to Ms. Loraine R. McKenzie and Susan F. Schoonover for their

fector mechanisms. Although IL-18 does not directly drive Thi excellent technical assistance.

development in contrast with IL-12 (6), our previous results (12)

suggest that rIL-18 could indeed promote Th1 activity. Following References

rIlL-18 administration and subsequent tumor cell apoptosis, en-

1. Okamura, H., K. Nagata, T. Komatsu, T. Tanimoto, Y. Nukata, F. Tanabe,

hanced Ag presentation to dendritic cells may increase and Pro- k. Akita, K. Torigoe, T. Okura, S. Fukuda, and M. Kurimoto. 1995. A novel
mote CTL generation. Apoptotic tumor cell death serves as source costimulatory factor fory interferon induction found in the livers of mice causes

of Ag reported to be efficiently acquired by dendritic cells to pro-

mote class I-mediated CTL induction (28).

Some of the rIL-18 antitumor effects appear to be mediated by

endotoxic shocklinfect. Immun. 63:3966.

2. Okamura, H., H. tsutsui, T. Komatsu, M. Yutsudo, A. Hakura, T. Tanimoto,
K. Torigoe, T. Okura, Y. Nukada, K. Hattori, et al. 1995. Cloning of a new
cytokine that induces IFN-production by T cellsNature 378:88.

3. Kohno, K., J. Kataoka, T. Ohtsuki, Y. Suemoto, I. Okamoto, M. Usui, M. Ikeda,

nommmunOIOg'C mechanisms, 'ndUd'ng antiangiogenesis. COUgh' ‘ and M. Kurimoto. 1997. IFNy-inducing factor (IGIF) is a costimulatory factor

lin et al. have recently shown that the antitumor effects of IL-18
expressed locally with IL-12 are mainly mediated by the antian-

giogenic effects of chemokines induced by IFN29). Detailed

studies on this issue are currently in progress in our laboratory
using both rIL-18 administration and IL-18 gene therapy. To date,

on the activation of Thl but not Th2 cells and exerts its effect independently of
IL-12. J. Immunol. 158:1541.

4. Matsui, K., T. Yoshimoto, H. Tsutsui, Y. Hyodo, N. Hayashi, K. Hiroishi,

N. Kawada, H. Okamura, K. Nakanishi, and K. Higashino. 19®pionibac-
terium acnegreatment diminishes CD4NK1.1" T cells but induces type 1 T
cells in the liver by induction of IL-12 and IL-18 production from Kupffer cells.
J. Immunol. 159:97.

our results are consistent with the observation that IL-18 has an-. Ushio, S., M. Namba, T. Okura, K. Hattori, Y. Nukada, K. Akita, F. Tanabe,

titumor effects mediated by distinct mechanism when compared

with that of IL-12 administration.

K. Konishi, M. Micallef, M. Fuijii, et al. 1996. Cloning of the cDNA for human
IFN-vy-inducing factor, expression ischerichia coli, and studies on the biolog-
ical activities of the proteinJ. Immunol. 156:4274.


http://www.jimmunol.org/

The Journal of Immunology

6.

10.

11.

12.

13.

14.
15.

16.

17.

. Dao, T., K. Ohashi, T. Kayano, M. Kurimoto, and H. Okamura. 1996. 4~N-

Robinson, D., K. Shibuya, A. Mui, F. Zonin, E. Murphy, T. Sana, S. B. Hartley, 18.

S. Menon, R. Kastelein, F. Bazzan, and A. O’'Garra. 1997. IGIF does not drive
Th1 development but synergizes with IL-12 for interferpproduction and ac-
tivates IRAK and NF«B. Immunity 7:571.

. Takeda, K., H. Tsutsui, T. Yoshimoto, O. Adachi, N. Yoshida, T. Kishimoto,

H. Okamura, K.Nakanishi, and S. Akira. 1998. Defective NK cell activity and
Th1 response in IL-18-deficient micknmunity 8:383.

. Tsutsui, H., K. Nakanishi, K. Matsui, K. Higashino, H. Okamura, Y. Miyazaki,

and K. Kaneda. 1996. IFN-inducing factor up-regulates Fas ligand-mediated
cytotoxic activity of murine natural killer cell cloned. Immunol. 157:3967.

inducing factor, a novel cytokine, enhances Fas ligand-mediated cytotoxicity of
murine T helper 1 cellsCell. Immunol. 173:230.

Ohtsuki, T., M. J. Micallef, K. Kohno, T. Tanimoto, M. Ikeda, and M. Kurimoto.
1997. Interleukin 18 enhances Fas ligand expression and induces apoptosis Iin
Fas-expressing human myelomonocytic KG-1 célisticancer Res. 17:3253.
Micallef, M. J., K. Yoshida, S. Kawai, T. Hanaya, K. Kohno, S. Arai,
T. Tanimoto, K. Torigoe, M. Fujii, M. Ikeda, and M. Kurimoto. 1997. In vivo
antitumor effects of murine interferopinducing factor/interleukin-18 in mice
bearing syngeneic Meth A sarcoma malignant asci@esicer Immunol. Immu-
nother. 43:361.

Osaki, T., J. M. Peron, Q. Cai, H. Okamura, P. D. Robbins, M. Kurimoto,
M. T. Lotze, and H. Tahara. 1998. IFiinducing factor/IL-18 administration
mediates IFNy- and IL-12-independent antitumor effecisimmunol. 160:1742.
Osaki, T., W. Hashimoto, A. Gambotto, H. Okamura, P. D. Robbins, M. Kurimoto,
M. T. Lotze, and H. Tahara. 1999. Potent anti-tumor effects mediated by local ex#
pression of the mature form of the interfergrinducing factor, interleukin-18 (IL-

23

18). Gene Ther. In press. 6.

Nagata, S. 1997. Apoptosis by death fac@ell 88:355.

Kawamura, T., K. Takeda, S. K. Mendiratta, H. Kawamura, L. V. Kaer,
H. Yagita, T. Abo, and K. Okumura. 1998. Critical role of NKL.T cells in
IL-12-induced immune responses in vivb.Immunol. 160:16.

Cui, J., S. Tashiro, T. Kawano, H. Sato, E. Kondo, I. Youra, Y. Kaneko,

H. Koseki, M. Kanno, and M. Taniguchi. 1998. Requirement for Val4 NKT cells 28.

in IL-12-mediated rejection of tumorScience 278:1623.

Suzuki, T., H. Tahara, S. Narula, K. W. Moore, P. D. Robbins, and M. T. Lotze. 29.

1995. Viral interleukin 10 (IL-10), the human herpes virus 4 cellular IL-10 ho-
mologue, induces local anergy to allogeneic and syngeneic tuthdexp. Med.
182:477.

19.

20.

21.

24,

27.

589

Goossens, P. L., H. Jouin, G. Marchai, and G. Milon. 1990. Isolation and flow
cytometric analysis of the free lymphomyeloid cells present in murine liver.
J. Immunol. Methods 132:137.

Tanaka, M., T. Suda, K. Haze, N. Nakamura, K. Sato, F. Kimura, K. Motoyoshi,
M. Mizuki, S. Tagawa, S. Ohga, K. Hatake, A. H. Drummond, and S. Nagata.
1996. Fas ligand in human seruidat. Med. 2:317.

Kobayashi, M., L. Fitz, M. Ryan, R. M. Hewick, S. C. Clark, S. Chan, R. Loudon,
F. Sherman, B. Perussia, and G. Trinchieri. 1989. Identification and purification
of natural killer cell stimulatory factor (NKSF), a cytokine with multiple biologic
effects on human lymphocyted. Exp. Med. 170:827.

Hashimoto, W., K. Takeda, R. Anzai, K. Ogasawara, H. Sakihara, K. Sugiura,
S. Seki, and K. Kumagai. 1995. Cytotoxic NK1.1 AgB T cells with interme-
diate TCR induced in the liver of mice by IL-13. Immunol. 154:4333.

22. Takeda, K., S. Seki, K. Ogasawara, R. Anzai, W. Hashimoto, K. Sugiura,

M. Takahashi, M. Satoh, and K. Kumagai. 1996. Liver NK1@D4" o T cells
activated by IL-12 as a major effect in inhibition of experimental tumor metas-
tasesJ. Immunol. 156:3366.

. Gately, M. K., B. B. Desai, A. G. Wolitzky, P. M. Quinn, C. M. Dwyer,

F. J. Podlaski, P. C. Familletti, F. Sinigaglia, R. Chizzonite, U. Gubler, and
A. S. Stern. 1991. Regulation of human lymphocyte proliferation by a het-
erodimeric cytokine, IL-12 (cytotoxic lymphocyte maturation factdr)Immu-

nol. 147:874.

Bosma, G. C., R. P. Custer, and M. Bosma. 1983. A severe combined immuno-
deficiency mutation in the mousBlature 301:527.

25. Dao, T., W. Z. Mehal, and N. Crispe. 1998. IL-18 augments perforin-dependent

cytotoxicity of liver NK-T cells.J. Immunol. 161:2217.

Yonehara, S., A. Ishii, and M. Yonehara. 1989. A cell-killing monoclonal anti-
body (anti-Fas) to a cell surface antigen co-downregulated with the receptor of
tumor necrosis factod. Exp. Med. 169:1747.

Itoh, N., S. Yonehara, A. Ishii, M. Yonehara, S. Mizushima, M. Sameshima,
A. Hase, Y. Seto, and S. Nagata. 1991. The polypeptide encoded by the cDNA
for human cell surface antigen Fas can mediate apopt©sit.66:233.

Albert, M. L., B. Sauter, and N. Bhardwaj. 1998. Dendritic cells acquire antigen
from apoptotic cells and induce class I-restricted CThature 392:86.

Coughlin, C. M., K. E. Salhany, M. Wysocka, E. Aruga, H. Kurzawa,
A. E. Chang, C. A. Hunter, J. C. Fox, G. Trinchieri, and W. M. F. Lee. 1998.
Interleukin-12 and interleukin-18 synergistically induce murine tumor regression
which involves inhibition of angiogenesid. Clin. Invest. 101:1441.

T20Z ‘g Jequisda uo 1s9nb Aq /Bio’ jounwiwi[-mmm//:dny wodj papeojumod


http://www.jimmunol.org/

