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ABSTRACT Ref. 9). Although the mechanism of the antitumor effect has not been
fully explained, we have shown that this antitumor effect is com-

We hypothesized that antitumor-specific immunity, which is induced pletely abrogated by depletion of asialo GM-1-positive cells, most

by interleukin (IL) 18 treatment in murine tumor models, is promoted by

enhancing natural killer (NK)-mediated destruction of tumor and delivery IlkeRly NKtcet”Z.(g)'. ludi ina IL-18-deficient mi t
to dendritic cells (DCs). These activated and antigen-pulsed DCs then ecent studies, Including oné using IL.-1o-deficient mice, suppor

critically and optimally induce an adoptive immune response, positioning th€ notion that IL-18 plays an important role in the development of
IL-18 as an important bridge between the innate and adoptive immune Cellular immunity (Th1 response) following antigen presentation (10,
response. The effect of IL-18 added to cultures of live tumor cells 11). We have reported that mice treated with i.t. injection of
(MCA205, a mouse sarcoma cell line), NK cells, DCs, and T cells was Ad.PTH.IL-18 rejected a subsequent rechallenge with tumor cell,
assessed. When recombinant (r) mIL-18 protein was added to this culture, suggesting induction of effective tumor immunity with this treatment
potent NK cytolytic activity with subsequent generation of CTLs was (9). In the present study, we analyzed the role of NK cells stimulated
observed in a dose-dependent manner. Without introduction of either \yith 1.-18 in CTL induction against tumor cells in an vitro system
rmiL-18 or NK cells into this culture, systemic cytolytic activity was . ngisting of live tumor cells, NK cells, DCs, and T cells with or
significantly decreased. Following the absence of direct contact of either without rmIL-18. Thisin vitro analysis system suggests that NK cells

NK cells or DCs with other cells in this cooperative coculture system using timulated by 1L-18 pl ianifi t role in inducing t ifi
transwell, the systemic cytolytic activity of both NK cells and CTLs was stimulated by IL-1c play a significant role in inducing tumor-specific

greatly suppressed. The cytolysis mediated by effector cells harvested Immunity through activation and antigen-loading DCs, which are the
after completion of the culture was primarily restricted to MHC class |~ Primary antigen-presenting cells eliciting an effective adoptive im-
and highly specific for the tumor cells used in the coculture. Furthermore, Mmune response (12, 13).

we examined the efficiency in the induction of cytolytic T cells of other
established IFN+y inducing T-cell growth factors, IL-2, and IL-12 in this
culture system and compared them with that mediated by IL-18. Neither
IL-2 nor IL-12 induced tumor-specific cytolytic T cells to the same degree
as that mediated by IL-18. Efficacy of this system in induction of tumor-
specific CTLs was also observed in the system using MC38 adenocarci-
noma cells. These results are consistent with the notion that IL-18 induces
tumor-specific immunity through enhancing NK activity, which in turn
mediates tumor cell death and activates and primes DCs.

MATERIALS AND METHODS

Recombinant Cytokines. Murine rIL-18 was supplied by Hayashibara
Biochemical Laboratories (Okayama, Japan). Murine rlL-4 and murine GM-
CSF were generously provided by Dr. Satwant Narula (Schering-Plough Re-
search Institute, Kenilworth, NJ). rhiL-2 and rmIL-12 were kindly provided by
Chiron Corp. (Emeryville, CA) and Genetics Institute (Cambridge, MA),
respectively.

Tumor Cell Lines and Animals. MCA205, a methylcholanthrene-induced
murine fibrosarcoma cell line, and MC38, a murine colon adenocarcinoma,
were generous gifts from Dr. S. A. Rosenberg (National Cancer Institute,
Bethesda, MD). The D122 highly metastatic variant of 3LL tumor cells was

. . . L . - ~ kindly provided by L. Eisenbach (Weizmann Institute of Science, Rehovot,
mice with fulminant hepaitis induced by the administratiorub Israel). YAC-1 was a generous gift of W. Chambers (University of Pittsburgh,

pionibacterium acnesand lipopolysaccharide (1). ”,"18 StIrT“JlateSPittsburgh, PA). These cell lines were maintained in RPMI 1640 supplemented
NK cells, T cells, B cells, and cells of the monocyte lineage to EXPreRRn 10% heat-inactivated fetal bovine serum, 2 rglutamine, 100 mg/ml

IFN-v at high levels (1, 2). Furthermore, IL-18 plays an important rolgyeptimycin, 100 1U/ml penicillin, and 5< 10° M 2-ME (all from Life

in T-cell proliferation (1), CTL activation (3), and enhancement ofechnologies, Inc., Grand Island, NY), referred to henceforth as CM. Primary
NK cell activity primarily through Fas-FasL mechanism (2, 4—6)cultures of syngeneic fibroblasts were obtained from the lungs of C57BL/6
Systemic administration of rIL-18 is associated with significant mice (14). Wild-type C57BL/6 mice were purchased from Taconic Farms
vivo antitumor effects that seem to be primarily mediated by enhancégermantown, NY). Thescid/scidC57BL/6 mice were purchased from The
NK activity (7, 8). We also have reported that established tumorackson Laboratory (Bar Harbor, MA). These animals were maintained in the

could be successfully treated by i.t. injection of recombinant aden?ﬁimal facility at the Center for Biotechnology and Bioengineering, University

viral vectors expressing biologically active mIL-18 (Ad.PTH.IL-18;Of Pittsburgh, anq were used for experiments Wh.en they were 7_1.2 weeks of
‘age. All of the animals were ear-tagged, randomized before experiments, and

: treated and examined in a blinded fashion.
Received 1/4/00; accepted 7/5/00. Cell Preparation. Bone marrow-derived DCs cultured with GM-CSF and

The costs of publication of this article were defrayed in part by the payment of page : - .
charges. This article must therefore be hereby magdrtisemenin accordance with #-afor 6 days and hepatic MNCs and were prepared as described previously,

18 U.S.C. Section 1734 solely to indicate this fact. respectively (14, 15).
1 Supported by NIH Grant PO1-CA59371 (to M. T. L., P. D. R, and H. T.), a Career Flow Cytometry. For phenotypic analysis, DCs were stained with PE- or

Development Award from the American Society of Clinical Oncology (to H. T.), and The| TC-conjugated mAbs against murine cell surface molecules (CD11c, CD8O0,

Uehara Memorial Foundation (Tokyo, Japan) Postdoctoral Research Fellowship (to F. _ R _ ; ; .
2To whom requests for reprints should be addressed, at Department of Surgery gnk?j86’ Gr-1, H-2Kb, I-Ab, and appropriate isotype controls; all were from

Bioengineering, The Institute of Medical Science, The University of Tokyo, 4-6-PharMingen, San Diego, CA). Lymphoid cells harvested from lymph nodes
Shirokanedai, Minato-ku, Tokyo, 108-8639, Japan. Phone: 81-3-5449-5345; Fax: 8M&re stained with CD4 and CD8. They were examined with the FACScan
5449-5444; E-mail: tahara@ims.u-tokyo.ac.jp. (Becton Dickinson, Sunnyvale, CA).

3 The abbreviations used are: IL, interleukin; NK, natural killer; DC, dendritic cell; i.t., : . - :
intratumoral; CM, complete medium; MNC, mononuclear cell; CCS, cooperative cocul- Cytokine Release or CTLs Assayin Vitro. To examine the role of NK

ture system; GM-CSF, granulocyte machrophage-colony-stimulating factor: r, recomBflls in CTL inductionin vitro, splenocytes from C57BL/6 SCID mice (NK-
nant; mAb, monoclonal antibody. rich cells) were dissociated in CM to yield a single-cell suspension. The
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to-cell contact. Forty h after the culture, 0.4 ml of supernatant was collected for
ELISA analysis for IFNy (PharMingen). The lower detection limit of these
assays was 15 pg/ml. For cytotoxic assay, cells were cultured for 4 days and
collected and tested for cytotoxic activity. Viable lymphoid cells were counted
using trypan blue-exclusion method and used as effector cells for the standard
4-h®ICr release assay against target cells. In brief cills of each target were
labeled with 10QuCi of Na,>'CrQ, for 1 h, rinsed twice, and plated with target
cells at an appropriate E:T ratio in 96-well round-bottomed plates. The super-
natant (10Qul) was collected after a 4-h incubation, and the radioactivity was
- IL18(250 ng/m1)+IL2(25 IU/ml) counted with in gamma counter. The percent-specific lysis was calculated
g 1L2(25 IU/ml) using the following formula: % specific lysiss 100 X (experimental re-
lease — spontaneous release)/(maximal releasespontaneous release). In
some experimentS$'Cr release assay was performed with G0of blocking
antibodies against H-2K(HB41/B896) and H-2K (HB159) to examine class
i I restriction in cell killing [both HB41/B896 and HB159 were kindly provided

Culture Duration (hrs)
SN
@e]

96

1 1 1
0 1(5) - ZQ R ,30 40 by E. Gorelik (University of Pittsburgh Cancer Institute, Pittsburgh, PA)].
pecific Cytotoxicity (%) Cell Sorting. After preincubation with antimouse CD32/16 (2.4G2) mAb,
E:T ratio = 20 liver MNCs were stained with FITC-conjugated antimouse €Q15-2C11)

Fig. 1. IL-18 stimulates NK cytolytic activity against MCA205 cells. Cells mainlyand ‘phycoerythrin-cqnjugated antimouse NK1.1 (PK136). All mAb; yvere
consisting of NK cells (splenocytes from SCID mice) were cultured with or without 25@0tained from PharMingen. For sorting, a FACS Vantage (Becton Dickinson
ng/ml rIL-18 in the presence of 25 IU/ml IL-2. The cytolytic activity was assessed again€o., San Jose, CA) was used. In experiments to evaluate CTL induction, sorted
MCA205 cells at an E:T ratio of 20. Data represent the mea8D of cytotoxicity. NK cells or NKT cells in this way were used in place of splenocytes harvested

from SCID mice as described above.

) ) Statistical Evaluation. Statistical analysis was performed using a repeated
percentage of NK cells was determined using mAb (41-50%). After erythrgiaasure ANOVA method when comparing the vivo tumor growth and

cyte lysis, cells of 4x 10°%/ml were plated into 24-well plates. Inguinal lymph ¢\ o¢oxic activity in an individual group. The unpaired two-tailed Student’s

nodes, abdominal wall lymph nodes, and axial lymph nodes of naive C57Bly \as used to compare cytokine expression. Differences were considered
mice were collected and suspended in CM. These cells>sf10%well were significant when theé® was <0.05.

added to NK cells. The percentage of T cells was determined using antimouse

CD8 and antimouse CD4 mAbs (31-40% and 37-51%, respectively). DayrsyLTS

DCs and tumor cells were resuspended and platad1®®/well and 2x 10Y

well, respectively. On day 4, the number of tumor cells reached 10°. IL-18 Promotes NK Cell Killing, IFN- y Expression, and Induc-
rhiL-2 was added to the culture medium at a very low final concentration of 2ln of a Potent and Specific CTL Responsén Vitro. To analyze
IU/ml. The rmIL18 was added at graded doses of 0-250 ng/ml in a finghe NK cell activity enhanced with IL-18, the NK cell population was
volume of 2.4 ml/well. In some experiments, NK cells were cultured Witr&u“ured with or without IL-18 in the presence of 25 1U/ml rIL-2. As

rlL-18 (250 ng/ml) and rIL-2 (25 IU/ml) for 4 days to analyze the cytolytic P . . .
activity against MCA205 cells. In some experiments, MCA205 cells werfséhOWn in Fig. 1, the cytolytic activity against MCA205 cells were

treated with UV at 1.52 mW/cAfor 30 min and added at 2 10%ml (0.5 ml) induced 24 h after culture in the presgnce Of riL-18 and gradually
immediately after treatment. Forty-eight h after UV treatment, 73% of tH&duced aﬁerward. On day 4, the cytolytic activity of the effector cells
MCA205 cells were confirmed to be apoptotic by Annexin V expression. |ﬁulturecll W'th IL-18 was the same as FhPse Wl.thOUt IL-18. These
some experiments, either NK cells or DCs were plated in a well using aid.4- results indicate that the NK cytolytic activity against MCA205 cells
pore size transwell (Corning Coster, Cambridge, MA) to prevent direct celivas rapidly enhanced following stimulation with IL-18.
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Fig. 2. IL-18 enhances NK cytolytic activity and { n Y 4
eliminates tumor cells in aim vitro coculture sys- "% D - ¥

tem. Cocultures consist of tumor cells, NK cells,
DCs, and T cells with various doses of rmIL-18. On

day 3 of coculture, cells were examined and pho—IL' 18 250 ﬂg/ml 50 ng/ml 10 ng/ml
tographed microscopically. rmiL-18 [250 ng/ml

(A), 50 ng/ml (B), 10 ng/ml (C), and 0 ng/ml (D)] D E

was added to culture mediarrowsindicate viable

tumor cells.E, growth of MCA205 cells alone on

day 3 using the same number of cells of the cocul- 2 g > = -
ture. The original magnification was200 of each \ f o r ; g "
sample. / . S -

v s f ‘-. 5 Twet F g
— il

° / ' o . }. : X4

0 ng/ml MCA205

4839

Downloaded from cancerres.aacrjournals.org on March 24, 2019. © 2000 American Association for Cancer
Research.


http://cancerres.aacrjournals.org/

RAPID CTL INDUCTION USING IL-18

Fig. 3. Presence of DCs in tissue culture does P o 3%
not affect IL-18-induced NK activity. To examine L
which factors (rmIL-18, NK cells, DCs, or T cells)
are essential for generation of significant NK ac- h ',
tivity, effector cells were cocultured under various e ¥ ]
conditions:A, I1L-18, NK cells, DCs, and T cell8, "N
NK cells, DCs, and T cells, (no IL-18), IL-18,
DCs, and T cells (no NK cellsp, IL-18, NK cells,
and DCs (no T cells); an#, IL-18, NK cells, and
T cells (no DCs). On day 3 of coculture, culture

2?Qﬁéﬂ‘%ELZWfﬁfﬁ?Eﬂﬁ‘iiité"”v‘?aﬁl"iﬁﬂé‘i’Eiﬁs.”“ IL-18 + - + + +
Original magnification,x200.
. NK + + - + +
T + + + - +
DC + + + + -
To investigate the role of NK cells in the induction of CTLs by
IL-18, we analyzed cytotoxic activity in a coculture system containing ( A)
NK cells, T cells, bone marrow-derived DCs (cultured with GM-CSF MCAZ205 YAC-1
and IL-4 for 6 days), and tumor cells. As shown in Figs. 2 and 3’@80 - -
tumor cell death was enhanced by the addition of rmIL-18 in a~
q > rmIL-18 dose
ose-dependent manner only when both NK cells and IL-18 weres
included. Thus, the immediate cytotoxic effect seems to be mediate 60- —O— 250 ng
by NK cells stimulated with rmIL-18, consistent with the results & —0— 50 ng
shown in Fig. 1, and was not significantly affected by the presence o§40' —— 10 ng
T cells or DCs (Figs. 2 and 3). o —<— ()
The cytotoxicity of CTLs induced in culture containing live ;—’20.
MCA205 cells and all of the individual immune cell components with g
IL-18 was similar to that obtained from the cultures containing UV- 2 0 L |
treated _MCA205 cells and the immune _C(_all components other tha_n NK 4 8 16 32 4 8 16 32
cells with rmIL-18. The cytolytic activity was generated against E:T Ratio
MCAZ205 cells, but not against YAC-1 cells (data not shown). Ex-
pression of IFNy in the culture was enhanced by rmiL-18 in a (,]_3\) MCA205 YAC-1

dose-dependent manner (4380 68 pg/ml, 3880+ 115 pg/ml, S o
2972+ 312 pg/ml, and 109% 287 pg/ml in the presence of rmIL-18 ~— [L-18 (250 ng/mb)
at 250 ng/ml, 50 ng/ml, 10 ng/ml and 0, respectively). Although the Z 80y —0— 112000 pgmp| ]
potent CTL activity against MCA205 was induced in this culture .S —— TL-12 (100 pg/m))
system by rmIL-18 in a dose-dependent fashion, no cytolytic activity % 60 —0— 1L-12 (10 pgm) -
was observed against NK-sensitive YAC-1 cells (Fid\).4These e —V— IL-2 (1000 IU/ml)
findings suggest that IL-18 enhances NK cytolytic activity, promotes =, 40 ,
tumor cell destruction, and stimulates IFNaroduction in the culture 3 %
system used. = 201 ! i
IL-18 Induces Tumor-specific Cytolytic T Cells in this Cocul- g *
ture More at a Greater Extent than Other IL-2 or IL-12. To (% 0 & % g%%
compare the efficiency of IL-18 with other known T-cell growth ; ! ' * i '
factors (IL-2 and IL-12) in inducing cytolytic T cell; vitro, we 459 18 36E:T Ra?i.(’)s 9 18 36

tested the same culture systems but with IL-2 (1000 IU/ml), IL-12
(1000 pg/ml, 100 pg/ml, or 10 pg/ml), or IL-18 (250 ng/ml). The Fig. 4. NK cell killing and subsequent induction of tumor-specific CTL is aug-

. . . - ented by IL-18 at a significant extent when compared with IL-2 or ILilZitro.
cytolytic activity of CTLs generated with IL-18 was the highes , cytotoxic activity of effector cells fronin vitro stimulation of cocultures of live

against MCA205 tumor when compared with that induced by IL-2 atimor cells, NK cells, DCs, and T cells with various doses of rmIL-18, as shown in

IL-12. The cytolytic activity of CTLs generated with IL-2 was Sig-Fig' 2.0n day 4 of coculture, effector cells were coIIectled and cyto_lytic activity was
sessed against MCA205 cells and YAC-1 cells at various E:T ratios. Data represent

. . ) ?a
nificantly enhanced against YAC‘l cells but only marg_lnall_y a_g_am%fe meant SD of cytotoxicity. There is a statistically significant difference between
the MCA205 tumor. Use of high-dose IL-12 resulted in significard group of 250 ng of IL-18 doseersusthat of 10 ng/ml and 0 ng/ml groups,

; : i ; espectively (P< 0.01). B, the cytolytic activity against MCA205 cells or YAC-1
elevation of cytolytlc activity against MCA205 cells. The level O]i:ells was examined using effector cells obtained from the coculture with either IL-2

cytolytic activity was substantially inferior to that induced by IL-181000 1u/ml), IL-12 (1000 pg/ml, 100 pg/ml, or 10 pg/ml), or IL-18 (250 ng/ml). Data
(Fig. 4B). These results suggest that neither IL-2 nor IL-12 inducgspresent the meah SD of cytotoxicity. Cytolytic activities of effector cells induced

™ . . . . . with IL-18 specifically against MCA205 and IL-2 nonspecifically against YAC-1 are
tumor-specific cytolytic T cells as efﬂmently as IL-18 does in thl%ignificantly higher than those with other cytokines & 0.05 andP < 0.01,
coculture system under these conditions. respectively). **,P < 0.01; *, P < 0.05.
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effector cells was significantly enhanced only against MCA205 cells
MCA205 but not against any other cell line® (< 0.01 for all). When the
—_——ee effector cells were incubated with anti-MHC class | antibody, the
cytolytic activity generated was significantly inhibited (FigB)6
These results strongly suggest that cytolytic activity of the effector
cells is MCA205 specific and the recognition of the target cells by the
effector cells is restricted MHC class | manner in this system.
NK Cells, but not NKT Cells, Play the Major Role in Induction

of CTL Activity in This Coculture System. To analyze the contri-
bution of NK cells and NKT cells in this coculture system for
generating CTLs, sorted NK cells and NKT cells were used. Using
sorted NK cells, the cytolytic activity was greatly enhanced compared

' with that with NKT cells (Fig. 7). This suggests that NK cells, but not
4 8 16 3.2 NKT cells, play the central and important role for induction of CTLs

E:T ratio in this coculture system.
(B) ucC Potent and Specific CTLs Can Be Induced in the System Using

30 o - Another Tumor Cell Line, MC38 Adenocarcinoma Cells. To an-

ANK | alyze the efficiency of this coculture system using another cell line,
aDC we tested MC38 murine adenocarcinoma cells in this coculture sys-
20- tem. As shown in Fig. 8A and B, the cytolytic activity of CTLs
obtained in this coculture was observed against MC38 cells, but not
NK-sensitive YAC-1 cells. This cytolytic activity was enhanced by
10- l rmlL-18 in a dose-dependent manner. Furthermore, IL-12 or IL-2
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Specific Cytotoxicity (%)
—

MCA205
YAC-1
D122
EL-4
Fibroblast

5 10 20 40 (A)
E:T Ratio

Fig. 5. Specific immunity is induced by this coculture system only when all compo-
nents (NK cells, DCs, T cells, and IL-18) were present without a restriction of direct
contact among the cell components, the cytotoxic activity of effector cells was
examined from cocultures containing various components, including live tumor cells, NK
cells, DCs, T cells, and IL-18. On day 4 of coculture, effector cells were collected and
cytolytic activity was assessed against MCA205 cells at various E:T ratios. Data represent
the mean+ SD of cytotoxicity. There is a statistically significant difference between the
group that contained all components (@rsusall others lacking an individual element
(**, P < 0.01 for all).B, effector cells were obtained from coculture separating either NK
cells or DCs using a transwell system as described in “Materials and Methods.” On day
4 of coculture, effector cells were collected and cytolytic activity was assessed against
MCA205 cells and YAC-1 cells at various E:T ratid$C, upper chamber separated cells.
Data represent the mean SD of cytotoxicity. There is a statistically significant differ-
ence between the group with no separation and a group with either NK cells or DCs

separated (**P < 0.01). 4,5 9 1‘8 3I6
(B) E:T Ratio
40

40

PEre

30

20-

L

Specific Cytotoxicity (%)

Specific Immunity Is Induced Only When All Components (NK
Cells, DCs, T Cells, and IL-18) Are Present without a Restriction
of Direct Contact among Other Cell Components in this Cocul-
ture System. To examine the role of each individual cell type and
cytokine in this culture system to generate potent CTLs, we examined
the activity of CTLs induced in the culture system lacking an indi-
vidual component. Significant CTL activity was induce® € 0.01
for all others) against MCA205 cells only when all factors were
included in the system (Fig. 5A). The cytolytic activity was not
generated against YAC-1 cells (data not shown). Furthermore, the
cytolytic activity was abrogated when either NK cells or DCs were
separated using the transwell system, which allowed only the ex- 0 . . : ,
change of soluble factors (Fig.Bb. These data indicate that the 5 10 20 40
MCA205-specific CTLs were induced only when all factors (NK E: T Ratio

cells, DCs, T cells, and IL-18) were present in the absence of barrier_. ) - . . ) o
. . . Fig. 6. Fine specificity of 4-day effector cells is obtained, and the cytolytic activity is
and in direct contact with each other. MHC class | restricted in this CC%, cytolytic activity was assessed against MCA205
Cytotoxic Activity Is Specific for MCA205 and MHC Class | cells, D122 cells, EL-4 cells, and YAC-1 cells at various E:T ratios. Data represent the
: ; mean = SD of cytotoxicity. There is a statistically significant difference between
fOHOWIng COCUItur_e_ Qf NK Cells, DCs, and T Cells V\_”th l_L_lB' To MCA205 and oth()e/: targeté/ (R 0.01 for all). B, effg/ctorgcells were collected from
analyze the specificity of effector cells generated in this system, th®uiture on day 4, and the cytolytic activity was assessed against MCA205 cells in the

cytolytic activity of effector cells was analyzed against four differerfresence of anti-H2Kantibody or anti-H2K antibody, or without antibody at various E:T

. . . ratios. Data represent the meanSD of cytotoxicity. There is a statistically significant
syngeneic cell lines (MCA205, D122, EL-4, and fibroblasts) an fference between the group following anti-H2keatment and that of the nontreatment

YAC-1 as a NK-sensitive cell line (Fig.A). Cytotoxicity of the group or anti-H2K treatment group (*P < 0.05).
4841
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against MCA205 fibrosarcoma cells was augmented by the presence

§ MCA205 YAC-1 of IL-18 in a dose-dependent manner (Fig. 4A). As shown in Fig. 1,
B2 60- _ - NK cells after coculture of 96 h exhibited marginal cytolytic activity
) o against tumor cells involved in the coculture. Thus, the effector cells
= 501 ) —— NK that showed cytolytic effect against tumor cells after coculture were
% 40 : —=— NKT considered to be CTL effectors. Similar findings were also observed
b~ 30 ET . when MC38 adenocarcinoma cells were used in the system (Fig. 8A).
@) These findings, indeed, suggest that tumor cell destruction by NK
é 20 . cells is an important initiating event for inducing tumor-specific
'S 101 | CTLs.
g .\./'/._ T To investigate the role of the individual components involved in
wn (- ‘ ' . . - ‘/?\i\‘ this system for generating MCA205-specific CTLs, we examined a
35 7 14 28 35 7 14 28 CCS lacking individual components. As shown in Fig. &+E,
E:T Ratio MCAZ205 cells were completely killed only when both rmIL-18 and

Fig. 7. NK cells, not NKT cells, play an important role in generating CTLs in this cocultureNK cells were present during culture. Presence of DCs in culture did
system. T cells were cocultured with either NK cells or NKT cells with tumor cells and DA30t alter the extent of MCA205 death and relevant lymphocyte pro-

in the presence of IL-18. After 4 days of coculture, effector cells were collected and specliferation. However, the most potent and specific cytolytic activity

cytotoxicity was assessed against MCA205 cells and YAC-1 cells at various E:T ratios. )@}% ; i
represent the meah SD of cytotoxicity. There is a statistically significant difference between s observed Only when the culture contained all components, In

cocultures containing NK cells and those containing NKT cells P*< 0.01). cluding IL-18, NK cells, DCs, and T cells. When any of the factors
were missing in the culture, the cytolytic activity was significantly
reduced (P< 0.01 for all; Fig. 5A). To analyze the role of the direct

failed to generate CTLs in this coculture at the level achieved wittontact of NK cells with tumor cells, we performed the CCS using

IL-18. These results support that this approach can be effective ftanswells, separating NK cells and their targets. As shown in [Bg. 5

inducing potent CTLs against weakly immunogenic tumors. Only

modest cytolytic activity was induced for the B16 melanoma (data not

shown). (A) MC38 Y_AC'_l
_ B IL.-18 (ng/ml)
DISCUSSION ® —o— 250
Attempts to develop T-cell culture systems with outgrowth of *E‘ 80 - 50
specific T cells to tumor have been carried out for 20 years since the g 60 w2 | —0— 10
first identification of T-cell growth factor, now called IL-2 (16). 3 A 0
Problems related to these attempts initially ascribed to contamination 2 40 y
with mitogens or lack of nominal T-cell effectors (17) subsequently & |
turned to those associated with use of concentrations of IL-2 that were g 20 i
sufficient to maintain nonspecific T cells with lymphokine-activated ) 0 A —
killer cell-like activity (18). Although the addition of IL-4 (19), IL-7 35 7 14 28 35 7 14 28
(20), IL-10 (21), or IL-12 (22) to cultures could either decrease E:T Ratio

lymphokine-activated killer cell-like activity or increase expansion,
simple strategies did not allow rapid selection of specific T cells, and(B)
many groups turned to use of complex feeder systems, purposeful use MC38 YAC-1
of mitogens, or early cloning strategies. Here, we explored the use of - -
DCs coupled with activated NK and néive T cells in conjunction with
IL-18 to derive specific effector cells to tumor. This was developed
based on the observation of potent and specific tumor responses
induced by i.t. injection of adenoviral vector-expressing 1L-18.

We have previously reported that i.t. injection of adenovirus vector-

—O— IL18, 250 ng/ml
1 —— 1112, 1000 pg/ml
—&— 112, 1000 IU/m}
—/x— control

Specific cytotoxicity (%)
=
<

expressing IL-18 induces specific immunity but depletion of asialo 40- |

GM1-positive cells, primarily NK cells, which substantially abrogate 20- A

the IL-18-mediated antitumor effects. Considering these findings, we BH/EE/EB/EE
hypothesized that tumor-specific immunity could be efficiently pro- 0- i . ‘ A S

moted by first inducing tumor cell destruction by NK cells stimulated 35 7 14 28 35 7 14 28
with IL-18. To examine the role of IL-18 in inducing specific immu- E:T Ratio

nity, we used am vitro CCS Contamlng_ V'ab'? tumor cells, NK cells, Fig. 8. Tumor-specific cytolytic activity is generated against another murine tumor
DCs, and T cells as well as cytokines, including IL-18, IL-2, or IL-12(MC38 adenocarcinoma) in an IL-18 dose-dependent manner at a greater degree than IL-2
The results of this CCS suggest that IL-18 enhances NK activit&f IL-12. A, cells were cocultured for 4 days. When MC38 adenocarcinoma cells were

. . . . . iolved in this coculture system with various doses of IL-18, the cytolytic activity was
inducing death of viable tumor cells that in turn seem to be acquirgghessed against MC38 and YAC-1 cells at various E-T ratios. Data represent the

and processed by DCs to promote CTL generation from néive T celiman= SD of cytotoxicity. There is a statistically significant difference between the

; ; _ oup using 250 ng of IL-18ersusthose of the 50, 10, and 0 ng/ml groups (< 0.01).
As shown in Flgs' 1-3, tumor cells were deStroyed by NK Cel%r, the cytolytic activity of effector against MC38 cells or YAC-1 cells was examined

activated with IL-18, and tumor-specific CTLs were induced as alding effector cells obtained from the coculture cells consisting of MC38 cells, NK cells,
apparent consequence. This NK-mediated destruction of tumor célfés. T cells, and 25 1U/ml IL-2 with either IL-2 (1000 |U/ml), IL-12 (1000 pg/), IL-18

h d by th fIL-18 i d d dent Ié250 ng/ml), or no extra cytokine. Data represent the me&D of cytotoxicity. Cytolytic
Wa.S enhance y thé presence o - ina (_Jse' ?Pe“ ent manfiekies of effector cells induced with IL-18 against MC38 is significantly higher than
(Fig. 2, A-E). As a result, the specific cytolytic activity of CTLsthose with other cytokines (R 0.01).
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the cytolytic activity was greatly reduced when direct contact wasmor-specific immunity. Furthermore, such T cells might be useful to
inhibited between NK cells and other cells components. These restiesused in the clinic for adoptive immunotherapy and the research for
would indicate that the presence of NK cells play an important role identification of novel tumor associated antigens.
inducing specific immunity against tumor cells.
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