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A Distinct IL-18-Induced Pathway to Fully Activate NK T
Lymphocytes Independently from TCR Engagement

Maria C. Leite-de-Moraes,>* Agathe Hameg,” Anne Arnould,* Franc ois Machavoine,*
Yasuhiko Koezuka; Elke Schneider,* André Herbelin," and Michel Dy*

NK T lymphocytes are characterized by their ability to promptly generate IL-4 and IFN-y upon TCR engagement. Here, we
demonstrate that these cells can also be fully activated in the absence of TCR cross-linking in response to the proinflammatory
cytokine 1L-18 associated with IL-12. NK T cells stimulated with IL-18 plus IL-12 proliferated, killed Fas* target cells, and
produced high levels of IFN+y without IL-4. In these conditions, IFN-+ production was at least 10-fold higher than that upon TCR
cross-linking. Interestingly, a 2-h pretreatment with IL-12 plus IL-18 sufficed to maintain the high IFN-y-producing potential
during subsequent stimulation with anti-TCR mAbs or with the specific Ag a-galactosylceramide. Similar effects were observed
in vivo, because splenic CD4 NK T cells from MHC class lI-deficient mice secreted IFN-y without further stimulation when
removed 2 h after a single injection of IL-12 plus IL-18. In conclusion, our evidence for activation of NK T lymphocytes in response
to IL-18 plus IL-12 in the absence of TCR engagement together with the maintenance of preferential IFN-vs IL-4 production
upon subsequent exposure to specific Ags is consistent with the active participation of this cell population in innate as well as
acquired cellular immune responses. The Journal of Immunology,1999, 163: 5871-5876.
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and CD4" lymphocytes and is characterized by the ex- This evidence together with the restricted Ag recognition by NK T§
pression of the NK1.1 surface molecule and the usage otells due to the presentation by nonpolymorphic CD1 moleculess

an invariant \&14-J3281 chain preferentially associated with a and a biased TCR repertoire (1, 2) prompted us to evaluate theig
V8.2 chain or, to a lesser extentBY and V32 chains (1, 2). NK  direct response to cytokines involved in early defense mechanismg
T cells are positively selected by the nonpolymorphic MHC classagainst pathogens or other injuries, independently from TCR rec&
I-like molecule CD1d and recognize CD1d-bound lipid ligands, ognition. IL-18 or IFN<-inducing factor, a proinflammatory pro-
such as ceramides or glycosylphosphatidyl inositols (1—4). tein produced by activated monocytes and dendritic cells whichs

The physiological role of NK T lymphocytes is still unclear. enhances NK cell activity, induces IF{production, and exerts a
Because of their capacity to promptly generate large amounts ddignificant anti-tumor effect (17, 18), seemed a particularly good
IL-4 in response to TCR cross-linking, it has been proposed thatandidate for this purpose.
they participate in the differentiation of naive T lymphocytes into  In the course of this study we found that IL-18 alone had only 5
Th2 cells (5-7). Yet, it has been shown that their absence in CDA slight stimulatory effect on NK T cells. Considering that in some %
knockout mice does not prevent the development of typical Th2models its activity can be enhanced by IL-12 through up-regula-g
responses (8, 9). Furthermore, recent evidence for the involvemetion of IL-18R expression (19), we examined whether the additionZ
of NK T cells in IL-12-induced tumor rejection and in the gener- of this factor might unmask a more pronounced effect of IL-18 on&
ation of CD8 effector functions against intracellular infections sup-NK T cells. In the absence of TCR stimulation, we found that 1)5
ports their implication in certain Thl responses (10, 11). the cytotoxicity of NK T cells against Fastargets was strikingly

In accordance with this dual regulatory potential, we recentlyenhanced after exposure to IL-18 plus IL-12; 2) IFNbroduction
demonstrated that the capacity of NK T cells to produce K0  increased in these conditions both in vitro and in vivo, while IL-4
IL-4 depends on the cytokines present in their microenvironmentvas no longer detected; and 3) the IRNproducing capacity of
(12-16). Thus, the secretion of high levels of IL-4 in response toNK T cells in response to anti-TCR mAb or the specific Ag
TCR cross-linking required the presence of IL-7 (12—-15), while a-galactosylceramideotGalCerf was greatly enhanced by prior

exposure to 1L-18 plus IL-12.

T he unusual NK T cell subset comprises both COAD8™ IFN-y was preferentially produced when IL-12 was present (16).
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R46A2 clones), anti-CD3 mAb (clone 145-2C11), and anti-&BRnAb Table I. NK T cells proliferate in response to IL-18 in combination
(clone H57-597) were purified in our laboratory. The BVD6-24G2.3 clone with IL-12%

was obtained from DNAX (Palo Alto, CA). The following mAbs used for
cell depletion were purified in our laboratory: CD4 (clone GK1.5), CD8
(clone 53.67), Gr-1 (clone RB6-8C5), and Macl (clone M1/70). CD4-PE

Cultured Lymphocytes (cpm)

(clone YTS 191.1), PE-or FITC-conjugated CD8 (cIone YTS 169.4), CD3- Stimulation ~CD4~CD8~ TCRap"™ CD4 CD8 TCRaf"NK1.1*
FITC (500-A2), TCR¢B-FITC (clone H57-597), anti-IFN¢ (clone

XMGL1.2), rat IgG1-PE (isotype control), and streptavidin-PE were pur-  |L-18 3,214+ 490 279+ 148
chased from Caltag (Le Perray en Yvelines, France). Biotinylated anti- [L-12 2,504+ 514 527+ 236
NK1.1 (clone PK136) and streptavidin-Cy-chrome were obtained from  [L-18 + IL-12 11,055+ 722 9,209+ 1,072
PharMingen (San Diego, CA). Anti-rat and anti-mouse lg-coated magnetic ~ Medium 767+ 254 109+ 16

beads were obtained from Dynal (Compiegne, France).
4 ( Pieg ) aThymocytes sorted after expansion with IL-7 were stimulated>ati®® cells/ml

Expansion and stimulation of CD€D87TCF<}1B+NK1.1+ for 72 h. PH]-Thymidine was added during the last 18 h, gnd radioactiyity was
Iymphocytes measured. Results represent meanSEM from at least three different experiments.

Enriched CD4CD8 TCRaB*' thymocytes were obtained after ex-
pansion with IL-7 (40 ng/ml), as previously described (6, 20). In [®*H]thymidine (Amersham, Les Ulis, France)-labeled L1210 or L1210.Fas
some experiments enriched CD@D8 TCRaB" cells were stained cells (2.5% 10%) at various E:T cell ratios for 18 h. Assays were performed

with anti-TCRx and/or anti-NK1.1. CD4CD8 TCRaB"NK1.1* and in 96-well U-bottom plates in a total volume of 2Q0/well. After incu- 5
CD4 CD8 TCRaB"NK1.1™ thymocytes were then sorted using a bation, cells were harvested, and radioactivity was determined using a betd
FACS Vantage sorter (Becton Dickinson, Mountain View, CA). Purity counter (LKB Wallac). The percent specific lysis was calculated as fol- §
was >99% after reanalysis. lows: [(spontaneous release experimental release)/spontaneous reIease]%

In some experiments, freshly isolated splenocytes were incubated for 4% 100. g
min with anti-CD4-coated magnetic beads (Miltenyi Biotech, Bergisch- >
Gladbach, Germany) and positively sorted ond%qMACS Eositive selectiorResults and Discussion g
column. In another series of experiments, TgRNK1.1" cells were . . S
sorted from freshly isolated thymocytes or splenocytes. NK T lymphocytes proliferate in response to IL-18 3

Enriched or sorted cells were then stimulated at a concentration<of 5 To date, most studies addressing the role of NK T lymphocytes in'»:

10° cells/ml with IL-18 (100 ng/ml) in the presence or the absence of IL-12 ., - ; ; P 3
(10 ng/ml). The doses of cytokines used here have been previously assayvgrlous experimental models of immune response have perlIegeg

for optimal stimulation of NK T cells (data not shown). In some experi- their capacity to produce IL-4, which requires TCR engagements
ments, lymphocytes were stimulated with coated anti-&8RnAb (10 However, only a restricted set of Ags has been found to stimulaté
pg/ml) or a-GalCer (100 ng/ml; Kirin Brewery Co., Gunma, Japan) (21) NK T cells via the TCR in a CD1-dependent manner (1-4). Re-5
with 5 X 10° irradiated (20 Gy) autologous splenocytes/ml. Forty-eight cently, we have reported that NK T lymphocytes produce detect

hours later, supernatants were harvested and stored@tC until IFN-y . . .
and IL-4 assays. The remaining cells were resuspended ip8fGculture able amounts of IFNyin response to IL-12 plus IL-2 without prior =

medium and pulsed for 18 h with/iCi of [*H]thymidine. Cells were then ~ TCR ligation (16). These data were in accordance with a possible;
harvested, and thymidine uptake was assessed using a beta counter (LKBvolvement in early immune responses occurring independently=
Walllac, St. Quentin-en-Yvelines, France). from TCR engagement. To test this hypothesis, we evaluated th§
effect of IL-18, a proinflammatory cytokine that is secreted by the =
same cells as IL-12 and synergizes with the latter in several bio&

Mice received a single i.v. injection of Ag of IL-18 plus 0.2ug of IL-12  |ggjcal activities (18, 19), on the functional capacities of NK T £
diluted in a pyrogen-free solution containing BSA (1 mg/ml; Life Tech- cells

nologies/BRL, Gaithersburg, MD). Control mice were injected with an . . L
identical volume of the BSA solution alone. Mice were sacrifigeh after We took advantage of the comparatively high incidence of
injection. CD4 CD8 TCRaB* NK T cells in the thymus and their prefer-
ential expansion during a 4-day culture with IL-7 (6, 20) to assayg
IL-18 on the population obtained by this procedure. A slight pro-g
Cells were stained in PBS containing 2% FCS and 0.01 M sodium aziddiferative response (Table I) occurred in these conditions. Since i
and incubated for 30 min with appropriate dilutions of various mAbs cou- a5 been documented that IL-12 can up-regulate 1L-18 action (182'
pled to biotin, PE, or fluorescein. When mAbs were biotinylated, strepta-l9 we investigated its effect on the responsiveness of NK T cells
vidin-PE or streptavidin-Cy-Chrome was used as a second step reagent: ), g . p

Intracellular |FN7 was ana|yzed in TC:RB*NK:I_:I_+ sp|en0cytes to IL'18 AS ShOWI’] n Table I, the add|t|on Of “_'12 doeS effeC'
freshly isolate 2 h after a single injection of IL-18 plus IL-12 as described tively enhance the proliferative response promoted by IL-18, while$
above. CD8, Gr-1", and Macl and B splenocytes were depleted using it has little effect on its own.

magnetic beads as previously described (6). Enriched splenocytes were : ; ; o _
resuspended at #nl and stained with anti-TC&3 and anti-NK1.1 mAb. Starting from this observat_lon, we iurther purified NK T .Iym
After fixing with 4% formaldehyde for 5 min at room temperature, cells phocytes from the CD4CD8 TCRap™ thymocyte population

were washed with PBS containing 1% BSA and 0.5% saponin (Sigma, Sderived from culture with IL-7, using the NK1 lmarker for pos-
Louis, MO), incubated with anti-IFN~PE or isotype control for 30 min,  itive selection. The results presented in Table | clearly show that
washed again with PBS/BSA/saponin, and finally with PBS/BSA without ggted CD4CD8 TCRaf"NK1.1* thymocytes do not need

saponin to allow membrane closure. . . . .
Flow cytometry was performed on a FACScan (Becton Dickinson).TCR signaling to proliferate in response to IL-18 plus IL-12. A

Dead cells were excluded on the basis of forward and side scatter charaBOssible explanation for this effect is that, like IL-1, which accord-
teristics. At least 1Blive lymphoid cells were acquired in each run. ing to our previous report induces NK T cell expansion (14), IL-18
signals via IL-1R-associated kinase (IRAK) and activates<dBr-
(18) which is implicated in cell survival and thymocyte prolifer-

IL-4 and IFN-y production was measured by ELISA, as previously de- ation (24).
scribed (6, 16). Samples were tested in duplicate, and the sensitivity of the

ELISA was 40 pg/ml. IL-18 renders NK T cells cytotoxic against Fasarget cells
Cytotoxic NK T lymphocyte assay As illustrated in Fig. A, CD4 CD8 TCRaB" thymocytes ex-

Target cell lysis by NK T cells was measured by JAM (22) assay using thepande_d in the .pre.sence. of IL-7 and further stimulated _f(?r 24 hwith
L1210 cell line transfected with Fas (L1210.Fas) and the control nontranstL-18 in combination with IL-12 became capable of killing target
fected (L1210) as target cells (23). Briefly, NK T cells were incubated with cells via the Fas pathway, as assessed on Fas-transfected L1210
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40 Table Il. IL-18 in combination with IL-12 induces IFN-production by
@ NK T cell$
30 _ IFN-y (ng/ml):
Stimulation CD4 CD8 TCRaB"NK1.1"
[}
2 5 IL-18 4.4+0.2
- ] IL-12 158*+1.8
® IL-18 + IL-12 3499+ 967
10 Medium <0.04
aThymocytes sorted after expansion with IL-7 were stimulated &t B0° cells/
1 ml. Forty-eight hours later IFN-was measured in the supernatants. Results represent
0 means*= SEM from at least three different experiments.
1:1 211 B
E:T dent stimulation of NK T cells in our model and imply that
40 additional death-inducing ligands must be involved in the capacity
of NK T cells to induce apoptosis. o
[® ;
30. NK T lymphocytes produce large amounts of [FNipon in §
vitro stimulation with 1L-18 g
% A major feature of NK T cells is their capacity to promptly pro- E
> 20+ duce IL-4 and IFNy in response to TCR cross-linking (5, 6). For &
&2 this reason we measured these cytokines in supernatants frog
104 CD4 CD8 TCRaB"NK1.1* thymocytes sorted after expansion 3
with IL-7 and incubated for 48 h with IL-18 in the presence or the g
absence of IL-12. IFNy production was strikingly increased when §
0 I CD4 CD8 TCRaB"NK1.1" cells were exposed to both IL-18 ‘§
11 21 4 and IL-12 (Table II), while IL-4 could not be detected in these &
age o
ET condlltlons €0.04 ng/ml). Only IQW levels Qf IFNy were gener- . g
ated in response to either cytokine alone in terms of both proteirg

FIGURE 1. Induction of NK T cell cytotoxicity by IL-18 in combina- . ) i
fion with IL-12. Total CD4CD8 TCRaB* (A) or CD4 CD8 - secretion (Table II) and mMRNA expression (data not shown).

TCRaB"NK1.1™ (B) thymocytes obtained after expansion with IL-7 were Costlmulatlo_n with 1L-18 Plus IL-12 also induced marked
stimulated (5x 10° cells/ml) with IL-18 (100 ng/ml; squares), IL-12 (1o |FN-y production by freshly isolated TGE"NK1.1" thymo-
ng/ml; circles), or IL-18 plus IL-12 (triangles) for 24 h. Cells were recov- Cytes and splenocytes as shown in Fig. Interestingly, these
ered, washed, and incubated with L1210Fas (filled symbols) or L121ccells produced at least 10 times more IFNRA these conditions
(open symbols) cells at different E:T cell ratios for 24 h. The cytotoxicity than in response to TCR cross-linking (Figh)2As shown in Fig.
was determined using the JAM assay. Data represent the meé&EM of 2B, thymic and splenic NK T cells secreted IL-4 upon TCR cross-
at least three independent experiments. linking, but not in response to IL-18 plus IL-12 (FigBR These
results clearly establish the preferential effect of IL-18 plus IL-12
on the IFN+-producing capacity of NK T cells.
cells (L1210.Fas) (23). Fig.ALshows a significant cytotoxicity at NK T cells also produce IFN+in response to specific Ags, such g
an E:T cell ratio as low as 1:1, which did not affect control L1210 asa-GalCer (30, 31). In our hands, this production was higher than2
cells, thus proving the involvement of the Fas pathway.thatobtained inresponse to anti-TCR mAb. A possible explanatior%:
CD4 CD8 TCRaB" thymocytes stimulated with IL-12 alone for this difference might be the addition of APC, which are poten-
were already slightly cytotoxic against L1210.Fas cells, althoughtial IL-18 and IL-12 producers, during the incubation withGal-
much less than those treated together with IL-18 (FA). 1 Cer, while TCR ligation was performed with coated Abs (Fig).3
The failure of sorted CD4CD8 TCRaB"NK1.1™ thymocytes We have previously reported that the presence of IL-12 during32
stimulated with IL-18, IL-12, or both to kill L1210.Fas or L1210 anti-CD3 stimulation enhances IFproduction by NK T cells
cells (Fig. B) confirmed that NK T lymphocytes were responsible (16). Furthermore, according to a recent study (32), the productionw
for the cytotoxicity. These results agree with previous evidence foiof IL-12 by dendritic cells as well as their direct contact with NK
up-regulation of Fas-mediated apoptosis by IL-18 and IL-12 (25,T cells through CD40/CD40 ligand interactions are requisite for
26), but contrast with a recent report showing that IL-18 augment$FN-+y production upon stimulation witk-GalCer. It is plausible
perforin- but not FasL-dependent cytotoxicity of liver NK T cells that IL-18, which is also generated by APC, participates in this
(27). A possible explanation for this discrepancy might be the re-biological activity. Indeed, the neutralization of IFNproduction
quirement for anti-CD3 mAb costimulation in the latter situation, by anti-IL-12 mAb (32) does not exclude such a possibility, be-
which could activate pathways amplifying perforin- rather than cause this treatment would also abolish the responsiveness of NK
Fas-dependent cytotoxicity, as described in other models (28). Iif cells to IL-18.
addition, in this particular study (27) NK T cells were not costimu-  We further addressed the question of whether once activated by
lated with IL-12, which, in our model, could up-regulate Fas-de-I1L-18 plus IL-12, NK T cells continued to produce IFin pref-
pendent cytotoxicity. erence to IL-4 even when they are thereafter stimulated with anti-
Several studies have provided evidence for inhibition of tumorTCR mAb or specific Ag. For this purpose, CD4plenocytes
development after injection of IL-18 and IL-12 (10, 18, 29). It has from class ll-deficient (8°) mice were cultured fio2 h with IL-18
been reported that NK T cells are essential for IL-12-induced tuplus IL-12, washed, and further incubated with T@B-mAb or
mor rejection, which required neither TCR engagement nor Fas&-GalCer. Fig. 2 shows that the amounts of IFNthus generated
FasL interactions (10). These results agree with the TCR-indeperwere strongly augmented after a preincubation with IL-18 plus
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IFN-y in response to IL-18 plus IL-12. Sorted thymic (Thy NK T) or FIGURE 3. Preculture of CD4 NK T splenocytes with IL-18 plus
splenic (SpI NK T) TCRB*NK1.1* lymphocytes (5< 10° cells/ml) from  |L-12 greatly enhances their IFM-production in response to anti-TGR
C57BL/6 mice were stimulated with IL-18 (100 ng/ml) plus IL-12 (10 mAb or a-GalCer. CD4 splenocytes (5< 10° cells/ml) from A3° mice
ng/ml) or with coated anti-TC&®8 mAb (10 ug/ml). Culture supernatants  were cultured fo 2 h with IL-18 (100 ng/ml) plus IL-12 (10 ng/ml). Cells
were harvested after 48 h, and IFNGA) and IL-4 B) levels were deter-  were then washed and further stimulated with coated anti-a©RAb (10
mined by ELISA. Data represent a typical experiment of three performed,g/ml) or a-GalCer (100 ng/ml) in the presence of>5 10° irradiated
<, <0.04 ng/ml. autologous splenocytes/ml. Culture supernatants were harvested after 48
and IFN-y (A) and IL-4 B) levels were determined by ELISA. Data rep-

) ) ) _resent a typical experiment of two performed.
IL-12. Because IL-4 was only slightly increased in these condi-

tions (Fig. 3B), the IFN«y/IL-4 ratio was multiplied more than
5-fold, proving that the effect of IL-18 plus IL-12 persisted even
after specific Ag stimulation. IFN+levels induced byx-GalCer
would probably be higher than those given in Fié i8 purified

500 60 -
@ g2 IL-18 +IL-12 ] @ Pre-cultured with :
anti-TCRafp medium
400 50- & IL-18 +IL-12
;} T a0l
£ 300 s ¥
£ £
30
r - 2
z 20 z
20+
100 ]
10+
© Thy NKT Spl NKT 0
anti-TCR a-GalCer
4 g IL18+IL12 12 o
- + -
[ o
1 5«’7/ anti-TCRag : :
QO
3 - % 9 - g
£ / . E
k) / = s
£ 2 -g g
¥ / 2 64 =
-l e d <
I - 8
% % 31
0 < /ffé < /ﬁ 1 g
Thy NKT Spl NKT 0- 8<
FIGURE 2. Freshly isolated NK T lymphocytes produce high levels of anti-TCR o-GalCer g
-]
8
g
5
B

shown). In contrast, as shown in the same table, splenocytes fro

- . . ; m~’~ mice, which comprise a high proportion of conventional
2
dendritic cells had been used instead of total irradiated spleen cell D4" and few NK T cells (33, 34) produced no detectable HN-

Indeed, NK T cells produced 40-fold more IFjNwhen IL-18 and
IL-12 were present both during pretreatment and during TCR stim-(<4O pg/mi).
; : . . We further sorted CDATCRa"NK1.1" and CD4 TCRafS™
lation, while IL-4 production was only slightly enhanced (data
wiation, Wit production w y SIghtly ( NK1.1" NK T cell subsets from spleens of IL-18- plus IL-12-treated

not shown). . .

mice to analyze whether the two subpopulations were equally respo!
NK T lymphocytes produce IFM-after in vivo IL-18 plus IL-12  sive after in vivo treatment with IL-18 plus IL-12. After a 24-h incu-
treatment bation without further stimulation, CD&TCRa3"NK1.1* secreted

+ +
We verified whether the production of IFiby NK T cells stim- 2700 pgéml, and C[_)leCRaB NK1.1" secreted 210_0 pg/ml of )
ulated with IL-12 plus IL-18 also occurred in vivo. To this end, IFN-v/10° cells, showing that the two subsets share a similar potential

C57BL/6 mice received a single injection of the two cytokines andfor IFN-+y production in response to stimulation with IL-12 plus IL-18

: : H H + +
were killed 2 h later. Purified CD#4 splenocytes were then cul- N VIVO. IL-4 was getectecil in neither the CDACRaf"NKL.1" nor
tured for 24 h without further stimulation, and IFNwas mea- the CD4 TCRaB"NK1.1" population (data not shown), and NK T
sured in the supernatants. CD4ells from treated, but not from cells from control mice secreted no detectable levels of {FiM1L-4
control, mice secreted IFN- However, this production was low, (data not shown).
probably because the large majority of CD4plenocytes in Sorted NK T cells could eventually be costimulated by Abs used
C57BL/6 mice is composed of conventional MHC class Il-re- to perform the positive cell sorting. To avoid this possible costimu-
stricted T cells. Indeed, when class lI-deficien3éAmice, which  lation and to confirm that IL-18 plus IL-12 induce IFXproduc-
are devoid of this conventional population and hence enriched fotion independently of TCR or NK1.1 engagement, we used intra-
NK T cells (33), received a single injection of IL-18 plus IL-12, cellular IFN-y staining to directly detect IFN~producing cells.
the CD4" population generated high IFM{evels without further ~ To this end, C57BL/6 mice received a single injection of IL-18
stimulation (Table IIl) or in the presence efGalCer (data not plus IL-12 or vehicle. Two hours later, mice were sacrificed, and
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Table 11l. Splenic CD4 NK T cells produce IFNy in response to in vivo treatment with IL-18 plus 1L212

IFN-y (pg/ml)
Wild type B,m~'~ Ap°
Expt. Excipient IL-18 + IL-12 Excipient IL-18 + IL-12 Excipient IL-18 + IL-12
1 <40 120 <40 <40 <40 1850
2 <40 90 <40 <40 <40 2160

aWwild-type and mutant,m '~ or AB°) C57BL/6 mice were treated with a single injection of IL-12 plus IL-18 or excipient. Two hours later mice
were sacrificed, and purified CD4plenocytes were cultured without further stimulation at 10° cells/ml. Twenty-four hours later IFN-was measured
in the supernatants.

splenocytes were enriched for NK T cells by depletion of granu-cells in a Fas-dependent manner, to proliferate, or to secrete high
locytes, monocytes, CD8, and B lymphocytes. Enriched splenolevels of IFN-y without IL-4 in response to IL-18 plus IL-12. In
cytes were then stained with anti-T@RB, anti-NK1.1, and anti- addition, this IFNy-producing potential conferred by the two
IFN-y mAb or isotype control and immediately analyzed. Fi§. 4 proinflammatory cytokines was maintained during further stimu-
indicates the windows used to further analyze WfNstaining  lation with specific Ag. Knowing that monocytic and dendritic
among gated TCRB'NK1.1* (1) or TCRyB"NK1.1™ (2) cells produce IL-18 and IL-12 after activation (18, 35-37), it might
splenocytes. TCRB"NK1.1" cells from IL-18- plus IL-12- be speculated that this is the early direct stimulus NK T cellsz%
treated, but not from vehicle-treated, mice produce W-({fHg. 4B, encounter in situ. Once activated, they conserve their functionaf
left pane). In contrast, we observed no significant frequency of capacities upon subsequent exposure to specific Ags. In concILE
IFN-y* cells among TCRB"NK1.1™ splenocytes from IL-18- sion, our data support the ideas that NK T cells are involved in(nj_s
plus IL-12-treated or control mice (Fig.B4 right pane). The both innate and acquired immune responses and that the presenge
percentage of IFNy* cells among TCRB*NK1.1* and  of stimulatory factors in their environment will determine their &
TCRaB"NK1.1™ splenocytes from IL-18- plus IL-12-treated mice final influence on immune responses.
attained 17 and 0.5%, respectively. The percentage of positive
cells in the isotype control was alwaysl%. These results confirm
that NK T cells produce IFNy in response to IL-18 plus IL-12 in Acknowledgments
a TCR- and NK1.1-independent manner. We thank Corinne Garcia (Institut National de la Saettele la Recherche,
In conclusion, our findings clearly demonstrate that NK T cells Unite 345) for performing all cell sortings. We are especially indebted to
do not need TCR cross-linking to acquire the capacity to kill targetSanofi (Labege, France) for providing human riL-7.
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FIGURE 4. NK T lymphocytes produce IFN+in
response to a single injection of IL-18 plus IL-12.
Splenocytes from mice injected with IL-18 (1g/
mouse) plus IL-12 (0.Z2xg/mouse) owvehicle were
depleted of monocytes, granulocytes, CD8, and B
lymphocytes. Enriched cells were then stained
with anti-TCRaB-FITC, anti-NK1.1-biotin and
streptavidin-Cy-chrome, and anti-IFpd-PE mADb.
A, TCReB"NK1.1" (1) and TCRyB"NK1.1™ (2)
splenocytes were gatedB, The intensities of
IFN-y staining among TCRB*NK1.1" (1, left
pane) and TCRyB"NK1.1™ (2, right pane) cells
from IL-18- plus IL-12-treated (solid line) or ve-
hicle-treated (dotted line) mice was compared.
Data represent a typical experiment of two
performed.
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