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Natural killer T cells from interleukin-4-deficient mice
are defective in early interferon—y production in
response to a—galactosylceramide

(a-GalCer FtitE NKT #ia> IL- 4 % 4 L7 IFN-7 A OfiFHH)
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[ Introduction and Aim]
NK1.1* T cells (NKT cells) are characterized by the expression of a single invariant T-cell receptor o

(TCRa) chain encoded by Vo14-Jo281 and activated by the specific ligand, o-GaiCer in a
CD1id-dependent manner. They promptly produce large amount of T-helper type 1 (Th1) cytokines
and T-helper type 2 (Th2) cytokines at the same time and are considered to play an important role as
immunoregulatory cells in antitumor immunity, autoimmunity and mainfaining some forms of tolerance.
Therefore, it is of great important to investigate the mechanisms underlying the regulation of cytokine
production by NKT cells to develop a new strategy for immune diseases.

Here we demonstrated the role of IL-4 in the production of IFN-y from NKT cells using IL4" mice
during the stimulation of o-GalCer. Since IL-4 antagonizes IFN-y production, we at first estimated that
IFN-y production from NKT cells might be augmented in IL-4” mice. However unexpectedly the level of
IFN-y of NKT cell was mostly diminished in the early stage of activation.

[ Materials and Methods]
Mice. C57BL/6 mice were purchased from Charles River Japan (Kanagawa). IL-4-deficient mice on

C57BL6 background were kindly donated by Dr. Y. Iwakura (Tokyo University, Tokyo, Japan).
Monoclonal antibodies and reagents. PE-Ant-IL4, FITC-Anti-IFN-g, APC-Anti-NK1.1,
PerCp-Ant-CD3 mAb were purchased from Phamingen (San Diego, CA). Mitomycin-C was
purchased from Kyowa (Tokyo,Japan). a-GalCer used for this study was donated by Kirin Brewery
Co., Ltd., Japan.
Intracellular cytokine detections of NKT cells in vivo

Hepatic lymphocytes obtained from mice 1, 2 or 4hrs after intravenous (i.v.) injection of a-GalCer (2
ug/mouse) were stained with PerCp-Anti-CD3 mAb and APC-Anti-NK1.1 mAb. Washed several times
they were fixed with 4% paraformaldehyde and then treated with permeabilizing solution. The fixed
cells were further stained with FITC-Anti-IFN-ymAb and PE-Anti-IL-<4 mAb. The percentages of
cytoplasmic IL4 and IFN-y expressing cells were determined by flour-color fiow cytometry using a
FACSCalibur (Becton Dickinson).
Add-back system of purified NKT cells and DCs Spleen cells were incubated on nylon wool



columns for 45min, and the nonadherent cells were used for the isolation of NK1.1*CD3* (NKT) cells
by cell sorting with a FACSVantage™ instrument (Becton Dickinson). In order to purify DCs, spleen
cells were incubated in 10-cm plastic dishes (Falcon; Becton Dickinson) for 2h, and the nonadherent
cells were removed from the culture. The adherent cells were further incubated ovemight and the
nonadherent cells were harvested. Then, CD11¢*B220CD4CD8 cells were isolated from the
nonadherent populations by cell sorting and used as the source of DCs after mitomycin-C treatment.

To build add-back system of purified NKT and DCs, splenic DCs (2x10°) from wt mice or IL-4"mice
were cocultured with purified NK1.1*CD3* NKT cells (2x10% from wt mice or IL-4* mice in the
presence of 200 ng/ml of o-GalCer in 96-well U-bottomed plates. After incubation for 36h, IL-2 and
IFN-y activity in the culture supematants were detected by ELISA kits (PharMingen).

[ Resuit and Discussion]
The discovery of NKT cell-specific ligand, o-galactosylceramide (a-GalCer), enables us to investigate

the functional regulation of NKT cells. However, the detail mechanism of cytokine production by NKT
cells remains to be elucidated. Here we evaluated the role of IL-4 in the production of IFN-y from NKT
cells using IL-4-deficient C57BL/6 mice (IL-4* mice). Administration of a-GalCer into wild-type C57BL/6
mice caused the production of both IFN-y and IL-4 in serum or cytoplasm within 4 hrs after the injection.
Unexpectedly, however, IL-4* mice-derived NKT cells did not produce any IFN-y at early phase after
primary stimulation with a-GalCer. The number of NKT cells in IL-4" mice was the same as that of
wild-type mice, thus there appeared to be function defect in NKT cells derived from IL-4" mice. Since
NKT cells from IL-4* mice produced IFN-y when they were secondarily stimulated with a-GalCer in
vitro for 72 hrs and IL-4* NKT cells were surely activated in this system because IL-2 production and
the elevation of IFN-y mRNA was induced even in IL-4* NKT cells by stimulation with o-GalCer, NKT
cells from IL-4* mice were not completely genetic defect for IFN-y production. To elucidate which cells,
NKT cell or dendiitic cell (DC), were responsible for the deficient property of IFN-y production in IL4"
mice, we performed add-back experiment using purified NKT cells and DCs, which were prepared
from either wild-type mice or IL-4" mice. NKT cells from wild-type mice produced IFN-y when they
were co-cultured with DC prepared from either wild-type or IL-4" mice, whereas NKT cells from L4+
mice did not produce IFN-y by co-culturing with DCs from either wt or IL-4" mice. These results
indicated that NKT cell, but not DC ruled the deficient prbperty of IFN-y production in IL<4* mice. Thus
IL4 is required for the activation of NKT cells to produce IFN-y in response to a-GalCer.

Some groups reported that in some condition IL-4-primed DCs produce IL-12, which introduce NKT
cells to produce IFN+y. Another group reported that IL-4 enhanced the response of NKT cells to IL-2
and IL-12, leading to the production of IFN-y. Then, to examine whether IL-4 from NKT celis is involved
in the following IFN-y production through such mechanisms, we added exogenous rl-4 to
cross-cocultivation system or injected riL4 directly into IL-4" mice. However, IFN-y production was not
recovered in both systems datesratstown), indicating that unknown other mechanisms were involved
in the IFN-y-deficient property in IL-4" mice, which could not be recovered by later addition of riL-4. We
proposed that IL-4 might play an unknown, but critical role for the functional development of NKT cells
in vivo for the production of IFN-y. We are now planning for the next experiment using chimeric mice of
IL-4* mice and IFN-* mice to unveil the critical role of IL-4 in functional development of NKT cells.
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Natural killer T cells from interleukin—-4-deficient mice
are defective in early interferon—-7 production in
response to a-galactosylceramide

(a-GalCer Ui NKT #ifa o> IL- 4 %4 L7z IFN-7y EEAE KB O )

B TIX. C57BL/6 ¥ AR NKT #ifeDA > ¥ —7 x 02—y (IFNw) EXiCH
TBHIL4AYTNAIA L OEEIIDWTKRELE, IL4 /v 27Tk (KO) ¥URATH.
a-galactosylceramide (a-GalCer) Hl¥##%. NKT #ifan 5 DR D IFN-yvEENRBL T
B0, IL-4 O IFNyEEZBIFI2EERHNREINSZ, £IT, JMIVRYLT (WD) &
IL-4KO U A K D157 #HRMIME (DC) . NKT MIlEHEDOHASTHEDEER T, a-GalCer
THMZEMA =& IS, WT YT ZAD DC Ta-GalCer 2R E N/ IL-4KO Y7 A NKT
MRIE IFN-yZ2 EA KT, BT IL-4KO ¥ AD DC La-GalCer THIBE 17z WT <
7 2 NKTHEESIZ IFN-y2EE L=, 20 Z &0 5 NKTHIK B B OEAET 5 [L-4 5 NKT
IR 5 O TEN-EEE I BETH 5 & LAURENE,

MR O OHEBRE. BIED LHFDEEIENS. NKT MO in vitro FIEIEFER T,
siRNA 72 ET IL-4 EAEZMGH L7z & & IFNyEEBNH I NEZNE DD, IFNyIEES
NZVOERDWEINIRBICHED SO TIRBZNWNEWVNIHRBRH > =, THITH L B
#13. IL-4KO YU A T IFN-yEAE DB T 5 Dida-GalCer FIBIZ X 2 HIHIRIGIZT TH
5 &, MBEAREATH IFNYEENRD SNBNOTHNEERO TIRRWEREL
7z. EJ=. NKT #I2I3HIHIT IL-4 single positive #ilEIZ72D . RIT IFN-y&E D double
positive MIfLIZ/2 5%, ENEFAAL EMEXH2ONE NI EMICHL T, XETHEFRKZ
|EMNRZND, MBIZBNWTS IL4 BENETHINSFELRVWEREL ., RER
IL-4KO U A®D NKT HifZIZ 3BT 5 Tbet © NF-xB. GATA3 B EDEHEERFORHITE
Mo TNBHEDMEVWDHEMBIZH L. C57BL/6 D IL-4 Lt 7% —KO RUADVENDTHE
BIEATSZ L TERND, IL4 ZHMUTH IFNyOEREIFE I 520D T, IL-4 1
BESL NKTHEOMEOBE TEERBRBEZREZLTVWEDOTHAS EEELE.

KICEEO/NEFLFABEEN S, IFNyBIRIBL TWBHEKIE NKT MilgLANATH RSN
B/, a-GalCer S ORFIZH L THRKDERN B SNZ M, Fa0 2 NU T >k NKT



MBEEZRETZDICa-GalCer T F I — 23 RBIZRVONEVNIBEREICH L,
Th1/Th2 /N5 > A %2387 M8 & LT NKT Ml L RS L TN & 8O =D&
N L TIRSROBRMBETH S EEE L. /. C57BL/E6 LSO IL-4KO ¥ A TE
BREfTORIEMHINENIERICH LT, IUANFICANTRAEVERZ L,

RBRICRIZEOBENETHZN S, STAT6 KO ¥ A TIE IFNyEENRE LAV &h
5#Z 5 &, IL-4 1Tk STAT6 B O 2 & F IV ISEET 2 O Tl ah & S BRI &
LT BEEIITERNNIL-4 DFEMITE > TH IFNyEENEHE LAZVO T, NKT 4
DML DR T IL-4 OFENBETH S S LEE L. /. o-GalCer & FIEFIZ
IL-12 2159 % S8 IFNyEANEE T 30, TLEHET DI TRAEVNDT
SERISIRANLELEE L,

C DXL, IL-4 28 NKT Ml OEEMECEE TH D2 L2 0D THLM L=,
NKT #IRISEAEPIT BN T Thl BY A i > & The MY 1 Mho L 2R ICEE TS
SHIfEE LTHEEINTSBD, 4%, IL-4 1Tk 5 IFN-yEEA TS0 34072 AR E »
¥, ThUTh2 ¥ bAA NS o BN X 284 Gk B ORI DN S = EA
Bans,

BEE R ChoOREZESHEL. ChETOPES S RFEENEL E
2) O EZTD2ORXRDREREZRATIHOEHEL -,



