injection of a-GalCer on the day of EAE induction or after EAE onset is not
preventive against EAE not only in Japan but in laboratories in the USA as well.

Concluding remarks

As we discussed in this review, ligand stimulation of regulatory cells is an attractive
strategy for prevention or treatment of autoimmune diseases. Our results support the
idea that NKT cell stimulation with glycolipid ligand is truly useful in control of
autoimmune disease in model systems. Whereas both rodent and human NKT cells
recognize a-GalCer in the context of CD1d, human NKT cells also recognize the OCH
analogue (Araki et al. unpublished). Owing to the evolutionary conservation and the
homogeneous ligand specificity of NKT cells, we could apply a glycolipid ligand like
OCH for the treatment of human disease without considering species barrier or
genetic heterogeneity of humans. Apart from considering the clinical point, our
current energy should be focused on understanding how stimulation with different
glycolipid ligands leads to differential effector functions of NKT cells. Screening of
AGLs for inducing functional modulation of NKT cells is also important as this
process would help us identify novel ligands of clinical value. It is also surely worth
while to screen natural products in the same manner. Although microbial lipids have
not been identified as NKT cell ligands, it can be speculated that they are probably an
interesting natural source of useful ligands for CD1-restricted regulatory cells.
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FIGURE LEGENDS

Figure 1: Structure of a-galactosylceramide and its derivatives

Previous studies [23,24] showed that the 2-hydroxy! group of the galactose moiety
and the 3,4-hydroxyl groups of the phytosphingosine are critical for NKT cell
recognition of a-GalCer. The 2-hydroxyl group is replaced by NH, in the NH
analogue, whereas the 3,4-hydroxyls are removed in the 3,4D analogue. The OCH



analogue has a shorter sphingosine chain compared with a-GalCer.

Figure 2: Modulation of NKT cell cytokine production by co-stimulation
blockade or with an altered ligand

a-GalCer induces production of both Thl (IFN-y) and Th2 (IL-4) cytokines, and
therefore, is unable to control EAE (middle). We have found that NKT cells
predominantly produce IL-4 when they are stimulated with a-GalCer in the absence
of CD28/B7.2 co-stimulation [29] or if stimulated with an altered ligand OCH [32].

Figure 3: Effect of glycolipid ligands in vivo

A: Changes in serum cytokine levels after injection of a~GalCer or OCH

B6 mice were injected intraperitoneally with 100 ug/kg of o-GalCer or OCH, and
serum samples were obtained at indicated times after injection. Serum levels of IL-4
and IFN-y were measured by using a sandwich enzyme-linked immunosorbent assay
(ELISA).

B: Preventive effects of OCH against EAE

Wild-type B6 or IL-4"" mice were injected with an innoculum containing 100 ug of
MOG35-55 peptide and 1 mg of Mycobacterium tuberculosis in incomplete Freunds
adjuvant. Pertussis toxin (200 ng} was injected intravenously on day 0 and day 2 after
immunization. Oral administration of OCH on the day of sensitization significantly
suppressed the development of EAE (left). In contrast, OCH was not effective in IL-4
knockout mice (right), or when OCH was co-injected with anti-IL-4 mAb. The clinical
signs were scored as follows: 0, no clinical signs, 1, partial loss of tail tonicity; 2,
completely limp tail and abnormal gait; 3, partial hind-limb paralysis; 4, complete
hind-limb paralysis; 5, fore- and hind-limb paralysis or a moribund state.

el



Table: Suppression of EAE with NKT cell stimulation by glycolipid ligands

Mice Glycolipid NKT cell production of EAE
IL-4 IFN-y
Wild-type B6 a-GalCer + + no change
IFN-y =~ a-GalCer + - suppressed
IL-4°" a-GalCer - + enlanced
Wild-type Bé a-GalCer+anti-B7.1 + + 1o chainge
Wild-type Bo a-GalCer+anti-B7.2 - suppressed
Wild-type B6 OCH + - suppressed

This is the summary of the results obtained in our laboratory [29, 32].
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HCV B3 & KRR E LDV TOHER
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Eiﬂ%ﬂnﬁﬁﬁﬂﬁ (225 @ﬁ%ﬁ?ﬂ FIIFEER)

HAEAZREBLEICBIT S vitamin D-binding protein i 5T % B AT

SHEMFRE K #RE

it A A I ST SR B B T R S B R RO R 2

BHREY SE1FUERABL THSEREKRNICEHERE

A

HEZFEEEERE 107 flBL

TR IRE 109 1B T, vitamin D-binding protein BETDEE! (codon 416 KUK 420) %
MS BE - @ENMETRIL, £/, MS ODEFREROEELREZRE L. TORER, vitamin
D-binding protein BEFHHOAHICDNTIE, MS BE-REFBHEICETRS, MS BEHL
BT, BIEE, £18 (relapsing-remitting type, secondary progressive type) & vitamin D-binding

protein BT £ 8 & ORICHEEX LN 7.

APFRER

ZRMFERE (MS) X, AEHICXARE
HOEND, FENRE, WERHAREN
SEENERIERECIEETIEZEAON
T3, BEFTELDIFFEFIIID, WA
WARBEEAN S Z L OBETERNBRNE

NTHED, WiebREER, RENERDNS,

KBHEZERTT ERODZ2LDDEET
BRERFLTETNS. —7H, MS [IR#E
EHIBRICRERNRWES DT, BARENT
U 7= vitamin D QEEDLAETN SRS ENT
/-, R4, ZNXT, vitamin D receptor
BERTE2MOBETOEORRERST L
T &/-. vitamin D-binding protein (DBP) &
vitamin D ¢ transport protein & L T R{EEID

i, RECBWTEELREEZRLZLTED,

CaZt L THREROEAMEETES TR
macrophage Z{EMALLAEDTE. Zhod
ZEm5, DBPIL, MS oD EER
DOTIRZWNEEZSRN, TNETEOE
ETFEHEMS OEEIZDNWTOHREN NS
DM ENTE.
ENH BZENIHE LR NE D HEN
BELTHWA., £TT, SEFELE, 4ql12

LAL, §ETDELS,
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WTEET S DBP BEF D exon 11 ITH D,
TR JREEREES, 2 ®AT (codon 416 K
Th420) OBEETEZRICDOWTHRE L. H,
TDEMIc X BE WL, DBP @ serum
concentration “OEWIZHE TS L D&
E=aip Y, REERBETIE HIV COMEL
BaNTns.

BIFRMN&E - HE
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ICZMREE T 107 BIOEFER MS B KT
mﬁ%%umwfﬁéwmﬁﬁmﬁﬁﬁﬁﬁ
3 Table 1 V2559, 14, MS DO2Hid McDonald

ORWEEICE-T-. BEEDOARIL, B
72 @, T 35 FIDE 107 i, RMEFOEE

12331295 (£ = SDYT, BEREIIMHEE,

FEWICEWTHEREIED TR, &
=W TE, 2@ T informed consent Z1T4Y,
BEEEON-BEOHEMETo . KH
& DNA 2578 L, DBP OFZEEGETEHIL
PCR-RFLP [CTHH L7z, £D&, &#28IE
TAHMEEREE MS BENFLOLE, MS BE
CBTIHEEPREERO LB EZRT L/
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MS BHEOEEGE Table 1 IZRT. Bickk
W 13, EmEFOERIIE 355 £ 109 (EH

+SD) . BEREMANE RN ET O IZH
2.1, EHHEDSS 1L 3.0 TH-o/-. BE R

FEOEBGFERODT & Table 212177
Codon 416 R I8 420 {2 B 7 B genotype
frequency, allele frequency XHIE&E LT, &
EAEEMNLS, BEREEDMEM L. £
Dfth, FEAESH, FREMEN & R ET Y
IZ8BiT 3, genotype frequency D2 I3
Si7Eo 7z (Table 3 and Table 4) .

D.HR

INET, SHEMRE L DBP OB TEE
& MS OEEIZDNTIHWnS DADRENH
0, lceland M5 OHDTILHEYE (codon 416
Asp,codon 420 Thr) RBoNAEEDOT &7
-7- (Arnasonetal, 1980) . LiL, FDi
272 & /=, Holland ® Sweden /5 DEET
ik, FEMEE L7z DBP BIETEE L MS &0
HEREDSNTVWENSI DO TH - -

(Hollsberg et al., 1988; Lindblom et al., 1988) .

Bz, BN 5 S HE X 17z family-based
study TH, DBP BEZTEH & MS EOELEIT
WOLNENENDIBLDTH 572 (Steckley et
al., 2000) . FEIDEL DF—F Tk, HE:
MBS S bo A, B TS MIIAE
WEDENSHD &S, B, SERH
L7zZBTHRRKA L OB TIE, ABEEN
HESNTND., SHROBL2BRTEISE L
EZoNB.

ER#®

MS O FEAE 8 IR AE IR 1T vitamin D-binding
protein ERTZEPEGEL TS OTRENEITE
WEEZSND.

FRECERHEH#
A
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