A R HA L OEEED IL-1T R 1N~y 4B
THILBbhof, EREROFIHE S
THHHOBEBETIX Th2 A bAoA VDR
ERERTHoTz, ZDIZENLHRESR
#ifE £ T MRl ORBERET SN DHHEDS
B4 H LY Va I9NKT #AEDRAE
PR RE 2 BB X W D HURBIEA EEAN T
BHEETH Z EpmImREn, 5%
NEEELTH LERD B,
COBELRRIBOEEHET Th2 ¥4 bAoA
CDOEBITINZ 1L-6, TGF-B DEAENEL
STz, &L IL-17 FEAE Th17 MR IL-23
DEM ZZ T TRIEREM 2R 905, TGF-
B. IL-6, B\ X IL-27 DERA=%iT 5
L type I regulatory T HIfRARIZHERESL
L. IL-10 #EE4A LT (IL-17, IL-22 3B
ALoD) REMGEICHIET D2 LrdE
STz, Vo 19NKT HERRIX IL-27 PEAEHIRG &
$[F9 5 Z & T type I regulatory T #ifE
O EHE TS T DRELREENS,
V19 NKT #fa0frRBOFEEFIE LT
FiZa L RAFa— /LD o -Man EERD R
W2 EN., K¥ga-Man FEDOMLEWENRIL X
niz, 5l&& Zobahr b L ITHER
BLIMEOERERFTLTEY, ZhE
TRWIEENTEMALRIO 22 2 hs O AEEE
BUWEENTZ V19 NKT #0 Th2 B0
RENEXEBE L THET 2LEMOBRE
BEBROBELRD,

E. &%
Invariant Va 19-J o 33TCR IR NKT #ifa
DY A M IA SWITIE TCR ~DOHUERIEL

WWIRTELTEEELH D, EENTIOM
iz &3 Th2 BEOAREISEFTEDEEN
SERBR I, RFERKA A AL L AR EAE
MG ~DFEENARER Z L BEMIT b,
TOXOIE CREEMEREDIBED
HOF—5y M LTOFEREBFRRIN
72 Val9 TCR BELHRDEED &b 5 iEHE
EWE % RN Z L AR R IR
22728 B,

F. fREkRiF

G. FRRBXR
1. RXRE
1. Modulation of Val9 NKT cell immune

responses by  o-mannosyl  ceramide
derivatives consisting of a series of modified
sphingosine.

Michio Shimamura, Yi-Ying Huang, Naoki
Okamoto, Nahoko Suzuki, Jouji

Yasuoka, Kenji Morita, Akira Nishiyama,
Yuusuke Amano, and Tadashi Mishina

Eur. J. Immunol. 37: 1836-1844 (2007)

2. Glycolipids with non-reducing end o-

mannosyl residues that have potentials to
activate invariant Va19 NKT cells.

Michio Shimamura, Yi-Ying Huang, Naoki

Okamoto, Yutaka Watanabe, Ryoko
Murakami,  Taroh Yoshio
Hirabayashi, Chikara Murakata, Yukishige

Kinoshita,

Ito, and Tomoya Ogawa,

FEBS. J 274:2921-2932 (2007)



3. Glycolipid stimulators for NKT cells bearing
invariant Va19-Ja33 TCR a chain.
Michio Shimamura,
Mini-Reviews in Medicinal Chemistry

(in press)

4. Activation of invariant Val9-Ja33 TCR a-
bearing cells by stimulation with certain o-
mannosylated glycolipids.

Michio Shimamura
In “Glycolipids: New Research” Nova

Science Publishers, New York, (in press)

2. FERBR

1. FE Vo lINKT MRl K Da-<w /¥
NALBEREE DRy FLHITR
BREX, HEE, MAEM, =& E
®w2 7TRIBAEEYS (1BM) 8 A 2 B,
2007 4

2. Glycolipids with non-reducing end a-

mannosyl residues that have potential to
activate invariant Val9 NKT cells.

Michio Shimamura, Yi-Ying Huang, Naoki
Okamoto, and Tadashi Mishina
14th European Carbohydrate Symposium,

Luebeck, Germany, September 4, 2007
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1 Va19-Jo 33 invariant TCR B MO TCR ~ORIBITIEE Ui &ET
FH,

Va19 Tg TCRa--= 7 AfHEHEEERMAL. <88 L LT B 2m-I-~ 7 2 Ml % @
fA{LHL CD3 itk THRIBATR OMILIZS>E, DNA <A 7 a7 LA I LV BIET
FHBREON Lz, MIEROERELRT, B ToMasr Atkx <. &
EOMIE RO T ATEL, Val19 Tg. B2m--HIZ N EHIZ SN THs
BERLE, FHALEZ39000O0Yu—7TRELEEEYD S H Va
19T/ B2m-I-RBDHED LD H DIz LIE > TRAR LT,
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B SRR B A (= - AORERETAEE)
SRS

AIRE 3 FXB~7 AOBR LK L UHER EEAROREIZET 5%

SWERRE BE W BB RKFEBBRRENE Y v ¥ —REREI M (8%

MAEE

EHRMBLEXIILD L T4 DHCREEBIINBCR T3 HCERBNIBEBOMEIC I~ TRIS LS
2 b5, HEEEORSEEICEIT S Mg EEMROEE 4 R EEaR TRRNICRRT 2BEHERT
AIRE OBIEFUHE~Y 242 BWTEIT L, T/4bb, AIREBEFORBRHE FTICHLS F~v—V—GFP %
B4 5 AIRE/GEP / v 7 A <7 A (AIREIGFPKD) %L, BREADMRMEHEIIRIT 5 AIRE O&#H%
BENT L7, TOER. AIRE 125 MRS OS82 B CHEORE & MR - RO @IasRoms o
ERAAHEEEDL, 2RICE > THOEADRIM I LERRMINBEERICEERZFEZRLL TV LN

R,

A.BFEBR :

MR CESRIGHE T MBAEBRET S OIS
B L F#R (medullary thymic epithelial cell: mTEC) 2
o TG ERMB A (tssue-specific
antigen: TSA) AEHR I T MRIZIET I2THZ
72572\, mTEC ICRE T2 EEME CARERBDR
KEEF AIREII -0 utv RZEbo TN EEZX
51 5. AIRE {&FH72 mTEC @ TSA FHIREEREIZO
WTIIBRENE ZA200RRBETADRBENT
W3, —OiX%EEL TSA DOREIEIT mTEC Ok - B
BT & & BT AIRE EKENICERENDEWVWHIE
% 5 Té 5 (terminal differentiation model), ZFLIZXS

L. 9 —20FF/NTIE mTEC (2 X BH472 TSA

HIRA LB DI D TSA #HBT 5LFEED mTEC
DOBRFNEIRZ ., B4 D mTEC BREBT 5 TSA OFER
IZ mTEC O4E - RBICE LR -> T LSBT S
L#E %5 (developmental model), A3 Tid, mTEC
BT AEEABCTEORBEEBIIETIINLD
EFLEBRIEL., BCEROMRMEEIZRBITS mTEC
BL AIRE OHFEZALMIZLIZWE B X ERETT

oY

B. (FFEH &

AIRE B FORBHE FIioH ks F~— I —GFP %
ZH4 5 AIREIGFP / v 7 A < U A (AIRE/GFP-
KI) #{ERIL7-, 97245, AIRE/GFP-KI Tid AIRE
R LY GFP REMBE LTRETE, £hiZ X
5T AIRE FEHAL L AIRE FERIRHRE & 2 BRICX
B4 5 ENTE D, AIRE/IGFP-KI #*5 FACS sorting
12X o T AIRE %5 mTEC £ & T AIRE #F3 3L mTEC
ZEIL L, mTEC BNEBRT 5K TSA THDH
insulin 2 %° CRP DRIBEV~)LEER PCR HEIZL-T
ML, fih);. AIRE/IGFPKI @55, @7 U/iZ

GFP BEF3HAL. FNIZX > T AIREERETFER
FTRBTHEMLE (gp/gp) ORBMEEBERZRANT
AIRE KIBIZHES AIRE %I mTEC XU AIRE 75
I mTEC OIS A M L. AIRE ® mTEC #E{L
BRIz YW T B AR LT,

(fERm ~DELRE)
L2TOERIIEBERFELFHEZ ERZTLEHELAR
BXOEERFHHEREHEZBETL TITo7 .
BEFRE~YT AIBEBERE~NNAASA T AR
R BB ERBERAN TEWV S L— RO SPF RE
FTofHAT ., ZRPMF, BAEYE=F —RENE
R T T,

(O 51 5 73 _

AIRE/GFP-KI TIZFHIEY . AIRE FIRAALLS GFP I
roTiESmENT-, T/, AIRE/GFP-KI HlR DA
U A 250 GFP Hiik L HL AIRE UK K > CTZERE
L7z s 2 A, 1FEAELSTO GFP BHHIRRIX AIRE 5
HTChotz, BBKIENWZ LI, AIREBERETFEZRETK
B 5EE (gp/gp) OHIRTL GFP BHEHRR RIE
EiZEDLN., ZOZ LD AIRE BIKIL AIRE % %
4% mTEC DRINEREIZES L2 EMBAL NI
7polz, IRWT, AIRE/GFP-KI (gf/+) BIT
AIRE/GFP-KI (gfp/gfp) @ AIRE FEEHRAMHE LT AIRE
ERBMBO RSN EE Y —T 4 > 7 L, insulin2 (AIRE
KB~ 7 A mTEC TERHEB/ETLTNDS, Whwb
AIRE-dependent TSA gene) 3 XU CRP (AIRE KA~
7 Z mTEC CRENET LTz, o b AIRE-
independent TSA gene) DFEIRZ real-time PCR % f\»
THRMT L7z, T DF5E. AIRE-dependent TSA gene T
% insulin 2 DREIIT Y -1 5 AIRE BN S IER
AIRE BAEOHFEEIEFE L TRO LIS DIZX L,



AIRE-independent TSA gene Td 5 CRP DFELIX AIRE
HEHMAE AIRE FERBMBAOE AN G, IEF AIRE

EREOAEICBELOTRIESNE, AIRE IZ8KS
{LERFEIZ 3 D mTEC TREL TV 5D & W) BEDRE
&L O . mTEC 12334 A TSA BIEE & L T terminal
differentiation model # XF T AR ThHh -7, fthh.

GG MR Y ) b 1T AIRE/GFP-KI (gfp/gfp) @ AIRE
HEMRIIEEL (B % K < Bk mTEC) &
SRR (RY - SEERERICEETT. fE0P
MZEBET AHE) 23BD7 2 &M, AIRE 7 mTEC
ﬂ@%%mkﬁtf%ﬁiautaééﬁo e
oMo,

D. Z8

TSA FEBHHEIZ DV TH ~ O AIRE/GFP-KI % AV e
FRHTHE =1L terminal differentiation model % X £F L 7243,
[FIRFIZ AIRE/GFP-KI (gfp/gfp) HikD GFP BHEMaD
FoRe & 53 #i D8 AIRE/GFP-KI (gfp/+) DFEN &L ITEe
5 Z &5 5. developmental model DE 2 J7 DAREE % 72
¥, AIRE % mTEC ORIfAEELIEMEZ R > & W H 1R
KRLELWEEZONR, ULEOMRIZESX,
negative selection % 179 5D H T AIRE &5
(53 F1DiET & & HSEE 72 0 %> (terminal differentiation
. model Z3HF). TAL L negative selection 48 5 il
Fa) (AIRE MR E S OR[RetE b b 5) DEAIL
AIRE 3B DH> (developmental model % XFF) %
SlIEMEFRET N A EER L TRFT 242
BB,

E. &

AIRE 13Hafg MBSO H PR ORER L
iR AR O MR OB HF OIER 28D,
T > TEBEER DRI HE R BB/ N RER
RICEELRBRBEAEE LTS Z ERRBENT,

F. RRARIFHR

G. FARE
1. RICRR

1) Hamazaki, Y., Fujita, H., Kobayashi, T., Choi, Y., Scott,
H.S., Matsumoto, M., and Minato, N.

Medullary thymic epithelial cells expressing Aire represent
a unique lineage derived from cells expressing claudin
Nature Immunol. 8: 304-311, 2007.

2) Matsumoto, M.

Transcriptional regulation in thymic epithelial cells for the
establishment of self tolerance

Arch. Immunol. Ther. Exp. 55: 27-34, 2007.

3) Matsumoto, M.

Autoimmune regulator functions in autoimmunity control

Expert Rev. Clin. Immunol. 3: 891-900, 2007.

2. FRRH

1) Mouri, Y. and Matsumoto, M.

Aire in thymic stroma controls early thymopoiesis

The Rolduc Workshop on Thymocyte and T cell Biology
Kerkrade, Netherlands, May 20,2007.

2) Yano, M., Mouri, Y. and Matsumoto, M.

Thymic organogenesis controlled by NF-xB activating
factors

FOCiS 2007

San Diego, USA, June 9,2007.

3) Matsumoto, M.

Thymic stromal factors that regulate establishment and
maintenance of self-tolerance

RCAI-JSI International Symposium on Immunology 2007
Development and Maintenance of Immune System
Pacifico Yokohama, Yokohama, July 26,2007.

4) Matsumoto, M.

Transcriptional regulation in the thymus for the
establishment of self-tolerance

13" International Congress of Immunology

Rio de Janeiro, Brazil, August 21,2007.

5) Matsumoto, M.

Aire-dependent organization of thymic microenvironment
for the establishment of self-tolerance

FH37TEBAREFERE. &Il 2007.11.21.
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BAGBH M REEME (2
SRR E

A5 @@Eﬁ—l%lﬂ? HX)

B AL TRAVIE O Se R I BB OMEATICBE T S AT

SHIERREE SRIRFIA ESCEEM - w4 —HRBTRFT RN RE (ZR)

MEHEE

AIRE BT 135888 L A8 (medulary Thymic Epithelial Cells, mTEC) IZHSREBIZEIRL TR, #HA
DOEHEHFEEAD nTEC TORB L, FhIZX 282G T ROBREILADREFTHD, TN AIRE
777Uk (K0O) =07 XZBWTIE, e OEBICHTI2HCRREBLBARARET S, LALINET,
AR R EH DREREA~D AIRE OBEIX, Ao Tldhh ok, AEO BRI, BiRTHIY SEBD
FIMW I EBRN E OB T A (BAE) ~0 AIRE OBESAZHLNZTH I LICH D, BFAER K AIRE KO
v ALVYBELT:, nTEC ICRBIFBITY UEADORBREZRKLIZLIA, Iz VEHOEEIZLY AIRE K
T L AIRE FEEGFHEI DT OB Z LB LT, AIRE (KEHI Y U EHICL D EAE OEEAIX, AIRE KO

v A TCHEICHE, AIRE IZ X AR EHAFEMR,

BOGERISMEICEETHS Z ENRHEHB LA, AIRE IZX

5. IV UVBRA~OREEAFTERBOMINL, NS REBEOHEAHFETHLEILND,

ABFREBER
SEHEREOBREIL, MBRNAEEAFTEIXBDOH
% AIRE BEF./ v 277 v b (KO) =T RiZ, MS OFf
METNThHH>ERME CRBEEMFTHA (EAE) %
FEL, ValoiT HREZAWTCZOEBGFHRE-T X
DIEREREITV, BEIRRBERBEEN T L
ThbD, FEET, TOHEBEML LT, AIRE KO =
D RIZEIT D EAE FEERREREN L, AIRE Bx
FirHa Ry LR (medulary Thymic Epithelial
Cells, mTEC) Z4FEMICEBL TRBY, BxDBEC
BEA®D nTEC XL ARRICKHEDEMLETFTH S, nlEC
%%Téaaﬁamﬁbfﬁwﬁmﬁéﬁbt%%
AREIX, MRRFEEZFEIND (Zu—riEER),
7= AIRE KO <~ & Rz TIE, mmr@aa&m@
su— U EERBEIN, BxOEBRINTHIEDR
r%%aa%%rTé LhL, 5ETHE A, nTEC
Kiéizuyﬁaaﬁﬁﬁwmmmwﬁﬁmwum
OEERXFEFTr IR THWiY, TWHDRERAETAZ
LK EDERNTH S,

B. B 5

DRRAI =Y U EORRBIE

BARE L AIRE KO 2 20 E» S, BHED
mTEC ZK58I45yBEL . mRNA #3hH U7z, EEHI RT-PCR
FRHOWT, Bx0IxY VERBEEFRRVSAVEE
gL,

2)EAE 5

BAxOIx)Y EANTFRERE7UA L TV
Ny PTxewPa rEERL, BAERKU AIRE KO

v A IZEEL, BB,
L. BERERZBBF LT,
YA FAA CEARBIE
Iz Y UEARTFREEETUAL L M T Va2 b
DTN aryTRELTEUADOFRBY 7 84k
, RYFIFTHERMBML, 552 EEPD IFN-v
IL-17 BEE4 ELISAEIZ L D EIE LT,

(B E~DERE)
EREBWORY FITEE L T, EFEH - ke
& — R O EZREMER SR Y T e & BT
L, ¥4 s/NBcEDE LS, BBBLE, BxTH
Bz B ERICB W TIE, YUBFEFTALEL X DNA ERZE
BL£oRBEE- LT, BHEETLTITo7,

CHIERER

DHRAI Y L EB O, AIREIZ X B 3IRGHE
BPARI R TN AIRE KO < 7 AfFAR mTEC IZBIFHI Y
CVEHABLGTFREXERLIEEZA, nlEC IZRIRT
5IxY U EBAICIE. AIRE KEH L EEREHDO LD
NBHH T EDNHEALE,

2)MIRN I = U EARE & EAE RARD B

BFARI L AIRE KO v 7 A2 FEADITY VEBATHRE
LT EAE #FE L=t A, nlEC TOITY L ER
DOREFF L, EAE BEEORICIIEENH S Z & 03¥
AL, T74bb, AIRERKEEI Y VERDBE,
AIRE KO = 7 AT EAE EJE{L %R, AIRE FEEKFH
Y UEATIE, BAERLEOELZEDdh o7, EAE
HBELCOFEEEZRALMITED, RELIEIVAD
ARy o EifiaE, RERCTHRBLCEOY A b
HA CELAERRT L, TORKER, AIRE (KEHEIT

B A %RER L EENER



Y UoEBHIZR L TiL, AIRE KO = 7 R I2BW T
A MOAVEERRBETHA I ENARALE,

D. £

INETIZYLUEBAD/ v I T My RERHWE
EAE EFNVERAWT, IxY U BAKKTIREER
BEAFEEINTER, ZOXHIREFTALTHE,
L R REEE % X3 TE 20, A% T, AIRE KO
v URERANWAZEICEST, IV VEBIIATSD
MR (PAEE) RBEEROEEENALNE -T2,

E. 5o

ST Y UEHBAD nTEC (ZRBIFTARRIE, IV &A
OFEFEIZ X Y AIRE {KTfFME & AIRE FERTFHEIC T b
B, AIREIKTFEI = U VBRI X 2 AEEREET,

I Y UEAHTAHCRENMIEICEERKEE4R
LTWBEEZLNRD, LIERoT, AIREIZE D,
I Y UEA~NOREERFTEMIEMAIL, MS OR
EREOMBIIFSTHLEZLNSD,

F. fRfEBRE#

G. BFAEFER

1. MoCHER

1. BB, RBAE. (LATFE 2008 & FTh17#E
MBIy EIA Y BT —DORE, BERA
& - T LUAX—F 49(1): 89-94.

2. BT, RIRFIE. WATFE. 2007 HERER
B & Th17 #R2. Neuroimmunology $¥% 5 15-2:
227-234.

3.Wakiro Sato, Toshimasa Aranami, and Takashi
Yamamura. 2007. Cutting edge: Human Th17 cells are
identified as bearing CCR2+CCRS- phenotype. J
Immunol 178:7525-7529.

2. FRFER -

1. Asako Tagawa, Toshimasa Aranami, Takashi Yamamura.
Differential effects of Aire gene deficiency on the
development of EAE induced by two representative
myelin peptides. Annual Meeting of FOCIS. San Diego,
California, USA. 2007June 8.

2. Toshimasa Aranami, Sachiko Miyake, Masafumi Ogawa
and Takashi Yamamura. CD11c on NK cells mirrors the
temporal disease activity of multiple sclerosis Annumal
Meeting of FOCIS. San Diego, California, USA.
2007June 10.

3RRAIE. ZEEF. UK MS ERAFFa 71

¥ 7 —HfE CDllc IRBEFEHHEZRBTS. F1
IE AAHREEFSRSFWES. &R 2007 F
4 812 8.

4efEfM AT, FBFIE . (UFFE Human Thl7 cells are
identified as bearing CCR2+ CCRS5- phenotype. 5 37
B B AGREESRSFNES. TR 20074 11 A 22
H.

5.B)IEAF. FLRFIE . (LFFE. Differential effects of Aire
gene deficiency on the development of autoimmune
encephalomyelitis induced by two representative myelin
antigens. 5 37 B A AREFSRIFWMES. R
2007 4 11 A 22 A.

6. JLiRFI B . HERETNEER ., (LATFE. Accumulation of highly
differentiated CD28null Thl cells lacking TIM-3
expression in multiple sclerosis. 55 37 [E] H A&
SHREFEMES. RR. 20074 11 A 22 A.
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BA S @R RS (2 2 ADRERZEMIEERE)

satams £

MR1 5t T MR OREMT 5 OB I B3 S B 5

SRS KK @]

WERE

ENLKEH - iR o F —HRITEATRIRIIEE A (ER)

MAIT MRS RE A2 HONE CREELMBETHY . BORERBRLT LAX —HKA L MAIT #ia0BEE 2 H~
BT liE. BEREAELTIH LVREHEBEORAICORRE LEZLND, Lo TAFETIE, Val9-]
@33 T MIRID L 0 SEM S RE BT A FTREIZ T 5. Va 19-Ja 33 T MRS AEERONGEAHROREGL, LV
al9-Jal33 T/ 7 a—FLHEEREZENE Lz, Vald BERRTF FH BT Val9-Ja33 T MR EEGME T
M ANA 7Y F—= %AV THREFITV., ¥—F v b2 F—TOBRBEDOHRFICEE L THEEZED D,
BEORI Y —= o JEERTELOAEFEIZ., WThb Val9-Jad3 T MRZFEOHEGHEREHA 2388
FTAREHLDTIEE DT, BFE, ATV —= U THEEINPNILELRDIUEBMETHH EEL DI

A.TFEEDN

< 7 A MR-1 #)ME T AEAR (MAIT AAR) 1325 D NKT

MRS LRI D T IR T, Val9-Ja33 Of—7cain>
5725 THIBRSZAEEEZN LT MICEZESFTHDMR-1
EIZRREINTERBDOTMBE L BIRS 5, & T AHHMAIT
RO R B R HIEIIREAR 5T, Val9-Jal3 5
B 7S A~v—% AWV PRIENM—DFETH B,

F Z T, MAIT HERR OO EMR 7o BEHEREAT % PIREIC 3 B T

Va19-Ja33 € / 7 u—F Lk ER 2 B & LT3
DT,

B. A H B

T RS A E LoMEHEREREL (COR) &EEHSED
FE, =¥ b7 T B RICHEICES T A EERMHE
T, —20 THRZAEES FIZNET HEE OB
MR EBRBESHRIMIER LT, fURo—f@Fo
=T %EBEAS D, FNEROEHBIERERRD FFHK
B2 —THBEZR L., —2oOE b7 % HEIGA
X HORETCHEERAT IO, iESRE LT
TR EEREYE LSBT A, Zoi—
THEEPRFINTEHEAROWTRELSIT) 2 L5
DTEETHD, T TAEIT 2ZEROHREZENTE
NRAEBL, #F%2iTo7, B—DRERE LT, Val9
BIR~NT7F K (CAVKDSNYQLIWGACG) D KLH zv =
—F;E&, CFA=</LT 3 d LTMR-1 REE< 7 RiZEH
SEEERRS L, SEE_0oRERELT,
Val9-Ja33 T MRS BEEZHKBAT I THEBNNATY R
—- NB116 (FEBS letters 516, 97 (2002)) #hiu% .
MR-1 R~ RZHEERNKRE (48D L. S HIZFM
MAZERARSE (2H) LIBNREZ{THo, REK

THRICENENIRERAREZ SBEL, RYxF L 7Y
I—AERAWT I a—< g (P3Ul Mifa) & MRS
S, HAT SR TRIREER 1T o 7

(e ~DERE)
S ERIZE LTI, YRR OB EREEIRE .
ERABEOERE ST TffoT,

CHIAER

MBS T4 . HAT BSHEAIC TRBIREER 44TV, AL
TEEEV o VOEE LBV TRAI YV —= T %,
Fotee —lRAZ Y —z=v 7L T7a0—Y%A b A—
Z—ZHWTNBLI6HIRIZ ST D% T &&RIL .
RPF RFEIESTHONWTIE2 9, "A 7Y K—<&
BT OWTIEI8 0 DY = V%515, KX
I Y —m L LTRTF FREMZOVTIE T a—
YA PA—=F—ZLBARAT V—=THETV, 5
DOBHEY =V EEB-, £ 7Y R—=RENITD
WTiFEVald R7F FERWZELISAEIZ LB R 7 Y
—= T ERT, T9AOBE Y v EBZ, N T
U R—=®E 5oV T, 7TaiRERMNREKLRE
TAHEDDZRAI V—=7¢& LT, NBl16 HAaIZ
Mz TA 7Y F—<{ERUZ v 7= NB116 FIRE D Fkk
RS (BW5147 #ipa) & Vald-Jal8 T MRS A4 R
BT ATHBE AL 7Y F—< (N38-3C3 #ifa) #%h
FHAE L., NB116 MfIZ it L, BW5147 Mlifad L O
N38-3C3 AMBME & 1IRUS Lig WK 2 BRI L=, £OfE
B NATY R—=BIEHOH]1 OED T = /LHER
Eht, 20354 7Aoo, BREREICL
W ro—-= T EBITV, ThEhssua—r (20
su—y) %8,



Bohk&I/a—izonT, BRU%EY 77 5 ZDR
EEIT-T-FE., 1g6l/kh 1 &, 1g62a/xnd 1 §&,
IgG2b/x MW 2 FE LN, T BDHFEIZHWNT,
C57BL/6 =™ A Val9TCRtg = 7 A H AWM MR-1 KB
< U AOBRIEMR A & RIS S, FACS (2 THEAT L7,
C57BL/6 ¥ 7 A & Vau19TCRtg = 7 R Z oW T, Fh
TG HIRD & REPEHIAS % AutoMACS 2 IV THREL |
ER PR ZHANT Vol IBEEMDOERZIT - 1255,
BAEE S ~D Vo 19 DEMHITED bhienoTz

D. Z%

AE, EZONKTHEEEPND Val9-TJa33 THIE
DERPLRBREEZBMIC, Val9-Ja33 THBSARK
BROTEEABBORIGE2R AT, BEMIZE, B
BETATBDREE CIIIELR -7, FHL
RABEOMKELEMREEDLZ LN TET,
FTValIRTF F2BE LT-REB ORI HEIL.
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Abstract CDl1d-restricted invariant natural killer T (NKT) cells emerge as unique
lymphocyte subsets implicated in the regulation of autoimmunity. Abnormalities in
the numbers and functions of NKT cells have been observed in patients with diverse
autoimmune diseases as well as in animal models of autoimmune diseases. NKT cells
recognize glycolipid antigens presented by the nonpolymorphic MHC class I-like
protein CD1d and participate in various kinds of immunoregulation due to a potent
ability to produce a variety of cytokines. In this review, we examine the potential roles
of NKT cells in the regulation and pathogenesis of autoimmune disease and the recent
advances in glycolipid therapy for autoimmune disease models.

1
Introduction

Autoimmunity is not forbidden in the healthy immune system and may target
peptide or lipid antigens. However, in most healthy individuals, autoimmunity
does not manifest its dangerous nature, but rather it plays an essential role in
maintaining the immunological homeostasis as a physiological regulator. As
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evidenced by a number of studies of autoimmune disease models, “dangerous”
autoimmunity appears to be controlled by “protective” autoimmunity in the
physiological immune network [1, 2].

Although the functional dichotomy of autoimmunity hasbeen documented
mostly in peptide and MHC-reactive T cells, it may also hold true for lipid-
specific T cells. In fact, opposing functions mediated by lipid-reactive, CD1-
restricted T cells have been documented in recently published studies on au-
toimmune disease models [3-8] (Table 1). Namely, CD1d-restricted invariant
Val4* NKT cells (NKT) play a protective role in experimental autoimmune
encephalomyelitis (EAE) or type I diabetes in NOD mice, whereas they appear
to be involved in mediating the inflammatory pathology of arthritis models.
Whatever mechanism may be operative in polarizing NKT cells toward being
protective or pathogenic, it is obvious that autoimmunity to lipid antigens
is not always beneficial for our health. Here we review the recent publica-
tions on lipid-reactive T cells, particularly CD1d-restricted NKT cells and
autoimmune diseases. :

2
The Role of NKT Cells in Animal Models of Autoimmune Diseases

2.1
NKT Cells in Experimental Autoimmune Encephalomyelitis

After transgenic mice overexpressing or lacking Va14-Ja18 T cell receptors
(TCRs), which define invariant NKT cells, were established, the role of CD1d-
restricted NKT cells was studied in depth in various autoimmune conditions.
Amongst these, EAE is a prototypical model for multiple sclerosis (MS) me-
diated by Th1 autoimmune cells, which can be induced by immunization with
central nervous system (CNS) antigens such as myelin oligodendrocyte glyco-
protein (MOG) or myelin basic protein (MBP) in mycobacterium-containing
adjuvant. Approximately 2-3 weeks after sensitization, susceptible mice would
manifest MS-like ascending limb paralysis due to inflammatory lesions within
the brain and spinal cord. However, as seen with human MS, EAE mice usu-
ally recover from paralysis, which is thought to involve elaborate immune
regulatory processes. Several research groups have investigated the possi-
ble involvement of NKT cells in the regulation of EAE using transgenic or
gene knockout mice. In TCR Val4-Jal18 transgenic NOD mice, bearing an
increased number of NKT cells, MOG-induced EAE was significantly sup-
pressed in association with inhibition of antigen-specific IFN-y production in
the spleen [9]. Consistent with this, another study showed that CD1d™- mice
developed a more severe EAE compared to C57BL/6 mice [10], suggesting the
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immunoregulatory role of NKT cells. We could not rule out the possibility
that NKT cells take the space of pathogenic MHC-restricted T cells. Other
groups, however, reported that there was no difference in disease course be-
tween wild type and mice lacking all CD1d-restricted T cells (CD1d™~) or
selectively lacking invariant NKT cells (Ja187/~) [11, 12] in ameliorating dis-
ease in C57BL/6. CD1d™~ and B10.PL.CD1d™"~ mice [13]. Although the basis
for these inconsistencies is not clear, it is possible that the role of NKT cells in
each EAE system is critically determined by various ill-defined factors such
as non-MHC genes that result from different levels of back-crossing to the
C57BL/6 background, the breeding environment (cleanliness, serenity), or
dose and quality of adjuvant used for EAE induction.

After a-galactosylceramide (x-GalCer) was identified as the efficacious
glycolipid ligand for NKT cells, this glycolipid was widely used as a pharmaco-
logical reagent to explore the potential for NKT cells to regulate autoimmunity.
The results obtained from «-GalCer treatment of EAE also generated conflict-
ing results. Intraperitoneal injection of a-GalCer before immunization led to
suppression of EAE in B.10 PL mice induced with a peptide from MBP [13].
Co-immunization of a-GalCer with an encephalitogenic MOG peptide ame-
liorated EAE induced in C57BL/6 mice, as compared to MOG immunization
without a-GalCer [13]. This co-immunization protocol was adopted by others
and proved effective in suppressing EAE in MBP-immunized PL/J mice [11,
12]. However, exacerbation of EAE was observed by a similar co-immunization
with a-GalCer in MBP-immunized B10.PL and SJL/L mice [11, 12].

Accompanying ex vivo analysis showed that the protective effect of
a-GalCer seemed to correlate with the differential abilities of the mouse
strains to produce IL-4 upon stimulation with a-GalCer. For, example,
protection was seen in strains secreting higher levels of IL-4 in response
to a-GalCer. Moreover, the protective effect of a-GalCer in EAE was
not observed in IL-4- or IL-10-deficient mice [11], whereas disease was
ameliorated in IFN-y-deficient mice [13, 14]. Taken together, this suggests
that EAE protection by a-GalCer is mediated by Th2 cytokines produced
by NKT cells, although one study demonstrated that IFN-y but not IL-4 is
critical for the disease protection by a-GalCer in C57BL/6 mice [13]. Another
line of evidence to support Th2-mediated protection is that in vivo injection
of a-GalCer-pulsed antigen-presenting cells (APCs) with CD86 blockade
(treated with anti-B7.2 antibodies does not only polarize NKT cells toward
a Th2-like phenotype but mediates concomitant suppression of EAE, whereas
a-GalCer presented by anti-CD40 activated APC induces a bias of NKT cells
toward a Thl-like phenotype and exacerbated EAE [14].

Further support for Th2-mediated suppressive effect on EAE by NKT cells
has been shown using OCH, a sphingosine truncated analog of a-GalCer,
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which preferentially induces IL-4 from NKT cells [15-18]. OCH has been
shown to be more effective than a-GalCer in preventing EAE in C57BL/6 mice,
and it possesses some efficacy even when treatment was initiated several days
after EAE induction. OCH was also effective when administrated orally, which
is the favored treatment route for humans. The protective effect by OCH was
abrogated by neutralization of IL-4 [15].

Taken together, NKT cells appear to work as a regulatory cells in EAE and
a proper activation of NKT cells could lead to amelioration of EAE.

2.2
NKT Cells in Diabetes Models

Nonobese diabetic (NOD) mice develop spontaneous autoimmune diabetes
that is similar to the human disease, insulin-dependent type 1 diabetes mel-
litus. In parallel with effector cells such as Thl type CD4* cells and CD8*
T cells, regulatory cells including NKT cells have been suggested to inhibit
the development of diabetes. While a deficit in the number and function
of NKT cells has been indicated in NOD mice [19-22], further deletion of
NKT cells by genetic ablation expression accelerated onset and increased in-
cidence of diabetes [23-25]. Protection against diabetes in transgenic NOD
mice overexpressing CD1d molecules within the pancreatic islets further sup-
ports a CD1d-dependent regulatory function of NKT cells [26].

Consistent with the hypothesis that NKT cells are protective in experi-
mental models of diabetes, NOD mice were also protected against diabetes by
increasing the number of NKT cells either by infusion of NKT cell-enriched
thymocyte preparations [27] or by the introduction of the Va14 Ja18 gene into
NOD mice [28]. Moreover, activation of NKT cells with synthetic glycolipid
ligands such as a-GalCer or OCH has been shown to prevent the development
of diabetes in NOD mice [24, 25, 29-31].

In many studies, protection from diabetes by NKT cells is associated
with the induction of Th2 response to islet autoantigens. Neutralization
of IL-4 and IL-10 abolished the protection from diabetes by transferred
CD4CD8 TCRaf* (NKT) thymocytes [27]. In V14 Ja18 transgenic mice,
the response to the pancreatic autoantigen, glutamic acid decarboxylase
(name autoantigen) response was shifted toward Th2 phenotype and neu-
tralization of IL-4 abrogated protection from cyclophosphamide-induced di-
abetes [32]. Th2 polarization was also observed in mice treated with glyco-
lipid ligands for NKT cells [24, 25, 29-31]. Treatment with a-GalCer amelio-
rated cyclophosphamide-induced diabetes in an IL-4-dependent manner [32],
though the role of IL-10 is controversial [30, 32]. Th2-independent mecha-
nisms underlying NKT cell-mediated suppression have been reported in a dif-



