N5 EINT. EE, NMO OREZET 2 L ic hils
BRICTA YA PCERRT A KF 2L THSB,
77 T7RY ¥ 4(AQPY) I T 2 HCHE2E T 3 ELE
ETBZEDBHS IR -72, i AQP4 Fiff 13K B s
B OBWOERZe— -3, BTLLEEE
KELLTE8 5T, £/ CMS & NMO 2855 3 ICI3RE
DTG (30~80%). 7z, DVBEICBITE MSDE
FRAAIAEICIZ IFN-B 3SE v 65 53, 3 AQP4 Hitkz &
TEHRETRHAERZ I LBTEENY, CMSKBWVT
b IFN-BOFRBHZHDERVHDVH B, ZDLk)
K—ETMS Lo ThZDOREIELEELSRETHSE. 20
RARRBOIERE, BERKCEOHE, FEFHE-oE
DEVEEEBED DI, B AA A4 v—h —d5KRHT
RTH3,

MS DiFRE

BEERIEEMENS A~ —h—%EZ B LT, HHIZMS D
PR 2 fHBLICHEN T 5 (). MS OARBIZFREEZD
STYVERARKNTIEHARBRIGTHS LEZONTE
h, BORERIGICIE CD4 B~V $— T s g
BREER L, BORGE CD4 BBtE T Mifa i pAR
RIcBET2LEINTER. BERDE T HIZEREY
VAR B TR E N, IFN-7 EL44 Thl Mz
IL-17 BE4E M Th17 fifE~a1t$ 5. T oiEE(k T #Hfa
IZi¥, CXCR3, CCR2ZEDT TN A VEEE, BV
VLA-4 2 E OEEDFBHEL T3,

RIEM A PR R ICBE T 3 72 o i 1 Mk A ET Y
(BBB) 2 ¥ 2 6 E25H 5. BBBRMEANK L glia
limitans ? 2 EEP 5% 555, CXCR3 VGV FTH 3
IP-I0 % EDTEAAL VP, VLA4A UV H VY FTH 3
VCAM-1, osteopontin DFRENMERN KM ML T
BD, BCKGE T MRIZMEANRICES L, perivascu-
lar cuff ICBET 5. BEREIZBEEA & L T perivascular cuff
WH%T3, 2L T, BEbernyr—YickoT
BRI N-HHEQICRENICRG, BEEEMLL, IFN-
7 IL-17 7 ERRL B RIEWET A P AL v RorEh A4 VEE
£ BBBA2HET 2. o DRERIGP, BBB OBkE
ICHEVCEN B SN BHIESELE T 2 B0t 2 E
EL, HEEME I3, i AQP4 Fifkid glialimitans LD 7
ArudA FREBICEFERL CV»3 AQP4 2 EEEE
THAEMESDHD, BBBOBEICHHEboTw3 EEZ
55,

iz LT, HERGE T HIgCRN % RERDOE
PEALICN U THIRIEIc @ C SRR RO FEEI Mo N TE
D, AP L IR G, IR, SOt
A P AL VIET B IL-4, IL-10 & EQFREEET A + A
A vZEEL£L, BORGHE T M L Cmsig <.
MS 28Tk CD4 FEME CD25 FaE T Mg, NK #Hig,
NKT #fife 7 £ RBEREMIE L L TRBRENT VL3,

REREEENM AT —H—

ZITIEMS DFRBICIGL, REQCRESELLZE2O T

HFaY NAFT—hH— YT EEREEIE R BEE
Th1 #BR3ESE pSTATT, T-bet PBMC SEEEM J Neurosci Res. 2006 ; 84 : 1027-36.
T Th17 #EEIRE IL-17 CSF #in Brain. 2005 ; 128 : 988-1002.
TR IAP PBMC FIREM Mult Scler. 2008 ; 14 : 577-94.
osteopontin CSF #=hn Arch Neurol. 2008 ; 65 : 232-5,
TENLBEV CXCR3, CCR5 CSF infiltrated T cells 1 Muit Scler. 2003 ; 9 : 189-98.
TEDA VERE CXCR3, IP-10 CSF infiltrated T cells B J Neurol Neurosurg Psychiatry. 2002 ; 72 : 498-502.
CCR2 CSF infiltrated T cells =i Biomark Insights. 2007 ; 2 : 463-8.
BENTF sICAM-1, sVCAM-1  CSF REE J Neurol. 2005 ; 252 : 146-50.
X&O7074+—+¥ sICAM-1, sVCAM-1  serum BEEM J Neurol. 2005 ; 252 : 526-33.
MMP-9 serum, CSF B Mult Scler. 2006 ; 12 : 294-301.
MMP-3 serum BRI J Neurol Neurosurg Psychiatry. 2006 ; 77 : 185-8.
BigE, #ERES neurofilament CSF b1 Mult Scler. 2010 ; 16 . 287-92.
GFAP, S1008 CSF =0 J Neurol Neurosurg Psychiatry. 2009 : 80 : 575-7.
NK #f82 CD11c PBMC FEIRIEM J Immunol. 2006 ; 177 . 5659-67.
PBMC R MEMEMAL, CSFEER, serum ILE
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Wia, 2R RAOBTICELSE @ yEHL Y, @ BE
AF, TORICK IS @ MEBBEEL, REORHBZTS
® BiffifE, KEOHEETH ® REFEMITICL TR
N5, INEFTKHEDH 57, T MS OEEIESHEIC
BT 24 A —h—2RITIET S,

1. Thl/Thl7 $EfARSE~Y—H—, FHk—H—

MS T CD4 BBt T #ifaoiEiEd, SMED#EM, 78
P ARELREPROOND. INsREEESEER
By 2 REMESEE SN, RAEME X VB T OB S
e BAEPSBITEINTE -, WEETHE:L LTk
Thl #fg+ Thl7 MR E S T3, Thl #ES I
1%, STAT-1% T-bet % EDHRERTHEEREE 2 5
72925, CDABMEB LU CDS B THBIcAD 3, Bk
BISTAT-1 8 & T T-bet BIHEMIEOSEE S MS DFEFEEE
WHEINT 5 LMEINT WD, $7, [FN-7 2 IL-17 E&E
MR DEIEH MS OFEFTIREIL TR Y, BRI
IL-17 BEAEMREAS S S ITHEINT 2 L v I & H 29, IL-
17 I3 EFERIC CMS & b NMO D8R T LEEL T3 L
HINTEY, Thl7 MO NMOKBE~D LY EWES
BFEINS, IhoFmEETHROBL R 2E8EFH
BT A A4 VISRBESEDO NS T —H— L LTH
FInz,

E, EEL THEO 7 R b —> 2 BEIE, HOAEE
BREO—FHERZ I EDBTRBENT VS, 22 TRERE
BEL7RA - AEEEAOMBESBITE T3,
active MS 12 8> TiX, stable MS T HiX T inhibitor of
apoptosis (IAP) £33, M7 X F—L REH7 73U —D
REEREPRO SN, ZOHEBELEFIE MR COHER
BHEMEBE L, £, MSOBERBICHECLEREL, H
EEICFHKBDE E 5 osteopontin 1x, MS OEYE FILT
H 5 EBE CREEMERE EAR) B TEEL T
MIEOHT R - ABAZLES Y, FELEE, B
SEBZI LN, FEEbLe—I - LTERBENTY
29,

2. TEHAVETEDAUZEMK

TEDAVBHBEOBEEZFZETIVA A4V TH
D, MS DIFRBIZB VTS HERKIGHE T HfEs L 0z ot
DRIEMEMIED, FERANOBBEICEERGE 2 BT L%
Z6NTED, REEESE—D—L LTOREL LV

BHERICE, FELTThMBECHREINS CXCR3,
CCRS L a7 4 4 » REBGHEMBE OB T O
EERD, HWRFIP-I0BED LESREIN TS,
EAE ® 7)VITE T Thl7 W HE§ % CCR6 Bk
DIRHEERZ N L TOBBENREBSLEOELICNETH 3
JEDRINTED, EEHINTWwBY, £ CCR2 B
THEDOEE ERO®EDL H 5. CCR2 1t CCL2 (macro-
phage inflammatory protein-1, MCP-1) DZ&&ETH b,
HER, =7n77—YRMBICELVERL, hs
BAREROMIEE KERICEET2H2 052, bhbd
id CCR2 B CCRS &t T MifE2s Thl7 Mifacdh 2 =
EREMELTEND, HHERO Thl Ml Thl7 ML %
BEYBTENA VRERE, BRESHEN, Ao—Dh—1
LTORBEIREBINS,

3. BESTF, XgO07/07AF—+€

MS DFEFFE I L T, soluble ICAM-1 (SICAM-1),
soluble VCAM-1(sVCAM-1), % L AAMEESF OIS
TORELENED o, HORGE T MEEEl I
WIIERICREE NS L EZ 5N, EF sICAM-1 3,
ARV =T AEEREOHRBICET> T ERT 2 LHES
NTWwW3, F, Xyuras4F—¥ix, Hasss
(extracellular matrix) 2 %53 Z L1k ), BBB O
B, KEMROEEAORER LICEERRE 2 BT
EPRREINT WS, MS OFFHERICIZ, MMP-9 lZimiE
BLUBERFIRED, MMP-3 2SR ERENERT 3 L
WEINT 03B,

4. HEREEREY—H—

MS KR W TP E B RRETH 528, EEE
HOBRBE» CHEBEEELBIAIENRENAT VLD,
Neurofilament light protein X EiZR TO X ELIMEETKE
HTH 2%, MSIKBW KT TOLEENED SN, &
WHEERICEZEICERL, 7, BROEE, S&ERD
EFELHEET 2 EWEI N TV 3, # AQPA HikR D
NMO B WTIREERHIC7Z A bu¥4 b OBESE
5 EDHMoN, BEREHRD GFAP % S100B 2386 ¢ -
ATHILEPREINTEY, FHERWT 22 L CEE
EEEe— b~ LTObHFEI NS

5. BHiREEEY—H—

MS DFREICE T, BHMBZECRIGE THEE &b
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o, EEEMREE L CEERREZRZLTwBEELS
nTWw3, N, BRIEZERET H CD20 HiEkds MS
DERMENCFIEZR L7206 TH Y. BifgzzoH
ERTFELROV UIBEEZ2EBL URE~DEEVNEL LN
205, Z OFFEIZFOEA TR, CMS 281 58k
DOF )T r7a—FANY FOEEDP S, B8R+ T
sa—FIVREHER L TCHwB I EXFERINE. MSO2
BIcBERZED, ZORE~DESZVELTHATH 3.
NMO Tid#t AQP4 FiEDHREENTRINT 523, Z
DOYAEMINRE EHE T2 REEEATHLR Y, ZOH
HIZRY 70 —F L THB I L, KM CHMEMIE S
L5, HLAQPATIEESL BMlEORE~DEDL D X
CMS L B 2 TS 5. BHIFEDEIRRIZFTIRD Thl/
Th17 #EREESE~ — & — L HE¥ T, CMS & NMO 22
DIRREICHI L 7R BIEEE v —h — DRELO 7D Ich, %
DFEFEBRERICBOTRIIRDLNTV S,

6. SIFHRETHA

bbb OBARE T, NKMiEgs EAE OFgifET
HBEHRELTVBERY, MSEHFRMEMICBWTZDE
BRES LT3 L 0IRENH B0, bhbhiz, MSE
FEHIC BT NK filgo CDllc EEREVEEICEML,
FNDTHBEEEL IR, BRERLEETILE2H
#1LTw3, NK OB CEEES REEESE—
A=t LTCOEREVEFTEZLEI NS, hORE
eI & LT CD4 Btk CD25 BRtEi&iiE T MifE, NKT
MR E23H Y, MS Tz DRGSEENEESN TR
EDBTFRINDDVEENLBRS IR0,

BERGENAYT—H—

BEE, MS ERIDMRER L LT IFN-BIRESTRD 5
nTw3, IFN-BIBEME THlEEE 2 515 Thl M
4t Thl7 S L2 T 2 %2 EQRRELH SN T
%3, CMS DT % BERIICE IL-17F(L-17 7 7 2
Y —D—0) BEDBEI X [FN-8 DESEETE 2w
LOHENHBW, 7, NMO TRl AQP4 ¥z E T
25&1 IFN-B THET3HE1H ), ZHZTREE
ADEBER D,

—EBERBIR L 72813, Zoh ko EE I fEE
72 3. Neopterin, 82 37 u2n7 V¥, myxovirus-

resitant protein A (MxA) R EWNL Fw—A— & L TH
51, BIZ MxA DX v rYv— RNA BZFAHED
FELFTEBHEOVRA LEELTRD, BEEAZD
EZY YV ISIERBAA A=A —TH B,

S, MS O & L T Glatiramer acetate, Natalizu-
mab ($i VLA4 #i{£), Rituximab (JT CD20 #i %),
FTY720 2 ERHEATHEAINTL B2 LEILNED
T, ZOWBEKIGHEICET 2 M A2 — A2 —IcbEELT
WL BEND B,

LT U

AFICBIT B MS IEMERICH Y, ZOREIEISES
BThreEZOND, D MSICIFFIRD X 9 EE
BB Y, HAED MS OREMH, EE2Y br—)LIcE
FARNA A2 —h—DHELIIEE T EELZ 6N, 3ok
LHEBRD SN TV B,

X W
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63.

2) Lennon VA, Wingerchuk DM, Kryzer TJ, et al. A serum
autoantibody marker of neuromyelitis optica : distinction from
multiple sclerosis. Lancet. 2004 ; 364 : 2106-12.

3) SREE(ERESA FI4 v BEES. SHEBEMERESA FI4
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BAZERTENE LA Th7 MRHEE
BECRERE |

(& U 67) i
SEMEEALE (multiple sclerosis ; BUF MS) 1%, =g
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746

(Bt #®82% %£8%

i i

BROBRBEEHEL, THIHBES W7D
7z % — THEOEIETEI X2 HEEENREIR
TELEhABREN R ERHCRERETH LY. L1z
o THEME THEHE OB A 5 MS ORBL EHET
5k, KEEOFHREBEANOBREHLELEL L
o BEEELONDE, DX RBEND, A
MS OFHEBEENORELZ B E LT, MS BEREM
THROBENEETEIBN TV, EFEICKERLT
MS BE THIR CREIVEHTH—EDOERTFHROMZEIC
BEL?Y. #0%0T, MSEBETEIDBEVWEEEZS:
bo TRANELBOI-BEFELRHELA -7 7>
BAZ R NRIA2 1, MS DEIIETFTVTH S EBRNE
CHREMREFER (experimental autoimmune encephalomye-
litis - BLF BEAE) v 7 AHROHFRAZRE THE TR
HOTENZD N2, S5 THED NRIA2ZFH LN
WICHB L TRERY S M4 VOEENEFL, —F
NR4A2 ¥ E 1Y siRNA MLEIZ X U passive EAE T T VIZH
I7% EAE RN A RICHF SN/ Z &5 5, NRLA2 YR
BT $Ifa ORREETLE L RB TR ICIE  Bb 2 WREE D
RENY., ARTE, HOAERBERICEDLS THRE
OEEET A P I A VEEICBIT B NRIA2 DEEREIZO W
T, INFETCRERAPFHLPICLAMRZ FLIEAT 5.

1. =77 BRZEME NRIA2

v FOBRZEMRIIBBEORLR LD TFPORET 7
Y —%RLTBY, ZXAMaFUERE, Fyvaanvs
a4 FSEEPEEEY Y I VERALREZELY. KR
ETHREZERT S Thi7 MR EBEAZEEOEDL) 2ZE
O ATER, ROBEMIE Th17 Mz~ X & —Fl#sF LT/
4 FF+—7 7 Y ZZB/E RORW/NRIES T, FOBEMEAY T
v MRFEMEIC Th17 MiRR R dlEz b oL F /£ YRR
FHERAR/NRIBIP L Vo b 2ATH D, ThI7HIEE
BHZEAREOBL Y IFENECRNC L2ERRSE
bNb. ETNRIA 7 7 3V —=4F ik NR4Al (NGFB-1/
Nur77), NR4A2 (Nurrl), NR4A3 (NOR1) ® 3% 5 %
29, NRAA 7 7 3V —DFEELIIRT &) effc o &
EBECBEL, FO—BIIRSFROBEN T —/N—
S5y TABROLEND. TP TNRIA2 DEBREMITE
WCHREHRRICERFLTBY, 2 TORREM, R
FHICRVWEEL2RD L. REZLOEETIE, THREE
BAROEFBROREET A v A4 v EORBIC LY, TH
JaCc—EBHEICREFE I N5 immediate early gene & LT
HMHENTWA, NRAA 7 7 3 V) —5FiE, BAZEESTF

BICHBOBEHOBEF AL Y6425 (D). 209
LE2ONZn 74 Y H—257% 5 NKEDDNA KA F 2
4~ (DBD) &, ZREETHECRIBEINTHY,
BHSF70E— 5 —HNOBEEFI~NOFEEICHED 5.
CRENMETAIF Y FEAFAL Y (LBD) &, &5
TFHTOZHRENEL, BEETNETNELRBZVT VY F2R
BT A VAV EPERLBHAZTEETIIAR, FXL .
YDAV T A A=V a yHFEAL, KmONY v T X 12
MEHEBEOERE AL, VT Ly —%EELTaT
TFR=F =L E&ETH L) TR VEEFEELEEESRT
5. —F, VH Y EPRADEAZREREIA -7 7 VZF
REMIN, NRAA 7 73V —HFDZOFIEENS.
BEBITDORER, NR4A2 O LBD EHEBVHFFRCHK
HOREZ LTI /VBICEDhTEY, BENZY T
FHEERT Y MR WI EPRENT VS, NR4AZ D
~NY v 7 A121E, U H Y FIRERICEEE S AREMN
DAVTF A= aribbIENHNY, BETRIN
v FERENCEERELEZAETAIINEEZ SN TY
5.

2. NR4A2 DFERFEENDTF

NRAA2 13, IBEFEE, TRARFTI0IY, ANV T A,
WHETF, ~TFFRVEY, BABREESTFRY, £
Bir RTINS LTEECEEAITEINS. 260
B CIEE{L & M/ NE-xB » % 212 CREB #° 7 1 & —
7 —OEEFEMERICER TSI LT, NRIA2EET
PRAENDEEEZONTVWS, —F, NR4A2 ¥ V37
B3 AV FIREFEICERESNCHEEL, TROEET
ZEEZFETS (®2). T0L)ICNRIA2 5 F DHEREH]
HMit, FCHFERFICIZBEEFELAVTTbRTY
5. NR4A 7 7 3 ) = FORHBEFI L LT, © (A/T)
AAAGGTCA BEHI7* 57 5 NBRE (NGFI-B response ele-
ment; BEEDH L2 VI ZEERONRIAGT FAIESR),
@NBRE $EB.D AAAT (G/A) (C/T) CA DM EHRY K
LEEFI 4 57 A NuRE (Nur-responsive element ; 7 W% ¥
F X5 ansFr (POMC) 7OE—%—IZ%F), @DRS
B (LF /4 FXEAEE RXR) £DOANTOF A3 —
BEICE D) O3IFEIFMOENTWA., NR4A2 DERERE
FLLTEDELBIFENTVEEEFO—2PFO Y
L FoFys—¥ (TH) BEFTHY, NRIA2EKFE 2
K83 (DA) OEAE, THEETF7UE—F —HF
ETAHANBREZNLTHESND. NRIA2ERL T TR
TRTHREEDO PRI VEEZ 2T VORRFEE K

% b0 MU
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NRAADZ 72— FDHEE

NH2 -

RIEMHA AL L1, TNF-afi &)
HSEBERT, TORETSUUUE,
AFF—EEER. THEZAEER

1 NRAABWEZERHEKT7 73 —5F

747
MR
TTA—LER BEma
RS uan nn B KRGS
®
TRV R A ATOARER

BoRERE?

AF1/2; activation function 1, 2
DBD; DNA binding domain
LBD; ligand binding domain

FoaireErofss—F
TOFEA A5 /23)LF > (POMO)
RIEMES A PAAS IL-17 - IFN—7E &)

NRAA 77 3V —GFFRIBOFTFHo% ), BAZEESTFIABOBELET L. EBPHRYT Y FERETH LA, ST &
EREMEEICHDL. NRIAZI, TURS Y5 YUY, HERT, SEETA P4 2o THRSEERRICEE L TREN
FHEEN, TNIENFKBHAHIECREB DFEMLENTHEZLONTWAE. —F, Z0XICLTREL NRIA2 ST i3,
NBRE (NGFI-B response element), NurRE (Nur-responsive element), DRS 7% ¥ DI DEFIZ ML TS —7 v FMEBEFORERE
FEHTL., INITRFUY Ve FuS YIS —EREHI, ¥HO5 5y MEETIBRE SN TV 5.

Y, ELERBEES—F Y VFEO—EIC NRIAZ DE
BFEENRCEZENZZE,5?, THEHICB TS
NR4AZ2 DEEMEFFR#HZEIN TS, 12D NRIA2 DIE
REREZ Bis L= OB 5 5 EHOENBET I HE
SNTHBY, NR4A2 EHRREEREFHHOALZ ST, &
TETLERICERCEbATRENRENTWS,

3. THIEMEL NRIA 773U —5F

RERICBIIANRIA 77 3 ) —HFOBEBICELT
i, THRET7R NV 25E, BIOHETO[EOER]
BT % NRAAL 5 FOREED & ICEEMICETF S hTw

B TCRFIBUC X B A V¥ ARAICEE - TEELL
7oMEF2 13, NRAAIEBZALCTHMBET7T RN~ 2%
5l8BIY. —HT, ZORKIINRIALDFE B2 5F
EDGFHEMEEERZAN L2F#E2ZT5. ©F 1) MEF2
LA LB A F Cabinl id, MEF2 & p300 D4
ZMETAH L L DI, mSin3 & DHEEZ AL THDACL/2
VI V—PFFTHIEIZLY, MER2IZ X % NR4AL D
EREYENL TR b=V 22T 22 E 1 00Tn
5 (FRZR)™. —F, NRIAI REBY Y7 2A0MBE L
REOTHR7 RNV 2R KREZEER R, Wk
T ETERRT 5 NRAA2 72 E DD 5F 55 NR4AT KB

A L e e e e L e W@ N s R
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1 nIRERE

WURRIR A
SILTDX
MEEBA
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control

0.59 %

105 10t 100 1! 102

EAESIE
5 passive EAE
5 | © Control RNA
Pﬁ ® siRNA
4 -
X
E 3
2 b
3 4 N q=))
10 10 0 ; ,
> 1L-17 0 10 20 30

2 HERESEL Th17 MR T 5 NR4AZ DTRE

A FA—T THRI HEERHEBLOMEL2ERTL L, BA4OT 4 MM VEEEKFEECENEFNLEENICELS
THIF (Thl/Th2/Thl7/iTreg) ~L kT 2. HOREDB S LI, Thl ML Thi7 MEONFFECREFREICED
LEEZOLNTEY, NFOMBEBEZFHHTLIZLPEELEETH S.

(B) NR4A2 BIEF % IRES-GFP D EIMICHARATEV I IAf VAEa Yy ba -4 VA%, TRFL~YT RER CD4
B THEICERESY, GRPBHEMBOLEEY A 74 YELEZ, MIEBAYA b4 Y REEFHVTHREL .
NR4A2 FEHHBL (GFP IBMEMlE) Tix, WEBICHRTIL-17 DEEIERL TWS (0.59% vs 10.31%).

(C) PLPuoasn X7 F FRBELZSILI T ADFEBY ¥ /SEMEIC, NRIAZEHEWNSRNADH S WIET Y P T —JVRNA %
BEFEALL. IEX7F FEETCIHEEREL CERBRL-MEL, REEBHLAZSIL Y RACBAL, EAE %
FEM | 7-. NRAA2 BB siRNA MLEE D EAE 22 71%, 2> b — VMBI THEOEE/LAED b,

EWMETAILICLY, BURHAEOEHRZIFL TS
LOLFEENS. —F, NRAA2 RIEY T XTI, i
DFNRIVEEAZ 21— VOREDPELL, BERBERT
CRFBTTAS. 0 NRLAZ RIBE~ 7 ADOERHET NR4AL
2 NRIAS TRBERETELRZ2VWI ER S, NRIAZHEH O
S RBROTFETBITRLTWS. NR4AZ RIE<
U A, ERORBERIATRELRD, RERZETK
HOBEREOMITIZELL, a3V T4 YaFVRETY
A EEBCIBRNENS.

4, HTOREZREICST S NRIA2 DEE

MS %2 L O HERERBRTIE, SENE THBSHNAERE
WCEERREZ RS, =727 % — CD4 B THIRRIZ,
BEOBENICEL S MBREICHESNS Y, PETX D4
b T\Ww/z Thl Mg, Th2 MRS X T, Th17 MERR™® &
wEE THREYORREZERIC, JVERSZEL TV
(K 2). MS DIREEFRAL <1, Thl MlE< Thi7 MALC
REEN L HORBE TR e 2 &2 £ T L

% L D 5 O
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MEF2

MEF2

> FRE— X
‘7_5:;3

FEAONTEY, TOX) REETHEOBEFRE
fRATIZ, FREEENORRCENLFBTH L. K
id, DNAYA 707 LA %/ MS BERITH@E
DWBEHBEFRABITEZBUT, MS HETHETRE
PEE L TR BBETEZET L, NRIA2 % & T EIRE
VWEEFEERELLY. 27275 —THEIZIBITS
NR4AZ DHEEEZE L D EHICE S 20, DEMS DT R
ETNVTHLERNECRESERMERA ULT EAR) 12
BT B NRIA2 DEE B Z & & L72Y.

EAE W, PRMBERCRETAIZY Y - F Y TF0
FafA MES N7 E (MOG) #7u5F+ Uy Ky
Y7 E (PLP), I TV VMY VSSE (MBP) %
CIZHRET BMAERERTF Fe T A CRETLIE
THENFFETED. MOGss X7 F FERET LI LIC
£V BAE % $4E L7z C57TBL/6 ~ 7 X2 & THIFL % 4
L, NRAAZ DEF VRV EEBPCREICI Y B L7z &
CH, PREEREETMES L ORKEL THET, 2
WA %2 NRAA2 DEFILEIRH S Nz, PREREE
THRED 22O 3EF 17 EEMBTH o722 & A
B, NR4A2 & IL-17 2R & OB & 4 D B35 2 1
BETPELCSLCREEMA 2. £ 3 NRIA2 DFH
TED, THIRORKEEY A b h 4 VEEICE 2 2885
ARNB0, 17T BEFIOE—F 3L L E— 4 —
BEFEITATHRE TS 5 ELAMICEALTL Y
TzT7—ETvEA 2RBALET S, NRAA DEEBIZ X
OVY 75— EEEPERICHERLE. S5k oy

(3TH 17 X 9 )

ANVZZREWT, BETHEC NRIA2 5 F+ BEEH
EhHE, TCRAUBBOIL-17 EAREIRWICTEL 7-
(B2). RiTHS7ITHET L7 NRLA2 SFE 1Y siRNA %
W, e MTHIROKEEY A M4 VEBEECS 2%
BE2HRE L BEABEERBOCOLIBHETHE %
siRNA SLE L 72%5% CD3 JUfE TIEMEAL L CAEMSEY 4 b
HA VEEZFANTAER, NRAA2 R siRNA LHE L 7-
THIRRIZBT 2 IL-17 EAZEZICHH S iz, 4 sRNA
&, MS EEHRRMIM CD4 B THROLEREY 4 »
A VEEIH LT IR T I ESH O &
Tolz. —EDORBERENPS, THIICZBIT A NRIA2 REE
EREETA ML VOBECTEOMBELED 52 L SRS
N7z, KiRNA DEFIZ, B b7 AR CELICEE
ENTW/Z &b, BAETY R IIBITAEEMN THE
DIEFEITH T 5 siRNA @;ﬁ%%@% L7z, PLPugs X7 F
F& SILY v AREL TN HEREWY T Mz,
BEBEHICL) THEZBRELZSILYY ACBAT
% passive EAE T VIZBWT, invitro THIER B L /-
THIME & NRAAZFF BB SIRNA TRET 2 &, BAKZD
EAERARICEE/MALL (H20). 2h bR,
NR4A2 D3REMEIZHE B 5 Th17 MR kERE LEB L Tw
5 LRLTEY, NRIAZDERD A\ IidikeesH 2
ML CHORERESHBATE20TREVLEEZZ T
5.
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5. HCRERBAEENE L TOBRRAZEHR

BAZEEOHEBIZIWEZIF Y FEROOF—7 7
VEAEETHY, HreOBBE, TOSHBFHOIET
5., —EOERIT, NRIA2H MS BEENEHTH S
ZERRLTWABY, B UTY MEEWORIEZ LI
i, ELLRABERISAMENDOERIZEL W, PPAR 2 E
OBNZFRCBV T, RBERHHETFE LToEERER
BREZEBELNE o722 L EFEWYIC, BRMEXSE
HA%ETH71475— R PPAR-o fEEIEC, BRFIEE
EREETAHTT V) YV VR PPARYEEIE 1 EORRRIG
BAPERLTBY, BAZEEROFHRY ¥ FORRKIZE]
EOBEPOIFELEELTREBTHL LV L. &
BER, BICTh7 MEOHBICE s TATD, FZITRA
BMLF /4 VEBBXUABRAR 7T =X b2%, Thl7 #ifg
SMEOIMHE EHHETHEOFELZ ML THENICED
REBEEZIHT LI LR ETHLPE 2o TH Y,
FHECRERBEREL LTOARRARTI=A
EHRZEDTWD, REETHRE KEEYA P4 ¥
DFIEEDEILIE, MS IR S TIREVECREREND
EEPHETEL-D, £, NRIA2 ZEHN L LBE
BBEOERICHIT THEZED TV FETH 5.

EE O A~

MS DIREHEEZ B E L0 BRE TR L B2
RWELit—7 7 VEASEANRIA2 O, BERE
WAL TR OREET A M I 4 VEECBIT 5188
EREERLICBA L. AL THBR LT, Thi?
WIS 3L RBAZREEOBESIRENTWAY, Zh
BOZ 7277 —THIEBLDOERE-72BVWTHY, B
BOBAZEEIEECED ) VR ASS Thi7 M % F
HMLTWwWAREEREDNSL. FICThI7HMREBRIINT S
NR4A2 DEBIREL Vo TWWwWiE ES Do TE ST,
FOSFBEBEHSPCTAILENERFTHLEEADN
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1. kLo

i
fubedara

8
b
&

&

BUFEDERRE

%5 Z& % 78 b E (multiple sclerosis ; MS) &, H &
MIERORHEL ERE TOIREREHCREESRTD
D, 7z —-THROECHEHEERIZLS
HMEBROMMEE L, TS BEBENERICE
CEboTWwE.M Lo TREFIERREOES, S
MS DIRREZ BT 5 Z &1L, REEDOTFIHeLE
~NORANLZELZFL LHFSRE. BEAVLR
TWwa MSHEEICE, A vF—Tz00 - R—%
(IFN-B), MREHEATF O A FRRBEEE 2 &
BHY, WIFhbHIBREOHRIBELSNTVE D
DOINFEFEN 2EBEVHIEL, TOEEERENS
CHRBELZEETH A,

—7, BOPEICBVTHEOR EICH AL L
T, RTF FERF /3% v  (glatiramer acetate),
MVLAATEEEN S A7), 274 T2 01
) VRZ B AAEEIHE FTY 720 (fingolimod) 72 £ 453
b, ANRFYVZABOTIVBPLRBT VT L
ARY =T, Wb IHENRTF FHE (altered
peptide ligand ; APL) D & 912, HEEEN L T
RISEDBHNELZH-TWS, T, F4¥ 7Y

EREMEY) v oRERE M REMIEE O VLA4 % 4

LcEEX2MA A2 LT, FTYT20 2% 8
DO DWEMY v S BROEE 22 22 & T,
HARARER AN O S MR % B 5 2 3
SNTVE. IhLDEHZ, EEQEBEESZD
BRIV BONT, B REIICES REA
DMSHEEEBEHE VD, Z0kdic, BEKY

¥ FVFAIRYT—IIOWTOHAEMIIL, 781 EEE,

U NEROBEEIE R BN b L5 MS B OB
FEAZRTENETH Y, T DD
TERRERENLRAE, UTI@ATD.
2 I7154—THEOSLE

¢ HORERS

SBEOTING

|

gt tec]
HOMERGE2EBE L - AEEL T2 & —
T HREFFREMERICEEL, chiBEETso L
TMSHEPIERINSE., TNET, 4 —T7 TH
BromEEREEICOME L2722 ¥ — THila
ICik, EWCIFN-y # AT 5 Th1MM & L4 %
BEE$ 5 The M HY, ThlMEIECEER
REICRERMIZIER 35—, Th2 i3 Raes)
WHEDLBELEEDLNTER. LI AIRFEOHEDE
BIZXY, REETA MLV THBILIT 2 EE
$TAHThITHlEE, BT 7227 % — THIlEOHEE
RS AHEEE THMENER SN, £12 Th
17#EATh1MEZ LOCEDZRERE T H
THhEIEPHLP LR (M), LoTEET
%, O Th17 M OBEREI AL 8 CaE
REFEEIC O S LPFEINTED, Kok
BHZEDTWA., UTIBMT 5575 D%,
BRI FEIZEID, WTFRb Ik R
WETWTERENTWA.
1. INKT fRfEZ iR & UTe MS BB

INKT (invariant natural killer T)#Bi2l%, NK
e THROXRFAAU*EXETIBOTL=—27%
MR THD, EHELT H L IFN-y R IL4 % EDW
4 M ALV ERRICKEBICEET B720, RO
RIBIDENT Y AOREMAEEZ SN T WD,
T, SHRECED THRZAK(TCR) #RE T+
LPBEOTHMBELELRZY, INKTHKE O TCR X

Vol.46 No.8 2010 TF/LV77 745
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SAIZENSEN &

mERRAER |
Eos

&

BEREILEICHE

LT

!
(1FN-)

(i-17)

1 AU T iBROD{ECRKEE

BReBNE0HAN D, IFN-yEEED Th1\ias IL-17 ZEEQ Thi7 8, W
FNEECREREESITRITRRYE THRESTH I CEXSNTHD, RFOMIaEEE
EIY hO—=LTEZFERHEEDRUNERFREC B OTLSD.

1o D R 3EEORHE L EEEETERL,
MHCE#HSFTHHCDId LICRRENTFE
OEREZVRE LTRRT 2. BIRIREDE
BEHREELCRa-AF 27 b VET I F(a-
GalCer) 23 5 2%, Fh/=B L a-GalCer DA T 4 ¥
YU EERL AR B E K OCH 7%,
TFN-y BEZHETLZ LR LA REESED
T LT, EBRNECAEENREREL(EAE) R T —
7 UHEREEKXCIA) 2O AEDRERE
EFVICH L CREBHFDRERBET LI L2 AW
7EL 7" & 5, a-GalCer 28 IFN-y & IL4 D
EEZEHICHET L —FT, OCH »5EIRIIC IL4
EEYFETLHTRFICEREED, T0X7=
YN A A

EREBROTET P02 81, a-GalCer 2
BRAICATA VIV VERERBL TV L,
CD1AGFroDBEILYERLPLICEEE )
e THol. FLTATA VIV VENE RS
L, INKTHEPSDILAEERZIHEIVEDL LR
Wt IFN-y BEVPE LSS L7z, 7z, INKT
HIaH 5D IFN-y EEENF-«B7 73U —5F
c-Rel DEBIEELTBY, cRIBHICIZTLVE
B REELETHLI LG, OCHIZINS
DEHIZLY L4 2BROICFETL DD LR
13729 ¥ 512, «-GalCer Hl % @ INKT #li i

746 7L VT Vol.b6 No.8 2010

WCHEFL7ZCD4A0L 24 L CiEHAL L 72 RA R
MEAT S IL1213, NKMREZEOFELMAE? S
DRy IFN-y EER2FETH0IZx L, OCH
2 NKT #fa0 CDA0L BREAFE L b o7z,
—%, CpGAVITFFF T X7 L4 F F(CpG-
ODN) % &D TLR U # v FOBEET Ti&, BHRM
o IL-12 A & NK#ifE O IFN-y EEHE BT
&N, OCHIZ X BRI IL4 BEFEMNRIIHEE
L7225, OCH DIERIZERD BRI KIED
REBICB LU TEETLZ LR SN2
CD1dAFICREEH» 2L, NKTHRZENL
L HEREREERCAEREZFRAZE LT
B, FO—FTEF LW ML VEEDAE
FETRL, Ao BROERERNEZ LHRICTE
THILHEELE:ON. FIERSEDON
—EOMEIZLY, FELL Yy —TMS ZN&KE
L7z OCH DBRBHIFBEHBENHICE 2T A,
2. UF /4 VESHREENE UITaEEE
RdoLBYy, EEThI7 M@zl
HEAMS BEEOHBCHEFIFELN TV
2%, BEY S I v A OEMRHEEDTH 5 alltrans
V¥ 4 VEE(ATRA)ZS, Th17 Mifas1bz @i
PEITAHIERNRENLY LA L ATRA ICIZE
DTEHREREBERENS S D 2, BIEREZ I
BICERLMFBESERLHPET T LR, &
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B= s ¥

B BT AR %,
MR At A A tadas o

SAIZENSEN &

a-GalCer
H OH
OY\(CHz)zsCHz
Ho-HO ] M om
{15 NCHo)sCHg
OCH

ON NCH21CHy
H,

HO™Ho H
H CHg)yCHy

2 NKT #Bi2ICNT % a GalCer & OCH DRI SRR+ M h- Vst

a-GalCer & OCH DIERDEBWVE, NKT HEICH T 3EEERICESS=5T, EBIREN Uz ZRN%E
BRLSICETRAEEZ BN,

Wy
8
£

1L-17 [pg/mi]

relotiva exproasion

o
o 1 10 108 1000

RAR agonist [n]

RAR agonist [nu]

3 Thi7 MBIk EFHECREBECNTBLF /7 RONS

AL LT /1 YBATRA)RU Am 80 D55, B ; ATRA &3 \& Am 80 A TIC Th17 i
BLEFETDE, Th17 @< —Nn— RORYt DRBEE IL17 BEEDESCMHEN, sim
15 T #858~—70— Foxp 3 tMBNENICIEINT 3. Am 80 DIERIE, 1BR6IC ATRA ENSE:-AN

BHEREEZ R Z LI X 2BER O W a2,
ATRA DERIGEOIKRZBATWS,. EAE 0#f

WEREHR S 4 — 7 THIFA% Th17 M L&t T
(IL-6 + TGF- 8) THL CD 3 ¥iMEHIB+ 5 &, #H LI

B, BB AKED ATRA 3 EERES L v e
MEIFOLNZ NI &L 5ho TV,

Mebid, HRiEEE FAEEREICER AR L
T4 FOFRrs, WS mE(APL)
BREL L CRPETEARENTVRAERLF /4
FAm80(% I/5a5 )45, ATRA # L < Th 17
MR ENREZET LI 2RV LAY v 2

RICBWILIT EEPFFETE S, =212 Am 80
H5B\E ATRA 2T A&, Th17 Mila~—H —
BIEFTHBRORy t BB E IL-17 BB MR KT
izl & n, SAEETHE~-7—Td 5
Foxp 3 DEHEFFE SN, AmS0iE, wFho
ERIZBVWTODATRAXI VBV EZ R L /-
(B3). EAEX Y XIZ Am80 # B AR OZES 2

Vol.46 No.8 2010 TZ7ILVST7 T47
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R BIER %
$EEE0IOSTHOVOSED
SAIZENSEN &

r, BERNBOBRSERBEOVTNTHREEISAREI
WEsh-, ZoLE, HOCHERENRILLTE
ENRFEICHEI SN, PREAERNO Th17 Mk
DEEMET LTI RS, MSIHEEERLE
LTOEFEFEEo T 5.?

LI AM, Am80 ZEHE L/ZEAER VAT,
B4 \CHRREIFIS RN RIS AERSRD b
D, FOERAESZ LI L2 FEICK LT, Am 80
DERZIZ X ) IRBIHESETE L2 EAET T A
Th IL17 EERERRE LTHHENTEY, WE
PHZROEERITI L7 EEPHOBBRIZEISHD
Tl hhor. EiZ Am8 DEHESICLD, &
BEHEIET A M4 Y TH B IL1I0 DEENFFEIC
ETFTLTWw/, IL-10 &, EAEREBOEEIZE <
EELHMEEY L VAL Y THBEI EHRS, IL10
DEEKTIRENFIBROERTH W ESFE
25N, Am80IZIL-17 DEEIKEVEETHOR
BAOEAPEILWERDNZ. ARV /AF
Am 80k, BMEAD YV A7 BT TR EERE L
TOEMEIEED ATRA X VERTEY, APL O
EEY LTERSNTWAZ ERD D, BHIEKIC
LABLERTRAMS HEREHR CH L L BbN .
3. F—T 7 UENZEENR 4 A 2 DEREER

DIETIcHA 2525, DNARA 7 a7 LA 2w/
MS & 2 R 1 T4 i 0 B B 0 B E T BB
CIYWVRAELLL—7 7 Y EAZERNRLIAL
X, Nurlé LTHHONABAZEERTTOL

2T%Y, NGFB-I/Nur77 (=NR4A1), NOR1
(=NR4A3) L L BITNRAAT 73 ) —ZBT 5.9
NR4A7 7 3V —FFRHBA R EFDECHED

D, RERICBWTIE, THRT—EHICEAFE
XN 2 EIRFE B {ET (immediate early gene ; IEGs)
LLTabNB N, FOBECHEHIIAHETH
72, NR4A 773V —=GFRF—77 VZERT
HY, VH Y FERFNCEEEELEEET A
WD, FORBIFCEELRVTHBEEL, EZZ
b5, E51Z, NR4A2RETTATIEINR4AL
PNR4AZLERD, FRO NI VEE= 2 —
O YOBBEALEC L) IERIZERT CICRET AT
Erbd, WEOMBEEIHEL D »IibIs. EAE
<TTADTHIATL NR4A2DREANFTET S
ERGHoltD, TOEFVERAVTHRELOH
ERBTTAZLICL.

EAE~ 7 ADQHFREMBERICIZIL-17T EEED K
EETHEZHEET 2 L2056, THE®D
NR4A2FEHRE IL17EEL OMEBAZHRE L. L
-7 —BTPECTFEAERD> S, NR4AZH
BT AL L-17 BEFOEERVIL17 BERE
2T B L3S0, —F, RNA T
XY NR4A2EHEZIH TS &, IL-17 EARZA
ZIPEI SNz, 61, SILYTARLTETEY
¥y 7074 v (PLP)HRARTF FE2RELTH
EBEL-ECRIGETHEY, sRNARELTH S
R7FFTCHEABML, 74 —7I7ACBALT

,..
(=]

3

EAE score

a0 d7

arbitrary unit

L 1308
0.06

vvwvwywC

5
4
3
2
1
5.820 o

Passive EAE

—-0— control RNA
—o— NR4A2 siRNA

d21 dz28

E-1:)

0.1

0.01

® RHA L—g'
@ M

arbitrary unit

o Lo
do

5 e ™l
d7 di4 d21 d28

EAEscore
o ™ ©w L w0

B4 Thi7 BEEEEEBSRELSICHIEID NR4A2 OREE

A MS SEREM T HEETE, 548 NRLAEROTUEERHD (EEPCRE). B EAEYIORDRMM
THETS, REICEELENRIA2 DRERESDIROSND. C; PLP NTF KRR 10 BRO SILYDRAKD
HEEUEFIEL >/ I, NR4A 22N SiRNA 303y ~O—JURNA EBEFBA LR, PLPN
TF RTERHBLTESNEBRE, HEHRRR LT 71— SILTORICBALT EAE ZFBLE.

748 7L 7T Vol.46 No.8 2010
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CHEGOIOPTIIIOSLD

SAIZENSEN &

EAE % 3JE 2 & 5 (passive EAE EF V) &, R
THIRCESXT THEOREESEZICET L
(B14).® NR4 A2 OREBEFMD 5\ I3EEEEHIHIC
£ MSIREDHIMTE 2 EESEIR SN,
RNA T2 W BBREEOBERSHICIES
CORERDY, FATORBRDBFHRE LTS
TWwaAY, SEAV: RNA OEFiZe b - <
AMTEECRFEINTEY, WEO THEIZDH
MAEVH o722 &5, siRNA DBEEREHICD %
MEEMEROR LT 2EI L2,
NR4AZD) T Y FiEEEBIEIAEERIELSI LT
WAHETFREINDD, ERHSARE LTHYGR
TWB6ANVHTNTY VICIENRLA 2 DEEE
HEEEIRESNTwAZ LR ERL D, EXE
Y 2D FIEW 2 HTEL T BEIR 512
BB, BIRFEWI &1Z, NR4A2IE THIRICBT
HIERECE A DEGRTFIC L 2HEZEDOHL S
T, AP LARHREIL D WEAER S TLS
BIND., LR ML RARBEREZEE & 2 IS
BT MS OBERTTH Y, AREEZ
RIS THEONRLIA2EEZHEL, BEW
WCHORBRADS &£ L 2 ATREND 5D TIE
BRWIEBI D, SHBOPEEBLT, Z0LS hw
KEEREDOED Y 3B 54 & RAIUTEBRIE .,

nLom a
& ¥
& - 54
3 @ :5 b (') L_ 2

i i
a4 ] =@

Fhiebid, FICHENE THEEORER M2 =
& L7288 MS IBREIE OIER & 15 IR 3 E 0
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Carcinoembryonic antigen-related cellular adhesion
molecule 1 (CEACAM1) is a CEA family member that has
been reported to have an important role in the regula-
tion of Thl-mediated colitis. In this stady, we examined
the role of CEACAM1 in an animal model of multiple
sclerosis, experimental autoimmune encephalomyelitis
(EAE). Treatment of C57BL/6J mice with CEACAMI1-Fc
fusion protein, a homophilic ligand of CEACAM1, in-
hibited the severity of EAE and reduced myelin oligo-
dendrocyte glycoprotein-derived peptide (MOG;5 55)-
reactive interferon-y and interleukin-17 production. In
contrast, treatment of these animals with AgB10, an
anti-mouse CEACAM1 blocking monoclonal antibody,
generated increased severity of EAE in association with
increased MOG;4_ss-specific induction of both interfer-
on-y and interleukin-17. These results indicated that the
signal elicited through CEACAM1 ameliorated EAE dis-
ease severity. Furthermore, we found that there was
both a rapid and enbanced expression of CEACAM1 on
invariant natural Killer T cells after activation. The effect
of CEACAM1-Fc fusion protein and anti-CEACAM1 mAb
on both FAE and MOG;;_s;-reactive cytokine responses
were abolished in invariant natural killer T cell-
deficient Ja18™/™ mice. Taken together, the ligation
of CEACAM1 negatively regulates the severity of EAE
by reducing MOG;5_ss-specific induction of both in-
terferon-y and interleukin-17 via invariant natural
killer T cell-dependent mechanisms. (4m J Pathol
2009, 175:1116-1123; DOL: 10.2353/ajpath.2009.090265)

1116

Carcinoembryonic antigen-related cellular adhesion mol-
ecule 1 (CEACAM1), also known as CD686a, is one of the
carcinoembryonic antigen family members and is ex-
pressed in epithelial cells, endothelial cells, and hemato-
poietic cells such as monocytes, dendritic cells, natural
killer (NK) cells, B cells, and activated T cells."™* It is
involved in intercellular adhesion through homophilic or
heterophilic interactions and mediates regulatory func-
tions in cellular growth and differentiation. Several splice
variants of CEACAM1 have been detected, that differ with
respect to the number of extracellular immunoglobulin-
like domains, membrane anchorage, and the length of
their cytoplasmic tail.% Isoforms of CEACAM1 with a long
cytoplasmic tail (CEACAM1-L) contain two immunore-
ceptor tyrosine-based inhibitory motifs and have been
shown to negatively regulate epithelial cell activation and
tumor cell growth.>> Recently, the specific function of
CEACAMT1 as a regulator of T cells has been reported in
vitro and in vivo.®'2 Mice treated with CEACAM1-Fc fu-
sion protein, a homophilic ligand for CEACAM1 that stim-
ulates the signal from CEACAM1, exhibited an immuno-
suppressive effect on Thi1-mediated colitis in vivo, with
reduced interferon (IFN)-y production and T-bet acti-
vation.™ However, the significance of CEACAM1 on
other inflammatory autoimmune disease models re-
mains unclear.

Experimental autoimmune encephalomyelitis (EAE) is
an inflammatory demyelinating disease induced by sen-
sitization against central nervous system (CNS) com-
ponents such as myelin oligodendrocyte glycoprotein
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(MOG)."™ Because the neurological signs of paralysis
can be monitored continuously, and demyelinating le-
sions resemble those found in multiple sclerosis, EAE is
considered an animal model of the human demyelinating
disease multiple sclerosis.'®'® Numerous studies have
reported that EAE is mediated by CD4™ Th1 cells that
produce IFN-y.'3~'® Recently, this idea was questioned
because animals deficient in IFN-y, IFN-y receptor, or
signal transducer and activator of transcription 1 were
still found to develop EAE."72" These data led the iden-
tification of an interleukin (IL)-23 derived population of Th
cells, IL-17-producing Th17 cells, as alternative potent
inducers of severe autoimmunity, including EAE.22-24
However, mice deficient in T-bet and signal transducer
and activator of transcription 4, which thus lack Th1 cells,
but have large numbers of Th17 cells, are still resistant to
EAE.2"-25 Additionally, Th1 and Th17 cells are observed
in the CNS at the peak of EAE and diminish after the
recovery.?® It has now been described that Th1 and Th17
cells might cooperate to induce the development of
EAE.27-2% Thus, elucidation of the mechanisms that reg-
ulate the production of both Th1 and Th17 cytokines is
important in relation to the regulation of EAE.

In this study, we investigated the role of CEACAM1T in
EAE either by CEACAMT ligation with a homophilic ligand
for CEACAM1 (CEACAM1-Fc fusion protein), or by block-
ing with a CEACAM1-specific antibody, AgB10. Here, we
demonstrate that signaling through CEACAM1 sup-
pressed MOG-derived peptide (MOGgs_s5)-induced EAE
associated with a reduction in MOG5_ss-specific T cell
production of IFN-y and IL-17. Moreover, we have iden-
tified invariant natural killer T (iNKT) cells as a critical
component in CEACAM1-mediated suppression of EAE.
iNKT cells are an unique subset of CD1-restricted T cells
that express an invariant T cell receptor (TCR) « chain,
composed of Va14-J818 segments in mice and Va14-
JB18 segments in humans, and use a restricted set of Vg
genes.*>~*" Due to the ability to produce a wide variety of
cytokines, iNKT cells are thought to play regulatory roles
in autoimmune diseases.®? CEACAM1-mediated sup-
pression of EAE was not observed in iNKT cell-deficient
Ja187/~ mice, and MOG,s_ss-specific T cell production
of IFN-y and IL-17 was not modified in Ja78~/~ mice
when treated with either CECAM1-Fc fusion protein or
AgB10.

Materials and Methods

Animals and Reagents

C57BL/6J (B6) mice were obtained from CLEA Japan Inc.
(Tokyo, Japan). Ja787/~ mice were kindly provided by
Dr. M. Taniguchi (RIKEN, Tokyo, Japan). All animals were
maintained in specific pathogen-free conditions in accor-
dance with institutional guidelines of National Institute of
Neuroscience, Tokyo, Japan. MOG,s_ss (amino acid se-
quence, MEVGWYRSPFSRVVHLYRNGK) was synthe-
sized at Toray Research Center (Tokyo, Japan). Incom-
plete Freund's adjuvant and heat-killed mycobacterium
tuberculosis (H37Ra) were obtained from Difco Laborato-
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ries (Detroit, Michigan), and pertussis toxin was obtained
from List Biological Laboratories (California). The hybrid-
oma producing CEACAM1-specific antibody, AgB10,32
was kindly provided by Nicole Beauchemin (McGill Can-
cer Center), and 293 EBNA cells transfected pCEP4-N-
CEACAM-Fc, which produce a homophilic ligand of
CEACAM1, CEACAM1-Fc fusion protein were kindly pro-
vided by Thomas M. Gallagher (Loyola University Medi-
cal Center).3*

Induction and Evaluation of FAE

EAE was induced in mice as described previously. 35
Briefly, mice were immunized subcutaneously with 100
ng of MOG35_s5 emulsified in incomplete Freund's adju-
vant containing 500 ug of M. tuberculosis. Directly after
the immunization and 48 hours later, mice were injected
intraperitoneally with 200 ng of pertussis toxin. Clinical
signs of EAE were assessed daily with a 0 to 6 scoring
system (0, no signs; 1, partial loss of tail tonicity; 2,
completely limp tail and abnormal gait; 3, partial hindlimb
paralysis; 4, complete hindlimb paralysis; 5, fore- and
hindlimb paralysis or moribund state; 6, dead).

Preparation of Antibody and Fusion Protein

The hybridomas producing AgB10 were cultured in a
humidified atmosphere with 5% CO, at 37°C in RPMI
1640 supplemented with 10% heat-inactivated fetal calf
serum, 2 mmol/L L-glutamine, and 100 U/ml penicillin/
streptomycin. The supernatants were collected and AgB10
was affinity-purified using a protein A column according to
the manufacturer’s instructions (Millipore, MA). 293 EBNA
cells transfected pCEP4-N-CEACAM1-Fc were cultured in
DMEM containing 10% heat-inactivated fetal calf serum, 2
mmol/L L-glutamine, and 100 U/ml penicillin/streptomycin.
CEACAM1-Fc fusion protein was affinity-purified using pro-
tein G column from the collected supernatants (Amersham
Bioscience, NJ).

MOGs_s5 -Specific T Cell Response and
Cytokine Assay

After immunization with MOG,4 <5, mice were treated
intraperitoneally with the indicated compounds, either
250 pg of AgB10 or 250 ug of control rat IgG antibody
(Jackson Immuno Research, PA), or either 250 pg of
CEACAM1-Fc fusion protein or 250 ug of a chimeric
(mouse/human) anti-human CD20 mAb (rituximab) every
second day from the day of immunization, day 0, to day
11. The animals were sacrificed at day 11 and inguinal
and popliteal lymph nodes (LN) were sampled. Total LN
cells were suspended in RPMI 1640 medium containing
2% syngeneic mouse serum, 2 mmol/L L-glutamine, 5 X
107% M/L 2-mercaptoethanol, and 100 U/ml penicillin/
streptomycin, and were incubated in 96-well plates with
1 X 10° cells/well in the presence of 0, 1, 10, 30, or 100
mg/mi of MOG,5_gs. Culture supernatant was collected
48 hours after stimulation, and IFN-y and IL-17 in the
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supernatant were determined by enzyme-linked immu-
nosorbent assay (ELISA) using OptEIA kit (BD Bio-
science, CA) and IL-17 ELISA kit (R&D systems),
respectively.

Histology

Sixteen days after the immunization with MOGs_ss, the
spinal cords were sampled and stored in 10% formalde-
hyde. Paraffin-embedded spinal cords were stained with
either H&E or luxol fast blue.

Flow Cytometry

Liver mononuclear cells from B6 mice were isolated by
Percoll density-gradient centrifugation. 1 X 10° cellsjwell
were stimulated with 1 mg/mi plate-bound anti-CD3 mAb
and 2.5 mg/ml Concanavalin A (ConA) in 96-well plates and
collected for the use of flow cytometry. Cells were stained
with a-galactosylceramide (a-GC) loaded dimeric mouse
CD1 days followed by fluorescein isothiocyanate-conju-
gated AgB10, phycoerythrin-conjugated mAb A85-1, and
allophycocyanin-conjugated anti-TCR B-chain. iNKT cells
were gated as a-GC loaded CD1 days dimmer and TCRB
double-positive cells, and T cells were gated as TCRB
single-positive cells. Stained cells were analyzed using
a FACSCalibur with CellQuest Software (Becton Dick-
inson, CA).

In Vivo Injection of a-GC

B6 mice were treated intraperitoneally with either 500 ug
of AgB10 or 500 ng of control rat IgG antibody. Four days
after the treatment, 250 ul of blood was collected at 2 or
6 hours after intravenous injection with 0.6 ug «-GC/
dimethyl sulfoxide or control dimethyl sulfoxide. Blood
samples were centrifuged at 3000 rpm for 30 minutes at
4°C, and serum was collected and IFN-y and IL-4 were
determined using ELISA kit (BD Bioscience, CA).

Statistics

EAE clinical scores for groups of mice are presented as
the mean group clinical score = SEM, and statistical
differences were analyzed by the Mann-Whitney U non-
parametric ranking test. Data for cytokines were analyzed
with the two-way analysis of variance. In appropriate
cases, post hoc comparisons were made.

Results

CEACAM1 Has a Role in Ameliorating EAE

To assess the role of CEACAM1 on EAE, we first ex-
amined the effect of CEACAM1-Fc fusion protein en-
coding the extracellular portion of the mCEACAM1-4L.
CEACAM1-Fc fusion protein has been demonstrated to
homophilically ligate the CEACAM1 molecule, which has
been shown to inhibit IFN-y production.® As shown in
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Figure 1. Effect of CEACAM1-Fc fusion protein or CEACAM1-specific anti-

" body on MOG-induced EAE. EAE was induced in B6 mice by immunization

with MOGgs_ss. CEACAM1-Fc fusion protein (A) or a mAb for CEACAMI,
AgB10 (C) was given twice per week starting from the day of immunization,
Arrowheads indicate the time point of administration of CEACAM1 Fc fusion
protein or AgB10. *2 < 0.05 vs. Control. The results represent the means
SEM of eight mice per group. Representative data from two separate exper-
iments is demonstrated. B: Histopathological assessment of the CNS region in
EAE-induced mice. Shown are cellular infiltration and demyelination of the
spinal cord of control or CEACAM1-Fc fusion protein-treated mice on day 16.
Paraffin-embedded spinal cords were stained with H&E (apper panels) or
luxol fast blue (LFB) (lower panels). Scale bar = 500 um.

Figure 1A, administration of CEACAM1-Fc fusion protein
significantly inhibited the development and the progres-
sion of EAE compared with control mice.

To characterize the immunosuppressive effect of
CEACAM1, we performed the pathological analysis of
CNS inflammation and demyelination in EAE-induced
mice treated with CEACAM1-Fc fusion protein (Figure
1B). Histological examination of the spinal cord 16 days
after EAE induction revealed less cellular infiltration and
demyelination in CEACAM1-Fc fusion protein-treated
mice, as compared with confrol mice.

We next examined the effects of CEACAM1 specific
antibody, AgB10, on the development and progression of
MOG;s_ss-induced EAE in B6 mice (Figure 1C). Ligation
of CEACAM1, either homophilically by CEACAM1-Fc fu-
sion protein or heterophilically by microbial components
such as the spike glycoprotein of murine hepatitis virus,
has been demonstrated to inhibit the proliferation and
cytokine production of T cells.®~'2 In contrast, AgB10 has
been reported to enhance the T cell proliferation, indi-
cating that AgB10 acts as a blocking antibody. As
expected, the clinical scores of EAE were augmented
in the mice treated with AgB10 compared with those of
control mice.
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Figure 2. MOGj;s gs-specific T cell responses in mice treated with
CEACAM1-Fc fusion protein or with AgB10. B6 mice were treated with
CEACAM1-Fc fusion protein (A) or AgB10 (B) twice per week from the day
of immunization with MOGz5_ss_Eleven days after the immunization, drain-
ing lymph node cells were incubated with MOGa; s5. Supernatants were
collected from the culture and measured for the concentration of [FN-y and
1L-17 by ELISA. Data represent the mean * SEM of samples from one of two
independent experiments (z# = 3 mice). *P < 0.05, **£ < 0.01, ***P < 0.001
vs. Control.

These results indicate that signals through CEACAM1
suppressed both the clinical and the pathological sever-
ity of EAE.

The Signal through CEACAM1 Reduces
MOG z5_s5-Specific IFN-y and IL-17 Production

Since MOGg;_s5 induced EAE is thought to be mediated
by MOGgs gs-specific Th1 and Th17 cells, we next exam-
ined MOGizs_gs-specific T cell responses in CEACAM1-Fc
fusion protein-treated (Figure 2A), or AgB10-treated mice
(Figure 2B). We immunized mice with MOGzs 55 and
treated them with either AgB10 or CEACAM1-Fc fusion
protein. Twelve days later, we harvested LN cells and re-
stimulated them with MOGg5_s5 peptide in vitro to examine
cytokine production and proliferation. Compared with cells
from the control mice, LN cells obtained from CEACAM1-Fc
fusion protein treated mice were significantly inhibited in
IFN-y and 1L-17 production in responses to MOGgs_ g5 re-
stimulation (Figure 2A). IL-4 was not detected in the super-
natant. On the other hand, in vivo treatment with AgB10
showed an enhancement of IFN-y and IL-17 production in
response to MOGgas_g5 Stimulation (Figure 2B). Proliferative
responses were not significantly different between control
mice, CEACAM1-Fc protein-treated, or AgB10-treated mice
(data not shown).

These results indicate that the suppressive effect of
CEACAM1 on EAE was associated with reduction of
MOG35_ss-specific IFN-y and IL-17 production.
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Figure 3. Expression of CEACAM1 on iNKT and T cells, after activation with
ConA and anti-CD3 antibody. The histograms show the log fluorescence
intensity of CEACAM1 on the surface of iNKT and T cells at the indicated time
points after the activation with a combined treatment of ConA and plate
bounded anti-CD3 antibody (A). The black curves indicate the fluorescence
intensity of CEACAM1 on the surface of nontreated cells, and the gray
silhouettes show the intensity of activated cells with ConA and anti-CD3
antibody. iNKT cells were gated as o-GC loaded CD1 dimmer and TCRS
double-positive cells, and T cells were gated as TCRB-positive cells, respec-
tively, The percentage of CEACAM1-expressing cells within total iNKT or T
cells and mean fluorescence intensity of the expression at the indicated time
points were shown in graph (B).

Rapid Expression of CEACAMT on iNKT Cells
after Activation

It has been reported that CEACAM1 is expressed on T
cells early after activation, and its ligation directly inhibits
IFN-y production by such T cells. We therefore examined
the time course of CEACAM1 expression by T cells in
vitro. As reported previously, CEACAM1 expression was
observed on T cells several hours after activation with
ConA and anti-CD3 mAb in vitro. Moreover, we observed
that there was a rapid and higher expression of
CEACAMT1 by CD1-restricted iNKT cells after activation
(Figure 3A). The log fluorescence intensity of CEACAM1
on surface of iINKT and T cells and the percentage of
CEACAM1 expressed cells within total INKT or T cells
showed a rapid and also enhanced expression of
CEACAMT1 on INKT cells compared with T cells after
activation (Figure 3B).

CEACAMT1 Regulates IFN-y Production from
INKT Cells

iINKT cells possess the ability to produce a wide variety of
cytokines. Activation of iINKT cells is known to lead to
either suppressive or stimulatory immune responses de-
pending on the type of cytokine they produce.®° We have
demonstrated the rapid and enhanced expression of
CEACAM1 specifically on iNKT cells (Figure 3A). Thus
we next examined whether or not the administration of
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Figure 4. Effect of AgB10 on serum cytokine levels after in vivo injection
with a-galactosylceramide (@-GC). B6 mice were treated with either
AgB10 or control antibody. Four days after the treatment, serum was
collected at 2 or 6 hours after intravenous injection of a-GC. Serum levels
of IFN-y and IL-4 were measured by ELISA. Increased levels of IFN-y were
observed in AgB10-a-GC treated mice compared with the control anti-
body-a-GC treated mice (A), whereas no alterations in the level of 1L-4
were detected (B). Data represent the mean * SEM of samples from one
of three independent experiments (7 = 3 mice). ***P < 0.001 vs. Control.
The results represent the mean concentrations = SEM of three mice per

group.

AgB10 has an effect on cytokine production by iINKT
cells. Mice were injected intravenously with INKT cell-
specific ligand, «-GC, or vehicle, and serum levels of
IFN-y and IL-4 were measured. Mice pretreated with
AgB10 and injected with «-GC showed significantly in-
creased level of IFN-y, as compared with mice treated
with control antibody and injected with a-GC (Figure 4A).
No significant difference was observed in IL-4 production
(Figure 4B). The level of IL-12 in serum was not altered in
AgB10-treated mice, and IL-17, IL-21, or IL-23 were not
detected in the serum (data not shown). The results sug-
gest that the signal from CEACAM1 have a role in IFN-y
production by iNKT cells.

The Modulation of EAE by CEACAM1 Was
Abrogated in iINKT Cell-Deficient Ja18 Mice

Since INKT cells highly express CEACAM1 after activa-
tion, it was of interest to investigate whether the INKT cells
are involved in CEACAM1-mediated amelioration of EAE.
To address this question, we examined the effect of
CEACAM1-Fc fusion protein on the development of
MOG,s_ss-induced EAE in Ja787/~ mice, which geneti-
cally lack INKT celis. In contrast to B6 mice, no alteration
in the severity of EAE was observed in CEACAM1-Fc
fusion protein treated Ja787/~ mice, as compared with
control mice (Figure 5A). To further determine the effect
of the ligation of CEACAM1 on EAE in Ja187'" mice, we
analyzed the CNS inflammation and demyelination in
EAE-induced Ja787/~ mice treated with CEACAM1-Fc
fusion protein. In contrast to wild-type B6 mice, histolog-
ical examination of the spinal cord of Ja787/~ mice
showed cellular infiltration and demyelination to a similar
extent as sham-treated mice (Figure 5B). We next in-
duced EAE in Ja78™/~ mice treated with either AgB10 or
control antibody. Again, no suppression of clinical EAE
was observed in AgB10- treated Ja787/~ mice, as com-
pared with the control mice (Figure 5C).
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Figure 5. Effect of CEACAM1-Fc fusion protein or CEACAM1-specific anti-
body on EAE induced in Ja18™~ mice. EAE was induced in Ja 18~/ mice by
immunization with MOGs_ss. CEACAM1-Fc fusion protein (A) or AgB10 (O
was given twice per week starting from the day of immunization. Arrow-
heads indicate the time point of administration of CEACAM1-Fc fusion
protein or AgB10. The results represent the means + SEM of eight mice per
group. Representative data from two separate experiments is demonstrated.
B: Histopathological assessment of the CNS region in Ja 78~ mice induced
with EAE. Shown are cellular infiltration and demyelination of the spinal cord
of control or CEACAM1-Fc fusion protein-treated mice on day 16, Paraffin-
embedded spinal cords were stained with H&E (upper paneD or LFB (lower
panels). Scale bar = 500 pum.

These data show that CEACAM1 signal modulation
does not affect on the severity of clinical and pathological
EAE in mice lacking iNKT cells.

The Modulation of MOGgs_s5-Specific IFN-y
and IL-17 Production by CEACAM1 Required
INKT Cells

The suppression of EAE by the ligation of CECAM1 in B6
mice was associated with a reduction in MOGgz5_ss-Spe-
cific IFN-y and IL-17 production. We next examined
MOG,4_ss-specific T cell responses in CEACAM1-Fc
fusion protein-treated (Figure 6A), or AgB10O-treated
Ja187/~ mice (Figure 6B) by ex vivo re-challenge with
MOG,5 55 0N day 11 after the immunization of MOGgs_ss.
In contrast to B6 mice, LN cells from CEACAM1-Fc fusion
protein-treated Ja78™/~ mice exhibited no significant re-
duction of MOG5_ss specific IFN-y and IL-17 production
compared with the control mice (Figure 6A). Additionally,
in vivo treatment of Ja78™'~ mice with AgB10 also did not
significantly enhance of MOGgs_gs-specific T cell IFN-y
and IL-17 production (Figure 6B).
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Figure 6. MOGas ss-specific T cell responses in Ju8™™ mice treated with
CEACAM1-Fc fusion protein or with AgB10. Ja I8/~ mice were treated with
CEACAMI-Fc fusion protein (A) or AgB10 (B) twice per week from the day
of immunization with MOGss_ss. Eleven days after the immunization, drain-
ing lymph node cells were incubated with MOGas 55, Supernatants were
collected from the culture and measured for the concentration of IFN-y and
11-17 by BLISA. Data represent the mean % SEM of samples from one of two
independent experiments (# = 3 mice).

These results indicate that iNKT cells play an important
role in CEACAM1-mediated reduction of MOG-specific
IFN-y and IL-17 production.

Discussion

The present study demonstrated that the signal through
CEACAM1 suppressed EAE in association with a reduc-
tion in MOGigs_ss-specific production of IFN-y and IL-17.
Moreover, we showed that CEACAM1 was expressed at
an early time point by iNKT cells after activation and
CEACAM1 also affected the cytokine production by iNKT
cells, including IFN-y, but not IL-4. Finally, we demon-
strated that CEACAM1-mediated modulation of EAE and
MOGgs ss-specific cytokine production required iNKT
cells.

Since both {FN-y and IL-17 are known as potent induc-
ers of EAE2"27-2° CEACAM1-mediated reduction of
these cytokines is thought to have a significant role in
ameliorating EAE. Although the mechanisms of IFN-y and
IL-17 reduction in CEACAM1-mediated suppression of
EAE are not clearly defined so far, we found that the
effects of AgB10 and CEACAM1-Fc fusion proteins on
EAE and MOGgs_gs-reactive cytokine responses were
abolished in iNKT cell-deficient Jo787/~ mice. Thus we
concluded that CEACAM1-mediated suppression of EAE
was mediated via iINKT cells. Activation of iNKT cells
are known to modulate dendritic cell functions, and
Kammerer et al reported that AgB10 triggered release of
IL-12 from dendritic cells and facilitated priming of naive
CD4™ T cells with a Th1-like phenotype.® In contrast,
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lijima et al showed that CEACAM1-mediated inhibition of
Thi-mediated colitis was not dependent on the modula-
tion of IL-12, consistent with this finding, IL-12 was not
affected in EAE-induced mice by the in vivo treatment of
AgB10. Since iNKT celis have been shown to produce
IL-21, which promotes the development of Th17 cells,3”
CEACAMT1 expression by iNKT cells may have a regula-
tory role in IL-17 production by Th17 cells via IL-21.
However, the production of IL-21 upon iNKT cell activa-
tion was not altered by treatment with AgB10. In addition,
production of 1L-23, which promotes Th17 cell mainte-
nance by activated iNKT cells was not altered in mice
treated with AgB10, as compared with control mice.
Therefore, the mechanisms how CEACAM1-treated iNKT
cells modulate MOGgg 55 reactive Th1 and Th17 cells
remain to be elucidated.

Recently, Mars et al reported that activation of iINKT
cells with a-GarCer during priming of the CD4* T cell
response prevents the differentiation of naive CD4* T
cells toward the Th17 lineage, and the cytokine neutral-
ization experiments indicated that IL-4, 1L-10, and IFN-vy
are involved in the INKT cell-mediated regulation of T cell
lineage development.®® Although the direct mechanisms
of INKT cells in regulating the Th17 compartment are still
in question, INKT cells were shown to have a regulatory
role in development of the Th17 lineage. Our laboratory
reported that antibiotic treatment alters the composition
of gut flora, resulting in amelioration of EAE in a iNKT
cell-dependent manner.3® INKT cell-dependent ameliora-
tion of EAE was associated with the suppression of
MOGg5_gs- reactive Th17 cells, although the mechanism
by which iNKT cells modulate MOG,4 ss-reactive Th17
cells remained unclear. It was speculated that altering
the compositions of gut flora by antibiotic treatment crit-
ically influences the function of iINKT cells, which resulted
in a reduction of MOG,4_s5-reactive Th17 cells. Since vari-
ous bacterial and viral pathogens trans-ligate CEACAM1
and suppresses the activation and proliferation of T cells,
it is possible that the alteration of cytokine production in
physiological or pathological conditions is partly depen-
dent on the way of frans-ligation of pathogens and
CEACAM1 on iNKT cells 3:12.40-45

In conclusion, this study demonstrates for the first time
that CEACAMT1 negatively regulates the severity of EAE
via an INKT cell-dependent mechanism. Considering that
the selective induction of cytokines by INKT cells by
synthetic ligands has been reported to suppress EAE,3246
CEACAM1 may prove to be a novel target for immuno-
therapy of multiple sclerosis.
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