EFNEEZEND EAE 2B LICLEIC
ROBFAR 7 2 L A~GIKO T
flxh, LR~ T RIZ Va lINKT H
BEBALTEL Z EICLY EEROFHIRO
fmAabizsEh (Croxford &, 2006
), Vo IONKT #llaAS E D L 5 it TR
EREAAAZ A% SHT26 L EAE HIfiIC
HELI AL EHEMMITAZILELHML
LT, ZoflaofEEEIzfEs A b A
DSYIBREIZ W TR E I A T,

B. BiRGE

(1) Va19 NKT #laOHE#EPCTo TCR H1K
WD LTsY A bAoA st

Val9 Tg(TCR Co M= T K B6 /S v 7
75 » K), non-Tg (B6) ., 3 X ¥ B 2-
microglobulin #BEF XK (B 2m/-. B
63y 20T F) v U AL LITHRBEK
M EARELCETHRLE, b
@ fE{EHT CD3 FHifk (2C11, & L— 4k
B, 0.016~10 p gml) (= & % #|# F CH5
L. 1. 2HISER&O LIEDPOHA vhA
% ELISA IECER LT,

(2) Va 19 NKT MR OBEASEHMIC LS4
A4 bAA TR

Val9 Tg, non-Tg (B6), CDI-/-&% % \»
X pem/-=o A 6MM L 7 FFEREALER
Mla%flix OBEIBROFETHRL, Ll
R A A % ELISA ETER LT,
E kB YYE—= Raji ~®O<7Z MR1 i#
- H AL URRRCHVSERL
T, BERE®IL Birmingham University
@ Petr Illarionov {+is LM =%M

EO=MIEEEH LS EZIT T,

(fwdm~DE )

KRBV I = (LFEEMBFH AT ER
BmER2OES % 8T L, ¥ %2 /bR
BICEDS L 5BEELTIhERYHE-L,
MG T ERITH NG ~FIEICES
EED I STFRPTRE 2 M L TiTo 7.

C. HIRRR

(1) Va19 NKT #K®D TCR ~ORBOHM S
IZISE LA A R UBOE(L
FE4EHE Vo LONKT MRt CREMIE
Ft CD3 Hih DR EE * B E{L S TCR
~ORMOBEEWMIDE, HDDH—ED
WMGEEPE TIL Th2 YA bhA OREAEDE
ETHIELERH LIz, 46 Vo lINKT #
A b b A A UWHE%R Vo 14NKT AR
EHBLODE HIIHFEMARN T,
FE CIERIGHIE & LT, 30%0 Va I9NKT
#Hifads L TF 20%9 NKL. 17 Vo 19Tg #illa % &
L2745 Va LANKT MIRRITE £ 7220 Va 19Tg TCR
a-/-=17 AHMIH, Vald NKT #ifa% 30%E
E27h% Vo 1ONKT HIBQILAS 1% FRE LHEI S h
% B6 =7 AMIEE, 3 XXV a lONKT #Hikd.
Va IANKT #ERAZ & £ 2m-/=~ 7 Z#H
flzox R IEE # B L7z, TCR RIS
AV B 4T CD3 HilkDiRE%x 0.016~10
g/ml (ZERPEM)ICE(L S B THIMOMS %R
ML, SMiak1~2 HEREDO EFTO
YA CIALOBELTELE, Val9, V
a IINKT #MRBEOFRLGLHECT L2
Val9Tg B LU BeMilADY A b I A VE

=16—




% B 2o-/-HlALOHBTRERLIEDOHE
1THH, ZNLVUTOEANHLMC
Enfk, DX I1BBOYA bIA 5
WITEBE SN D TCR R+ 5 ENEFAOLS
B LDREWEY A FhA 2 D5UWIT V
@19, Va lANKT #BE3L bICHIBGREEET
STiICbhB|B NN, TIT IFN-v
ICHt4 5 1L-4 BLORWHARAEMIRE-
foo (LD AEEERFIMIC X 2B VRIS T
HE—ELUTORIOFMITIHSITS 114, 1L-
5, 1L-10 @ IFN-y IZki4 5 EBAM5 WA R
HiL, FLiL Va 19NKT MIIZEH VTR
RETH o7, (i) IL-17T D3 WIE LT,
Va I9NKT #MIRIZ Ve 14NKT #AR & bE®2 LT
Fh B HF OB L HFHIRIC L
LT EREA # VY, LAL TCR IR YS
VBRI T 1L-17 D43 I sss L iz,
(2) Va19 NKT fEIEOEIERBRIC L 5%
B

ZHE TIT Va IONKT #8168 TR o
{2 a-Man XA AHT50EHICEELSND
ZEERHL, a-ManCer T I FEHL
7 z2=NVETHALELED (a-
ManCerdPh), O Z 2 SWTHEEE D ) §
BETEZaLVATo—NVEEEEL LI
FLEILVAFO—ADa-Man BEEEA R
ML, §EELICMAEYHXD 2O
BEOBEEZHEMNLE (R2), HRED
1 #f Saccharopolyspola W ¥ O BEIRHIL o -
Man1-3- a -Man-monoacylglycerol ## i %
BET 50, BILAYE o-Man X 6 71T acyl
b&h, £0LHFFHIC 2 K0 RSIRK
ARFESHE 2, ZHIIHFEES MHC 57 F

MRl BEFHEAMICERYAEESE Va

I9NKT #fifa % ## L T IL-4, IFN-y OFEL
#%H LI, —F Staphylococcus aureus
HEEAS L p-Man KA JERITAMIZH L

O LA AT AL, R 2T
MNIC 2 ZOp{EARFR#HEAT S, LarLZ
OFEREEIZIZ Vo 19NKT #AI#F ML R H
ahietat, 2O b ValINKT #
JarE LAl 2 L T? a-Man BEERMEA =

ZThEFFENz, Saccharopolyspola ¥
BEEOFMEEENGRHEA TV ar
ManCer4Ph, = L A5 2 —/ o -Man ECHE(K
LB L, EORR Va lONKT HifDIZ 4
THRMEIERR T LIZIEL2&EAR LN,
BMEDHHAT 3 FITKELMEEZED T
2V, LB LUTOERNTERSINE,

(i) Saccharopolyspola 1 4 ¥ 5 # TiX [FN-
y EE#LT IL4 EABEIER TH-12,
(i)EBIC7 v 4 L7z B6 #ildds KLTf CD
1/-MROERMSTFHMINS ValdNKT
K O RIELEE L Saccharopolyspola HideEsE
JEE B L f2 L AT a—/ba-Man BOEE (i
Wi LD Va lINKT #RROIEEL Y K& 5
S fedh, a-ManCerdPh HIIZxi4 25 & Dl
b Tho7z, ValdNKT HIRRIZGENRFE
BITHRIIC a-Gal EEFFOBIEH OV 2
AT CD 1 KTFMICI N 2 I A 2T 5 =
LrmbhTWiat, £0K 5 2RIERO
BERWBALERTET I FRVT AT E
o—ABREHECHWEEERICEITS L
SREHMAMECEEBRDD & o -Man
ETLBERWEREIREEL T L, BB

-Man %% %15 Staphylococcus aureus H

_]"T_




REEARHICIXEE Lisho T, Gil) 2L R
T 2 — /b a-Man ECHE (1L B 2m—/-FABE L &
LTH IFN-y EEEEEDOREINEXHHEL
ta

D. #¥E

V a I9NKT #il2¢) in vitro T® TCR ~9
RIBICISE Licth A b A o inenfst
7% suboptimal 72 HMARF T C Th2 ¥4 |
NA A DHRWHELELEDZ RSN,
ZOX RBEREKICHYS T 20 E Va
19NKT #fRIC 5 % 5 LR % A B REE A 6
AT L, BLUHIREERAR L 222 H
fafiokit L FhickirHd MR BERGE
DOREHMRAERNT Th2 B OREISEH
WMOERIULETHD,

V a I9NKT #ifflid V a I4NKT #f3 &
B L TMVIL-17 BEEAREA VR S 5, TCR
ORI O S 2885 LI R T IL-17 @
PEEANED T Az, ZOMED TCR #
B TO Th2|ERREEETOHNIL
KEAETH S, LAL ValINKT Hildz
BHMSTHBESZ DY A I A L HRUWIE
SN 5aEELH Y, ERIBENL
EThs,

Val9 NKT f#ilaOEHEER E L THEIZ
Saccharopolyspola ¥ DFENEH A5 R X h
foo THhkL IL4 EHLRAEIEELY Val9
NKT #ifad2 o FHE T HEMAH D8, [F
BFIZ Vo IANKT M0 hp7 =X T
LdbH, Va lANKT #ifLA = OBEAEE - &
DBFHEINDLRENEIL a-GalCer IZLDY
blzbEaNDH 6D L ILYIFN- y EAOL$

ick#EhRhoT, Va l4NKT #HA® o-
GalCer [ZX HREEFILZNDAT £
T OME R Lz OCH I #
THZEIZEY Th2ELIC 7 52
ERHMEIhTHD (ILUHEG, 2001 %),

Fl2tF 3 FEL~ phenyl DB AL
CD1IckBa-ZYVant7 I FORR
ZIHEA S, L7o#i-~ T Saccharopolyspola
MEOHFHBEY L LIZAKRNT Th2 DR
TS HHT HIEEEAEHB SRR
O RALARF MO R L2 WM L T Va l4NKT
MBEICL Th2 @O EEXHRTSH L
<2 phenyl A HATHEOEMAPEL TV
o I4NKT #ila ofREISEXMLE S 2 Ly
AL H0EERDH S, 3 LATr—N
a-Man SCHEE(EIE NKT ABRILLA O AR DTSN
{LEFE L, FRMFBEELAE LTREE
THhd,

E. K&

Vo L1ONKT #IBAODH A kb4 2 53UWiE TCR
~DOHFERBIKEFEL TEREVR DY, &
(KN TZOMMIZLD Th2 RFEEELEE
FICHFE LY DI LFmEnk, ZOk
IIH CAREHEMBEBOIERO DD Y
— Ty hELTOFHMENRTERINL Ve
19 TCR ZEHMIOMIEL RMS L L72HIC
LD B D IEE L bR R AL T
® MRl ORBHEEDF kxRN Z L
B iEMRIC SN L E2 LD,

F. BREE/CRRiN®
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1. Locahzation of NKI.1" invariant Val9
TCR" cells in the liver with potential to
promptly respond to TCR stimulation

Michio Shimamura. Yi-Ying Huang, Rika
Migishima, Minesuke Yokoyama, Takako
Saitoh and Takashi Yamamura

Immunol. Letr., 121: 38-44 (2008)

(2]

Non-reducing end  a-mannosylated
glycolipids that have potential to activate
mvanant Val9 NKT cells.

Michio Shimamura

Carbohydr. Res.. 343: 2010-2017 (2008)

3. Altered production of immunoregulatory
cytokines by mvariant Val9 TCR bearing
on the duration and

cells  dependent

intensity of TCR engagement,

Michio _ Shimamura,  Yi-Ying
Masumi Kobayashi and Hiroshi Goji
Int. Immunol., 21:179-185 (2009)

4, Invariant Ve 19 TCR REIMHIN OB A
1A 2 RUGHE b S Tl
Bk
B RE « 7 LAF—F, 49:371-376
(2008)

5. Glycolipid stimulators for NKT cells bearing

Huang,

invariant Ve 19-Jo33 TCR a chain.
Michio Shi
Mini-Reviews  in
8:285-288 (2008)
6. Activation of Invariant Val9-Ja33 TCR a-

Medicinal ~ Chemistry,

bearing Cells by Stimulation with certain «-

mannosylated glycolipids

Michio Shimamura

Glycobiology  Research  Trends, Nova

Science Publishers, New York, (in press)

2. F2BR
|. Helicobacter pylori DL+ A3 L X5 o
—n7Y 3y FHEEIZLD Vald NKT
#HBE 0D RADTEME(L
BB ¥, st Peur A. Illarionov
ARG FEDFER/ BRELFLER
12, #F, 124, 2008
2. Specific activation of murine and human
NKT cells with cholesterol glycosides
produced by Helicobacter pylori.
Michio Shimamura, Petr Illarionov, Shin
Endo, Yi-Ying Huang, Abel Singh,
Apoorva Bhatt, Gurdayl S. Besra, Janncke
Maaskant, Ben J. Appelmelk, Hye Young
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The 5" International Symposium on
CDI/NKT cells, Kamakura, March, 2009
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Va19Tg+TCRa/- / B2m/- e—e

C57BL/6 / B2m/- oo

IL-17

Day 0-1
b
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N

P

(o]

2}

Day 1-2
&

SO ] e

2,007
%G %0 e

anti-CD3 antibody (ng/ml)

]

2.0 C <275
076.0:9700

©_ Q.0 < ‘o
o,@od, ) 7]

1 B3B8 TOTCREBICHELEYA Mh4 8. Val19Tg+, B6, B 2m-/- U R
iR £ B Lanti-CO3MGATHR LB YA hh4A raisElE L.

BRI B 2m-/-HREDLETRLUL.




CH2OR

Ho OHNiNWW\/\ 0]
howan U 'L

OH H
a-ManCeriE#&(a-ManCer4Ph) cholesteryl acyl mannoside: R=C14.g (myristate)

HO
o QJJ\/\/\/\/\/\/\/'\(
H O

O—cholesterol

Saccharopolyspora rectivirgula 3% a -mannosyl#Eis &

OM
(o)
HI_O{&_A/O VNN A x

OH fo)

Staphyloococcus aureus’SE%. T % B-Man &% 9 5 Staphyloxanthin

2 invariant Va19-Ja 33TCREIRMIEM(LEEE R LAEIEHR




JEA S R R R e (2 2 A0WETR T2 )
Sy R

AIRE 7Kt~ 7 2 DI & fe#d 5 L ORI EEARIR OREIZ BT SFA

HFgEsrinE kil R ACERBMER R v 7 —RIEHIETF M (82)

MAEEE

flixOECRBEBIIMGCETHCEER CTBROBEICL-TREIZEEZ LD, BOAFRIER
o4 1E A AR b R AR o048 8] 4 iR b AR AAIZ B R IR BT AEEAEE T AIRE ORETFUE~ 7 AEHL
TR L7, F7eb b, AIRE Kiflw 9% (AIREKO) Mz $H7=iT AIRE MiaFORBHE Tz HxX s F~—
H—GFP #3845 AIREGFP /v 74 =9 A (AIREGFP-KI) #FEWL, Kig Ef#ianb7 o s 7 L
175 AIRE ORRAERIT L=, FOfE, AIRE LM ERIAA R LERRE T BT 5 oo Bk
WL LTERLTWS Z EAH LMo, T7bh, AIRE & H CRFSRITE DRRSLEN
Ik CHM AR A S LS A DU ETHY, FhICkoTHEREOMRLICLEL 72 7% i R 68/ BR AL

ERicHESTa I LimmgEhts,

A.BFZEED

Mok sECRIEHE T MO E (negative
selection) (21X AR EETT £ A2 MR (medullary thymic
epithelial cell: mTEC) |Z.L - TEERAHEERRMNE O
B (ussue-specific antigen: TSA) 7% T #MfaiZiER &
hisiFhuEa sy, BEEE CeEERORRRE
F AIRE X mTEC IZHBEMICRHL, ZoFTaeR(IC
Mib-oTWaEEZLNSN, FDOA I =X LDOFEH
1R CH D, AIRE 1255 TSA ORG-S
WTIHIREDE ZA200RBRHETANBBEEINT
V5, — mTEC (25517 5 £4k72 TSA 8% AIRE
BEPEELSALTHENHLTWALWIEZHRT
v, ZOFEFNATIE AIRE |2 mTEC i2x1 25 (kR
FELTO&RYKH D EI1ETEZ L (terminal
differentiation model), —HUZHLTH I —o2DET A
TITE 7 TSA RHOESH ST AIRE X
544, AIRE Oflj& & 3l mTEC DRk
BRI BWTEBSNS SR TSA BRRKEBIZET
AIRE #* mTEC #4{b2 555 %5 (developmental
model)., AFFETII-hG —2OFTAABIEL, B
CHEORH#MIZEIT S mTEC 3 XU AIRE O&H|
FHROMHICLTEWEEZ EBR LT,

B. FE &

AIRE Rifi=™w 2 (AIRE-KO) IZMzx. AIRE M{=T@
BEKEATFIcEXESYF~—D—GFP 2FHT S
AIREGFP / v 7 A <=9 A (AIRE/GFP-KI) % #i/-
IZfER L7, AIRE/GFP-KI Tll AIRE #H#Mila 4 GFP
ERMME LTRIETE, FAIZL>T AIRE #HAE
& AIRE FERBRMBE & #AMICENTE S,
AIRE/GFP-KI /3% FACS sorting 1Z.E- T AIRE
mTEC # LT AIRE #ERH mTEC ##IR L. mTEC #5

B AH KA TSA TH S insulin 2" CRP DIEH
L~AdE R PCR HEICL- TERML 2. K,
AIRE/GFP-KI @ 3 L7 Y iz GFP MicF&2# AL,
Fhizk->T AIREMEFARETCRETHMEME
(efplgfp) . %L AIRE-KO O R RRAEA &
T AIRE K#I2££ 9 AIRE %5 mTEC & AIRE #¥H
mTEC O #1laHESe{k 2-3840 L /=, terminal differentiation
model HIE L it iArIZ AIRE KRHICE LA D
mTEC OMFaMEE(kizidhizntEzbhs, Th
|z L developmental model #51E LiFHulE, AIRE XK
2k Y mTEC OMAREIIKELELTLILENT
Mahs,

(fif BE g ~ D ACKE)
LTOEBRIIERAFRETHE L EZRLTEE,
BLUERK I EREHAMTL TiTo 7/, £,
BMEFHETARBEBRKE~NASAFF LA
R EKHR B ER MR A T Y L— F O SPF BREE
T Sh, ZRNHY, meEpe=2—BENE
st bz,

C.HF R R

AIRE/GFP-KI TIIMIFHR Y . AIRE BHMAA GFP (2
LoTHEmEnL, HREVLI LT, AIRE#{ETFER
FCXRIAT AMEE (gpigp) ORIIRTL GFP BRI
REFEBHLA, ZOZ 26 AIRE BFiL AIRE %
4+ % mTEC OFRFIREICEE LI L8 L,
zfz o=, KW, AIRE/GFP-KI (gf/+) BT
AIRE/GFP-KI (gfp/gfp) @ AIRE #Bfilads L U8 AIRE
FETE M O % 4718 % FACS sorting L. insulin2 (AIRE
K~ 7 A mTEC TRANETFLTWS, wWbwd
AIRE-dependent TSA gene) $ LT CRP (AIRE KHi+




7 Z mTEC THERAIMMET L Tviev, vwbw 5 AIRE-
independent TSA gene) DM 4 E i PCR iEIZ L 0 #F
fr L7z, £ O#E, AIRE-dependent TSA gene THh 5
insulin 2 OREFIT L o 1E 5 AIRE BRI HER
AIRE BEAHOFEICEFLTRLHENSOICH L,
AIRE-independent TSA gene G %5 CRP DR BT AIRE
BB ML AIRE IERBEMIOTE S5 5, IEH AIRE
HOHOAECEbLoTRIHEAT, BKWT, AIRE
BH mTEC £ #i GFP filk & A - il ieic b
S THR{E L & = A, AIREGFP-KI (gfp/gfp) @ AIRE
RRMARIIVEZL (BEKEEL XK EEK mTEC) &
DHRY (HH - WHEMUSIZEELES, BROT
DNz 5Hm) 2Lk, £, BESCERED
mTEC 2BV TR X5 involucrin B8 4 i
involucrin HifE# M - ML L > TRIL
7= & Z 5, AIRE-KO 3 Lk UFAIREGFP-KI (gfp/gfp) @
W HUIZEs v T L involucnin BEPERIBE O 2380 1=,
& 52 involucrin % 58 < 37 5 Hassall /MEDFERGIL,
AIRE-KO 5 L Tf AIRE/GFP-KI (gfp/gfp) I3V T R %
LTCuwe, ZOZ L7435 AIRE X AIRE 83 mTEC @
SMeAHELTEL, FhICE> THRRO mTEC O
famEibion L THELRERN L Lo Z E5HRIZ -
Ty

D. B8

FLiED AIRE/GFP-KI % Hl Vo A48 214 terminal
differentiation model {ZF & L7220 { O Th o 71258,
AIRE KHBIC & L7220  mTEC OMIRME LS KELE
(bd 5 Z LAHLMIAE 5722 £A*6 developmental
model DEZ HFALVIELWEERIHT=, LA
M6, <ML, AIRE 233EAFA{LE R | > H3K4
IZHRNIZHEEST S VI REVBEERVW TR ER, £
ER7: TSA % AIRE B & 065 LU TREEGIE L
TV HAMHEMED T STV S, developmental model
A HFT HEEOFER & terminal differentiation model
AEETAHI S LEMELRIET S LT, AIRE O
HRGFA— B ThoNERHLMI TS Z LA E
RARTHBH,

E. &%

AIRE X nTEC O4p{EEF & LTOEBEZ LE, £hIC
Lo THERA TSA BE AT olEC OB {LEFS~
OEBEICIRELEWTWALDEEZ LN,

F. fREEfE BRI &

G. BFERER
L. RICER

1) Yano, M., Kuroda, N., Han, H., Horike, M., Nishikawa,
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JEA S @EE RS (Z Z 5 0OREFEI YR
Sriaef o

ZRAETCE DRZH BB OMRITICHT 255

WFaE iR B BENLH - MR o 2 — MR AT R ED (&)

MERE

HOREWE (AIRE) M{=FI2HAR86 5 EAMI (medulary Thymic Epithelial Cells, mTEC) (Z#5a91CRH
LTEDY, B2 HEEAO mTEC TOREE, FRICLAHBEIGHE T ML, ThobbhiRMSTR
BEORMIZ, PAOBETFTHS, LrL, PHRBERECREEN~D AIRE OMEIZSW Tk, FHTH-
foe £IT. AHFRICE VT, UEAOHERIT TH S, Myelin Olingodendrocyte Glycoprotein (MOG) ¥ £ U
Proteolipid Protein (PLP)IZ%1 5 HE2RERISICHITS AIRE OBEEMES, AIRE / v 777 F (KO) =7 A%
AWk 20XBRETHEMN L, —2ik, HEHREL0E T2 EBROECREEMAEA (EAE), 5 —211
ERERETOHBRGICAT2HCRERINTH S, AIRE KO =2 R 1E, MOG ORERFEORMIIZIIE S
1. PLP OMBARRELBEAFOFRRALHE L TWAZ EAHBALE, E56I2 AIRE KO 7 ATk, MihE
Ebiz, BRETLHWHRICHT 2 CREIEENEE TWA Z LR SN/, Mo AIREKO « 7 AL,
PR AT 2 B AREH CRERIEOEF AL LT, MAIT #l8IZE5 MS BRFEOIZHO,

a-—— I RERTFALLELLEZ LA,

ABFRBE
ZRME(EIE (MS) 1k, PHBRICZRTHE
EMEREERTHY ., TOREOKEIX, BEWHIH
BROTHANNET 2B CREKRTHDEEZL
nTWa, BEORRIIAHTH S, BHEROFH
EArb, PR (MR 55 WIZENEO SRR
T AREREOBESRELEHNEZRELTVLS
EEZEZORD, RO BAIE, MAIT Ml Lz
MS IHIERFZEIZ i L=, HOeREMHRHteT L0
WL ThHD,
HEHREWE (AIRE) #{=Fidialssi e Ly
(medulary Thymic Epithelial Cells, mTEC) (Z%§ %
SRLTEY, MrxOBHCEAD mTEC TORRAL .,
FRIZLAHORIGHET MlaoiE, Jieb bl
HBEREORIC, LEOREFTHE, FOLD
AIRE / 2277 b (KO) =2 A ZB8WWTIE, lixD
BT L CRERKBABARETS, LivL,
AIREKO = &7 AL, PHEMERIED: 2 8IE Ligh o7t
. TIRMETHCREER~O AIRE O &IL, i
MBI ENTIRh- 1, T T, FFEICEWN
Tit, Z2oFNHMITFETH S, Myelin
Olingodendrocyte Glycoprotein (MOG)+5 L TF Proteolipid
Protein (PLP){C%t 5 H 2 R&FRIEIZH1T 5 AIRE @
HEMA, AIREKO v 7 A& A2 >DERAETH
ML —olt, HWPEARET 2 ERGA DR
tERFEZ% (BEAE). b7 —DITERERECOEA
RIEBCRERETHS,

BAFAE S

DR i PR BE R HUR o0 R E
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NKT Cell-Dependent Amelioration of a Mouse Model
of Multiple Sclerosis by Altering Gut Flora

Hiroaki Yokote,*" Sachiko Miyake,*

J. Ludovic Croxtord,* Shinji Oki,*

Hidehiro Mizusawa,' and Takashi Yamamura®
From the Dep of losy” National | of
Nevwuscimer. National Center of Newrology and Psycbiatry,
Tolvo, arud the Depeartment of Nevrology and Newrological
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Improved hygiene has been suggested to influence
certain autoimmune disorders, such as multiple scle-
rosis. In this study , we addressed whether altering the
composition of gut flora may affect susceptibility to
experimental autoimmune encephalomyelitis (EAE),
an animal model of MS. We administered a mixture of
non-absorbing antibiotics, kanamycin, colistin, and
vancomycin (KCV), orally to mice induced to develop
EAE. The antibiotic treatment, beginning 1 week prior
to sensitization, altered the composition of gut flora
and, intriguingly. also ameliorated the development
of EAE. While this result was associated with a re-
duced production of pro-inflaimmatory cywkines
from the draining lymph node cells, a reduction of
mesenteric Th17 cells was found to correlate with
disease suppression. In addition, we found that Val4d
invariant NKT (iNKT) cells were necessary for main-

ining the ic Th17 cells. The homologous
effects of KCV treatment and iNKT cell depletion led
us to speculate that KCV treatment may suppress
EAE by altering the function of iNKT cells. Consis-
tent with this hypothesis, KCV treatment did not sup-
press EAE that was induced in iNKT cell-deficient
mice, although it was efficacious in mice that lacked
Val9 mucosal-associated invariant T cells. Thus, gut
flora may influence the development of EAE in a way
that is dependent on iNKT cells, which has significant
implications for the prevention and tr t of au-
toimmune discases. (Am J Patbol 2008, 17317141723
DOI: 102353/ affrath. 2008 080622)

The immunopathology of autoimmune diseases is still
poorly understood, although comprehensive and mulli-
disciplinary approaches conlinue 1o give us new insight

1714

into the mechanisms of disease. Previous studies have
generally supported a pathogenic role ol interferon
(IFN)y-producing Th1 cells in autoimmune diseases such
as multiple sclerosis (MS) that alfect the central nervous
system (CNS)." As Th1 cells are cross-regulated by Th2
cells producing interleukin (IL)-4, IL-5, and IL-13, the
counterbalance between Th1 and Th2 cells has been
posed as a key issue in understanding the pathogenesis
ol MS.# However, the traditional "Th1/Th2" paradigm is
now facing a fundamental challenge since a third class of
helper CD4" T cells, named Th17 cells, have been found
o cause autoimmune inflammation.>™> Th17 cells are
IL-23-dependent cells that are distinct from Th1 and Th2
cells in their ability to produce IL-17°"® and their use of
the ROR transcription lactor.® Although the relationship
between Th17 cells and Th1 or Th2 cells remains to be
fully characterized, Th17 cells are likely to exert a pre-
dominant pathogenic aclivity in various inflammatory
conditions associated with autoimmunity or allergy either
independently or collaboratively with Th1 cells.™®

It is widely accepted that development of autolmmune
disease is under control of both genetic and erwironmen-
tal factors. For example, recent whole genome analysis
has revealed thal several genes including human leuko-
cyle antigen-DR are positively linked with the suscepti-
bility to MS."" In contrast, most of our knowledge about
environmental factors relies on epidemiclogical data. Re-
sults of migration studies, as well as the reported pres-
ence of clusters or outbreaks of MS, have lllustrated
potential environmental influences on MS, including in-
fection, stress, sunlight exposure, and sex hormone. '*='#
While an altered intestinal microflora has been suggested
to be an environmental risk factor for theumatoid arthri-
tis,”® inflammatory bowel disease,’ and human allergy
and asthma,'” the status of gut flora has rarely been
evaluated as a potential risk factor for MS.
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Recent studies have shown that animals brad in a
germiree anvironment are characlerized by having low
densities of lymphoid cells in the gut mucosa, a reduced
size of specialized follicle structures, and low concentra-
tions of immunoglobulins in the peripheral blood,™®*" It
is also of note that the intestinal lamina propria (LP) has
been identified as a site that is constitutively inhabited by
Th17 cells.” Thus the dialogue between host and bacteria
at the mucosal interface seems lo be critical in the de-
velopment of the competent immune system.

To explore a possible role of intestinal microfiora in the
development of autoimmune disease, we tested it oral
administration of the mixture of non-absorbing antibiotics
kanamycin, colistin, and vancomycin (KCV) could modify
the development of experimental autoimmune encepha-
lomyelitis (EAE) induced in C57BL/6 (B6) mice sensilized
against a myelin oligodendrocyte glycoprotein (MOG)
peptide of amino acids 35 to 55 [MOG (35-55)]. Here we
report that continuous oral KCV treatment, starting one
week before immunization, significantly suppressed the
development of EAE along with altering gut flora. Sup-
pression of EAE was accompanied by a reduced produc-
tion of pro-inflammatory cytokines from the draining
lymph nodes (dLNs) in response 1o MOG (35-55). While
the antibiotic reatment suppressed MOG (35-55) reac-
tive Th17 cells within the mesenteric lymph nodes
(MLNSs), it also reduced the total number of mesenteric
Th17 cells in naive mice. Furthermore, unexpectedly we
found that the Th17 cells in the MLNs are greatly reduced
in Cd1 /" mice or Ju287 ' mice, which lack invariant
Val4 natural killer T (INKT) cells,™ and that the KCV-
induced reduction of the mesenteric Th17 cells was only
marginal in the INKT cell-deficient mice, As such, KCV
treatment and INKT cell deletion showed homologous
effects on the mesenteric Th17 cells, which led us to
speculate that gut flora may influence the development of
CNS autoimmune disease in a way dependent of INKT
cells, Consistently, oral KCV treatment did not alter the
development of EAE in INKT cell-deficient mica. These
results indicate that INKT cells play a critical role in the
dialogue between host and commensal flora.

Materials and Methods
Mice and Induction of EAE

Six-week-old female B6 mice were purchased from CLEA
Laboratory Animal Corporation (Tokyo, Japan). M1~

mice were provided by Dr. Susan Gilfillan, (Washington
University School of Medicine, St Louis)*® and were
backcrossed to Bé mice for ten generations, f2-micro-
globulin ="~ mice were purchased from Jackson Labora-
tories. Cd1 7 **and Ja281 " *° mice were provided by
Dr. Steve B. Balk (Beth Israel Deaconess Medical Center,
Harvard Medical School, Boston, MA) and Dr. Masaru
Taniguchi (Riken Research Center for allergy and Immu-
nology, Yokohama, Japan) respectively, These mice
were also back-crossed o B6 mice for len generations.,
Animals were maintained in specific pathogen-free con-
ditions in accordance with the institutional guidelines. For

Suppressing EAE by Altering Gut Flora 1715
AIP Devember 2008, Vol. 173, No. 6

induction ol EAE, B6 mice were injected subcutaneously
with 100 ug MOG (35-55) (MEVGWYRSPFSRWHLYRNGK)
(TORAY Labaratory, Tokyo, Japan) and 1 mg heat-killed
Mycobactenum tuberculosis H37RA (Difco) emulsified in
incomplete Freund's adjuvant. 200 ng of pertussis toxin
(List Biological Laboratories) in 200 ul PBS was injected
i.p. on days 0 and 2 after immunization. Clinical symp-
toms of EAE were dally evaluated and scored as lollows:
0, no clinical signs; 1, loss of tail tonicity; 2, impaired
righting reflex; 3, partial hindlimb paralysis: 4. total hind-
limb paralysis; 5, moribund or dead.

Antibiotic Treatment of Mice

To treat mice with a mixture of non-absorbing antibiotics,
we used a previously described protocol after adding
minor modifications *® Briefly, to examine the effects of
altering gut flora, a group of mice were given ad libium
access lo drinking water supplemented with kanamycin
(1 mg/ml), colistin (2000 U/ml), and vancomycin (0.1
mg/ml). Normal drinking water was given to another
group ol mice serving as control. For immunological stud-
ies of MLNs, LPLs, and splenocytes, the antibiolic-con-
taining water was continuously given for 1 week until
individual experiments were conducted. To evaluate the
efect ol antibiotics on EAE and recall responses, the
weatment was started 1 week before immunization, and
continued during the entire observation period,

Cell Proliferation and Cytokine Analysis

To measure cell prolileration and cylokine production, we
stimulated lymph node cells (1 x 10%well) with anti-CD3
antibody (2C11) at 5 pg/ml for 72 hours in 96-well round-
bottomed plates. For evaluating MOG (35-55)-specific
recall responses, we stimulated lymph node cells (1 X
10%well) with MOG (35-55) peptide at 1 1o 100 wmol/L for
72 hours. The cells were suspended in RPMI 1640 me-
dium (GIBCO) supplementad with 10% fetal call serum, 2
mmol/L L-glutamine, 100 U/ml of penicillin-streptomycin,
2 mmol/l. sodium pyruvate and 50 mmol/L B-mercapto-
ethanol, T cell praliteration to MOG (35-55) was determined
by measuring the incorporation of [H] thymidine (1 uCif
well) during the last 24 hours of culture in a -1205 counter
(Pharmacia, Uppsala, Sweden). Assays were conducted in
Iriplicate wells and data were expressed as counls per
minute (c.p.m). Culture supernalant was collected 72
hours after stimulation, and cytokines in the supernatant
were measured by using cytomelric bead array kits for
mouse inflammaltory cytokines (BD Biosciences) and
IL-17 enzyme-linked immunosorbent assay (ELISA) kit
(R&D systems).

Surface Marker Analysis, Quantification of CNS
Leukocytes and Histology
Cells were stained with fluorescence-labeled specific an-

tibedies after incubation with anti-CD16/32 1o avoid non-
specific staining and were analyzed with a FACSCalibur
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(BD). Except for Foxp3-APC from eBioscience, all of the
other antibodies were obtained from BD Pharmingen, For
flow cytometric analysis of CNS-infiltrated cells, spinal cords
were homogenized, passed thvough 70-um nylon mesh
and separated by Percall density-gradient centrifugation to
obtain single-cell suspensions. In some experiments, par-
aftin-embedded spinal cords were stained with either luxol
last biue or H&E for conventional histological analysis.

Intraceliuiar Staining

Cells collected from MLN were stimulated with phorbol
12-myristate 13-acetate (50 ng/ml) and lonomycin (750
ng/mi) for 5 hours in the presence of GolgiPiug (BD
Bicsciences). Cells were first stained extracellularfy with
PerCP-conjugated anti-CD4, APC-conjugated anti-T cell
receptor-B and «-GalCer-loaded Dimer X recombinant
soluble dimeric mouse CD1 days (BD Pharmingen), and
then stained with fluorescein isothiocyanate-conjugated
mAb AB5-1 specilic for mouse 1gG1 (BD Pharmingen),
and fixed and permeabilized with Fixation/Permiabilization
solution (BD Blosciences). Finally, cells were stained intra-
cellulary with phycoerythrin-conjugated anti-IL-17 (BD Bio-
sciences). Samples were acquired on a FACSCalibur (BD
Biosciences), and data were analyzed with CELLQuest soft-
ware (BD Biosciences).

Isolation of Lamina Propnia Lymphocytes

Intestines were removed from euthanized mice and
placed in ice-cold PBS comaining 25 mmol/l. HEPES,
After removal of residual mesenteric fat tissue, Peyer's
patches were carefully excised, and the intestine was
opened longitudinally. The intestine was then thoroughly
washed in ice-cold PBS and cut into 1.5-cm pleces. The
pieces were incubated four times in 5 ml of 5 mmol/L
EDTA, in 10% fetal calf serum/25 mmol/L. HEPES/PBS lor
15 minutes al 37°C with fast rotation (200 rpm). After each
round of incubation, the epithelial cell layer, containing
the intraepithelial lymphocytes, was removed. After the
fourth EDTA incubation, the pieces were washed in PBS,
and placed in 25 ml of RPMI containing 20% fetal calf
serum, 25 mmol/L. HEPES, and 300 U/mi of Collagenase
H (Roche). Digestion was performed three times by In-
cubaling the pleces at 37°C for 40 minutes with slow
rotation (100 rpm). The solution was then vortexed in-
tensely and passed through a 70-mm cell strainer, The
pieces were collected and placed into fresh digestion
solution. The procedure was repeated three times. Su-
pernatants from all three digestions from a single small
intestine were combined, washed once in cold PBS, re-
suspended in 5 mil of the 40% fraction of a 40:80 Percoll
gradient, and overlaid on 2 ml of the 80% Iraction in a 15
ml Falcon tube, Percoll gradient separation was per-
formed by centrifugation for 20 minutes at 2800 rpm at
room lemperature. LPLs were collected at the interphase
of the Percoll gradient, washed once, and resuspended
in FACS buffer or T cell medium. The cells were used
immediately tor experiments.

RNA Extraction and Real-Time Reverse
Transcription-PCR

The SV Total RNA isolation kit (Promega) was used for
isolation ol total RNA from mesenteric lymphocytes or
splenocytes according to the manufacturer's instruction,
First-strand cDNA was generated with the Advantage-RT
kit (Clontech). The Light Cycler FastStart DNA Master
SYBR Green | kit (Roche Diagnostics) was used for quan-
titative PCR analysis. Gene expression values were nor-
malized 1o expression of the hypoxanthine guanine phos-
phoribosyl wransferase (Hprt) as ‘housekeeping’ gene.
QuantiTect Primer Assay (Qiagen) was used lor amplifica-
tion of IL-21 and IL-23. The other primers used were as
follows: HPRT forward, 5'-GTTGGATACAGGCCAGACTTT-
GTTG-3'; HPAT reverse, 5 -GAGGGTAGGCTGGCCTATAG-
GCT-3', RORlorward, 5-TGTCCTGGGCTACC CTACTG-3;
RORyt  reverse, 5-GTGCAGGAGTAGGCCACATT-3,
TGF-g1  foward, 5-TGCGCTTGCAGAGATTAAAA-Z'
TGF-g1 reverse, 5'-GCTGAATCGAAA GCCCTGTA-3"; IL6
forward, 5'-TTCCATCCAGTTGCCTTCTT-3'; IL6 reverse,
5-CAGAATTGCCQATTGCCATTGCACAAC-3.

Statistics

EAE clinical severity was daily scored as mean + SEM for
aach group, and analyzed by the Mann-Whitney U non-
parametric ranking test. Differences in cumulative scores of
each group of mice were evaluated by Student's f-test
Cytokine secretion data were analyzed with Student's t-test.

Resuilts

Oral KCV Treatment Suppressed the
Development of EAE and Inhibited
Pro-Inflammatory Cytokine Production from
Draining Lymph Node Cells

With an attempt to modulate the composition of intestinal
flora, we treated wild-type B6 mice orally with a combi-
nation of antiblotics KCV as described in Materials and
Methods. Because these antibiotics are not absorbed
through gut mucosa,™ any efiect caused by this treat-
ment is thought to arise from within the gut lumen. To
examine whether our reatment protocol would change
the composition of intestinal flora, we applied the DNA
microartay system referred o as "FloraArray=® and made
a comprehensive analysis for intestinal flora derived lrom
KCV-treated mice and control mice. To compare the
signal intensities of intestinal flora from the two groups of
mice, MA plots were lllustrated from the lluorescent im-
ages. Although each spot on the FloraArray is derived
from a number of differenl strains in lhe commensal mi-
croflora, this analysis gives us useful information regard-
Ing the composition of gut flora. The MA-plol analysis
revealed thal 722 out of 1536 spots showed more than
twofold increase in the fecal DNA sample from KCV-
reated mice as compared wilh those from control mice,
By contrast. 894 spots showed maore than twofold in-
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