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ZFEMEEALEE (multiple sclerosis; MS) FEEREHORIERATF L BERATFOBRMLHBEFRC I VEEINTW5, %
Dizdd MS HIRREE - REDT - RS - BEFAFR O &5 b 447088 (clinical heterogeneity) % 27 %,
EEF 7 v 4 (DNA microarray, GeneChip) AR EHFBEF I T TIE5» 7 Th 2, BEFTVIRLIS
MS BAERMM V) v S ERPMEBROBBHE LT REMENL, MS 05 FEEFZNABERFBRCHILRHET S, Hic
BIZTF7 VAT L D (EROMATETETFHL 2> L BETHO MS RRECKTAEELBELRA LY, 1
vE—7 0 VIRERETH (FN-responsive gene; IRG) ¥ RET 5 Lz & b REEDELEWER » =Tt 5
ZEDERRIL D 0o0h D, BAEH2IIFEE 2 5 2 % —~f#47 (hierarchical clustering analysis) X b, MS 7 T #ifa
DEEFRE 7 o7 4 —ARESELFICHSEIN, FBVREEDNE - FES - 1 v2—7=uv (IFNP) BER
G L BB ERDB I ERRA L, BEF7 VABETIIMS ©F —5 — 2 A FEHE (personalized medicine) &
NERHL EBbh A,

F—TJ—F BEFER 74—, DNAA 707 vA, SREEIE 77— 54 FEH



HHRNEEF RGN IC & 2 ZFRMEB(EED
PRRE o YR TE

fEE— e

MS ORFEF SHOBERF C BERFOEMAEEERCIVRAEIATSEY, BRE
B BEAE o RERGME - BIESNA OB AL S S LHRE (clinical heterogeneity)
#8272, BEFT7 L4 (DNA microarray/GeneChip) (& EM8E L IZBTEEZFHREY DO
THdFvTThHd. BEFFZLAICL D MS BERMEMY >/ B o BRSO ENER
FRBAFIL, MS D FEEFUREREOMAICHE N ERET 3. EROMEXFETET
LA - EEFROMS BECSIIEELREARRALAY, 19 —7z0 VS
#E{EF B (IFN-responsive genes | IRG) %A% L TARBRICHCRIER ¢ Ba1 S FHT
3o EAHEERIC Y DOH B, RiEbhb BN S 5 X ¥ —## (hierarchical clus-
tering analysis) 2 & W, MS »* T DB EFHI|R 7O 7 4+ —LI2b LD & FEICHES
N, SREGREBTHME - BESE - IFN-SBEAICH L BEARTERD e AH L
7. BEFTLAEIFEMS DF—F5 =24 FEBEOBILICHKIO>EEDbNS.

E LI

% Fe MR AL (multiple sclerosis @ MS) &K
MEREE I REEMERENLSFEL, SEIER

MRERPEFRECVIRLUCGETT 28R TH 5.

MS FEHFEAEAI N TH RS, BEY
R e BEBERTFOEEEREERIC, NAERE
BT FAERME R T 7 A VA% DI
RIRZFE LEE LB EMH CD 4% Thi
T ARBEAS, MIRAGEEFT % B U C rR A i R

* SATOH Jun-ichi/ESCREH - #if v & — R FRAT S
SRR FEER
* o PR EERIRF I E I A BRI R BRI T
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WEREL, v7u7y—9 .37/ 72
AL U CEEBSEESEIA T« (tumor  necrosis  fac-
tor-a . TNF-a) %2 £ D REHEBERF DO ELE ZFH
| il (demyelination) WERL I NBE EFE X S
N5 (BCAERF) . REMCIEBEE
D B, RENBEIT 5 LHEHEETE

RS « MR R & 7o U TR SRS EERESE
BT, TERCEB X ChEII BT 2 KEIEER
BRERERIZ LD, £ vy —7 zua v (IFN)-8 ® MS
FERAEZNRMIEER 1, RETERMEEET
BIBEEA T u4 NEHMAEBEIRNER S (intra-
venous rr}ethylpredonisolone pulse : IVMP) #
B Iz, BEERH IFN-8 OHEEI A AP
BER2B %I HED, Bb—RIRERELL
TERENTWS, LBHLUIFN-g 8% 572 %)
RERSZVEFHZ Y, bbb MS 3H—
BRB TR SRRLHRELE T SREMHETH S
FIREMEDIE VO, EEE MS ZEER A & HAERE

49 (205)



#Y (relapsing-remitting MS : RRMS), ZX#1T
# (secondary-progressive MS : SPMS), —Xi
78I (primary-progressive MS : PPMS), Ji5#43
T 6 A (conventional MS : CMS), HREEE
%87 (opticospinal MS : OSMS), IFN-g i&EK
D 5 Vv AR v S — (%) (responder MS :
RMS), / vV ARy I —(FEEE) (nonrespon-
der MS : NRMS) e/ a0 5, WEFMCE T
iR, PmE, A VI 7 Ra 0707
R b — ¥ X (apoptosis) DFT R &V 4 Bz 945
ENnbd,

SEAE MS D Fa % B8 D %5 #E 14 (heterogeneity)
RIRTT AFEE L TEEBFT VA (DNA mi-
croarray/GeneChip) SV SN TWS, & b7/
A7z 7 Mz kD b &BETHEERTDE
BH&, EETF7 VA 2R THEx DM BT
2 HAEMLETF (b b eBEEFH 30,000) DFEBRIE
A IR - R - RIS 5 2 LY
B odz, RNAFERBERZ NSV A2V T
b — LR, BRBERBENT 70T 4 — AR
LA 20X D iR F I T (global
expression analysis) iZ & 0, RO H E T
FHL B Lo/ BEFRO MSKERICBT 2
REBOEOXHEL NI ENTY, FTBECK
6T 2 BETHOEE RN T 5 Z ki
kv, EMRIGERLEERZ THT 5 2 L23]gE
koo bHB(EEYSY /2 7 A, phar
macogenomics), A TIE DNA~ A 7071V A
2 & 5 MS DFERERE « Y ICHE DT IBE 3
LEAOHMRZHHT 5.

1. 24207 LA BROEKRFEE

EBLFT7VARBRIARTIAR A u v ER
ORI, BTF~—HD cDNA /2340 I3
XZVAFREBEED DT TCHBF I THS,
cDNA 2 ARy ¥ —THEBLWICARY PLTH
ZDNA=A7u7vir, B CEEEEE
FVIRXRIZVEFRBET 3 NIV I TTERLT
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V3% GeneChip (Affymetrix) I/ EE N3, A7
ARTIREIL 70T VA, FAaVER<T
U7 VA ERIRT A, ETREFRRVANIVERE
% 2 L LM AR, 7oL 2T IFN-8 &
SR OMIdR E2 5 mRNA Z#HH UEIEST 3,
DNA <4 7 a7 Vv4 Tidhlz DENXER(Cy 3,
Cy5) THEF& L 72 cDNA % 7213 cRNA 2{Emk L
TR—F vy 7L THRENNA TV T4 ¥ - a v
2B 2% 52 M), GeneChip T in  vitro
transcription i & D cDNA % & biotin & #
cRNA 2ERK, WL T A 7Y 54
¥—yaryi®B Ik, streptoavidin-phycoer-
ythrin (SAPE) 280U CTHYGIER T 5 (1 ).
GeneChip 2 1 9> N2 1 D7 v 4 BRSHET
TVARODElEKRIEZS, EHLoD08BEbAFr
F—THEY 7N BB, SohicT -5 Z1E
#i{t (normalization) L, HETZHIMET (R BT
www.cran.r-projectorg % E) 2B 2\, Y
PNEIOBEFHRIR S0 7 4 —)\(gene expres-
sion profile) #H#E T 5, Lizdi->T RNA DE
(quality) MERICIER CHET 5, FERHEEE
BERTETGFIZYV 7 NVY 4 L RT-PCRTE
E-MREET 2 2 L BNEETH 5 (validation), FE
U7z 45 T O HAE - #5582 BI 3 % 15 #k (annota-
tion) i¥, Web £ T 7 —% —~_X—X (NCBI
Entrez : www.ncbi.nlm.nih.gov/Entrez/index.
htm 72 &) 2K T 5. T TS 2T ELEEGET
F3H 57— % 5 Gene Expression Omnibus(GEO :
www.nchbi.nlm.nih.gov/geo) IZBHFEINTB D ¥
v ru—NTE&%, RKIBIMY > 38K (peripheral
blood mononuclear cells : PBMC) D#&&F7 Vv
A fER ORI, BETFHEY V3 ER- 1t
BLME « BRIE - B RS - WIS, - FEMR9R PV R
EDEAZERFRMFZ (HNES) OXE 2R %
Z & T» 5 (interindividual and intraindividual
variation)®, % 7z GREER O AT T IAFERMGERS &
TIWET 2 (RNA degradation time) 23[HRE
ThY, HEpH B¥EFICR D,
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RBEI/~A 707 VA BIROBR L 2 Ok s s B

BEY > VOB ERT -5y F DEBEY
PR LUSET B0, Y 7 b (GeneSpr-
ing : Silicon Genetics-Agilent 7 £) 2 FW T, [
By 7 o A F—f##i(hierarchical clustering
analysis) 28725, Txbby I Vicld 5

EERZ Lic, BUEBE A Y - 227 538G
FRYG U INEITNV—TIZHEL, BHRE (den-
drogram) E FEHEHLVRNVDZRITL MY w7 AT
FRT B (BN 7 L © unsupervised method),

Ele S NV—="kREHOU % EEEE T
scriminator genes) il U TERITICEET 3
F gk 4 f# 47 (principal component analysis :
PCAYRB IS, 6 EEEETFHEICHAY
725 —4# % training set ¥ U CHUREE L, &R
FT—=Fky VZBI BV T IN— T R BRITTEM
TR B AT RE 72 88 (hyperplane) % [F] &
T 5P K —hIRT7 ¥ —< ¥ v (support vector
machine : SVM) M2 B 2% 5 BflidH 0 5 :

supervised method),

2. DNAZA4 707 v41& 355K
EILEEDREREEDERRIT (R 1)

1) MS B#E#S MRS F R REN

Whitney 597 3MB 0 cDNA~~A{ 7071 A4
ZRWTMS QUEIAREMHRE L EEFERE
(normal-appearing white matter : NAWM) %*
HigL, MSEREIRB I 24 v —7 o g

B R F (interferon-regulatory factor : IRF)-2,

5-lipooxygenase IR L H 2% L /2. Chabas
BMNIMSIMcDNAZ A4 75 V—D MBS —
7 X v AR X D osteopontin (OPN) F3 &
ZE, 7 v b RERNE OSSR (exper-
imental autoimmune encephalomyelitis : EAE)
ETFNVOBRERA NI A RI LA VTR 2 vEF
FvA 2707 VvAERTOPN LREZHEZEL -,

OPN EEFXRE~ Y 213 EAE BB IcH L T
it % R 9, Lock 593 GeneChip % i W T

MS SHREMERR & BIEIEEIERR 2 KL,
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Hi#& D G-CSF EH L ## D IgG Fc v 7% —,
IgGEve7y—, tEXF IV eFI—5471
LREE2HE LT, £7- G-CSF #5 T EAE &iE(k
2R, 4 5/ 707 v FeRy HBETFREY
v A Tk EAE Lo S N3 & & 2 4E L
729,

Mycko ' ¢cDNA~ 4 7 a 7 v A
(Clontech) % B> T SPMS B4 i8R 3 & FE
BN, BORENIEES & LER R I L, 1
BRI 81 2 E L EEE R T
(TNF-az 8)D E& 2 8&E L 7,
5% cDNA = 27 1 7 I £ (Clontech) % Fv»T
MS @ NAWM i 8 J % ¥ 5E 10 B & & {5 7 &
(HIF-la 7t £)D L& % R U /2, Lindberg
5121% GeneChip % > T SPMS GBI B # T
DAL 7a7 ) YEETER BE LT, Tajour-
i5WIHBEDDNAYAL 707V 4 2HANT
SPMSE M -BHEEMHBE BT % aB-
crystallin, SOD 1 O R E2#HEL 72, 2hd—
HEOTA 707 VA E 5 MS RGO BT
FTEBIE Y > S NEIA 7% <, RNA FHERAI 4
Pt e KL TWip WATREM R 5.

Graumann

2) MStarybOo—LdkREmY 8otk
RN

Ramanathan &'k GeneFilter membrane
array (Research Genetics) # BT, MS &%
A @ monocyte-depleted PBMC % bt L, MS
W28 1J % lymphocyte-specific protein tyrosine
kinase(LCK), IL-7R OFH LHE 284 L7-.
LCK i& Airla 9D ¢cDNA~ 7 u 7 v A
(Clontech) fi# 47 ¢, RRMS ® PBMC iz 8> T
IVMP BRI L VIET T2 BET L L THRE S
NTw3, Bomprezzi 93 E O cDNA < A
za7Vv4%BnT, RRMS LEE AD PBMC
THEERZET 2 53 BETE2RAEL,. MS T
3 T SR R TR IL-TR, ZAP 70,
TNFRSF7(CD2N) D EH B LY A4 b h 4 v
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mRNA © 4> fi& &l 18 K - HSPA 1 A(HSP 70) D
KT 28D7z. Mayne 5% RRMS & #E AD
FKIBIMA & CD 4% T #ild % negative selection T
438, cDNA membrane array (NIA) % > Cfi#
L, MS iz BiJ 5 cytoplasmic FMR 1 interact-
ing protein 2(CYFIP 2) ® E&H 2417z,

b N BETE % annotation D & 1,259 &
fzF%2#E L7 cDNA <4 7 a7 v 4 (Hitachi
Life Science) % v, 72 Hld IFN-8 RIGES
Bk MS (65 RRMS, 7 SPMS) & 22 ZDEEA
DRI S AutoMACS (Miltenyi Biotec) T4
L 7- CD 3+ T #Hfg, CD 3™ non-T fEDEEF
FET0 74—V, WEET T
173 BfET, non-T #ifE 50 BEEFOFHEHER %
Wiz, BAL30EETF Tl T #Hifg 25 BmT(NR4
A2, TCF8 k& & MAPK1, SMARCA 3,
HSPA1 A, TRAIL, TOP1l, CCR 5,
BAG 1, DAXX, TSC 22, PARP {ETF 7% &), non-
TH#ik27 &= TF(ICAM 1, CDC42, RIPK 2,
SODD, TOP2A E & & BCL2, RPAL,
NFATC 3, HSPA 1L, RBBP 4, PRKDC & T 7%
EVBT R b —¥ AFIHEELRFOHBICEL T
7z. MS T7 K b — ¥ X {g#EE 5T (proapoptotic
genes) & #1438 {5 T (antiapoptotic genes) D F&
HEF (KT (EHRY,YZ >~ A counterbalance) %
T, MS KB 27 R —v AFIHERE OFE
VAN = (W

Achiron 594X GeneChip % FH » T 26 5] @
RRMS & 18 Z D {@E AT PBMC DB : T HKH
a7 4 =)k BT U, TR 1,109 8
EFOFBRER LD, MS ¢ T figiE LR
& % FB(LEF1, TCF3, SLAM, ITGB2,
CTSB) E& ¥ IL-1 8/TNF-a ¥ 7 V&R
BRFHOETE2RED. bbb OFER®ICK
L TMS & B} % orphan nuclear receptor
NR4 A2 OETR#HE L7z, L LIES DT
i MS 14 B ER I 12 i 3 IFN-5, glatir-

" amer acetate(GA), intravenous immunog-

54 (210)

lobulins (IVIg) Z &% 54T, EEFRIICEEL
7-RIREMED B B, Achiron 5203 EERDORER 215
BRI 13 {51 & SRIGIEERE 13 140 TR L, a0
B 7 B FEE (TNFRSF 6, Fas 2 ) ZFEE L
7z, %72 13410 RRMS & 54#1d SLE % 18 %D
EEALHRL, BOCRERRNT 07 4 -
(autoimmunity-specific signature) & L T 7 K
b=y AFIEERTHOFRERE 2 IRE L 122,
Maas 52213 20 5 ® RA, 245 ® SLE, 5% ®
IDDM, 580 MS, 9&ZDA IV YT 7 F
VBB OBE A DO PBMC 2f#tt L7z, 77
%/ﬁ % & BORERBDEBEGTFREA NS —

Y Eo KBRS, RAESLERM, MS &
IDDM [k &b D THEUL Tz, 5 b HORK
PERBIWHEL TR b — v AHIHERFHOR
RIAET 28 » 72, Iglesias 5213 GeneChip T
RRMS ¥ A D PBMC » HLigfiEdT L, MS
B3 E2F transcription factor pathway #E{&
FTLAE®2ED, E2F1BEFRE~-Y AT
EAE 835 Z L 2kE L.

3) MS IZ#1F 3 IFN-B S8R BUGMEDIRAT

bbb cDNA v 27 u 7 1 1 (Clontech)
ERWT, & MR A Fa v A MlEET
IFN e IV EET 2 BEF 2L, IFN-81
X % IRF-7 & pleiotrophin ® F&, IFN-y 2 &
% IRF-1 £ ICAM-1® L/ ®#%& L7z, Wan-
dinger 529 RRMS & # % A @© PBMC % in
vitro TIFN- 2 X D HIBL TcDNA~A 7 1
7 v 4 (Mini-Lymphochip) T#fT L, CC chemo-
kine receptor 5(CCR5) & interferon-inducible
cytokine IP-10(CXCL 10) ® LR 28807z, bh
bn®iF1,259EEFcDNA~Y A 7 a7 VA
(Hitachi) # Fv>C, 13%d RRMS T IFN-8 ¥
BRI R R L, RMMmCD3* THik &
CD3 non-THIE CHREZLE L - EE Fit
IRG)=@EL. T
et 8 BT (IRF-7, ISG 15, IFI56, IFI6-

(IFN-responsive genes :
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BEI/~A 27u7 VA BROBR E 2 DFRICEF S N2 B

16, IFI 60, IF130, ATF 3, TLR5) @ k& ¥ IL-
3, monokine induced by IFN-y (MIG) D{ET,

non-T #ifE T 12 E{=F (RF-7, 1SG 15, IFI56,

IFI16-16, IFI 27, IFI17, TAPI1,
TNFAIP 6, TSC22, SULT1C1, RPC 39,
RABIIA)O £ &, IL-3O{ET 21 » 7-.
ISG 15, IFT 56, IFT 6-16, IFI 27, TSC 22, SULT 1
C 1 IZIEEBIAR 3~6» BB RN LA 2
e, —HREHFRERE G kol ds, B
%12 Th1B9#EE&E T CCR5(T), IFN-y(T),
TNF-a (non-T) D ELHEMER Z&R D2, ZOFTR
B IFN-B{BEEIXMS Tl AT L L BHEZL Th2
VIZNEBRELTVWEWS RO ETRET 5, b

D 9B EFIRF-7, ISG 15, IFI56, IFI6-16,

IF160, IFI17, TAP1, TNFAIP6, MIG)iZ~
€ — & fHIIC IFN-stimulated response ele-
ment (ISRE) % IRF element (IRF-E) FEIEX 1
TWw BB IRG Th Y, BRI EEKIE LIBES)
RCELBEELTwBLEZONSE, IRF-7T13Y
AW ARG IFN-a/8 BEE #IEIET 5 EDF
HRFTH 52, IF1301x7 X 11 MHC #3i%
MRRROE, B2 6 F4—VBIERT,
IFI 30 Igfz—:-?k?EV VA TRTEEREET %2 &
7292, TAP 1137 2 A I MHC WIS RER
DY, 13726 {7 F VAT, TAP 1&E
FRE~ 7 ZATIXCD8 THIIE 2N T 2 BKHE
EHI B 529, TNFAIP 6 |3 TNF-a, IL-
1B VFE SN NWMEHE CHAERR %
2792, DIED X 12 MS TIFN-8 I3 antivir-
al and antiinflammatory mediators OF¥ % 5
B30I RoT, EBRENWT LT
SLE TiisROBEEIC» b 53 PBMC 2817
3 IRG ORIV IV EF NI,

Weinstock-Guttman %322} GeneFilter mem-

brane array =B\, IFN-8 IGERT2 D 8 HlO
RRMS T monocyte-depleted PBMC % #% i 19
T L TIRG 2FE L. #idbhbho
FAELZIRGYE A —N—5v 7 L T W3,

RIE L HE vol. 14 no. 2 2006

Liang 3% Weinstock-Guttman & @ 7 — 32
PHEMENT L, IRG 1% early-onset (8 BFRI L),

intermediate-onset (24 FF ), late-onset (48 K
MDD 3EEHEEIN S Z 2 BRH LU, Stir-
zebecher 53 cDNA < 1 7 0 7 v 4 (Mini-
Lymphochip) % i v>C IFN-8 {5 &R % D 10 41
D RRMS T PBMC OEEZEFHER 72 74—
2T U 7z (ex vivo SBAT). YGHEHT 6 4 H 2> & BMA
12 H#& % THA GdEE MRI 2 L CEH
MRS B, YRR X D R BES 60% DL IR
DUIEGIE VAR - EHE L, /Y VR
R T —F % B0 SERD A5 7% V> nonre-
sponder from initiation of therapy (INR) &, B§
BME-EHEEIIR 2B D LSRR AE
(neutralizing antibody : NAb) ® H IR 2 £ %)

- REF L 72 nonresponder with development

of NAb(NAbNR) D 2 BEc/E L 72, F Ik
PBMC % IFN-B B L T in vitro BT b B =
Tolz, VARYY—THER 2 EULEEEHL
BT ex vivo 25 BETF (IF117, OAS, Statl
EHEIL-8, CD69, c-fos, TSC22{&E T & &)
T, ZO2BIL-8HRETR VARV S —DIE
BRE 2 2 HREMEIRB E N, —7F in vitro IRG
X 8T BIEFT, VARV —, /U VARYS —
MTHRIREZERERO B oz, HOOBRERKL
T, bhbh®id IFN-g 158 # O non-T Mz
B} 5 TGF-p-stimulated protein TSC 22 F&
EHELTWwS, #5 OFRBERNERD L,
HFERTE L 72 PBMC 2B L CTHWTB YD,
BRECREFHREAVPEMLL S 3 SMETH 3,
72 1DV ARy S —TIRIBERTICH 90 E oD
GAERREEZELTWEY, ThIZESHOE
EREZTTEMIIEAAMS TRREMNTH 3,
Hong 593 FEAENE 6 BET 2BEL -
cDNA~Z7 a7 VvA42B0WT, KEEMS &
IFN-8, GA & MS @ PBMC %2 f#47 L, WK
JEMEREFROMEZH S e Lz, BEBRENZ
E TG ML T AR B oD i % i BE P S v B B
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Sig Gene(pierre, No_vs_A, er=0.08)No.2

58 genes

Sig Gene

Nc 8%

Siiledle Geng Tige™

* Branch colorparamater | Gro

No. 2,3 No. 4, 6, 7', 8, 9

@ stable RRMS
1. BN S5 X5 —1iRF

“Sig Genp{gidhe, No Vs A 6= 0.05 N0 2% Bxp(toand Asnd YOOI
| Selected Congition Trae : Sig Genplpiae, Ho_vs_A, er=0.05)10.22 ¥xp(No and & and YD4 14}

MS-A B¥

“Caldteg by T Bp(Ne g Aa

No. 1, 10, 11 No. 5

® stable RRMS @ stable RRMS @ possible MS @ active RRMS @ possible MS
© stable RRMS @ active RRMS @ optic neuritis @ active CIDP

® active CIDP

FKIEEMS(n=72) £ #EE A Nc(n=22) D T%EHH@.@ cDNA <=4 277 VA (1,259
BET)EN THRIREE LD 5 286 BETF % 181E# R T (discriminator genes) &
T LB 2 7 A ¥ —fFFT (hierarchical clustering analysis) T, MS #id Nc F &
SEESA, B, C, DO 4ABSEIN:, ABREBGTRE 07 4 — Kb
Nc B EULL , BREME Tl 23513 % 58 EE TR Uiz, ¥ 11 iEF1C 1

DOYEENME MS, 4 FlOIEFBENE MS, 2 #1D possible MS, 1 FOBE R
R k=

B IS SO B BEIE & FEAE

» 2B
BBk, FEEEIE MS B 2fiEE AR

WZHEE N, —FIEMREEIEEE S FmE R (chronic inflammatory demyelinat-
ing polyneuropathy : CIDP) I3 MS-A EicaEE I Nk,

MMP-9 iZ IFN-8 iZ X DIET,GA TlZ L& L7z,
van Boxel-Dezire 53 IFN-g {BE® % T 7z
26 51D RRMS O PBMCicB8F 2% 4 M A >~
BEFHRFALV NV EFLEEN RT-PCR TRER
WIEAT U7z, RERTR 2 FROFERREE - IVMP
m% « Extended Disability Status Scale (EDSS)
AT REFFLUHELTI6HOVARY YL
WPID/ VAR —CH T 5B E, VARY
F— F BRI IL-12p 35 SE L ~OV MK W E
Mm% 2 L7, Wandinger 3% IFN-4 i85 % 5%
(77: RRMS T2 1 FRBEH % { EDSS 2
TEEDHONZGEMNZ VAR S —, B

' b?‘:ﬁf?ﬂ%/ YVARYY —EEE LU, 20l

56 (212)

VARG =L 19BID ) vV AR Y — % R
35 &, VAWK Y I—TIF TNF-related
apoptosis-inducing ligand (TRAIL, TNFSF 10)
PEGNEEERT 2 RHE L, TRAIL iX
IRGD 12T, bhb'®3 MS THllgicsi) %
HKBEETEMEL T3, TRAILEGBFXRE~T
T ZNIHBIIE T R N — v AR RE R &L, 2
Z— AR E BT 5 B,
53NI IFN-B 58 % 5 1 72 52 ) ® RRMS T
PBMC iz 817 % 70 Ef= T OFEB L~V & R

FERMRT-PCR T L7z, BFK2EM1
FE L EFS 7 < EDSS 2 a 7 EBALD 2 WIER &
VARY S —, 2EUEFEELEE S VA

Baranzini
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BEIL/~ A 7 07 LA OB & 7 OIS S h 2 RES

5 2. SVM@ric& 3/ n—7H48F

Case No, | 1 2 3 4 5 6 7 8 9 101N

Age/Sex| 40F | 57 F [30M [37M| 36F |[48F|6tF | 37F 22F [16M[18M
Active | Stable | Stable | Stable | Possible | Active [ Stable | Possible Opt!q cioplcipe
RRMS [RRMS {RRMS [RRMS| MS |RRMS|RRMS| MS | Neuritis
Clustering by 58 genes| A Ne Nc Nc A Ne¢ Nc N¢ Nc A A

Clinical Diagnosis

: No. of

SYM Gene  Gene Selection  p o uoior Kemel Function SVM Classification

No.  Set Method G

enes

1 58 All genes — PDP(Order 1)

2 58 All genes - PDP(Order 2)

3 58 All genes — PDP(Order 3)

4 58 All genes — Radial basis (Gaussian)

5 286 All genes — PDP(Order 1)

6 286 All genes — PDP(Order 2)

7 286 All genes — PDP(Order 3)

8 286 All genes - Radial basis(Gaussian)

9 286 Fisher's Exact Test 50 PDP(Order 1)

10 286  Fisher's Exact Test 50 PDP(Order 2)

11 286  Fisher's Exact Test 50 PDP(Order 3)

12 286  Fisher's Exact Test 50 Radial basis (Gaussian)

13 286 Golub Method 50 PDP(Order 1)

14 286 Golub Method 50 PDP{OQrder 2)

15 286 Golub Method 50 PDP(Order 3)

16 286 Golub Method 50 Radial basis (Gaussian)

17 286.  Fisher's Exact Test 30 PDP(Order 1)

18 286  Fisher's Exact Test 30 PDP(Qrder 2)

19 286  Fisher's Exact Test 30 PDP{Order 3)

20 286  Fisher's Exact Test 30 Radial basis(Gaussian)

21 286 Golub Method 30 PDP(Order 1)

22 286 Golub Method 30. PDP(Order 2)

23 286 Golub Method 30 PDP(Order 3)

24 286 Golub Method 30 Radial basis (Gaussian)

25 286  Fisher's Exact Test 10 PDP(Order 1)

26 286  Fisher's Exact Test 10 PDP(Order 2)

27 286  Fisher's Exact Test 10 PDP(Qrder 3)

28 286  Fisher's Exact Test 10 Radial basis (Gaussian)

29 286 Golub Method 10 PDP(Order 1)

30 286 Golub Method 10 PDP(Order 2)

31 286 Golub Method 10 PDP(Order 3)

32 286 Golub Method 10 Radial basis(Gaussian)

33 1259 All genes - PDP(Order 1)

34 1259 All genes — PDP(Order 2) °

35 1259 All genes — PDP(Order 3)

36 1259 All genes — Radial basis(Gaussian) Ne

37 1269  Fisher's Exact Test 50 PDP(Order 1) N¢ Ne .
38 1259  Fisher's Exact Test 50 PDP(Order 2) N¢ N¢
39 1259  Fisher's Exact Test 50 PDP(Order 3) Ne¢ Ne
40 1259  Fisher's Exact Test 50 Radial basis(Gaussian) Nc Ne
4 1269 Golub Method 50 PDP(Order 1) N¢ Nc
42 1259 Golub Method 50 PDP (Order 2) N¢ Ne
43 1259 Golub Method 50 PDP(Order 3) N¢ Nc
44 1259 Golub Method 50 Radial basis(Gaussian) N¢ Nc
45 1259  Fisher's Exact Test 30 PDP(Order 1) N¢ Ne
46 1259  Fisher's Exact Test 30 PDP(Order 2) Ne Ne¢
47 1259  Fisher's Exact Test 30 PDP(Order 3) Nc Ne
48 1259  Fisher's Exact Test 30 Radial basis(Gaussian) Nc N¢
49 1259 Golub Method 30 PDP{Order 1) N¢ N¢
50 1259 Golub Method 30 PDP(Order 2) N¢ Ne
51 1259 Golub Method 30 PDP(Order 3) N¢ Nc
52 1259 Golub Method 30 Radial basis(Gaussian) Nc Nec
53 1259  Fisher's Exact Test 10 PDP{Order 1) N¢ Nc
54 1259  Fisher's Exact Test 10 PDP (Order 2) N¢ N¢
55 1259  Fisher's Exact Test 10 PDP(Order 3) Nec Ne
56 1259  Fisher's Exact Test 10 Radial basis(Gaussian) Nc Ne
57 1259 Golub Method 10 PDP(QOrder 1) N¢ N¢
58 1259 Golub Method 10 PDP(Order 2) Ne Ne
59 1259 Golub Method 10 PDP(Order 3) Nc Nc
60 1259 Golub Method 10 Radial basis(Gaussian) Nc¢ Nec Nc

KRB MS(n=72) L EEANc(n=22) D TN cDNA ¥ 7 07 L f (1,250 BET) B CRIEE A 20 5 286 BIET & IHEEET (discriminator genes) & ¥ 5%
AL AP — ¥ (hierarchical clustering analysis) T, MS R Nc e HBESh A, B, C, DO4ARIISHEANS:, ABRLEEFRRTO 71 —LhR S5 No
ML, MRMAE TRE LT 5 58 EET MM L1, Gene Set : SYM RIFICEM S NI&ETF £ v b, Gene Selection Method : predictor genes %@z L 1
IRZE., Kernel Function : ' —7 + 2 5 ZAHBHZER & hiz Kernel BE IR

HAE L% vol. 14 no. 2 2006 5'7 (213)
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Ry —eEEL, WEIE3ELRT [caspase 2,
caspase 10, FLICE inhibitory protein(FLIP)]
DFEBUNIWVDEZRT Y E Y 7T 86%KBIa
RE LR L7z,

i, bitbi'®iE 72 0 IFN-S RGBS
T MS (46 B3 9] Bl £ 117 2 S/ IFN-8 55
W E2H0BEADERBMCD3 T %
1,259 {5 F cDNA <4 7 1 7 v 4 (Hitachi) T
fER L7 7 =2 L ¢, M CHREERER
3 286 E {5 F % #5 & & {5 F (discriminator
genes) I UL CHEBAY 27 5 R & — BT % HE51T L 72
[MS classification database(MSCD), Satoh et
al, Manuscript in preparation]. 286 BEZFIE 5
77 A7 7 A 1~#5) A S h, MS B3 s
NP GHE N, 3547 Vv—=7(A, B, C,
Dyiwh#Eanl:, ABIEETRR 07 1 —n
Dy b EE AL, BB EERAEEE
DWEL, TENA VBEFOZ WS A5 OFH
VAV SE L, CRRRMEERES*ET 28%
W%, DEEER S EDSS X a7 R EETH-
7z, S OWTHEMRE TREAN L MS A BE2#AT
% 58 BIGF H Al U7z, 16RATE 2 SR OB
# - IVMP H#( - ABtH# - EDSS 2 27 « MRI
T 2 W E SRR & BEREE > & R EFHI R
a7 EREHET L E, VARYVY—ZARE BEE
EEBLTW, VARYS—TE/ YV ARy
F—z kg LT, mEBKRE6L A OIRG
(ISG 15, IFI27, MCP-1, TNFRp 75) FH L~
WISt S HERF I LT,

Z O MSCD iz #r# 11 R (2 Bl D158 MS,
4 BIDOFEEEE MS, 2 %D possible MS, 1 D
BAREZE, 2 BIDIEHBI RIS AL BE 1 25 F i
BR) ZHES D L, 286 BET, 58 BEFLIE
TEETETARENS A Y —fEFTIcX Y, JE
HEHME MS BefliEEERFcoBEshiz(®1),
— 7518 M R M R B M 2% 56 R A K (chronic
inflammatory demyelinating polyneuropathy :
- CIDP)iE MS A# 44 & 7z, MSCD %

58 (214)

training set & U CHET L 7z SVM 47 ¢ b FIKE
DI N—THEPT RS NIz (R 2), EBEIZD
BuBbhbh ORI RBHERECYY 38
CHREBFVEE Y 2 CIDP & hiRHEERE
X3 5 HORERFSES T 2 MS ¢k T #ile
ERFHBFL )V CHEBIES S 0, CIDP i3 DNA
RAT7AT VAR TIIMS LERTER
WIERRET 5,

Bb)Iz

- EBETT VA AT EE R AT R E R D & T
AREE R B OFERZK O Y — v, BEEEEES
TROTH, EURIGHESLEWEROFH, 1HEY
ROHE EMRIRDEERICABIF SN TS,
LbNIEDNA <A 7 o7 v A4 #FTMS 28
THREEFEE 974 —nicd & T& 45
Ko N, SEIEBEEN: - RES - IFN-
B IRERIGE L BRIR 20 5 Z LR e L
72 (MS classification database : MSCD), 4%
MSCD ZBEc LT T —7 A4 FEEBIL I FEY
THREEED L TFTETH S,

BB AR TENULLHTRE, BN g
> F — TGS RIET SRS LA FREE, i
Sl HEERESLSE, BEHTRE, LEFREE,
RN EE, GEEREAKEBEE, REFIEARE, BX
UEHA MR B O BRI - WaEEZ S 2075
HOMBFK L 0REMFE TR SR, FR1TEEE
EFERIEMERMEIS - 2 5 ORERY GEBETFT
VA& 3R MUFECERRFRES BT 20
ZEIH17-2 2 %-02008 & R 17 £ERIHE L Y
Ea—v YA LV AREMFEEDNA~TA 70
T VA & B % HEREIE o B 2 Wk O3 12 B
T B L KH 21101) OB 2 21 7=,

Xk
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by incompetent NKT cell induction of CD40L and
following production of inflammatory cytokines by
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Abstract

The altered glycolipid ligand OCH is a selective inducer of T2 cytokines from NKT cells and a potent
therapeutic reagent for Th1-mediated auicimmune diseases. Although we have previously shown
the intrinsic molecular mechanism of preferential I1L.-4 production by OCH-stimulated NKT cells, little
is known about the exirinsic regulatory network for IFN-y production. Here we demonstrate that
OCH induces lower production of IFN-y, not only by NKT cells but also by NK cells compared with
a-galactosylceramide. OCH induced lower IL-12 production due to ineffective primary IFN-y and
€DA40 ligand expression by NKT celis, and resulted in lower secondary IFN-y induction. Co-injection
of a sub-optimal dose of IFN-y and stimulatory anti-CD40 mAb compensates for the lower induction
of IL.-12 by OCH administration. IL-12 converts OCH-induced cytokine expression from IL-4
predominance to IFN-y predominance. Furthermore, CpG oligodeoxynucleotide augmented IL-12
production when co-administrated with OCH, resulting in increased IFN-y production. Taken together,
the lower IL-12 production and subsequent lack of secondary IFN-y burst support the efiective Tn2
polarization of T cells by OCH. In addition, highlighted in this study is the characteristic property of
OCH that can induce the differential production of IFN-y or IL-4 according to the availability of IL-12.

introduction

NKT cells are a unique subset of CD1d-restricted T lympho-
cytes that express TCR and some NKR. NKT cells recognize
glycolipid antigens such as a-galactosylceramide (aGC) by
an invariant TCRa chain composed of Va14-Ju18 segments
in mice and Va24-Ja18 segments in humans, associated
with: TCR chains using a restricted set of VB genes (1, 2). NKT
cells rapidly secrete large amounts of cytokines including
IL-4" and IFN-y upon antigen stimulation and are effective
reguiators of T,1/Tx2 balance in vivo (3-5). We have previously
demonstrated that in vivo administration to mice of altered
glycolipid ligand, OCH, ameliorates expserimental autoimmune
encephalomyelitis (EAE), collagen-induced arthritis (CIA) and
type | diabetes by enhancing IL-4-dependent T,2 responses
without inducing IFN-y production and pathogenic Tyl
responses (6-8).

Recently, we have clarified the intrinsic molecular mech-
anism of preferential IL-4 production by OCH-stimulated NKT
cells (9). IFN-y production by NKT cells was more susceptible

to the sphingosine length of glycolipid ligand than that of {L-4,
and the length of sphingosine chain determined the half-life
of NKT cell stimulation by CD1d-associated glycolipids. [FN-y
production by NKT cells required longer T cell stimulation
than did IL-4 production and the transcription of the IFN-y
gene required de novo protein synthesis by activated NKT
cells. The NF-xB family member transcription factor c-Rel
was preferentially transcribed in aGC-stimulated, but not in
OCH-stimulated, NKT cells and was identified as essential
for IFN-y production by activated NKT cells. Therefore, the
differential duration of NKT cell stimulation, due to the binding
stability of individual glycolipid antigens to CD1d molecules,
determines whether signaling leads to effective c-Rel tran-
scription and IFN-y production by activated NKT cells.

Upon stimulation by aGC in vivo, NKT cells rapidly affect
the functions of neighboring cell populations such as T cells,
NK cells, B cells and dendritic cells (DCs) in a direct or indirect
manner (10-13). The serial production of IFN-v by NKT cells
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and NK cells has been demonstrated, suggesting that ac-
tivated NKT cells may influence further IFN-y production by
other cells including NK cells (3, 10). A C-glycoside analog of
aGC has been shown to induce a superior Ty1-type response
than aGC does by inducing higher IFN-y production by NK
cells. lL-12 was indispensable for the T 1-skewing effect of the
glycolipid, indicating the importance of IL-12 in enhanced |IFN-y
production in vivo (14). Furthermore, aGC-stimulated NKT
cells can act as an adjuvant in vivo by inducing the full mat-
uration of DCs, as manifested by augmented co-stimulatory
molecules and enhanced mixed leukocyte reactions (11).
Accordingly, aGC-stimulated NKT cells were shown to express
CD40 ligand (CD40L, CD154), which can engage CD40 on
antigen-presenting cells and stimulate them to produce IL-12
(15, 16). Furthermore, IFN-y production and Thi-type re-
sponses were impaired in CD40-deficient mice (5). A growing
body of evidence suggests that both extrinsic and intrinsic
factors compose an intricate network for controlling IFN-vy
production and Tn1 polarization after intensive stimulation of
NKT cells by superagonistic glycolipid such as aGC.

Although the intrinsic molecular mechanism of preferential
-4 production by OCH-stimulated NKT cells has been
elucidated, little is known about the effect of OCH on
bystander cells and the extrinsic regulatory network for IFN-y
production and Ty1 polarization. Considering the lower [FN-y
production by OCH compared with extensive IFN-y production
by aGC in vivo, OCH may affect the functions of neighboring
cell populations in a different manner from that of aGC. In
the current study, we demonstrate that OCH induces less
effective production of IFN-y and IL.-12 by bystander cells
possibly due to lower expression of CD40L. by NKT cells. Co-
administration of stimulatory anti-CD40 mAb in combination
with [FN-y enhanced the production of IL-12 induced by
OCH in vivo, and [L-12 modulated OCH-induced cytokine
expression by augmenting IFN-y. Consistent with these
results, co-administration of CpG oligedeoxynuclectide (ODN)
with OCH preferentially induced IFN-y production possibly
through augmented IL-12 production. Considering that NKT
cell responses to CD1d-presented self-antigens are modified
by IL-12 to induce massive IFN-y production during the course
of microbial infection (17), OCH, at least partly, mimics the
physiological behavior of the putative self-antigen for NKT
cells in the context of cytokine milieu in vivo.

Methods

Reagents and antibodies

Murine 1L-12, IFN-y and Fit3-ligand (FIt3L) were purchased
from Peprotech EC (London, UK). Anti-CD40 mAb (HM40-3)
was purchased from BD Biosciences PharMingen (San Diego,
CA, USA). Mouse anti-IFN-y (R4-6A2) was purified from
ascites of hybridoma obtained from American Type Culture
Collection. Glycolipids were solubilized in dimethy! sulfoxide
(100 ug mi~") and stored at —20°C until use. The following
CpG ODN was synthesized: CpG ODN, 5'-GCATGACGTT-
GAGCT-3'".

Mice
C578L/6 (B6) mice were purchased from CLEA Laboratory
Animal Corporation (Tokyo, Japan). MHC class |l-deficient

[-APB—/— mice with the B6 background were purchased from
Taconic (Germantown, NY, USA). All animals were kept under
specific pathogen-free conditions and used at 7-12 weeks of
age. Animal care and use were in accordance with institutional
guidelines.

Induction of bone marrow-derived DCs

Bone marrow cells were isolated by flushing femurs of B6
mice and re-suspended in culture medium supplemented
with murine FIt3L (100 ng mi~") as described in (18). Cells
were harvested from the culture after 10 days and subjected to
co-culture experiment with NKT cells.

Flow cytometry and intracellular cytokine staining

Spleen cells or liver mononuclear cells harvested after
stimulation with glycolipids in vivo were cultured in complete
media containing GolgiStop (BD PharMingen, San Jose, CA,
USA). Then cells were incubated with Fc block (anti-mouse
FeyllIR/IIR mAb clone 2.4G2) and were stained. with biotiny-
lated anti-NK1.1 mAb (PK136), washed with PBS and then
stained with peridinin chlorophyll protein/cyanine 5.5-anti-
CD3 mAb and streptavidin-allophycoerythrin (APC). Then
cells were washed twice with PBS and fixed in BD Cytofix/
Cytoperm solution for 20 min at 4°C. After fixation, cells were
washed with BD Perm/Wash solution and re-suspended in
the same solution containing either PE-anti-IFN-y mAb
(XMG1.2) or PE-conjugated isotype control Ig for 30 min at
4°C. Then samples were washed and the stained cells were
analyzed using a FACS Calibur instrument (Becton Dickinson)
with CELLQuest software (Becton Dickinson). Identification of
iNKT cells by Dimer XI Recombinant Soluble Dimeric Mouse
CD1d (BD PharMingen) was performed as described pre-
viously (19). For analysis of CD40L expression, spleen cells
harvested after stimulation with glycolipids in vivo for indicated
periods of time were cultured in complete media containing
biotinylated anti-CD40L mAb (MR1) for 2 h. Cells were
harvested, washed with PBS and stained with FITC~anti-CD3
mADb, PE-anti-NK1.1 mAb and streptavidin-APC for 20 min.
CD40L expression was analyzed in CD3/NK1.1 double-
positive cell.

Microarray

Microarray analysis was performed as described previously
(9). In brief, I-APB—/— mice pre-treated with anti-asialo GM,
antibody were injected with «GC or OCH (100 pg kg™"). Total
RNA was isolated from liver NKT cells (purified as CD3+
NK1.1+ cells) and applied to microarray by using U74Av2
arrays (GeneChip System, Affymetrix, Santa Clara, CA, USA).
From data image files, gene transcript levels were determined
using algorithms in the GeneChip Analysis Suit software
(Affymetrix).

Quantitative reverse transcription-PCR

Quantitative reverse transcription-PCR was conducted using
a Light Cycler-FastStart DNA Master SYBR Green | kit (Roche
Molecular Biochemicals) as described previously (9). Primers
used for the analysis of gene expression are as follows;
CDA40L (F) CGAGTCAACGCCCATTCATC, (R) GTAATTCAAA-
CACTCCGCCC.



ELISA

The level of cytokine production in cell culture supernatants
or in serum was evaluated by standard sandwich ELISA,
employing purified and biotinylated mAb sets (11B11/BVD6-
24G2 for IL-4, R4-6A2/XMG1.2 for IFN-y and 9A5/C17.8 for
IL-12) and standards (OptEIA set, BD PharMingen) as de-
scribed previously (9). After adding a substrate, the reaction
was evaluated using a Microplate reader (BioRad).

Statistics

For statistic analysis, non-parametric Mann-Whitney test was
used to calculate significance levels for all measurements.
Values of P < 0.05 was considered statistically significant.

Results

OCH induces lower IFN-y expression than «GC in both
NKT cells and NK cells in vivo

Although NKT cells are a major source of IL-4 after glycolipid
administration in vivo, activated NKT cells are shown to affect
the functions of bystander cells such as T cells, NK cells,
B cells and DCs in a direct or indirect manner, resulting in
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possible secondary augmentation of IFN-y production by
these cells. To evaluate the contribution of NKT cells and
other cells for IFN-y production after glycolipid administration,
we performed kinetic analysis of cytokine production by
splenic NKT cells, NK cells, T cells and other cells after in
vivo administration of glycolipids. IFN-y production was
detected both in NKT cells and NK cells (Fig. 1A), and neither
CD3+ Tcells nor CD3—NK1.1- cells showed significant IFN-y
production 2 or 6 h after glycolipid administration. aGC
induced a larger population of IFN-y-producing NKT cells
than OCH did which is consistent with the previous report
(9). The kinetic analysis revealed that IFN-y production by
NKT cells was dominant in earlier time points (2 h) after
glycolipid administration and IFN-y production by NK cells
was comparable or even higher at later time points (6 h)
(Fig. 1B), suggesting that IFN-y production by NKT cells
preceded |FN-y production by NK cells as reported previously
(3, 10). As CD3+NK1.1+ cells do not always represent CD1d-
restricted INKT cells, we compared IFN-y production by CD1d-
dimerX-positive T cells after treatment with aGC or OCH.
Again, aGC induced a larger population of IFN-y-producing
iNKT cells than OCH did (Fig. 1C). Interestingly, aGC induced
a much larger population of IFN-y-producing NK cells than
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Fig. 1. Expression of IFN-y by NKT celis and non-NKT cells after administration of glycolipid ligands. B mice were Ireated intra-peritoneally with
2 ug per mouse of either xGC or OCH, and spleen cells were harvested at various lime points after glycolipid administration and subjected
to intracellular cytokine staining as described in Methods. (A) Data analyzed for CD3+NK1.1+ NKTcells, CD3—NK1.1+ NK cells, CD3+NK1.1-
Tcells and CD3—NK1.1— cells were shown for the presence of intracellular IFN-y, Similar results were oblained by analyzing fiver mononuclear
cells after glycolipid administration (data not shown). (B) Plotted values represent the percentage of IFN-y-positive cells (mean = SD for triplicate
samples) in the gated population after treatment with dimethy! sulfoxide (DMSO) (hatched bar), «GC (filled bar), or OCH (open bar). (C) Data
analyzed for CD1d-DimerX-positive iNKT cells were shown for the presence of intracellular IFN-y 2 h after glycolipid treatment. The experiments
shown are representative of three independent experiments. *P < 0.05.
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OCH, suggesting that OCH induces less IFN-y production
than aGC not only by direct effect on NKT cells but also by
indirect effect on NK cells. To exclude the possibility of the
contamination of activated non-CD1d-restricted T cells into
NKT fractions or activated NKT cells into NK cells fraction
due to the down-regulation of TCR, we conducted the
following experiments. First, aGC-loaded DimerXl-stained
cells were concentrated in the NK1.1+CD3+ population and
<0.4% of cells were reactive to aGC-loaded DimerX| either in
NK1.1+CD3-— or NK1.1-CD3+ cell populations. Second,
>95% of aGC-loaded DimerXl-reactive spleen cells were
positive for both CD3 and NKi1.1 after stimulation with
glycolipids. Third, most of the intracellular IFN-y-positive
CD3- cells were DX5 positive 2 and 6 h after stimulation
with glycolipids (data not shown). These results indicated
that the contamination of IFN-y-producing cells into the other
fractions was minimum.

aGC-induced IFN-y production by NK cells is partly
dependent on IFN-y produced by NKT cells

To determine the effect of IFN-y on consequent IFN-y
production by NK cells, we treated mice with anti-IFN-y mAb
before administration of aGC, and then examined IFN-y-
producing cells using intracellular staining. As shown in Fig. 2,
there was no significant difference in the frequency of IFN-y-
producing NKT cells after administration of «GC with or without
anti-IFN-y mAb. Meanwhile, co-administration of anti-IFN-y
mAb showed ~35% reduction in IFN-y-producing NK cells
after aGC treatment (Fig. 2, right panel). These results
suggested that NKT cell-derived IFN-y was involved in aGC-
induced IFN-y production by NK cells to some extent, but an
IFN-y-independent mechanism might be involved in indirect
up-regulation of IFN-y production by NK cells after aGC
administration in vivo.

NKT cells

anti-IFN-y

OCH administration does not induce effective
IL-12 production

As DCs were demonstrated to be activated after in vivo
administration of «GC (11, 20) to produce large amount of
tIL-12 (21) and IL-12 is one of the most potent inducers of
IFN-y (22), we performed kinetic cytokine analysis of serum
levels of IL-12 (p70) together with IFN-y and IL-4 after intra-
peritoneal injection of the glycolipids into B6 mice. As shown
in Fig. 3, administration of aGC induced a rapid elevation of
IL-4 and a delayed elevation of IFN-y in B6 mice. In contrast,
administration of OCH induced a rapid elevation of [L-4
comparable to that induced by aGC with significantly less
amount of elevation of IFN-y, resulted in Tn2 skewing as
described previously. Although the level of IL-12 in serum
was observed 6 h after aGC injection, OCH injection induced
one-tenth amount of serum |L-12 level compared with «GC. In
addition, freshly isolated liver NKT cells co-cultured with
FIt3L.-induced DCs produced significantly higher amount of
IL-12 in the presence of aGC compared with OCH. Meanwhile,
FIt3L-induced DCs loaded with either a«GC or OCH exerted
comparable amount of IL-4 production (Fig. 3B), demonstrat-
ing directly that DCs loaded with OCH produce less IL-12
upon co-culture with NKT cells than DCs loaded with «GC, and
therefore suggest that the in vivo effects of OCH are not simply
due to its preferential presentation by antigen-presenting cells
that produce less IL-12. Taken together, these results in-
dicated that OCH administration did not induce effective [L-12
production in vivo.

Lower expression of CD40L on OCH-stimulated NKT cells

Activated NKT cells stimulate DCs to produce |L-12 through
the engagement of CD40 on DCs with CD40L inducibly
expressed on NKT cells (15, 21). Furthermore, a C-glycoside
analog of aGC induced a superior IFN-y production by NK
cells than aGC does in an IL-12-dependent manner (14),

NK cells

Vehicle

oaGC -

OCH -

Vehicle -+

oGC  +

T T

¥ T
0 5 10 15 20
% of IFN-y-positive cells

25 0 5 10 15
% of IFN-y-positive cells

Fig. 2. «GC-induced IFN-y production by NK cells is partly dependent on IFN-y production by NKT cells. B6 mice were treated intra-peritoneally
with 2 pg per mouse of glycolipids with or without 500 pg per mouse of anti-iFN-y mAb. Four hours after treatment, spleen cells were harvested and
subjected to intraceliutar cytokine staining. Plotted values represent the percentage of IFN-y-positive cells (mean * SD for triplicate samples) in
the gated population for CD3+NK1.1+ NKT cells (left) or CD3—-NK1.1+ NK cells (right). Similar results were obtained by analyzing liver
mononuclear cells after glycolipid administration (data not shown). The experiments shown are representative of three independent experiments.

*P < 0.05.
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Fig. 3. OCH administration does not induce effective IL-12 production. (A) B6 mice were injected intra-peritoneally with vehicle alone, 2 pg per
mouse of aGC or OCH and serum samples were collected at indicated times after injection. Serum levels of IFN-y, IL-4 and IL-12 (mean = SD)
were determined by ELISA. This figure represents one of two experiments with similar results. *P < 0.05, **P < 0.01. (B) Freshly isolated liver NKT
cells were co-cultured with FIt3L-induced DCs in the presence of aGC or OCH for 72 h. Levels of IL-4 and |L-12 were determined by ELISA. Data
are expressed as mean * 3D for triplicate wells and representative data of two similar experiments are shown. *P < 0.05.

which suggests that IFN-y production by NK cells might be
regulated by IL-12. To clarify the mechanisms of lack of IL-12
production upon stimulation with OCH, we compared the
inducible expression of CD40L on NKT cells after in vivo
administration of glycolipids. Microarray analysis revealed
that CD40L transcripts were inducibly expressed in NKT cells
1.5 h after stimulation with «GC and disappeared 12 h after
stimulation. In contrast, OCH treatment induced approxi-
mately one-third of CD40L transcription compared with the
effectof aGC (Fig. 4A). Consistent with the data of microarray
analysis, real-time PCR analysis confirmed the preferential up-
regulation of CD40L transcript after aGC stimulation (Fig. 4B).
To demonstrate the differential expression of CD40L between
aGC-stimulated and OCH-stimulated NKT cells, surface
expression of CD40L on NKT cells were compared by flow
cytometry after in vivo treatment with the glycolipids. As shown
in Fig. 4(C), aGC induced higher expression of CD40L than
OCH did on the surface of NKT cells. if compared quan-
titatively by mean fluorescence intensity of CD40L-positive
subsets after treatment with either glycolipid, OCH treatment
induced less CD40L expression on NKT cells compared with
the effect of aGC (Fig. 4C, right panel). These results indicated
that CD40L expression on aGC-stimulated NKT cells was
significantly higher than that on OCH-stimulated NKT cells.

Co-administration of IFN-y and CD40 stimulation augments
IL-12-production by OCH in vivo

Although the CD40 pathway plays an intrinsic role in
physiological conditions in eliciting IL-12 production, effective

production of bioactive IL-12 by DCs requires another signal
mediated by innate signals such as microbial stimuli (23) or
by IFN-y (24-26). Therefore, OCH-induced expression of
CD40L and IFN-y may not be effective to initiate 1L-12
production from DCs in vivo. To test this hypothesis, we
examined whether co-administration of stimulatory anti-CD40
mAb andfor IFN-y confer OCH to induce higher IL-12
production. As shown in Fig. 5, administration of IFN-v,
stimulatory anti-CD40 mAb or combination of both reagents
did not induce IL-12 expression in vivo. On the contrary, OCH-
induced IL-12 production was partially augmented by co-
administration of anti-CD40 mAb. Furthermore, concomitant
administration of IFN-y and stimulatory anti-CD40 mAb with
OCH induced IL-12 production. These results suggest that
the signals through CD40 and IFN-y provided by OCH-
stimulated NKT cells did not lead to efficient production of
IL-12.

Co-administration of IL-12 augments IFN-y production by
OCH in vivo

A series of experiments so far indicated that OCH was less
effective for induction of CD40L, IFN-y and consequent IL-12
production than those induced by aGC. To examine directly
the role of IL-12 production in less effective IFN-y production
by NKTcells and NK cells after OCH administration, we tested
whether co-administration of 1L-12 with OCH induces IFN-y
in vitro and in vivo. As shown in Fig. 6(A), IL-12 augmented
IFN-y production from spleen cells after in vitro treatment with
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Fig. 4. Expression of CD40L on NKT cells stimulated with «GC or OCH. (A) Plotted values represent data of Affymetrix microarray analysis for
indicated genes. The aGC- or OCH-stimulated liver NKT cells (purified as CD3+ NK1.1+ cells) as well as unstimulated NKT cells were analyzed at
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expression of CD40L on «GC-stimulated (bold line) or OCH-stimulated (thin line) NKT cells, CD40L expression was analyzed in CD3/NK1.1
double-positive cell. Dotted line represents the histogram of control staining. B6 mice were injected inira-peritoneally with either «GC or OCH and
liver mononuclear cells were isolated at the indicated time point. Cell-surface expression of CD40L was analyzed by fiow cytometry (left) and
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experiments with similar results. *P < 0.05.

OCH in a dose-dependent manner. Higher doses of IL-12
induced IFN-y production even without OCH and the effect
of OCH is concealed in this condition. Interestingly, IL-12
treatment inhibits IL-4 production by OCH-stimulated spleen
cells in a dose-dependent manner, suggesting the reciprocal
regulation of cytokine production by IL-12. Next we examined
the effect of co-administration of sub-optimal dose of IL-12
together with OCH. As shown in Fig. 6(B), co-administration
of OCH and IL-12 induced significantly higher production of
IFN-y compared with either treatment alone, although sub-
optimal dose of I1.-12 alone failed to induce IFN-y production.
In contrast, co-administration of IL-12 did not enhance the
IL-4 production 2 h after OCH administration in vivo. As both
NKT cells and NK cells are important sources of IFN-y after
glycolipid stimulation, we evaluated the frequency of IFN-y-
producing NKT and NK cells after co-administration of OCH
with IL-12. As shown in Fig. 6(C), IL-12 augmented the
proportions of IFN-y-producing cells in both cell populations,
but not in conventional T cells, when co-administered with
OCH. These results demonstrated that the properties of OCH

for less effective IFN-vy production by NKT cells and NK celis
could be compensated by co-administration of IL-12.

Medification of cytokine profiles by pathogen-associated
molecular patterns after OCH treatment in vivo

As sub-optimal dose of IL-12 was able to rescue defective
IFN-vy production by administration of OCH alone, availability
of IL-12 might be a crucial determinant for OCH-induced
production of IFN-v. As DCs and phagocytes produce IL-12 in
response to pathogens during infection, pathogen-associated
molecular patterns (PAMPs) are possible important determin-
ants for cytokine profiles after OCH stimulation in vivo. We
applied CpG ODN (27), which skews the host's immune milieu
in favor of Tn1 responses by enhancing the production of pro-
inflammatory cytokines inoluding 1L-12 (28), for analyzing
cytokine profile of OCH. As shown in Fig. 7(A), CpG ODN
alone induced no cytokine production within 6 h after injection.
Concomitant injection of CpG ODN with OCH induced strong
IFN-y production (7.5-fold induction with 10 pg per mouse of
CpG ODN plus OCH and 14-fold induction with 100 pg per



