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BRAFZBF AN REMEE (2 Z A 0RERZHFEE)
HWE NS

BETT VAT & 2 LRI B2 T RSSO BT AR5
(B D#FE)

EEMRE EE -

R ERRZREMREMAER LR A A T7r~T 472 #iF
ESZHERh - fhiE R 5 — R RENRE FEWER

WREE ZRMEE/Emultiple sclerosis; MS)IZ B CHEBER G T MIEIC LY &L Xh 5B
Ay - ZRINBRZHFHUE TPREMERREEREER TH S, EESICIIBEFELRD B8,
BREEZRELREPBECBELT 2 I L ICLVHBEEARS - BIREE - WREMEL KL TRT
WHRHBEEE 2K, b LEMICERZ TaHENERHIAREBMAS TTERIC 25, LLEND
BAEETMS BRETFHEERELINTOARY, MS IZBFEOMERE CIIEE 2RO, #ER%EY
PRR - i - IEBRIRETR - MRIBEBICESW TR S 32, EBREERNREL . RN EME
THERELRDBENIAS TERW, MS LEBEE., BIUMS EMH & BRI CIERMM T V o83k
BETFRANY—VCHERERERO B LEIOND, KFECER 17 FE—ER 18 FED 2
FENTIIMS BEBIOREZORMEM T U v HRELEFRIA TS0 7 4 — AV EHH L (OMS BR
R AR F (MS-specific genes; MSG), (2)F 3 #145 B A5 T (relapse-specific genes; RSG) RIS ¥ —
ZRIETSZLEZEME TS, EREELTOMSBEQ =)L BEZEO=22) CRELEL
5 286 BInFERIE, BN 7 A% —fET T MS ZEBIM - WESH - 1RERGH & B
BT D 4 YT T N—TI5 T B I MS classification database(MSCD) % #1 32 L ., (2) B3R E AR5 MS
BEM=6)IZ DN T, RAMEHEEHR(at the peak of acute relapse) & 5542 B ##(in complete remission) T3
RERZETS 43 BEFERE. BEN Y 52X —MF CEREY L ST 5 R E— L EELY
YINGTAE—ERANTDFEEBNL L, SbICAAFA T4 TF 4T ADFH LNT—F <
A =7V —/v KeyMolnet {Z L 355 FF v MU —7 fEHTIC X 0 . MS B8 D NF-«B B/5F 35 4
HWROBREZRHL, MS BRIAKE - PHEOAIERY —47 vy b LR 3L RER LE,



SrHEBTEE
AT B (ESFEfR - Wik o # — iR B R T
RRBTREAT HER)

A. FFZEE M

Z I MR {LIE (multiple sclerosis; MS)IX B 2#1
FRES T AR & &R S B RFRIAD - 22R8)
BOF 3 % R & 9 D AR AR R R S0 E 1k I B R
BThHD, IEHCIBHRBELELZRDLI N, B
ReRELREIEECBIELTIZLICL
DR EAETRE - BREE - REMEELT
AR REREELER T, (v ¥ —Tzny
~—Z (IENB)IZ MS FiBRJREE clinically isolated
syndrome (CIS)»» & MS ~DBITZ FH1E L
(Jacobs et al. N Engl J Med 343: 898-904, 2000),
MS DI ZBRE I T 25, WREEER
HR® IR, MS R T/ NMERES
@ H B D T (Lassmann et al. Brain 126
1347-1357,2003), b LERNIZHERE L FAHHFRN
. BHICHRIREEROH 2 MIER - A8
ERLREMHELEFHICRE LT, REE
BEJL U BRSEML SR D FTREME S B W (R BB O
BEEM), MS TIIERESCA ML ANEREE
I DEMEINTVWAY, HEE TMS BR
FRIEEZIREL STV W, BEFREICAED R
NA T2 =TI FE RSN TR,

HET /L7l VETIZEDE b2
BEoFHEERSPHBEAIN, ERFT7 LA
(DNA =4 7 87 LA £721% Gene Chip & FEiE
D) HWTE~ ORI 285 & EF
(B PEBETFH 22,000)DFBIERE DIEA -

RN BATRIRBIC 22 o T, 2D X 5 ¥R
REMEATIZ LY . ERDOBIFEFE TITAERH Sk
2o LR F O MS BRI T 5% E
DSIR & B & D32 E 72 (Steinman et al. Nature
Rev Immunol 3: 483-492, 2003), HiTHK % Ix MS
BERMEMY VIR EBETT VA THEFT L.
IFNB &% #{=-F (IFN-responsive genes; IRG) &
[ € L 7z (Koike et al. J Neuroimmunol 139:
109-118, 2003),

MS TitB BRIGHETEMEIL T helper type 1
(Th1)fEAZ A%, 1fn %% A B8 Y (blood-brain barrier;
BBB)Z 181 L, PR RPITEA L TRIEH
BEIND, >T IMS LBEE. BLOUMS
A & BRI TIIRMMT U > SRR
BAE—VCBRERERZRBDL] LEZ2LH
%o AFFFECERK 17 #£ K — R 1B FEE D 2 4)
TRIORHIZESE, MS BELBEEHEDORK
HWOLT ) v BREEFRERRAT 07—V EBE
F7 VA THEAT. MS B EABEFMS-specific
genes, MSO)B L U B XYM HEENER T
(relapse-specific gene; RSG)DRIFE&# A4 lz,
7 MS O IFNBIREBERIER ORREF %R
BT, KM Y S EBROBEHER T IRG 278
FERQIZAEAT LTz,

B. BF 55k
#1. BE MER AR (S HEFEE L)

FRE 17 FE-RL I8 R EIC, XETHIRS
MA~DORE ZBE L c(RMEEENILENR
WEE p. 4043 ZZM)E LK - i X —
HERBE AR ERE T - ABRH D MS &



#. %t FR 1% K% BB (non-MS neurological diseases)
BECRYENRT 7 4 7 (normal control
subjects; Nc)D 154 &% INE L, BRHRE LT,
iz 6 ZDOBFREME MS BE CIIREFAIZE
B, BME 8 B (acute relapse) & 552 E AE H#A
(complete remission)(ZRIGH DREHICEER LT,
R 2fs & Ficoll-Paque = LYEEETY v~
7 ¥R(peripheral blood mononuclear cells; PBMC)
ZHRE., MACS T CD3* T #ifi% 4B (positive
selection), RNA % ¥5#L U 7= (Fig. 3), 7z Illes #
#(#% (Hungary Pecs K%)& ORI T,
Hungary A MS 33 #2{£(4 MS twin pairs % & &¢)
& Ne 22 Rtk ZIE LTz,
#2. BIZT T VA AT (EAERTRE R

£FE RNA Z#iEL TER. BEF7 LA
(cDNA microarray, 1,258 genes; Hitachi Life
Science) % iV T, BE#i(Satoh et al. Neurobiol Dis
18: 537-550, 2005)iZfEV, BETRE 71 7 4
—NVEENT LTc, R 17 FEIIMS (n=72)&
BHE Nc (n=22)DHEEZITV, MM TR
Z=H(Z EMR E Bonferroni # IE%# error rate <0.25)
R D 286 BILTMSG EH) & FE. BB
2 7 R Z — T (hierarchical clustering analysis;
HCAIZ LY MS RELSET — % ~X— X (MS
classification database ; MSCD) & #f3. L7, g%
18 £ 13 RRMS(n = 6) D EFH & EAEH TR
EZE@EERMME Student’s t-test, p < 0.05) %30 H 5
43 Bin-F(RSG &E#) = A& L 7=, ¥ 7= Hungarian
monozygotic (MZ) twin 4 pairs % LLEMEAT. MS
FRER 20 BETFMSG BEE)EZRELE, &5
{2 PBMC 538 7% % IFNB(50 ng/ml) T 3, 24 B[

WML, EEDOT LA % F VT IFN-responsive
genes (IRG) & MEFERVIZAEAT. LightCycler ST300
(Roche) T real-time RT-PCR %17\, EETF7 L
A DFER % KiFE(validation) L 7=,

BEFT7 VAT CRE LEBBFHOR
BAEHEFZHEREZR DD, LWL A1
VIFRT AT AT —F=A =0TV —
KeyMolnet( 35 F 3R EHBFERT IMMD) % fiVv>
T, @FFRy NU—7 2EH LTz, KeyMolnet
FEGST - BE - RE - £EHBL - HT Xy
F—ZZBL T, IMMD BB S/ AP R kK
BEELZVE2—HENOBEREZNELAER
ftL7z core =7 L PubMed 77 R b5
7 bINOAEEE LTz secondary =7 Y B EF
LLIeEMERRE ST v b 74— LT, 3 »
AZEET v 7FTF—RENRTWVWS, HF Xy b
=722\, fd - BEFE - BEER
B % B FE B W2 78 R B JB i B 3R 5 (neighboring
search) & HIRGEIENC B E T 2 EHRERTHE2 AR
% #£18 L FE R ZR 15 (common upstream search) {25
- THEHT LTz,

(REE ~DOE E)

ZREEEBREB I RTRY 33
BEFRAMATITA(RFEF L) 12, B
ESCAEM - iR ¥ —HEER S TEARES
ThD, B TIIEN T DRNBELENLH
EBMCBL TXECRBZRELE, $he
Yo TMIEIZFICLVERLL, REFITIZ
BEBABRIOLLRVEDICLEYES L5
BB LTz,



C. IR R
#1. MS SRR GET — 5 ~— RAMER(EEH

FHEVCREE - HBAFEEIUMN) : DNA v 707
VA TMS n=72) L BFE(Nc 72X CN & &
L) m=22)DBIEFREAT v 7 4 — N LESR
Br L7z MS & Ne TRHAZRZTBD S 286 Fis
F % HE1E B /5 T (discriminator genes) & L TRE/E
B2 T R E —fENT 2 4T, MS REISET — %
~— A (MS classification database; MSCD) % #5f 37
L7z, 286 BIGFiX 57 T A(class #1-#5)IZ 5338
Ehic, MSEEI Ne BN LRI Sh, ¥4
YT ITA—T(A,B,C, DSz, ABT
BREFRAT 0 7 4 — A0 F b NeBEIZHELIL,
B #IIBRAOTEBMEN K S <. chemokine &
RFBER LT class #5 DRBEL R ELE
. CEIRBRERELETHBRENSL,
D #IX EDSS X 2 7 & b B Th - /= (Fig. 1),
EHITNc#EE MS-ABZRABIT 5 SBBIEF%
BV IAATE, IENB TEHRGI TI, 1550 2 /1
DOEFEEF - IVMP B# - ABEH% - EDSS 2
27 + MRI T2 S8FAEGRRRELE L IBERBREED
E 2 b IBKE 2R B #F (responder) & R B
(nonresponden){Z 53389 % & | IFNB responder i
ABL BRBCERTLIZI Db,
Responder % nonresponder (ZLbE L, JAEHEEALA
% 6 r AORER®D IRG (ISG15, IFI27, MCP-1,
TNFRp75)DHEIR L NN EEICHEE SN S 2
& B3 H>o 7= (Fig. 2)(Satoh et al. J Neuroimmunol
174: 108-118, 2006),

#2.MS IR ZAE R F # (relapse-specific

genes; RSG)D RIFEFWLEE - (L) : BRHFY 7
Nm = 6)EBREHY T m = 6T, BREE
RE2ROD B BLFERYICLES 18 &EF;
BRAIIET 25 BEF)ZRE Liz(Table 1),
43RSG IR L T 2MEBHIY T R & —fFHT T,
BRULCEMHAOY L IVEMSI LTz T R
Z —ZB Sk T (Fig. 4),

S HIZ MS BREOSTFAEYFRIEFF 2 T
% 7291 KeyMolnet % fV T 43 RSG 2> & B
88 wFEHM, HFXRy NU— T BT LR
(Figs. 5-7), ka8 IR RIE & FIUMBIEOTE
T, BHERED NFxB FEHIERE TS, it
MEEBEMEEZ S > THRK X 47z (Satoh et al.
Submitted for publication),

#3. Hungarian MZ twin fEATIZ L 5 MS Fr B/
BEFEHOBERWAER - IUF) : Hungarian MZ twin
4 pairs(concordant pairs; #1. MS/MS; #2. MS/MS;
#3. MS/MS; discordant pair: #4. MS/Nc)® CD3* T
Mgz &R F7 VA THEN.
pairs(#1-3) T 4~ REZEREZBH D LI 100 &
{5-F(100 DEG)## i L7z, ¥RIZ discordant pair
#HTHHAEZE LR 5 AL 5057 (50 DEG)
R L, &I&A9IC 50 DEG # ¢ 100 DEG i<
EENRVIABET D, Ne B L MS T
2REL EORBER S 23 5 20 85T (20 DEG)
ZHH L7z, 20 DEG (25T, KeyMolnet TBg
H 44 Blarel, B ERRERETOTFX
v b= ST LTz, EO/RR. MS BEH
BEFEET 0T 4 — A0 E LT, NF«B
BIOEsBERFT7 7 IV —2NT 2 HAH
RO E N RE X iz (Fig. 8)(Satoh et al.

concordant



Submitted for publication),

#4.IFN-responsive genes(IRG) D #87ERIFEAT (&
% - [UF) : PBMC % IFNB THIE LT, E L
FL72Di3 3 BT 107 BEF. 24 BT 87
BEFTHY ., 69 BETFIIFAMEH T —1—F
» 7 L. BE#i(Koike et al. J] Neuroimmunol 2003;
139: 109-118) RRMS BHE 21 % invivo IRG
11 &{&¥F (IF156, ISG1S, IFI60, IF127, IFI6-16,
IRF7, TAP1, ATF3, IFI17, SULT1CI1, TNFAIP6)
BEEN TV, CXCR3 ligand chemokine
(SCYBI11, SCYB10, SCYB9) & CCR2 ligand
chemokine (SCYA10, SCYA2)iZ. MiFERT D top 20
FEHRLABBFITEEN TV, IPNB FIH TF
FIET L7cDid 3 B T 22 BAEF. 24 BT
BBIEFTHY . 2 EEF(FOS, IL1A) LR
TA—/3—F v 7L, CXCR2 ligand chemokine
(SCYB2, SCYBI, SCYB8)& L U RGS14 1% 3 BF
FIIZ331F 5 IFNB-repressed genes (28 EAL TV
72o IRG {ZFE 7 #F =V —: (i) conventional
IFN-response markers (n = 12), (ii) components of
classical and Toll-like receptor (TLR)-dependent
IFN-signaling pathways (n = 12), (iii) chemokines
and their receptors (n = 11), (iv) cytokines, growth
factors and their receptors (n = 17), (v) apoptosis,
DNA damage, and cell cycle regulators (n = 29),
(vi) heat shock proteins (n = 9), (vii) costimulatory
and adhesion molecules (n = 7)(Table 2)IZ 3% X
#17z (Satoh et al. BMC Neurol 6: 18-34, 2006),

D. H%
BEFT VA BTIEERFECEBOL T

RENREDRBORMBBHOY —L, BEE
HERLTROTH. EYRELENER O T,
TRIEZN R DY E 72 SRRV BRI B A3 FTRE C
RANT 7 LEIBIZBWTHEDHEFE S
2o TS, KFETIE DNA L7 a7 LA
ZRWETHRERFREA S 17 4 —VAETIC
XV MS WEGET — & ~— X (MSCD) % #f3L
L7z, MSCDIZZ#RZRREBEET D MS % 48
KRB L, FFITKBERME - IRESAG - IFNB
BRI & OBERBEEL RO =, MSCD %
FRAT % & ERORBEEE THRMM T HfE
DEETFT V1B ERTTRE, FEN
(OMS TR R, BEFITGEND, QMS D5
BIRIEHENE VA, Eh, O)IFNE B#ER
IMEDRRIFD, REMNE2TRIHES, Tb5
MS WD) - WERIMETROY—)IVE LT
ERHRS, EAmRAREMERRICT vy
— MAEZEIT L L Z A, BZED 80%LLET
T AT LD MS BZTES IFNB 18521 R T3
BRRICHEL TWAZ LA L-(EES.
FIRPNE 64: 319-320, 2006),

¥ AHFFETIE RRMS @ CD3* T flaiz 3
WTHRHMLEEMRY CRAZELZRD S 4
RSG #[AE L7, 43 RSG #HBEERLET L T5
BRI SR X —ET CHEMEEM OV
CINEFBHNEED DT 3 RSG T MS BERE
B F—FBENA A —T— L L TR Ak
Do TRRO LR DRIEE RRMS BE THRHEM
T MDBETY LA ST 2T U, fHie
PEEMTIEVD, BRHICGTWD 2 TRl
%,



AR TIRERICEERNV TV —A—IF
PERAER 47 OFFY M CD3* T #if % DNA <
A7 BT LA T L, MS HEANERT
(20 DEG)DHEHTm 7 4 —A 5B LI L,
—MRIZ, BEFT VAT CHRONDT -4 &
EBRTHY, N FA T H~T 4 7 AFHE
ZERE L B R ERLEE TRV L FE
AER - EMFHERERBREFL N &8
B, BAIIBEBEFT VAT — 2 234 F
AVTART A TADHF LWT —F~< A=V
7 — T D KeyMolnet (2 AJ7, A - Fah
BELSFHOR Y NU—J#IFE21To 7,

KeyMolnet {Z & % 43 RSG Dy FF v kU —
7 HEHTIZ LY . MS B3O NFxB BiaFHRER
FIERERE ZFER Lz, NFxB X TNFa, IL-1
REREMETA NIA Y - FEDA 2 ORBEH
HTPLHREEZRZTEERTFCTCHD, —F
TNFa, IL-1 /% NF«xB DR E _EH % 538 positive
feedback loop % 2Rk L CRIE 2 Bik(L - BEEAL
S ¥ % (Barnes and Karin. NEJM 336: 1066-1071,
1997), BTEE T 150 F&ELL L OBIEF 23 NF«B
Z—4 v & LTRHREESN TV 5 (Pahl
Oncogene 18: 6853-6866, 1999), NF-xB selective
inhibitor pyrrolidine dithiocarbamate (PDTC)® in
vivo # &-(Pahan et al. Neurosci Lett 287: 17-20,
2000)=°fixi £ F B NF-xB Z5EHI(Van Loo et al.
Nature Immunol 7: 954-961, 2006)ix MS Eh#E 5
NVHRTH DB CREMEMBEEREAE) % BEL
35, 7€ T NF«B Hl#HBEE/S Fid MS B3
BRE - POHEDORIFEZ—F v e 0E2,
% 7= KeyMolnet THEMT L7z 20 DEG O FF v

FU— 27 DR L LT NFxB B L O Bis 855K
FI77IV—EATHRAMEREZRE L1,
Ets i3 T Mila bz fl# L, B DREORIEIC
BET5BERBERFTH D,

&I MS 1A% E IFNB ORIWER B EER
FEBBEFT VA TN L7, IENB I% IFN
response/signaling BE:E &R F#£ DO LI | apoptosis
regulators, heat shock proteins 72 ¥ £ 2 BT
HETEG3-24 BEICHEET LI LB boT,
%I effector Thl cells |2/ < CXCR3 ligand
chemokine & monocytes |28 < CCR2 ligand
chemokine DA 72 & Bl H- | chemokine receptor
GPCR 7% signaling #iffi] (K] F RGS14 DFEIK T,
proinflammatory cytokine (IL-6, IL-15, osteopontin,
TNFo, IFNy)DREHFEZ RO, Th b DA
FIA Y « rEIA X MS IZB1F 5 IFNB 15
#X B9 & B #) Bl fF /3 (skin reaction, flu-like
symptoms, liver dysfunction)?> F&I5, T LA E
ERIZLTWDAREERH D,

E. %

MS BEDHEFRH & BRHMOKHEMLT U 3
ROBEBEFT VAFEITICE Y . NFxB 2N 95
BEFRBAGERCEECEELER TR
AF—A—IT2V#F5 43 RSG ZEE LT
(Satoh et al. Submitted for publication), KeyMolnet
WEBHFRy NU—VBITITRIESY —F
FDORE, N Ae—I—DORE. B -T2
HEOTRL E, FHLUVAIRERZ I R— K35
BERMEFHELRVES,



F. REARFES
BA=TAA IR

G. TFREHRR

1. FR3CHEFE

1. Satoh J, Nakanishi M, Koike F, Miyake S,

Yamamoto T, Kawai M, Kikuchi S, NomuraK,
Yokoyama K, Ota K, Kanda T, Fukazawa T,
Yamamura T: Microarray analysis identifies an
aberrant expression of apoptosis and DNA
damage-regulatory genes in multiple sclerosis.
Neurobiology of Disease 18: 537-550, 2005.

2. Satoh J, Onoue H, Arima K, Yamamura T:
Nogo-A and Nogo receptor expression in
demyelinating lesions of multiple sclerosis.
Journal of Neuropathology and Experimental
Neurology 64: 129-138, 2005.

3. SatohJ, Onoue H, Arima K, Yamamura T: The
14-3-3 protein forms a molecular complex with
heat shock protein Hsp60 and cellular prion
protein. Journal of Neuropathology and

Experimental Neurology 64: 858-868, 2005.

4. Satoh J, Nanri Y, Yamamura T: Rapid
identification of 14-3-3-binding proteins by
protein microarray analysis. Journal of
Neuroscience Methods 152: 278-288, 2006.

5. Satoh J, Nakanishi M, Koike F, Onoue H,

Aranami T, Yamamoto T, Kawai M, Kikuchi S,
Nomura K, Yokoyama K, Ota K, Saito T, Ohta

10.

11.

M, Miyake S, Kanda T, Fukazawa T,
Yamamura T: T cell gene expression profiling
identifies distinct subgroups of Japanese
multiple  sclerosis patients. Journal of
Neuroimmunology 174: 108-118, 2006.
Satoh J, Nanri Y, Tabunoki H, Yamamura T:
Microarray analysis identifies a set of CXCR3
and CCR2 ligand chemokines as early
IFNB-responsive genes in peripheral blood
lymphocytes: an implication for IFNB-related
adverse effects in multiple sclerosis. BMC
Neurology 6: 18-34, 2006.

Satoh J, Tabunoki H, Nanri Y, Arima K,

Yamamura T: Human astrocytes express

14-3-3 sigma in response to oxidative and
DNA-damaging stresses. Neuroscience
Research 56: 61-72, 2006.

Satoh J, Tabunoki H, Yamamura T, ArimaK,
Konno H: TROY and LINGO-1 expression in
astrocytes and macrophages/microglia in
multiple sclerosis lesions. Neuropathology and
Applied Neurobiology 33: 99-107, 2007.
Kuroda R, Satoh J, Yamamura T, Anezaki T,
Terada T, Yamazaki K, Obi T, Mizoguchi K:
A novel compound heterozygous mutation in
the DAP12 gene in a patient with Nasu-Hakola
disease. Journal of the Neurological Sciences
252: 88-91, 2007.

Onoue H, Satoh J, Ogawa M, Tabunoki H,
Yamamura T: Detection of anti-Nogo receptor
autoantibody in the serum of multiple sclerosis
and controls. Acta Neurologica Scandinavica
115: 153-160, 2007.

Satoh J, Tabunoki H, Yamamura T, ArimaK,
Konno H: Human astrocytes express

aquaporin-1 and aquaporin-4 in vitro and in



12.

13.

14.

15.

16.

17.

18.

vivo. Neuropathology in press, 2007.

Satoh J, Misawa T, Tabunoki H, Yamamura T:
T-cell transcriptome analysis indicates a
crucial role of the nuclear factor NF«B in
relapse of multiple sclerosis. Submitted for
publication.

Satoh J, Illes Z, Peterfalvi A, Tabunoki H,

Rozsa C, Yamamura T: T-cell transcriptome of

monozygotic twins suggests a key molecular

network involved in MS. Submitted for

publication.

M — DNASA 707 LAIZ L B%%
HELEDORBERBOMNT. HE 1 ¥4 b
AV« TEHA DD I B REMEREIE
® ¥ B L 7 B8 . Neuroimmunology 13:
167-178, 2005.

PR, FEEYE— . ERETfNEER. LA
fE: DNA~A 27 a7 LAIZLDEHRMEE
CIEDBWI & A v X —T =1 L _— Z A
RISHETFRNCEET 57 v 7 — MK, MR
NE 64: 319-320, 2006.

R ERMNEBTRIENCLDS
RMEBACIE DIRHE - MRS, FE T B
BFFy 7T ORR L TORFIZHIHS
NDHER. RIELHE 14: 205-216, 2006
B SR EFELEDO~A 2T LA
P BRI SRMEEGERS - IBEROHR
R 2006, FRRAFZEOES 500 582-599,
2006.

VEE— ZREFEME A& —7 =8
IR, BREFTOEM - K. AABEEK 64
1297-1309, 2006.

s

H
&

1h

=5

19. Satoh J: Protein Microarray Analysis for Rapid

Identification of 14-3-3 Protein Binding
Partners. In Functional Protein Microarrays in
Drug Discovery. Edited by Predki PE. CRC
FL, 2007 (ISBN:

Press, Boca Raton,

0849398096).

FERRER

‘?,

Satoh J, Onoue H, Arimak K, Yamamura T:

Nogo-A and Nogo receptor expression is
enhanced in demyelinating lesions of multiple
sclerosis. 57th Annual Meeting of American
Academy of Neurology. Miami Beach, 2005.
4.12. (Neurology 64, Suppl 1: A138, 2005).

Satoh J, Onoue H, Nanni Y, Arima K,

Yamamura T: The 14-3-3 Protein Forms a
Molecular Complex with Heat Shock Protein
Hsp60 and Cellular Prion Protein: A Possible
Implication for Detection of 14-3-3 in the CSF
Diseases. The

of Prion Fifth  Awaji

International Forum on Infection and
Immunity. Awaji, 2005. 9.7. (Abstract P-084, p.
102, 2005).

Satoh J, Doi Y, Aranami T, Yamamura T: T

cell gene expression profiling identifies four

distinct subgroups of multiple sclerosis.



International Symposium on Autoimmunity in

Intractable Diseases-Novel Molecules and
Emerging Paradigms. Hakone, 2005. 10.27.
(Abstract 27S-2, 2005).

Doi Y, Satoh J, Aranami T, Yamamura T:
NR4A?2 (Nurrl), an orphan nuclear receptor, is
in

of

overexpresssed peripheral blood T

lymphocytes multiple sclerosis.

International Symposium on Autoimmunity in

Intractable Diseases-Novel Molecules and

Emerging Paradigms. Hakone, 2005. 10.27.
(Abstract PV-17, 2005).

Satoh J, Nanri Y, Doi Y, Yamamura T:
Microarray analysis identifies CXCR3 and
CCR2 ligand chemokines as immediate early
IFNbeta-responsive genes in peripheral blood

lymphocytes. 58th Annual Meeting of

American Academy of Neurology. San Diego,
2006. 4.5. (Neurology 66, Suppl 2: A175,

2006).

Satoh J, Nanri Y, Yamamura T: Protein
microarray analysis for rapid and systematic
identification of 14-3-3 protein binding
partners. 20th IUBMB International Congress
of Biochemistry and Molecular Biology and
11th FAOBMB Congress. Kyoto, 2006. 6.23.
(Abstract 5P-B-224, 2006).

Satoh J: Human astrocytes express 14-3-3
in to oxidative and

sigma response

DNA-damaging stresses. Gordon Reseach
Conference. Biology of 14-3-3 Proteins.
Oxford, 2006. 8.28.

Satoh J, Tabunoki H: Microarray Analysis

10.

11.

12.

13.

Characterizes Gene Regulation in Human
Astrocytes Following DNA Damage. 7th
International Conference on Systems Biology.
Yokohama, 2006. 10.9. (MI03).

Satoh J: Nogo, Nogo receptor, and TROY
expression in demyelinating lesions of multiple
of

Neuroimmunology. International Symposium:

sclerosis. 8th International Congress
Alzheimer’s disease, neurodegeneration and
immunity. Nagoya, 2006.10.17. (Journal of
Neuroimmunology 178: 21 IS03-05, 2006).

Satoh J: Microarray analysis clarifies the

immunopathogenesis and therapeutic rationale
for IFNB in MS. 8th International Congress of
Neuroimmunology. Concurrent Symposium:
Proteomics, and disease
markers in MS. Nagoya, 2006.10.17.

Doi Y, Oki S, Satoh J, Aranami T, Miyake S,
Yamamura T: NR4A2 (Nurrl), an orphan

nuclear receptor, is overexpressed in peripheral

transcriptomes

blood T lymphocytes of multiple sclerosis. 8th
International Congress of Neuroimmunology.
Workshop 14: Pathogenesis of MS. Nagoya,
2006.10.18. (Journal of Neuroimmunology
178: 78 WS14-02, 2006).
Satoh J, Tabunoki H, Nanri Y, Yamamura T,
Arima K, Konno H: Both aquaporin-1 (AQP1)
and aquaporin-4 (AQP4) are expressed in
and
of

multiple sclerosis. 8th International Congress

cultured human astrocytes

non-hypertrophic astrocytes in brains
of Neuroimmunology. Poster Session 11: MS-
pathology and experimental models. Nagoya,
2006.10.16. (Journal of Neuroimmunology
178: 188 PP11-03, 2006).

Onoue H, Satoh J, Ogawa M, Yamamura T:



14.

15.

16.

L.

Anti-Nogo receptor autoantibody in the serum

of multiple sclerosis. 8th International
Congress of Neuroimmunology. Poster Session
12:  MS-immunological studies. Nagoya,
2006.10.16. (Journal of Neuroimmunology
178: 199 PP12-23, 2006).

Satoh J, Nanri Y, Sato W, Yamamura T: DNA
microarray analysis identifies CXCR3 and
CCR2

IFN-responsive genes in peripheral blood

ligand  chemokines as early
lymphocytes. 8th International Congress of
Poster Session 14
MS-therapy. Nagoya, 2006.10.16. (Journal of
Neuroimmunology 178: 205 PP14-01, 2006).

Nanri Y, Satoh J, Sato W, Yamamura T:

Neuroimmunology.

Questionnaire on the expediency of DNA
microarray analysis for differential diagnosis
of multiple sclerosis and prediction of
therapeutic response to interferon-beta. 8th
International Congress of Neuroimmunology.
Poster Session 15: MS-clinical studies. Nagoya,
2006.10.16. (Journal of Neuroimmunology
178: 215 PP15-03, 2006).

Satoh J, Tabunoki H: Human astrocytes
express aquaporin-1 and aquaporin-4 in vitro
and in vivo. 55th Annual Meeting of American
Academy of Neurology. Boston, 2007. 5.3.

YefEYE— : The 14-3-3 zeta isoform binds to
heat shock protein HSP60 in human neural
cells: a possible implication in prion diseases.
FHART R B0 &R E SRIBAT 2T - B DR
MEBEEREOSFERE. Tk 16 45 2H

-10-

EHRERE. FE. 200518 (H#&E
p.156-157).

HpEE— . UFTEE. B b7, BRHIE :
LRMEE(GERBERKISHET X ey A b
IZBi1T 5 Nogo ZARBORE. EAFBHE
RERBARPTEESE R EmRREBIC
BI3 2 RAEATIREE. Ak 16 FEMRFE. K
. 2005.1.26. (¥ p.20-21).

PeRRYE—, PR, B LT, e
HIATPE : T #B8 D DNA microarray f#ATIZ &
5 S REMRALIE DR HE. 25 178 B At
RREERENES. B, 200533, ik
FREEF 13:44,2005). % 17 B A AR R R
FRERERE.

B 1T, ERRYE—. LUAPE - ZRMENL
JiE B3 M DO HL Nogo Receptor HLIE DR
. % 17 Bl A AMRREESZINES. 18
M, 200533. (#RBEF 13: 72, 2005). 5
17 B A AR R P 2R E 2 .
TEFTE, EEEE—, A - SRMEE(
JEDRMM T MU H1T D NR4A2 B L
. %17 B A AHREEELFNESR. 18
[, 2005.3.4. (fFE5RETE 13: 104, 2005).
EpEe—, B BT, ARFIE, WHHE
ZRMEBEERMERIZI T D Nogo-A -
Nogo ZAED R, 5 46 [E B ARHE
FRBIFWH RS, FEHE, 20055.13.
(Neuropathology 25: A32, 2005).

FpEYE— PR, B BT, DEF .
LS F | LUATEE © DNA microarray #4712
X DL RMEBEDOHESIE. HF46E AR



10.

11.

12.

13.

RSB E. BIRE. 2005525 (&E
102, 2005).

TREGF., EEE— ILIAR  2RMEEL
FEMS)ARAHIL T ABARIZ 31T 5 NR4A2 35
EF. %46 (R AHBRESRE. BIRS,
2005.5.27. (#P&k24E 272, 2005).

B E61T. fEBRYE—. UMK  SRMEL
FEMS)BE MIFEF OHL Nogo FLikDBH.
5 46 [H AAMRESRES. BIRE, 2005.
5.27. (¥ #4E 272, 2005).

ik, PepEYE— : cDNA =4 77 LA
T AW Te 2R RE{VIE O FRIRAENT. 5526 [E]
HARE - BEERS. V—2vav7 3
MEFRHRIRF BB L A REERBRD
JRRBARAT L IR R O FH. B, 2005.
7.13. (RIE - B4 25: 289, 2005).

R —, BFAAS—. LUAFE : CIDP 3
IZBITS DNA vAf 77 LA HRAKEI
BI D HH5E. EAZBE R - PR B
RWEE Moo —nF—0fFEIC
ESL FRIBFIEORRBL. TR 17EEH
2. I, 2005.12.7.

e — | BRI, B, L K
MY U RERIZBITEA X —T 0 Vi
BT OB, EAE S BE 2
BHBhe EBRMRBROBERNBE - 1K
BIZET 2R EE TR 17 EFERSE.
FIA. 2005.129.

BRI iR~ +EFF., AR MS
D=A7uT VABHBLOA Vv E—T =
nyN—ZERICET A7 — bRAED

-11-

14.

15.

16.

17.

18.

19.

ERH EATBREMERANS  Hink
REBOBEHRIZET - 1aFRIEIC BT RS
. TR 17 EEHEE. BRI, 2005.129.

Satoh J, Onoue H, Doi Y, Yamamura T :

& =

Detection of anti-Nogo-66 and anti-Nogo
receptor autoantibodies in the serum of
multiple sclerosis. 85 35 [ B A E 24K
SEMES ML, 2005.12.13. (Proceedings
of the Japanese Society for Immunology 35: 37,
2005).

EREE—, MBI, EF R, WA :
A ITRT VAR RBAE—TznVk
EBlnF ORRAVENT. EAESBE FER
BRI ERE REEMRRBIZET S
AN, Rk 17 EEAE. B,
2006.1.25 (#4%4E p.40-41).

PR EWEFT VAL D SREEL
FEFR R TRIES SLIC B 20158, B4 % H
B ZAHDRERFEHREE FIRMRRE
FE B, 2006. 2.1, (DEREE p.50-51).

b OBE W —
identification of 14-3-3 interacting proteins in
the human CNS. B ZHRR FEISFER
BT « REILDRRSL & 1B EISE D4 T HE.
R 17 FEARKMESE. . 200623, (B
$%2E p.156-157).

PegEre— MR, LEFFR. LMK
IFNBIG BB F R DMEFRROMRAT : BIER &
DBSEME. % 18[A] B AR R PR ENE
2. AHE, 20063.2. (FHRAEET 14 73,
2006).

AT, ERRYE—. =FEF : ZRMEEL
TERTFE O B B1HR & IR FRENE. 55 79 [E] B A 38

Proteomic approach for



20.

21.

22.

23.

24.

25.

26.

27.

AN

HBELES VR Y T A S3B1 TR
BRBOFROKATHRE L OBEROBR &
BIFE~DEE. $iik, 2006.3.10.

VEpEYE— BB, LEF R, LA :
Protein microarray (= & 5 14-3-3 i/ & /%
7 B ORERRAIENT. 5547 E B AHRESR
£ HR. 2006. 5.12. (PHLE 199, 2006).
MBS, pEE— +EFR, ILAE
DNA microarray (& & 5 MS 22#ri% - IFNBIA

RORTFRERRBCET7 v — MRE

% 47 [E B AR FERRE. HIX.2006.5.13.
(#P434E 285, 2006).

EREE— RIS, LA, FRE :
b hPEAERRIZEBIT S 14-3-3, Hspbo,
PIPC A HIEAK. 8 47 B A ARRES
SHREFIWHRES. ML, 20065.26.
(Neuropathology 26: A43, 2006).

REFESLF, EpEE— S —  hA =
IZ& 5 RNA EEDOFMADRENL. F 7 [

Pharmacology-Hematology Symposium. M.

2006.6.30. (#hixEE 23, 2006).

EBEE— . T Ml DNA =~ 7 a7 LA
EATIC L 2 LS REEIWEDORESEE A v
F—7T7 xzu r_—ZIRRESE. 8 15E R
BEBRES—T ) —F R F—F
F—. HIE. 2006.7.13.

ERRE— . Y F v FORBEALHER. B
BEBKEA—T % ¥ 28R 2006, F3E
I =fE. IR, 2006.7.29.

EEEE— . e b7 A MY A D DNA 4
FBIIxT A%, 8 4 ERBERKRSEA—
TUA VY Y. BENET TR ONAER
HREFAH 23, B, 2006.8.7.
EHEE— MREREBREBRICBIT S
14-3-3 DRE| : ZRMUEIE L 7V 4 9.
HRRFZERBTUNRREZHERE 5 E D

-12-

28.

29.

30.

31.

32.

33.

AL PR I —. FR, 2006.11.14.
RERESLF, FREnEy, ZIBSE T, (LY
—: DNA=AZu7LAiIzkbiEEL b

7YV TIBTFEIA V=T VL
BEEBFHOMBWEN. £ 5 BV 7 —
< RAFTF—T 5 KR, 2006.129.
(84 p15, 2006).

ZEBLEF, BB, ERRKF. R
BLF. EEEVE— . mREMRTA—T 7 v
BNZEE Nurl KXW ERAEFEShE
GFHEORY NU—JT. & S5E7 77—
v e NAFTF—T A FHK, 2006.12.9.
(P82 p16, 2006).

THERK, ZEBSETF, EHRn, REEIL
. YEEEYE— : KeyMolnet (2 X 554 R
fiE & 5 DIR D FHEF D BT, 8 S |
T7—< - NAFT7F—7F 5. EIK. 2006.
12.9. (&% p16, 2006).

Satoh J, Kawat M, Tabunoki H, Kanda T,

Yamamura T : Microarray analysis identifies

CXCR3 ligand chmokines as immediate early
IFN-responsive genes in peripheral blood
lymphocytes in vitro and in vivo. £ 36 [B] B
RHEEFRRRFWESR. KK, 2006.12.11.
(Proceedings of the Japanese Society for
Immunology 36: 188, 2006).

R —, REEILF. ZESLETF-MSH
REMMOKMMT U IR CREER Y
ETO8BEFHOS TRy MU — 7 AT
BAFEBR RGN E BRERED
HEIHE W - I6FRIEICBET 2R EE F
A% I8 SFEEBERRE. R, 2006.12.15.
EEBYE— DNA~A 7 n7 LA 2l B4
FERFEZ ZADRERFEHESEZE.
% 3 EILRMEBEIIET +—F &, ERBHR
2 - BIEMRERE. HA. 2006.12.16.



34. RERELF, ZIBESET, LBEE— b1
21433 4Ny R rDru—=vr AR
FELE 12785, B L, 2007.3.28.

35. - REEILTF, ZBSET. BER
B SREEVEBRGREARY -4y
& LTONF«B v 7 VaER. BAK
FRE 127F4. B, 2007.330.

H. ABFTAEOREBRI

1. FrEE

1) BREBIECTEA v E—Tzm R
— Z FIRIR O A B T (R B 2004-28926).
2) SRMEEVEICEET 2B ETFORBAE
FiE, HREBCERERETFORREAES
BDIeHDF v 7 BRMEEGED BB W4
DI DBIGFHE, ZREFEGIE DM S .
(8 2005-160440).

3) ZSRMELERR TRIEGEFFRET).

-13-

2. EREFIERE KL

3. ZF D : GenBank &% 2 4.

1) Satoh J, Kuroda R, Yamamura T, Anezaki T,
Terada T, Yamazaki K, Obi T, Mizoguchi K: Homo
sapiens TYROBP gene for TYRO protein tyrosine
kinase binding protein, exon 3, partial sequence,
DNA Data Bank of Japan, AB280796, 2006.

2) Satoh J, Kuroda R, Yamamura T, Anezaki T,
Terada T, Yamazaki K, Obi T, Mizoguchi K: Homo
sapiens TYROBP gene for TYRO protein tyrosine
kinase binding protein, exon 4, partial sequence,

DNA Data Bank of Japan, AB280795, 2006.



xp(Ne+pre-5). Std.Cer.

Tl

CN/MS

MS Subgroup |

L

B
]
L]

Fig. 1. Hierarchical clustering analysis of 286 genes differentially expressed between 72
untreated MS patients and 22 normal control (CN) subjects. The gene expression profile of
peripheral blood CD3" T cells was studied in 72 untreated MS patients and 22 age- and sex-matched
healthy control (CN) subjects, by using a 1,258 cDNA microarray. Hierarchical clustering analysis
was performed by selecting a set of 286 genes differentially expressed between MS and CN as a
discriminator. The results are expressed in a matrix format, with each row representing the gene
expression level (GEL) of a single gene in all the subjects and each column representing GEL of 286
genes in an individual subject. The matrix is shown by a pseudo-color, with red expressing
upregulation, green expressing downregulation, and the color intensity representing the magnitude of
the deviation from GEL 1.0 as shown on the upper right. Hierarchical clustering analysis separated
MS (purple) from CN (dark blue), and classified the former into four subgroups named A (green), B
(light blue), C (red) and D (yellow). The 286 genes were categorized into five classes numbered #1

(pink) to #5 (light blue) (Satoh et al. J Neuroimmunol 174: 108-118, 2006).

-14-



<1075>ISG15 <573>SCYA2
NR R NR
5 . . 1 s+
4 ] .
3 1 i 2 /%\‘
2 A A 1 4 ! 1
1 T \ / . '.,\0 </ - </ J -
O | . I Fae v o
-1 = . -1 - R A% '
Pre 3M 6M p=0.1297 Pre 3M 6M Pre 3M 6M p=0.0574 pre 3M 6M
<1185>TNFRSF1B <895>IFI27
R NR R NR
3T 5 {
2 ‘; T
s A |, P
e 7TN| 7T
0 | TR B I ¥ | = LAl ] I/ s [ | V} o | 1
s % e ) 0 I ~ T
-1 - N A."" -1 \\ "
Pre 3M 6M Pp=0.0092 prg 3M 6M Pre 3M 6M P =0.0307 " pre 3M 6M

Fig. 2. The temporal profile of induction of IFN-responsive genes in IFNB responders (R) and
nonresponders (NR) during IFNf treatment. T-cell gene expression profiling was examined in 46
IFNpB-treated MS patients at three time points: before starting IFNB treatment (Pre), and at 3 months
(3M) and 6 months (6M) after starting the treatment. Based on the IFNB responder/nonresponder score,
they were separated into 19 IFN responders (R: the left) and 7 nonresponders (L: the right) as shown
in Table 2. The temporal expression profile of IFN-responsive genes (IRGs), such as IFN-stimulated
protein 15 (ISG15), small inducible cytokine A2 (SCYA2), TNF receptor subfamily member 1B
(TNFRSF1B), and IFNa-inducible protein 27 (IFI27), is shown with the statistical differences in the
kinetics during 3 to 6 months between R and NR. The vertical axis represents the gene expression level
(GEL), while the horizontal axis indicates the time course (Satoh et al. J Neuroimmunol 174:

108-118, 2006).
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between Relapse and Remission of MS (Relapse-Specific Genes; RSG)

Table 1. Fourty-Three Differentially Expressed Genes in T Cells

Rank Symbol GenBank P-value Regulation 22 SULT1B1 NM_014465 0.0279 down
1 PPARG NM_005037 0.000978 up 23 EP300 NM_001429 0.0286 down
2 RND3 NM_005168 0.00126 down 24 GJA4 NM_002060 0.0287 down
3 L6 NM_000600 0.00197 down 25 PDGFB NM_002608 0.0292 up
4 AKT2 NM_001626 0.00273 up 26 ARID4A NM_002892 0.0305 down
5 DCC NM_005215 0.0038 up 27 CYP2C19 NM_000769 0.0307 down
& CREBBEP NM_004380 0.00605 down 28 FGF1 NM_000800 0.0317 down
7 ATF5 NM_012068 0.00699 down 29 MMP2 NM_004530 0.0327 up
8 PLCG1 NM_002660 0.00938 up 30 ARHGAP1 NM_004308 0.0335 down
] CDK3 NM_001258 0.0101 up 31 TOP3B NM_003935 0.0397 up

10 RIPK1 NM_003804 0.0115 up 32 SUB1 NM_006713 0.0433 down
11 TNFRSF4 | Nm_oco3s2s 0.0121 down 33 PRKCBP1 NM_183047 0.0434 down
12 ABCC9 NM_005691 0.014 down 34 TGFB2 NM_003238 0.0436 up

13 STAT2 NM_005419 0.0149 up 35 SMAD7 NM_005304 0.0437 down
14 PTEN NM_000314 0.018 down 36 TCF4 NM_003199 0.044 down
15 AVP NM_000430 0.0182 up 37 NOS1 NM_000620 0.0442 down
16 FADD NM_003824 0.0193 up 38 TSC22D1 NM_183422 0.0454 down
17 ELF2 NM_006874 0.021 down 39 GNB1L NM_053004 0.0457 down
18 NFKB2 NM_002502 0.0214 up 40 IFNA8 NM_002170 0.046 down
18 ERBB4 NM_005235 0.0218 down 41 IL1A NM_000575 0.0477 up

20 BCL2L1 NM_001491 0.0253 up 42 cD3D NM_000732 0.0492 up

21 BTRC NM_003938 0.0265 up 43 IL1R1 NM_000877 0.0495 down

The genes differentially expressed between relapse and remission were identified by comparing

two groups of samples evaluated by Student t-test. A p value of < 0.05 was considered

statistically significant. The gene symbol, GenBank accession number, p value, and regulation in

relapse versus remission are shown (Satoh et al. Submitted for publication).
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Fig. 3. Blood sampling from six patients with relapsing-remitting MS at the peak of relapse and

in remission. Blood samples were taken from six patients with RRMS at the peak of acute relapse (red

arrowhead) and in complete remission (blue arrowhead). CD3" T cells were purified and processed for

DNA microarray analysis. The relapses of MS (bell shape) specified by year and month (italic), age,

sex, Expanded Disability Status Scale (EDSS) score, and cardinal clinical symptoms (M, motor

impairment; S, sensory impairment; A, autonomic impairment; C, cognitive impairment; and V, visual

impairment) are shown (Satoh et al. Submitted for publication).
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