64 : 320

HE-BEHRE,052 Ah46% ANERICIER L,

25% MBS - FHSERE - ) ok - B
BB 7% ETCHEBEBILELTE Y £ L7, IFNBE
HEANCHBEN2ERPEREYOBE ML
T, BEDRT+5 - BHEABEE - R
B2 LB, 310MIECEY - BUERT
MEMSBCHFLTYE L. K0T~
12707 LA B & 5 MSTEEIS BT 37 13254
MR (80%), IFNBA#IM: - BIVER FRsEM T
275162 (B6%) L TV L, 4H0OFE
LEXVEMELAVTY, BELHnSmeE L
DEH R EGIDSHAEL, IFNBIEHIC
Y5 BFBEEIE L, KERDOMBTDNA
YA 0T LA X BMSBEERIFNBIGHY
- AMEEPHERRI SRR EH->Twa S
EFHASLHITR D F L, 4%, HHOTHE
IKRZDEIEMSDTA 2 7 L AFFR %D

HAEMH o4k K35

TnI) LBnET,
% A

X ®m

1) Jacobs LD, Beck RW, Simon JH, et al. Intramuscu-
lar interferon beta-1a therapy initiated during a first
demyelinating event in multiple sclerosis. CHAMPS
Study Group. N Engl J Med 2000 ; 343 : 898-904.

2) Steinman L, Zamvil S. Transcriptional analysis of
targets in multiple sclerosis. Nature Rev Immunol
2003 ; 3:483.92,

3) Satoh J, Nakanishi M, Koike F, et al. Microarray
analysis identifies an aberrant expression of
apoptosis and DNA damage-regulatory genes in
multiple sclerosis. Neurobiol Dis 2005 ; 18 : 537-
50.
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LHEMBLED AL 707 LA ZH"

b oW

% FEMERE{LAE (multiple sclerosis : MS) i3E 2 8 DB T B RQEEDRERETH 5. MS
OREIEEZH S TR R0, RERSHOBERT L BERTORMLHEERIC X ) RE
XNTWw2, BEFHORED, 4v¥—7 20y _—% (JFNB) #5323 23 X0 (nonre-
sponder) b%\y, MS IXERIE - WEAT - WEEISHE « FEENFTROBNY> 6, SRR
82 (clinicopathological heterogeneity) % 23 %, BEF 7 L A (DNA microarray/GeneChip) 25
FREABEFIEEINTVEF Y 7 Th 5, BEFFLAICES MS BERBIMY 33K -
ISR OWRADEE FREMNTIZ, MS RERESREORAICRNE2RET S, TROLIER
OMEHETIETFH L b - - BETFED, MSHEYRICE ) 2BELRREABRLBHIN,
OB L4 FHERY (molecular target) & 7% 5 WHEMSRBIN TV S, (EWNERIETZ
RS 52 Lick D, AL ADBENER (genetic background) Vi U 7= B RUGE
EWEE 2B FRT 2 2 LD EEEIc R D 00H 5, BIRER S REEBETF 7LV ZHWT, MS
HSEMIL T IEOBETFRE ST 7 4 —VORBI 2 5 A % — T (hierarchical clustering analy-
sis)ick b 4 T PN — A E SN, FEIRBEDW  WESH - IFNS IRRRIGH & #Ek
WiEERDB L ERMLE, BEFT VA BN, MS 07— — 24 FEH# (personalized
medicine) B L icBy D L Bbh 3B,

F—T—R :DNA 4 207 LA, BRENY I Ay —, SREBELE 7—7— X4 FER

U &I

% FEMEREALAE (multiple sclerosis : MS) i3 FRARMEHER
BB RAEMEBEE NS R L, R4 RHRBERESR
2EOELCETT 28R CcH S, MS TIHEEHE
HEBERTFOMEMEAZERIC, MHBHEZZERL
JEHEAL L 72 B RS HE CD4*Thl T Mg, MIARRGE
FaEaL TN - FHIcBEL, =7u77—Y%3
ryaZy 7 EREELL T, REMBRTF (TNFa) &

DOFE. % ZHE L, Bifh (demyelination) BER I N5 (B
TG | BIERIC I3 BE#E 4 (remyelination) %
D BH, RENEE CBENT B & #REGE (axonal
degeneration) % 3% L CRASEHIBEEE 258 7 . 164,
RiK « BRI TOABBERRREBICLD, AV F—7 =
1 2 _— ¥ (interferon-beta : IFNB) O MS HFINFIEL
B8 class | evidence "CILEE X 237, A TII AMH
EHA (acute relapse) ICEIBHEA T u 4 FEHRAR
EalRP 2 5 (intravenous methylprednisolone pulse : IVMP)

2005 £E 11 B 21 H3H

* Microarray analysis classifies multiple sclerosis subgroups.

D ENTEER - EiRe v Y — R (T187-8502 BLRER/NFETANIIEHET 4-1-1) Jun—ichi SaToH : Depart-
ment of Immunology, National Institute of Neuroscience, NCNE 4-1-1 Ogawahigashi, Kodaira, Tokyo 187-8502, Japan.

2) EILERAI SRR A A A SRS R A A RSB ARAT A (T204-8588 BURATIEMETTEFIE 2-522-1) Jun-ichi SaToH * Depart-
ment of Bioinformatics and Neuroinformatics, Meiji Pharmaceutical University, 2-522-1 Noshio, Kiyose, Tokyo 204-8588,

Japan.
0001-8724/06/ ¥ 500/33C/JCLS
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21T\, EEEMREY (remission) 12 IFNB D 8ES: 1 57
N - BRARRES R Hiks, Bb—BhiamEkt
LTGEBRINTWS, Ly L IFNS B+l Es
R & 72 WIEH (nonresponder) R BIfEF G HISE A U
FEB] D % \BO8)  5ieht MS W —REBR Tt
{, ZRLFELETHERBRTH 2 THBESE L,
BEMS ZEREED & FHREMRE (relapsing -remit-
ting MS ; RRMS), XTI (secondary—progressive
MS : SPMS), —X#fTH! (primary-progressive MS :
PPMS), 540> & AL (conventional MS : CMS),
BAFREFBEEY (opticospinal MS : OSMS), IFNS J&REE
It D> & RGE (responder MS : RMS), A2 (nonre-
sponder MS : NRMS) iz 383N 5, ¥ -WEENI
3 T HIRERE, FkiEE, TV TFY Fays 7R
k—3$ X (apoptosis) FF BRIz & ) 4 Bz 8 S 12,
BRI o OMBRBEETOREEINTL 23,

R, MS DEBEREL RN (heterogeneity) % FEAT
TH5FRELC BEF7 LA (DNA microarray/
GeneChip) AV S6NTWVS, ¥/ ATud 7 F52
Ttk h e FRETFEERIIBHEEI N, BET7
LA ZRWTE4 OMilIcB I 2 8 EEF (b4
BIETH 30,0000 DREB®RE, QEN - E@EN -2
MRV BEATATREIC 72 o 72, RNA L VO FEAT % b
7 ¥ A7 Y 7+ —2A (transcriptome) f##7, ¥ V80 H
LRV DRGSR % 70 5 4 — 2 (proteome) fEHF &
X, Z0&) LBRYFEBBIT (gobal expression
analysis) DFHEICE D, REROFEAETRFHLL
2o TORIBFHO MS REHRIC BT 2 BEs, K&
HePIINED, I35 EYREERETFOLE %
RHCET L, BEFNEAZISL -2 RISH
PEWERZFHT 2 L eickh, BEY ) 3
A (pharmacogenomics) D OFHIZAREE2ZT -, &
HMTiR=A4 707142 k3 MS ORERE - BYK
ISHEDIRITICEET 2 REDHREHSIT 2,

I. ¥4 707 L1EROERRE

BETTLVARBRAIL RIIRARF A n v ElRED
B - XFE LI, BT - T DNARFY IR 7 L
Z 9 F (oligonucleotide) BSEEINTV2F v FTH
%,cDNA 22Xy & —CHEBFICAXy 543 DNA
¥4 707 VA (microarray) &, H# FCHEHEBEERE
oligonucleotide % 7 = P UV /5 7&K § 2
GeneChip (Affymetrix) IZKBIE N3, R54 F &5 2
2942707 VA (microarray), +4 nviEid<sn
7L A4 (macroarray) & #F5T 2, BEF 7L A B I
R T7LA - ¥4 7714 (SNP, CGH %

E)- %497 714 (ChlP-chip & &) e L 3
D, B CIRARBN 7 LA LEEAZE->TERT 2,
T, BEFRRELVARAVHBER2 2 BEM Lo
Fa - M, #1213 IFNB 8 5. 80% O fifa > 5 mRNA
(total RNA T TI8E) % fiith L1889 2 (1), DNA
w4 7u7 LA T4 OEEE (Cy3 K, Cyd &)
THEEELL 72 ¢cDNA 7212 cRNA 2B LT, @—F v
TETHEENNL TV 4 ¥ —vaviiT) Q@
#) . GeneChip "l in vitro transcription ¥ C cDNA %>
5 biotin #Z#% cRNA % fERR, fragment IZHIWT L TN A
7V FA4E€— a &I\, streptoavidin-phycoery-
thrin (SAPE) 2 %Il L THAEER T 2 (1B H),
GeneChip 2 19 7 NIZ 1 7L A BSRET, 7 L A [
DHEIC 25, ELLDBEDAF v F—CHHEL S
FTAEREH, 8507 —% %2 FH{t (normalization)
L, MEEHERIERIT (R #8H7 © www.cranr—project.org 72
) 2T, Y IVHOBBETER vy 4 — 0
(gene expression profile) % T 3, Lizdt> CHZ
RO RNA OE (quality) 2ERICHEEICHETS, &
BLaRBEZR2RTEBETICE L T real-time RT-
PCR ¥ 21T\, ERMICIREE (validation) §3 = &
VERTH S, AELLBETFOBERHEEICET 3
¥R (annotation) 1B L TlZ, Web L TF—y R—2
(NCBIL @ Entrez % &) 28T 2 (£ 1), T Tlckx
2 BIEFFHEE T — ¥ 23 MIAME (minimum information
about a microarray experiment) FERICHEY>, At F— 4
~— 2 Gene Expression Omnibus (GEQ) I= &8¢ I ¢
BY, BHIZY Y vyuo— FHE 2, KEImMY > <3k
(peripheral blood mononuclear cells : PBMC) O f&#7 ®
MERE LT, BETFRBELLRER -4 - &
- BRI - HREE - BB - BEIR b L AR
A (AAES) OELRI15Z L TH 2% (interindi-
vidual and intraindividual variation)®®, RMiHEEED BT
&, SERRRNEERS £ CIcE T % R (RNA degradation
time) 2SRIRETH 223, HEO pH BBk 2,

PV TINBEROEZERIT— Yy FOEEEES
AT 570, IV 7 + (GeneSpring : Silicon Genet-
ics-Agilent 7% &) 2 VT, BEHN 7 5 X ¥ —f@#
(hierarchical clustering analysis) #f75%, Thb b+
Y7VicB Y 3 EEIEHR A Lic (B L unsuper-
vised method & WE.%), F UEETHEHEZZ 1 Cw»
5 LEZoNZHPREANRY —VEEFRH VL
B, VTR —(IN—T - 75RALBEI N ICHEL,
Faitd - BHRE (dendrogram) 8 X OHBEL LD
RIE2 LY v 2 AAWTERT 29, ERBHY S
A & — A7 1C 1% k-means (KM) clustering % self-
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O Q Q CelisB

mRNA preparation
and ampllﬂcatmn

c¢DNA synthes:s ’%
Fluorescent dye Cy5

Hybrldxzatlon

Fluorescent dye Cy\;a&,\

Scatter plot
|

100000 ¢

DNA microarray

|

10000 | i S
| oL
:

1000 |

Cy5 F.L

100

Scanning and analysis of gene expression levels after normalization

1000 10000 100000
Cy3 F.I.

ke
100

a: the gene up-regulated in A

¢: the gene expressed equally in both

b: the gene up-regulated in B

d: the gene undetectable in both

Statistical analysis and identification of significant genes

4

Real-time RT-PCR analysis

Fluorescence

intensity
Cyele No.

>

Hierarchical clustering analysis

A

B

1 <4 27a7 LA BROHME

2 FEE O (A, B) 7*5 mRNA ZHHBIEL, Blx 0BLESE (Cy3, Cyb) T )L L7 cDNA probe %
R LT, %% cDNA (& 721 oligonucleotide) 2SA Ry b ¥/ X F 4 F 7 A (DNA microarray) £T
BEWNAL TV T4 ¥ =y aveF) (26E), AFrF—THES I rreiil, 7—2ERLL
THEEMRER T, v 7AEOREFHRE 71 7 4 — /L (gene expression profile) % T 5, A,

B OEEGETFREAY —VIEYNLTWREASIE, BT FABAFry ¥y —7ay b (Cy3vs Cys
scatter plot) CEB LI SHET 2, 94 707 LA BN CERLEEERZET 2 L HESNEETICE
LTI, real-time RT-PCR {5C mRNA 2 B LRI T2 HENH 5, ¥~ 7VEPESROEEZEREN

IS5 ARY—
T ARDET B,

organization map (SOM) ¥E23H %, £/ 7 FARAY—%
K0T 2 BEE G F (discriminator genes) 2t L,
ZDOEBEREEML TERTICKRE T 2 EROER
(principal component analysis : PCA) 279 %, &5
HERETFOMHICH W T — ¥ % training set & L
TEREFE TS 2 L&) (HEdH D 5 supervised
method & FER), FROT—Fy McBFB7 7R
& — %35 2 WFHE (hyperplane) ZHET % HIET
BBV R—IPRT I -2V
machine : SVM) #2475,

(support vector
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(hierarchical clustering) FEMT 24T\, FRFEBRAY — vV ERTREFRY Y TV E2INV—T 7

II. DNA Y1 7 A7 LA lc & 2SRRI
SERIE DRI (% 2)

1. MS BB OBEGEFHRIRENR

Whitney % (3478 C cDNA microarray % FH\>T, MS
A AESERE & EEEEE (normal-appearing
white matter : NAWM) % L& L, #iFICE T % inter-
feron-regulatory factor IRF-2 & 5-lipooxygenase O ¥
HERZ2|ME L 7247, Chabas 51X cDNA 74 77
Y — RN — 7 2 RABITICE D, MS i EIT S
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Database URL Contents

* A Database BEV XTI\

Entrez www.ncbi.nlm.nih.gov/Entrez/index.html The Life Sciences Search Engine (EIERREE)

Gene www.ncbinlm.nih.gov/entrez/queryfcgi?CMD=search&DB=gene A Searchable Database of Genes GRIGFRE)

OMIM www.nebi.nlm.nih.gov/entrez/queryfcgi?CMD=search&DB=omim  Online Mendelian Inheritance in Man GREERRTE)

PubMed www.nchi.nlm.nih.gov/entrez/queryfegi?db=PubMed National Library of Medicine (SZERI&ESE)

DDBJ www.ddbj.nig.ac.jp/ DNA Data Bank of Japan (SE##5R)

GenomeNet www. genome.,jp/ GenomeNet Database (E3ERVIRTE)

DBGET www. genome.ad.jp/dbget/ A Database Retrieval System for Molecular Biology Databases (G13ERRTE)

KEGG www. genome.ad.jp/kegg Kyoto Encyclopedia of Genes and Genomes ({#/¢2 77 T #2#7)

EMBL-EBI www.ebi.ac.uk/services/ European Bioinformatics Institute Service (S1iE8I8%)

InterPro www.ebi.ac.uk/interpro A Database of Protein Families, Domains and Functional Sites (EF—7 + K X1 Vi
)

ExPASy al1.eXpasy.org Expert Protein Analysis System Proteomics Server (73 F 74 — L 82#7)

LIPID BANK  lipidbank.jp/ Lipid Bank for Web Database (BSET#2%)

GEO www.ncbi.nlm.nih.gov/geo Gene Expression Omnibus (¥-f # QA7 L - B#7)

dbSNP www.ncbi.nlm.nih.gov/entrez/queryfcgi?CMD=search&DB=snp Single Nucleotide Polymporphism Database (SNP 8247)

HGMD www.hgmd.cf.ac.uk/hgmd0.htm! Human Gene Mutation Database (R{GtHEBRTE)

RefEXA www.Isbm.org/database/index.html Reference Database for Gene Expression Analysis (¥4 Z 07 L o 82#7)

XIS - REQ Y —12% - BRI

FASTA fasta.genome.jp/

BLAST blast.genome.jp

UniProt www.genome.jp/dbget~bin/www_bfind?uniprot

PIR www.genome.jp/dbget—bin/www_bfind?pir

CLUSTALW align.genome.jp

TraceSuite I www-cryst.bioc.cam.ac.uk/~jiye/evoltrace/evoltrace htm!
PROSCAN thr.cit.nih.gov/molbio/proscan

k7 VI B EERR

PDB www.resb.org/pdb

RasMol www.rcsh.org/pdb/help-graphics.html#rasmol_download
GRASS honiglab.cpme.columbia.edu/cgi-bin/GRASS/surfserv_enter.cgi
SWISS-MODEL  swissmodel.expasy.org//SWISS-MODEL.html

ERRAT nihserver.mbi.ucla.edu/ERRAT

Verify3D nihserver.mbi.ucla.edu/Verify 3D

SCoP scop.mrc-Imb.cam.ac.uk/scop/index.htm!

DBAli salilab.org/DBAli

* T IROBEBRETH

SOSUI sosui.proteome.bio.tuat.ac.jp/sosuiframe0.html

PSORTII psort.ims.u-tokyo.ac.jp

SignalP 3.0 www.chs.dtu.dk/services/SignalP

PredictProtein www.embl~heidelberg.de/predictprotein/predictprotein.html
Scansite scansite.mit.edu

BIND www.bind.ca

DIP dip.doe~mbi.ucla.edu

MIPS mips.gsf.de/proj/ppi/

MINT 160.80.34.4/mint/index.php

PubGene www.pubgene.org/

PROCAT www.biochem.ucl.ac.uk/bsm/PROCAT/PROCAT html
PhosphoSite www.phosphosite.org/Login.jsp

Sequence Similarity Search (REDQ I —8F)

Sequence Similarity Search (REQ Y —KHK)

SWISS-PROT Protein Sequence Database (¥ >/ BESUEEH)
PIR Protein Sequence Database (% > /X% HEFIEIT)

Multiple Sequence Alignment GRHTHI{ER)

Evolutionary Trace Server (RfSH{ERR)

Web Promoter Scan (7 OE—4 —R4)

The RCSB Protein Data Bank (¥ > /3% B3 68EHRT)

Molecular Graphics (¥ > /%0 83T ST 81{L)

Graphical Representation and Analysis of Structure Server (% /Y B3 SR 5)
An Automated Comparative Protein Modelling Server GHREIET Y > 824f)

A Protein Structure Verification Algorithm (% > /8% S3THREE )

A Crystal Structure Evaluation Server (¥ > /89 BIL{E#E T )

Structural Classification of Proteins (¥ > /3% = R 59)

A Database of Structure Alignments (IS SBUHERAT)

Classification and Secondary Structure Prediction of Membrane Proteins (B ELESEIR T
E:))

Prediction of Protein Sorting Signals and Localization Sites in Amino Acid Sequences (¥
BARBETAD

Prediction of Signal Peptide Cleavage Sites in Amino Acid Sequences (¥4 FJLRTF
¥

Structure Prediction and Sequence Analysis (EF—7 « KX VR%)

A Motif Scan (EF— 7 ##47)

The Biomolecular Interaction Network (¥ > /N BIEEEERE)

Databases of Interacting Proteins (¥ > /X7 B E{EERTE)

The MIPS Mammalian Protein-Protein Interaction Database (% > /U4 B E A B
®

A Molecular Interaction Database (¥ > /\9 B E{ERRT)

Gene Database and Tools (/8X 7 T 824f)

A Database of 3D Enzyme Active Site Templates (RERSEMEIROIRRAT)

An In Vivo Phosphorylation Site Database (V) M E{LERATREHT)

2005 4£ 11 HD URL 2R 7,

osteopontin (OPN) ¥ FEZRE L 7210, #5135 v
B E CAREERMEB A (experimental autoim-
mune encephalomyelitis : EAE) $#H#&#8 9 microarray
FEHTC, OPN O LR 2558 L 72, OPN i3 Thl cytokine

THh, BIZFRIE <Y 212 EAE BRICH L g
AT, Lock 51 GeneChip % F\>T MS &iE4%E
MR L BHIEEE MR R B L, FiBicBIT 2
G-CSF O E & & 8F 28 J % IgG Fc receptor, IgE
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Reference

Authors o, Year Number of cases Origin of samples
Whitney et al. 46 1999 PPMS (n=1) acute lesion vs NAWM
Ramanathan et al. 27 2001 RRMS (n=15) vs HC (n=15) monocyte-depleted PBMC
Wandinger et al. 41 2001 RRMS (n=1) plus HC {n=2) PBMC incubated with IFNB in
vitro
Whitney et al. 47 2001 PPMS (n=1), RRMS (n=1), EAE acute or chronic lesions of MS and
vs HC (n=3) EAE vs white matter of non-MS
controls
Lock et al. 19 2002 CPMS and SPMS (n=4) acute or chronic active lesions vs
chronic silent lesions
Mass et al. 21 2002 RA (n=20), SLE (n=24), IDDM PBMC
(n=5), and MS (n=>5) vs HC before
and after influenza vaccination (n=9)
Bomprezzi et al. 9 2003 RRMS (n=18), SPMS (n=6) vs PBMC (fresh or frozen)
' HC (n=21)
Graumann et al. 12 2003 SP/PP/RRMS (n=10) vs non-neuro- NAWM vs control white matter
logical controls (n="7)
Koike et al. 15 2003 RRMS (n=13) before and at 3 and T and non-T cells separated from
6 months after IFNS treatment PBMC
Mycko et al. 25 2003 SPMS (n=4) chronic active vs silent lesions and
the lesion margin vs center
Stiirzbecher et al. 34 2003 RRMS before and after IFNS treatment frozen PBMC ex vivo or incubated
for 6 months (n=10; 6 responders vs with IFNS in vitro
4 non-responders)
Tajouri et al. 35 2003 SPMS (n=5) vs non-MS acute and chronic active lesions
Weinstock-Gutt- 44 2003 RRMS before and at 1, 2, 4, 8, 24, 120, monocyte-depleted PBMC
man et al. and 160 h after IFNS treatment (n=8)
Achiron et al. 1 2004 RRMS (n=26: 14 with treatment) vs PBMC
HC (n=18)
Achiron et al. 2 2004 RRMS treated (n=13) vs untreated PBMC
(n=13)
Airla et al. 3 2004 RRMS (n=6) before and after IVMP PBMC
Hong et al. 13 2004 RRMS/SPMS treated with IFNJ (n= PBMC
18), GA (n=12) or untreated (n=15)
Iglesias et al. 14 2004 RRMS (n=17) vs HC (a=7) PBMC
Lindberg et al. 18 2004 SPMS (n=6) vs non-neurological active lesions vs NAWM
controls (n=12)
Mandel et al. 22 2004 RRMS (n=13) vs SLE (n=5) vs HC  PBMC
(n=18)
Mayne et al. 24 2004 RRMS (n=21) vs HC (n=19) CD4™ T cells
Satoh et al. 31 2005 RRMS (n=65) plus SPMS (n=7) vs T and non-T cells separated from

HC (n=22)

PBMC

Abbreviations : RRMS, relapsing-remitting MS ; SPMS, secondary progressive MS ; PPMS, primary progressive

MS ; CPMS, chronic progressive MS ; HC, healthy controls ; IDDM, insulin-dependent diabetes mellitus ; NAWM,
normal appearing white matter ; PBMC, peripheral blood mononuclear cells IFN, interferon ; GA, glatiramer
acetate ; IVMP intravenous methylprednisolone pulse ; up, upregulation ; down, downregulation.

receptor, histamine receptor type 1 @ LF 2D 1)
% 7 G-CSF # 5 EAE »8fE{k. L, immunoglobulin

(Ig) FcRy -chain J&{EZFRifw 7 A Tix EAE B A
EX NG EREEEL Y,
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Number of genes

Types of microarray Key findings
on array

¢DNA microarray (original) 1,344 or 5,000  up (IRF-2, TNFRp75) in acute lesions

cDNA macroarray (GF211 ; Research Genetics) 5,184 up (LCK, IL-7R, MMP-19), down (CCRS,
DFFA) in MS

¢DNA microarray (Mini~Lymphochip) 6,432 up (CCRS, IP-10, IL15RA) by IFNA treatment

cDNA microarray (original) 2,798 up (5~lipoxygenase) in MS, EAE lesions

GeneChip (HuGene FL ; Affymetrix) 7,026 up (G-CSF) in active lesions, up (IgG FcR) in
silent lesions

cDNA macroarray (GF211 ; Research Genetics) 4,329 down (apoptosis—regulatory genes)in autoimmune
diseases

¢DNA microarray (Modified Lymphochip) 6,500 or 7,500  up (PAFAH1BI1, IL-7R, ZAP70, CD27), down
(HSP70, CKS2) in MS

¢DNA macroarray (Human 1.2 ; Clontech) 3,528 up (HIF-1a) in NAWM

cDNA microarray (Hitachi Life Science) 1,259 up (15 IFN-responsive genes) in MS by IFNA
treatment

c¢DNA microarray (Human 1.0 ; Clontech) 588 up (immune-related genes) in the margin of
active lesions

cDNA microarray (Mini~Lymphochip) 6,432 or 12,672 down (JL-8) in IFNB responders after treatment

cDNA microarray {original) 5,000 up (aB-crystallin, SOD) in acute lesions

¢DNA macroarray (GF211 ; Research Genetics) 5,184 up (IFN-responsive genes) by IFNA treatment

GeneChip (Human U95 Av2 ; Affymetrix) 12,000 up (T cell activation genes), down (IL-1/TNF
signaling genes) in MS

GeneChip (Human U95 Av2 ; Affymetrix) 12,000 up (SCYA4, IL2RG, Fas) by immunomodulatory
treatment

cDNA macroarray (Human Hematology/ 448 down (LCK, TCF7, CD5, ISGF3) by IVMP

Immunology ; Clontech)

cDNA macroarray (original) 36 distinct profiles between IFNB and GA treatment

GeneChip (HuGene FL ; Affymetrix) 6,800 up (E2F transcription factor pathway genes)in MS

GeneChip (Human U95 A ; Affymetrix) 12,633 up (Ig synthesis—related genes) in active lesions

GeneChip (Human U95 Av2 ; Affymetrix) 12,000 down (NR4 Al, NR4 A3) in autoimmune diseases

cDNA macroarray (Immune ; National Institute 1,152 up (CYFIP2) in MS

on Aging)

cDNA microarray (Hitachi Life Science) 1,259 dysregulation of apoptosis and DNA damage-

regulatory genes in MS

Mycko 5 i cDNA microarray % Fiv>C, SPMS &k

EEMERE L IEEE R, REERIRE & Lz

WL, BB B T 0 B IS EEE S TR
(TNFa %z &) ® LB % # 4 L 722, Graumann 5 &
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¢DNA macroarray % F\>C SPMS O NAWM i 81T %
KEmMEERE TR HF-lak ) DEREZRD
712 Lindberg & &, GeneChip % Fi\>T SPMS JE &)
MRE T IgEETER R L %%, Tajour 51
cDNA microarray % V> T, SPMS &tk - BHEEEIER
Bz B 3 aB-crystallin, SOD1 @ LR %23 7%,
INS—EDYA 7T LAk B MS BB OB
0 v B I T2, RNA Gz s e %
L T WA Z BEHER .

2. MS LEEEDKRMEMY VI/IROBETRERL

BB

Ramanathan & | ¢cDNA macroarray Z T, MS &
fEE#E D PBMC DEEFRET07 4 — V2 HEL,
MS i 81T 5 lymphocyte-specific protein tyrosine kinase
(LCK), IL-7R @ LR #HE L 7%, LCK i Airla &
I & Y cDNA macroarray @ f&#TC, RRMS @ PBMC
TIVMP BRI X VIR T T2 EET L LTHEINT
v» %%, Bomprezzi & i3 cDNA microarray % F > C,
RRMS * @%% D PBMC THEERZ 215 53 #E
FERREL Y MS T T MlEEE R 75 IL-
7R, ZAP70, TNFRSF7 (CD27) D LR B XUV A + A
4 >~ mRNA ZfEHI#IEF HSPAL A (HSP70) D& T 2
7, Mayne 51 RRMS & EEHEDOFMIM CD4 &
¥ T #ll B2 # negative selection T 4 B, cDNA macro-
array %\ CREFT L, MS I 81) 3 cytoplasmic FMR1
interacting protein 2 (CYFIP2) ® LR Z#|E L 729,

#5103 72 Bl IFNB KRIBFEESE MS (65 RRMS,
7SPMS) &, 22 ZOEEEDOKMIMAS 5 AutoMACS
(Miltenyi Biotec) ¢ CD3 Wa#E T filg & CD3 & non-
THEEZSHE L, E4OSBEOEEFHE 0
T 4= E, T F—a iR 1,259 BnT %
5%, 7 % cDNA microarray (Hitachi Life Science) % F§
WTRHTL 7230, TR T MfE 173 3EETF, non-T
MR 50 BIEFORBEZEEZ2 RO, ki 30 @857 %
BIRT % &, THkE 25 E{5F (NR4A2, TCF8 LR &
MAPK1, SMARCA3, HSPAI A, TRAIL, TOP1, CCRS,
BAG1, DAXX, TSC22, PARP{&T7% L), non-T #HiE
27 BIE¥ (ICAM1, CDC42, RIPK2, SODD, TOP2A
E 5 ¥ BCL2, RPA1, NFATC3, HSPAl1L, RBBP4,
PRKDC{ET % &) 37 R b — v Al #EE T
Faxht, TRbbEMST7R MV RA{EEEBEF
(proapoptotic genes) & & {E T (antiapoptotic gen-
es) DHEBE LA B L ETOEFN YT R (counter-
balance) 2§D 7=,

Achiron 5 12 26 Bl D RRMS & 18 & D H E O
PBMC DBEFHE 71 7 4 —)V% GeneChip THER
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fEMF L7V, TR C 1,109 BEFOREEZELRY,
MS T 8\ T T # B 35 AL B S B R 7 B (LEFL,
TCF3, SLAM, ITGB2, CTSB) ® k& & IL-18/TNFa
TP NVGERBEFHOET 2ROk, L LEE
5 DFEEDIZ K LT, MS T® orphan nuclear receptor
NR4 A2 HRBUET28|ME L 7=, 5D MS 14 iz, £
I 1z IFNB, glatiramer acetate (GA) ¥ 7z & intrave-
nous Ig (IVlg) 2& &5 chh, BEFREICEEL T
W-TBEES S B, Achiron b 13 _EECOER % IGEEE
13 4 & RIAEERE 13 Fllc e L, 1B 78
{57 Bf (TNFRSF6 ; Fas 2 &) ZREL ¥, ¥7 13
D RRMS & 5 #lo SLE # 18 £ DOfEEE L HEL,
BO®BHEEN 1 7 4 — )L (autoimmunity-specific
signature) & LT7 R b= AHIEREFHOKERE
BHRDD, Maas 513 20 flD RA, 24 o SLE,
5% IDDM, 5HD MS, 9 DAL ¥V I NVIZYFT Y
F v ERERIBO/EEE O PBMC 2BIF LN, v F
VEHEEMAENE L HOREEED T u 7 4 VIR E
7o TC\wwizds, RA & SLE &, MS & IDDM HIdHE®
TEHL TV, HodbHORBRELEAT 27 4 —
NMELT, 7R MY AHEBEETFHORBEET 23
b7z, Iglesias & & RRMS & {#% & D PBMC % Gene-
Chip “CHEBHENT L, MS I8} % E2F BERFRE(E
FEO A% ®, E2F1 BETRE~ 7 ATk EAE
DRFE(LT B 2 L REH LAY,

3. MSicklF3A vy —7 OV R—YHEE(RE

F O

HELF, L MREMT A by 4 MHiEEET,
¢DNA macroarray % Fi\V» CREFHE 707 4 — L2
fEMT L, IFNB IZ X 3 interferon-regulatory factor IRF-
7 & pleiotrophin ® k&, IFNy IZ X % IRF-1 & ICAM-
10 EE#8D 73, Wandinger 5 X RRMS & #HE &
@ PBMC # IFNB ##7E T CTh# L, cDNA microarray
TREMT L 2%, 513 IFNB I X 5 Thl BERET
CCR5, IP-10 (CXCL10) n#EE 2R d 7z, EE L IX
13 #l> RRMS ¢ IFNG 1 EBRET - BB 3 A4 H -
6 A BB L 72, 1,259 F{EF cDNA microarray % Al
VT, RABIM CD3 BB T Mk L CD3 & non-T #HAE
T, RBEEH L BB T H (FN-responsive genes :
IRG) ZAEL~Y, T Mg 8 EET (IRF-7, ISG15,
IFI56, IFI6-16, IFI60, IFI30, ATF3, TLR5) ® L&
L IL-3, MIG O{&TF, non-T #fET 12 BT (IRF-
7, 1SG15, IFI56, IF16-16, IF127, IF117, TAP1, TNFAIPS,
TSC22, SULT1C1, RPC39, RAB11A) ® L&, IL-3
DIET#Bd 7=, 1SG15, IFI56, IFI6-16, IFI27, TSC22,
SULTICL i3I 5BHMAH 3~6 A HIZB W TR L7
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RO, —H, MEHENEERER R o718, BE
# Iz Thl B3 # {5 F CCR5 (T), IFNy (T), TNFa
(non-T) D LRERZRD 7=, TOFRIEMS TiZ
IFNB IEE I3 L D AREZ Th2 shift ZFEHE L kv &
W) RV EERT 5, L0 9L 9 B8ETF (RF-7,
ISG15, IFI56, IFI6-16, IFI60, IFI17, TAP1, TNFAIPS,
MIG) i3 7' 1 & — & —fHiSIC IFN-stimulated response
element (ISRE) ® IRF element (IRF-E) 23767 5 Bk
HIRG T, WRICEERIG LFEI N, BREIRICHE
(EEBELTwEEEZ NS, IRF-7 137 A4 VARG
Bz [FNa/BEAZHIET 2 EOFIHET TH 5%,
IFI30 & class I MHC #7sR#HUERR DBE < 4 —
WVEBTNEET, BETRE Y A TRIEEREERT
%% 5%, TAPI i3 class | MHC HIBMEHRER OB
B R7F FPE@ERT T, BETFTRE~ YA TR
CDS™THEFE IC & 2 BB IE ST A 2 ImFE T 37,
TNFAIP6 i& TNFa, IL-18 i & Y FEI N5 7 WER
BCHRAERRAEZ 2T 27, T4bb IFNBREEL
antiviral/antiinflammatory mediators Z & 3 % Z L 2%
B & dicde o, BBREESZ &1, SLE TidiamicB
b 53 PBMC o 81} 3 IRG FHEBL AMENLY,
Weinstock-Guttman & & IFNS B ERI B D 8 #l D
RRMS @ PBMC # &M ICITL, IRGZHEL
7, 2DHREZESORESD LT —N—F5v T
LT3, Liang 5 it Weinstock-Guttman & D7 —%
BANLTA VT 42T 4 7 ADOFETEENL, IRG
1Z early-onset (within 8 B§f]), intermediate—onset (24
KffH), late-onset (48 Bifd]) D 3Bl FINB I &
% R L 717, Stiirzebecher & i3 IFNS ## i 10 Bl
® RRMS ® PBMC DEBEFHE TR 7 4 — NV % ex
vivo FBHT L 7239 1eEat 6 4 B~BAthtk 12 » A £ ¢
A Gd &% MRI CIEEIEREECR B, IBRERRERK
23 60% MA LA U 7B % responder L EE L 72, ¥
7= nonresponder % % @& %> & ZhR D % > nonresponder
from initiation of therapy (INR) &, FAfaB—ERIRIIZ
BB AR D 728, FHHLE (neutralizing antibody
NAb) ¥z & b ZI R 23955 L 72 nonresponder with
development of NAb (NAbNR) D 2 Bz 3t 72, ¥ 561
PBMC # IFNB #14E T CHE L T in vitro BEIT H 1T
7=o Ex vivo BENTTIX, AR IC responder T 25 &5
F(IF117, OAS, Statl E& & IL-8, CD69, c—fos, TSC22
BETRE)N2FUEEEHL, 2095 IL-8 REET
IZ responder BB DIFE L o B Z L BWRB I Nz, —
7, invitro BT D IRG X 87 B{ETF T, responder,
nonresponder I CHRERE2RO Lo, EESIZ
o DkERERL T, IFNB B## I TGFB —stimu-

lated protein (TSC22) N LREZAD T3, H5 D
R IERS S A 7  HEEHRAF L 72 PBMC 28 L
TEh, ERREMEBETRACEE LB, £101
B D responder TIXIHFERTICKY 90 HOBEHE2Z 2
LTwah, ZhEESROEMHRELZRT MS 3E
HTIZEFTH 5, Hong 513 IFNBIBE & GA BED
MS HE#% @ PBMC %, RENE 6 BETF2HE L
cDNA macroarray TEH L, BFRGHEEETEHOM
BERFARLD, B T $ifao MRk rEG I EE
72 MMP-9 2 IFNBIC X D{ET L, GATIZ RERB L7,

van Boxel-Dezaire 5 1% 26 $l® IFNB % Zi} 7
RRMS @ PBMC T, %4 b 4 VEEFHEL L E
AR RT-PCR 51T & 1 MRAT L 7% Wafnigs 2 &
FIDFEHE% - IVMP [E13X - Extended Disability Status
Scale (EDSS) 2 a2 7 % & L T, 16 D responder &
10 #1 % nonresponder {243V} % &, responder (X IAFEHT
WWIL-12p35 R LU ARV B EOREE E L 72,
Wandinger & & RRMS T IFNB 1&#% 1 FRIBEFH
{, EDSS 2 a7BE{o &S WER% responder,
% L 7 fEf % nonresponder & EZEL 722, 20 FlD
responder & 19 $ nonresponder % real-time RT-PCR
k& ELISA ¥ C#HT 3 5 &, responder i3 TNF-related
apoptosis—inducing ligand (TRAIL ; TNFSF10) D FE3
RfemfE2 R 2 L 2 RH L7, TRAIL i3 IRG @ 1
> THh, BETFREY RTKRHEE? R F—2 R
BEERL, 377 VEBRICERRECL 9,
513 MS O T HIBIZ B 5 TRAIL HFBET 28
£ L T %%, Baranzini & 1% IFNS 1 E 1 52 il @
RRMS ® PBMC i B} 3 70 BEFOREL L%
real-time RT-PCR TRERFHIC BT L 729, 10iRES 2 48
HIEFA37 { EDSS R 2 7BALD I WEER % respon-
der, 2 [EIM _EFEH L 7-fEHI % nonresponder & EE L
7, W& X 3 5T (caspase2, caspasel0, FLICE inhibi-
tory protein ; FLIP) OFEBRL RNV D=ZXKme vy EV
T 86%HFITRE L |,E L 7z,

Bof, %5 1% 72 o IFNB RIBEIEEE MS (46
BlixERIMEE 2 4ER IFNB IRHFIR) & 22 ADEEED
FABIM CD3 Ftt: T #il% 1,259 cDNA microarray (Hitachi)
TR LT — 00w, HHERECTERLRE
=8 (R ##H7 D Bonferroni #1E# error rate<0.25) %
AT 286 BIET (£3) 2BRUTCHBRLL, 20
286 BIEF % fERETF (discriminator genes) & LT
BEHZ 5 A5 —BiTElfTL, T—FX—X (MS
classification database : MSCD) Z &3z L 7z, 286 BT
1257 7 A (class # 1-#5) i dns, £/ MS
BIIEEERLOODPN, 54T IN—T7 (A,
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Gene class | Gene symbol | Gene name Functional category

RGS14 Regulator of G protein signaling RGS14 Signal
PTPN6 Protein—tyrosine phosphatase 1C, SHP-1 Signal
E2F4 E2F transcription factor 4 TF
COX15 Cytochrome c oxidase assembly protein COX15 Mitochondria
TCFL1 YL-1 nuclear protein with DNA-binding ability TF
NHP2L1 Non-histone chromosome protein 2-like 1 TF
HDGF Hepatoma—derived growth factor GF
CSF1R Macrophage colony stimulating factor I receptor, protooncogene c-fms Cytokine
IL6R IL-6 receptor Cytokine
IL17R IL-17 receptor Cytokine
EP300 p300 protein TF
TCF17 zinc finger protein 354 A, transcription factor 17 TF
IFNAR1 IFN-alpha receptor Cytokine
CFLAR CASPS8 and FADD-like apoptosis regulator, I-FLICE Apoptosis

Class 1 ITGB1 Integrin beta 1 (CD29) Signal
RBBP4 Retinoblastoma-binding protein 4 TF
CDC10 CDC10 homolog Cell cycle
RBL2 Retinoblastoma-like protein 2 Signal
JAK1 Janus kinase 1 Signal
CCNC Cyclin C Cell cycle
ATP2C1 Ca+ + -sequestering ATPase Signal
PPP3CB Calcineurin A2 Signal
NFATC3 T cell transcription factor NFAT4c TF
PTPN7 Protein tyrosine phosphatase, non-receptor type 7 Signal
SCYB5 Chemokine CXCLS5, ENA-78 Chemokine
ATP1B3P1 Na+/K+transporting ATPase, beta 3 pseudogene Signal
TNFRSF11A | Receptor activator of nuclear factor-kappa B (RANK) Cytokine
NPR2L Candidate tumor suppressor gene 21, tumor suppressor candidate 4 Signal
RABYA Small GTP binding protein Rab9 Signal
TAF2D TATA box binding protein—associated factor, RNA polymerasell, D TF
MAPK1 Mitogen—activated protein kinase 1, ERK2 Signal
RPC62 RNA polymeraselllC TF
ABCD2 ATP-binding cassette, subfamily D (ALD), member 2 ABC transporter
CYP21A2 Cytochrome P450, family 21, subfamily A, polypeptide 2 P450
TGFBR1 Activin receptor-like kinase (ALK-5) GF
TCFL5 Transcription factor-like 5 TF
CASP1 Caspase 1, IL1IBCE Apoptosis
ABCE1 ATP-binding cassette, subfamily E (OABP), member 1, RNAse L inihibitor ABC transporter
TPST2 Tyrosylprotein sulfotransferase-2 Enzyme
GZMA Granzyme A Enzyme
TNFSF10 TNF-related apoptosis inducing ligand (TRAIL) Apoptosis

Class 2 P2Y¥5 Purinergic receptor P2Y5 Signal
RUNX1 Runt-related transcription factor 1, AML1b protein TF
SCYB10 Chemokine CXCL10, IP-10 Chemokine
EPHX2 Cytosolic epoxide hydrolase Enzyme
ABCG2 ATP-binding cassette, subfamily G (WHITE), member 2 ABC transporter
HSP105B Heat shock protein 105 kD HSP
RBL1 Retinoblastoma-like protein 1 Signal
MYC Oncogene c-myc TF
GNB5 G protein, beta 5 Signal
NR3C2 Nuclear receptor subfamily 3, group C, member 2 (MCR) TF
TXLNA Taxilin alpha Signal
ABCF2 ATP-binding cassette, subfamily F (GCN20), member 2 ABC transporter
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Gene class | Gene symbol | Gene name Functional category

ST13 Tumor suppressor ST13 Signal
TCF21 Transcription factor 21, epicardin TF
ATP6B2 H +transporting ATPase, lysosomal, V1 subunit B, isoform 2 Signal
CREB1 cAMP responsive element binding protein 1 TF
IFI16 IFN gamma-inducible protein 16 Cytokine
PMS1 DNA mismatch repair protein PMS1 DNA
HSPAIL Heat shock 70 kD protein-like 1, HSP70~HOM HSP
HSPA10 Heat shock 70 kD protein 10 (HSC71) HSP
RAPIA Ras-related protein (Krev-1) Signal
GNB1 G protein, beta 1 Signal
MAP3K7 Mitogen—activated protein kinase kinase kinase 7 Signal
PTPRC Leukocyte common antigen (CD45). Signal
POLR2G RNA polymerase I G TF
AFG3L2 ATPase family gene 3-like 2 Signal
RAB4 GTP-binding protein RAB4 Signal
GNG10 G protein, gamma 10 Signal
JUN Oncogene jun TF
BAG1 Bcl-2-binding protein (BAG-1) Apoptosis
MAPKAPK3 | Mitogen-activated protein kinase-activated protein kinase 3 Signal

Class 2 STAT1 Signal transducer and activator of transcription 1 TF
ARHGDIB Rho GDP-dissociation inhibitor Signal
SELL Selectin L Signal
CYP3A5P1 Cytochrome P450 pseudogene P450
CCND3 Cyclin D3 Cell cycle
AKAP2 A kinase anchor protein 2 Signal
M-RIP myosin phosphatase-Rho interacting protein Signal
VAV2 Oncogene vav 2 Signal
TTF1 transcription termination factor for RNA polymerase 1 TF
RBBP1 Retinoblastoma-binding protein 1 TF
GABPB1 GA-binding protein transcription factor, beta subunit 1 Mitochondria
IL18R1 IL-18 receptor 1 Cytokine
CDC27 Cell division cycle 27 Cell cycle
ATP6D H-+transporting ATPase, lysosomal, V1 subunit C, isoform 1 Signal
TCF12 Transcription factor 12 TF
TGFBR2 TGF beta receptor Il GF
GSTM3 Glutathione transferase M3 Enzyme
CSNK2A1 Casein kinase Il alpha subunit Signal
MERTK Protooncogene c-mer Signal
CSNK1Al Casein kinase I alpha isoform Signal
AGTRL2 Angiotensin receptor-like 2 Signal
PRKCQ Protein kinase C theta Signal
RPA1 Replication protein Al DNA
PDCD8 Apoptosis—inducing factor, programmed cell death 8 Apoptosis
PRKDC DNA-dependent protein kinase catalytic subunit DNA
MADH4 Mothers against dpp homolog 4 (SMAD4) TF

Class 3 MX2 IFN-induced cellular resistance mediator protein (MxB) Signal
PECAM1 Platelet/endothelial cell adhesion molecule (CD31) Signal
VCAM1 Vascular cell adhesion molecule 1 (VCAM1) Signal
GNG2 G protein, gamma 2 Signal
RALB GTP-binding protein RALB Signal
RABGAP1 RAB GTPase activating protein 1 Signal
CDC16 Cell division cycle 16 homolog Cell cycle
PIM1 Oncogene pim-1 Signal
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RAB7L1 RAB7, member RAS oncogene family-like 1 Signal
BAK1 BCL2-antagonist/killer 1 Apoptosis
SGK2 Serum,/ glucocorticoid regulated kinase 2 Signal
TRA@ T-cell receptor alpha chain Signal
TGFB1 TGF-beta 1 GF
PMM1 Phosphomannomutase 1 Enzyme
CSNK2A2 Casein kinase Il alpha prime subunit Signal
PLCB2 Phospholipase C-beta-2 Signal
ERCC3 DNA repair helicase ERCC3 TF
NFRKB Nuclear factor related to kappaB binding protein Signal
CDK2 Cyclin—dependent kinase 2 Cell cycle
ERBB2 v-erb-b2 erythroblastic leukemia viral oncogene homolog 2 GF
HRAS v-Ha-ras Harvey rat sarcoma viral oncogene homolog Signal
SLC1Al Solute carrier family 1, member 1, glutamate transporter EAAT3 Signal
NBS1 Nijmegen breakage syndrome 1 {nibrin) DNA
IL2RG IL-2 receptor gamma chain Cytokine

Class 3 ATM Ataxia telangiectasia mutated (ATM) DNA
CDC2L5 Cell division cycle 2-like 5 Cell cycle
STIP1 Stress—induced-phosphoprotein 1 Signal
ABCF1 ATP-binding cassette, subfamily F (GCN20), member 1 ABC transporter
SPIB Spi—B transcription factor TF
ADH2 Alcohol dehydrogenase 2 beta Enzyme
GNAQ G protein, q polypeptide | Signal
ABCB10 ATP-binding cassette, subfamily B (MDR/TAP), member 10 ABC transporter
PAK2 p21-activated protein kinase 2 Signal
STAC Src homology three and cysteine rich domain Signal
ERBB4 v-erb—a erythroblastic leukemnia viral oncogene homolog 4 GF
POLE2 DNA polymerase, epsilon 2 DNA
CD79B immunoglobulin-associated protein B29 (CD79B) Signal
ATP7A Cu+ +transporting ATPase, alpha polypeptide Signal
ATP6S1 H-+transporting, ATPase, lysosomal, subunit 1 Signal
EGF EGF GF
AKAP9 A kinase anchor protein 9 Signal
ABCC5 ATP-binding cassette, subfamily C (CFTR/MRP), member 5 ABC transporter
CHST2 Carbohydrate sulfotransferase 2 Enzyme
ABCB7 ATP-binding cassette, subfamily B (MDR/TAP), member 7 ABC transporter
HSPAIA Heat shock 70 kD protein 1 (HSP70-1), HSP
CCR5 CC chemokine receptor 5 Chemokine
DAXX Death-associated protein 6 Apoptosis
DOK1 Docking protein 1 Signal
SMARCA3 SWI/SNF related, matrix associated, actin dependent regulator of chromatin DNA
MSH2 DNA mismatch repair protein MSH2, mutS homolog 2 DNA
MAP2K1 Mitogen-—activated protein kinase kinase 1 Signal

Class 4 TOPBP1 DNA topoisomerase Il binding protein 1 DNA
NR3C1 Glucocorticoid receptor TF
HSPCA Heat shock 90 kD protein 1, alpha (HSP90 A) HSP
TAF2F TATA box binding protein—associated factor, RNA polymerasell, E TF
TSC22 TGF-beta-stimulated protein TSC22 TF
AKR1B1 Aldo-keto reductase family 1, member B1, aldose reductase Enzyme
ADPRT Poly (ADP-ribose) polymerase, PARP Apoptosis
HDAC1 Histone deacetylase 1 TF
RABI1A RAB11 A, member RAS oncogene family Signal
TCEBIL transcription elongation factor B, polypeptide 1-like (SKP1A) TF
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PCNA Proliferating cell nuclear antigen Cell cycle
ATP6H H+transporting ATPase, lysosomal, VO subunit e Signal
IL16 IL-16 Cytokine
TPR Translocated promoter region to activated MET oncogene Signal
NTF5 Neurotrophin—4/5 GF
MCM3 Minichromosome maintenance deficient 3 DNA
IRS4 Insulin receptor substrate 4 Signal
TP53BP1 Tumor protein p53 binding protein 1 Signal
ADCY7 Adenylate cyclase 7 Signal
MSH6 DNA mismatch repair protein MSH6, mutS homolog 6 DNA
COX10 Cytochrome ¢ oxidase assembly protein COX10 Mitochondria
COX11 Cytochrome c oxidase assembly protein COX11 Mitochondria
IL2RB IL~2 receptor beta chain Cytokine
ATRX Alpha thalassemia/mental retardation syndrome X-linked, RAD54 DNA
AKAP11 A kinase anchor protein 11 Signal
YWHAH 14-3-3 eta protein Signal
KRAS2 K-ras oncogene Signal
NKRF NF-kappaB repressing factor Signal
POLR2H RNA polymerase I polypeptide H TF
ING1 Growth inhibitory protein ING1 (p33) Signal
CDC25B Cell division cycle 25B Cell cycle

Class 4 CASP10 Caspase 10, MCH4 Apoptosis
RASSF7 Ras association (RalGDS/AF-6) domain family 7 TF
ABCB1 ATP-binding cassette, subfamily B (MDR/TAP), member 1 ABC transporter
PSMC4 Proteasome 26S ATPase, subunit 4 Signal
HSBP1 Heat shock factor binding protein 1 HSP
ALDH9 Gamma-aminobutyraldehyde dehydrogenase Enzyme
CD2 T-cell surface antigen CD2 Signal
EPOR Erythropoietin receptor Cytokine
ABCB6 ATP-binding cassette, subfamily B (MDR/TAP), member 6 ABC transporter
MSTIR Macrophage stimulating 1 receptor (RON) Cytokine
MADH2 Mothers against DPP homolog 2 (SMAD2) TF
TNFRSF1A | TNF receptor type 1. Cytokine
™ Rho guanine nucleotide exchange factor 5, oncogene tim Signal
PSMC6 Proteasome 26S ATPase, subunit 6 Signal
AP1S2 Adaptor—related protein complex 1, sigma 2 subunit Signal
ISGF3 G IFN-stimulated transcription factor 3, gamma (p48) TF
PRKCBP1 Protein kinase C binding protein 1 Signal
CRADD CASP2 and RIPK1 domain containing adaptor with death domain Apoptosis
CDK4 Cyclin—dependent kinase 4 Cell cycle
IRF2 IFN regulatory factor—-2 TF
PRKCN Protein kinase C, nu Signal
IL1IRL1 IL~1 receptor-like 1 Cytokine
SKIL Ski-related oncogene snoN Signal
NR4A2 Nuclear receptor subfamily 4, group A, member 2 (Nurrl) TF
TNFAIP3 TNF alpha inducible protein A20 Signal
GADD45A Growth arrest and DNA-damage-inducible protein GADD45 A DNA
TCF8 Transcription factor 8 TF

Class b ATF3 Activating transcription factor 3 TF
SGK Serum/glucocorticoid regulated kinase Signal
SCYA3 Chemokine CCL3, MIP1 A Chemokine
HBEGF Heparin-binding EGF-like growth factor GF
CDC42 Cell division cycle 42 Cell cycle
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NFKBIE I-kB epsilon Signal
NFKBIA 1-kB alpha Signal
FGF5 Fibroblast growth factor 5 GF
PDGFRA Platelet—derived growth factor receptor alpha GF
BRCAlL Breast and ovarian cancer susceptibility protein Signal
BAG4 BCL2-associated athanogene 4, silencer of death domains (SODD) Apoptosis
RIPK2 Receptor-interacting serine—threonine kinase 2 Apoptosis
IFNA16 IEN alpha 16 Cytokine
TNFAIP6 TNF alpha-induced protein 6 Signal
CYP4B1 Cytochrome P450, family 4, subfamily B, polypeptide 1 P450
CPE Carboxypeptidase E Enzyme
TNFRSF10C | TRAIL receptor 3 Apoptosis
DIRAS3 DIRAS family, GTP-binding RAS-like 3 Signal
THRB Thyroid hormone receptor, beta GF
SULT4Al Sulfotransferase family 4 A, member 1 (SULTX3) Enzyme
PRKCM Protein kinase C, mu Signal
KITLG c-kit ligand, stem cell factor GF
NR1I2 nuclear receptor subfamily 1, group I, member 2 (PXR) TF
CYP3A4 Cytochrome P450, family 3, subfamily A, polypeptide 4 p450
TFAP2C Transcription factor AP-2 gamma TF
NR5A2 Nuclear receptor subfamily 5, group A, member 2 (B1F) TF
UGT2B4 UDP glucuronosyltransferase 2 family, polypeptide B4 Enzyme
CRYBA4 Beta—A4 crystallin Enzyme
GHSR Growth hormone secretagogue receptor, ghrelin receptor GF
IL10 IL-10 Cytokine
PEMT Phosphatidylethanolamine N-methyltransferase Enzyme

Class 5 ILF1 Interleukin enhancer binding factor 1, forkhead box K2 TF
CDK5R1 Cyclin-dependent kinase 5, regulatory subunit 1 {(p35) Cell cycle
ATP2B3 Ca+ +transporting ATPase, plasma membrane 3 Signal
CSF3 Granulocyte colony-stimulating factor {(G-CSF) Cytokine
TGFB2 TGF-beta-2 GF
NR2F1 Nuclear receptor subfamily 2, group F, member 1 (COUP-TFI) TF
MAPK13 Mitogen—activated protein kinase 13 (SAPK4, p38delta) Signal
AADAC Arylacetamide deacetylase Enzyme
SCYA13 Chemokine CCL13, MCP4 Chemokine
PNMT Phenylethanolamine N-methyltransferase Enzyme
GNA13 G protein, alpha 13 Signal
ALDH7 Aldehyde dehydrogenase 9 Al Enzyme
CYP1A2 Cytochrome P450, family 1, subfamily A, polypeptide 2 P450
SCYA24 Chemokine CCL24, MPIEF2 Chemokine
TRAF4 TNF receptor-associated factor 4 Signal
KARP1 Ku86 autoantigen related protein 1, DNA repair protein XRCC5 Signal
CYP8B1 Cytochrome P450, family 8, subfamily B, polypeptide 1 P450
CYP17 Cytochrome P450, family 17, subfamily A, polypeptide 1 P450
IL12B IL-12 pd0 Cytokine
ABL2 v~abl Abelson murine leukemia viral oncogene homolog 2 Signal
EGFR EGF receptor GF
SCYB14 Chemokine CXCL14, BRAK Chemokine
TIMP3 Tissue inhibitor of metalloproteinase-3 Signal
CYP2E Cytochrome P450, family 2, subfamily E, polypeptide 1 P450
MIG Chemokine CXCL9, MIG Chemokine
CYP4F2 Cytochrome P450, family 4, subfamily F, polypeptide 2 P450
GJB1 Gap junction protein, beta 1 {connexin 32) Signal
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GNG3 G protein, gamma 3 Signal
CYP2A6 Cytochrome P450, family 2, subfamily A, polypeptide 6 P450
IGF2 Insulin-like growth factor IT GF
NOVA1 Neuro—oncological ventral antigen 1, paraneoplastic Ri antigen Signal
THY1 Thy-1 cell surface antigen Signal
SCYA1 Chemokine CCL1, I-309 Chemokine
NFKB2 NF-kB subunit p52/p100 Signal

Class 5 SCYA18 Chemokine CCL18, PARC Chemokine
CDC25A Cell division cycle 25 A Cell cycle
TERF1 Telomeric repeat binding factor 1 DNA
CES1 Carboxylesterase 1 Enzyme
SLC6A2 Solute carrier family 6, member 2 Signal
AVP Arginine vasopressin Signal
POLR2J RNA polymerase 1, polypeptide J TF
SCYB2 Chemokine CXCL2, GRO2 Chemokine
SCYB1 Chemokine CXCL1, GRO1 Chemokine
TOP1 DNA topoisomerase [ DNA
CHST4 Carbohydrate sulfotransferase 4 Enzyme

no class SLC35A1 Solute carrier family 35, member 1 Signal
ST1B2 Sulfotransferase family, cytosolic, 1B, member 1 Enzyme
TAF2H TATA box binding protein—associated factor, RNA polymerase II, H TF

72 B0 IFNB RIGFHEIE MS & 22 B OEEE QKM CD3 Bt T MO EFHREEN ©, TR cERAREER 2T T 286 18
BEETEEEL, BENS 725 —BITR T L, 206 BEFIRIEFED 5 BETLRE, 5275 Z (cdass # 1-#5) KM ES R
7<, Abbreviations : Signal, signal transduction ; TE transcription/translation factor/regulator ; DNA ; DNA damage/repair/replication

regulator ; GE growth factor ; HSP, heat shock protein.

B,C,D) i HE N A BIIBETHE /0y 4 —
WRLBEFICEML, BBIIERMNEEESED
& <, chemokine EEFDEMR L 7z class # 5 DFEL
AVPEROEL, CHRIAMBERRE2ET 5 BE
%<, DEEIZEDSS R a7 BB bBHETH >, £/~
HEEL MS-AB2ZEAI LG 58 BEFER DAL
T L AT, IFNBIREIESICIL, BRI 2 £/
DEFEZ - IVMP H# - ABtH# - EDSS 2 2 7 -
MRI T2 BFEGHR R L WG REERA 2 7 2 £E5H L
T, responder & nonresponder iIZ 338§ 3 &, IFNB
responder I A & B BEIZEM L TV> 72, Responder
1Z nonresponder IZ HER L C, IREBAIAT: 6 4 H DR R
® IRG (ISG15, IFI27, MCP-1, TNFRp75) DHHE L
VPSRBT,
EEODT—IR—ADERAUERIET 270, H
# 11 FEF 2 BID active RRMS, 4 FIoD stable RRMS,
2 D possible MS, 1 FIDEMEREL, 2 HlOEHMEE
e RAEVE B BE M 2 SR AK) % MSCD IKHEA X ¥ 3
&, BUEMIEF D 2\ stable RRMS 1%, BENZ 5 %
y—ETIC L h 2fIEEERCIEIN: (M2), —
7, BHERAEME BT S R MR (chronic inflamma-

tory demyelinating polyneuropathy ; CIDP) i MS-A #
I N7, MSCD 27+t v I (training set) & L
THEWFE L SIM BTt k- Tdh, kRO L—
TOEOIELENTRFI N, B, &
F o OERITRMHRTRICN T 2 B2 REB 28
592 CIDP &, #RHEHAEFEICNT 2 HOfBEEF
THEET 2 MS %, THIEBEEZFRRE 074 —-1D
QDB Y, CIDP 1X DNA w4 2 07 L A BT/
T MS EERIHRR W L 2TRBT 2,

Ebbic

BETF7 VA BT, BRRETRLEBRD & CIRER
R EBOMBEZKHOY — L, BEEEEDTHD
FHl, EYRGHELEER O, BEMROHEL
CIRACERCHPTETH 3, REHEABEME
RENRE L7y —FREZET L2 3, H
EE D 80% Ll LA DNA microarray 2 & 3 MS ZH#iEk
X IFNS BB R FHIEER CHERZR>Tw3 Z
LHSHEBEL 7250, SEEE 5 i MS 25 T $IFRE 75
B7a74—nicETE 4 HIcHEIN, EHRER
TRENME - IRE S - IFNB IRERIGHE: L BELNIE2
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R V[S-A B BT /I Hooun
No. 1,10, 11 No. 5

No.2,3

e stable RRMS
e stable RRMS

No.4,6,7,8,9

e stable RRMS

e stable RRMS
e active RRMS

e possible MS

e optic neuritis

e active RRMS
e active CIDP
e active CIDP

e possible MS

B 2 BREWS S Ay —f#h

KIGEE MS (n=72) LEHE Nc (n=22) O T #fZ#% cDNA microarray (1,259 BEF) THITL, KRZ=E%
A7z 286 BIET (F 3) % FEEEE T (discriminator genes) & L THEBII Y 5 2 ¥ — BT 21T\, T—4F _—
A (MS classification database : MSCD) 2832 L 7z, MS Béld Nc oo 98X 4, X5i1CA B, C, Dn4
BHICoEI N, ABBEBEFREA D 7 4 —AHb Ne BICEML TR Y, BEBRETNe & A 233
T % 58 Mo F2BERL 7z, ¥4 11 FEH (2 BID active RRMS, 4 %D stable RRMS, 2 #lld possible MS, 1
D optic neuritis, 2 #l? CIDP) % MSCD #A& ¥ 5 &, stable RRMS 1244 Nc BElc4E & 1, —75 CIDP
I ABICOEIN ., BRUE Nc#EE MS-ABD 7 5 29— %77,

ROBIELZ2HREL, T—IR—2%HLL 7% (MS
classification database : MSCD), 4% MSCD %##ic L
TMS 7—7 X4 FERBIZICHIT THEZED 2 F
ETH 5D,

Efs:

BRRTHEN LR, BB - it v ¥ —miRm
FRTRIETEERILN BEE, HbshTid, PEEEL
%, BEWHfThE, LEFRKE, EEENSGE, HEM
BERSGAE, MBI BSEL, B X UOERMERE OB -
BEERZCEITIMAMOMEER L OXRATE L X
N, VP 17 FERESERNPHEERNES Z 2 5 0EER
¥ BEFT7 LA X 2 L REEEFHTH 7 1B
THPE  HI7— 2 2 % —020) $ & OFR 17 EERERE
La—2U/PA LV AREWNESETE DNA A 70714
2 & 2% REBE O DEZ Wi kOB I 2574 :
KH21101) OB % %) 7=,
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Abstract

Microarray analysis classifies multiple sclerosis subgroups
Jun—ichi Satoh™
from

) Department of Immunology, National Insitute of Neuroscience, NCNP 4-1-1 Ogawahigashi,
Kodaira, Tokyo 187-8502, Japan.
2) Department of Bioinformatics and Neuroinformatics, Meiji Pharmaceutical University,
' 2-522-1 Noshio, Kiyose, Tokyo 204-8588, Japan.

Multiple sclerosis (MS) is an inflammatory demyelinating disease of the central nervous system (CNS) white
matter mediated by an autoimmune process, whose development is triggered by a complex interplay of multiple
genetic and environmental factors. MS shows a great range of heterogeneity in terms of the disease course, lesion
distribution, therapeutic response to IFNS, and pathological aspects such as inflammation, antibody deposition, oli-
godendrocyte apoptosis, and axonal degeneration. These observations suggest that MS is a kind of neurological
syndrome caused by different immunological mechanisms leading to the final common pathway that provokes in-
flammatory demyelination. DNA microarray technology is a novel approach to systematically monitoring the
global expression of a large number of genes. It gives us new insights into the complexity of molecular interac-
tions promoting the autoimmune process in MS. By microarray analysis followed by hierarchical clustering, we re-
cently found that gene expression profiling of peripheral blood T lymphocytes discriminates four molecularly dis-
tinct subgroups of MS, associated with differential disease activity and therapeutic response to IFNS. These ob-
servations suggest that microarray analysis is valuable for designing and optimizing personalized treatment for
heterogeneous populations of MS.
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Interferon—beta therapy in multiple sclerosis
Jun—ichi Satoh
Department of Bioinformatics and Neuroinformatics, Meiji Pharmaceutical University

Abstract

Multiple sclerosis (MS) is an inflammatory demyelinating disease of the central nervous
system (CNS) white matter mediated by an autoimmune process, whose development is
triggered by a complex interplay of multiple genetic and environmental factors. Interferon
-beta(IFNB ) substantially reduces clinical exacerbation and MRI disease activity in MS,
possibly by inhibiting the antigen—presenting capacity, by reversing a Thl shift of the
immune response, and by suppressing the transmigration of autoreactive T cells into the
CNS. However, it has become evident that a significant number of MS patients do
not well respond to IFNS and experience adverse effects. Using a DNA microarray,
we have recently identified a battery of IFN -responsive genes(IRG) in peripheral
blood lymphocytes, which play a key role in biological effects of IFNA in MS. They
include IRF-7, a positive feedback regulator of IFNJ production, IFI30 and TAP1, a key
component of the antigen—presentation machinery, and TNFAIP6, a secreted protein
with antiinflammatory activities. Furthermore, IFNp promptly induces proinflammatory
chemokines and cytokines responsible for adverse effects in MS. Hierarchical clustering
analysis of T cell gene expression profile discriminates four molecularly distinct subgroups
of MS, associated with differential disease activity and therapeutic response to IFNS. A
panel of IRG are upregulated persistently in IFNS responders but not in nonresponders
after treatment. These observations suggest that DNA microarray analysis is valuable for
designing and optimizing personalized treatment of MS.

Key words: DNA microarray, hierarchical clustering analysis, interferon-responsive
genes, multiple sclerosis, personalized medicine
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