B AR AR M &

ST Y

RAT5TS

=ES

SFHEBLEICHT DM 2 F—T 0 EED
ROFEBIROZ DR IEICET 2 ZRFD
fRATICEE S BF5E (H13—45%<—08)

TRk 14 FE B - o EAEREE

EEHFEE N B
YRk 16 & (2003) 3 H



H X

I. BAEPFRERE

BE : R AR ER

Microarray analysis identifies IFN 8 -regulated

II.

1.

ZHEMEEICHT D1 25 —T7 20 U FHED
R OFER S 0T OFFRIEICET 5 EREFD
FRATICBE T 25T

e o

genes in MS

SRS ER

B E AR R (T B R U >/ BRI
BT 5 IFN 3 -responsive genes(IRG)
DNA microarray {7 & 24

FEERE—

AT O VIEEEAOY ) ZHIVNA &

INUY RS
NMHEH FE
SRMEFLIEICHT B ¥ —T7 20 2 EBED
NROFHBERVIZOREEICET2ERRED
FENTIZBAY ST

SEET e,
. A& AL HEB{LIEICHB T S 82 adrenergic

receptor Bin TSR BT
FHhEE

5.7 2/ EBAAHAERNIC XS ERMB CREN

MEHEROME L OA 7 —T 10 BDHDIRE

BOLFDE .

----------------

35 ~ 40

4] ~ 44

b4 ~ 60



6. FBEEEEEILREEELEOREREZ
RETLEEEZNHET S
BRAE—
7. ZFEMEBCEIC BT D HERE
KEEE
8. &t MAKEMME Mok BHIALIC
BT DB T OREN
MH OB

M. HERROFITIZBETZ -8R .

V. BERROHTH-BIR

V. PRI4EERRFTOT L

VI. BkBE%E 00000



[ AR IS



BABBRZMERMIE FERBXRUIFEER)
RIEFAREE

L BRMEECRT B LT O VEIEOHROREREROE DR ITET 5
BREOHEHIZEET 2%

TR E LN B BN - SR —RTRRT RRITREBSE K

MREs AMFEER. 2REBLEMBECINTEZAF—-TJzOy « X—F
(IFN-8) BEOWRERBEFEHO ML, BAZEETERLZZOMMWVIESR (57
—T— A RER OHIICHRITAIEFEBELUTHEBEIN. FEER, M
DEEICI - THREME, B, EFRiEsED. 7T [FN-BERERICX> TRE LN
IHRHEEICEET28IETE2 DNA Y1707 LA TEBEETS I &ITHEL 7,
35 @ IFN B&EEFE (IFN-responsive genes; IRG) 3. MS @ IFN-B#EIX
EHEEETAEEARY A — SR BHEMENS <, IFN-pRIKICHT B L AR Y
s S VARV B EDA L TRELRDEEFEFD. IRG Zid, IFN-
PEAIIBIT A FOHMEER T IRF-7 PHERSHEEO L ESKRKN T THS 1FI30
% TAPL. HiREEREED TSG-6 MEEN T4, Thl ® Th2 (2T 541
R AT EHA L OBEFIZOWTI., IFN-PEEILIDERREBR AN 7.
Oz E, IFN-BOERBRICOWVWT, TNETOREFB TR DO RBREENERED
ULh->TEE,

FAN oo
XA EF
i M SRR A RS
B VR - w5 — IR
GIHIRIE HE e ' .
S OIS B SR A SR L B R
Nt #*
E Tk - SRR L & — R i DAL S
WENE BE i
o my TR - A & - R
E SR - AR 5 - AR AL
BRI =
REESIE =R R BT
P B el A ]
JEotEE K AP E L AENE BF I
W T2 K S SRR R
BPAT  5—
5 T [ B A S AR A R B B




A BFREHMERX

SREFIE MS) &, BELBRE
EROETHOAERE SN TS,
ERSEMRBRTERPANEZERE
TOHOHOABEREELEIONTNS,
FIZE, BRACRE-22&2TAHT
b, BETLICRZHFIREENES. K

BRI OVTERBEENEEROLD &,

ZHATRVWHDRENRDHL, TDEDIR
GIEFMNH B WD BN RN,
MS WENEATEICHYERSZ I &,
BERIGEBE—TIRBWI EE2EKT
35, BE, BREOOMEICBTR L
—7x8r - X—% (IFN-B) #EEDH
B ZE R D &, IFN-BEENEHLH T
EHTholEBBZoN2BERLE. £
HTIERBWEICMINBZEN, BHIC
RTHNS,

IFN-B13 MS OBREEZRIVIEE
Wy esdETA2IENTEHINBE
BT, BEMAFTERAEINTNVWS, £
DPRITHEARD B HOD., FENEL
DOHDBERELL T, SHREAYENCD
o THMNED MS BRICBWTHOM
R EABIENBEIND, BFE
DIAARPEERLREEERT S &,
IFN-BOER BB FF £ B 2T REEL .
BHERINEE T T2 HiEERAEL.
REBETIERTE3 XD RBWEHEE
DI &, BESBRFZOMKRHE
FLTHEYITHED., BEIZhE->TWS
EEZ NS,

ARFZEHE TIX. MR ERARICED,
IFN-BEEIC L > TFOREANEHT 3
BIzFEEEL. #o/-1EHE MS @
BRSO EMUFTICEBLTAIEE —RE
LTHEEEDE. Fixwmel T,
cDNA 4707 LAtk Vi
EFREBREDPBICEZ =, RENR
BEEIX. IFN-BOBERIGEETHITS
HiEDQHEBETHBHM, HEE2ED2EE
CBEWTEL DORIENFEN. FHM

)

WOWTH, MEXABEREICLSHLER
% { Microarray analysis identifies
[FNb-regulated genes in MS; E¥l &
LTHRM) 223NN,

Fi-, SHEHAEZRIRMFTICHBNTS
I TR<, MS OE#EKELR EXH
5702, BLOHRET—<ERELT
MEEEDTWS, JNHFHEER, HIE
-y -—HBRERIZHBTD
I[FN-p #iLBADHED HEHRML, 7
DR - RAENRND) 7 AWEL -
REHEDE, EHRODLBVWREET
[FN-p BEZEZHEATHIROEZFIIRD
EHBIERI M REINTWS., ZEHE
{3, Gene chip & cDNA~YA 707 L
DB ET N, TNEFROFHER
HEFEDE, FOMOSHEREICDN
T, FHERRRSZEE2RIZL TwE
EEE,

A BgE LA

Poser DZMEEEW/-T 13 BlOBRE
EREY clinically definite MS (EDSS 2.7
1T A T74— LR -2 %
R5#%Ic. IFN-p (Betaferon 800 MIU,

ET. BA%KLE) OBEWEE (Pre), &5
#3~2H 3mo). 6 #H (6 mo) iZFK
i &8E L, Ficoll-Paque T') 2 /%R
{(PBMC) #%7%7-. MACS cell separator
T CD3+ T #iiasmm, 8L CD3- 3
THIRRDEZDEL, BOBOXD total
RNA ZHitH, #EL, |ABKE Cyd T
FRINLE, EEBEE 3 H40THEY
JETHIBR-E L D[EHEIZ RNA 2308, &
aE Cy3 TINIMLT, %
universal reference & UL THW =, 1,263
cDNA  microarray  (Hitachi  Life
Science) &, FEE® Cv3. Cyb NJL
cDNA TSNS TUF A E—- 3>
i\, ¥ F )% Scan Array 5000
scanner (GSI Lumonics) THH L. 57—
4 % Quant Array software (GSI



Lunomics) TE BEMIZHEHN L 7=, Gene
expression level (GEL)= the signal
intensity of the MS sample/the signal
intensity of universal reference & Gene

regulation index (GRI)=GEL at 3 mo or
at 6 mo/GEL at Pre 28H L, Cyber-T
(regularilized t) test THEBREEIZRL
FFBEFRERELE.

B. #FEfER

HFRIZDOWTREREBR O R R
HEEB I VRMER OB B RER

{ Microarray analysis Identifles
IFNp-regulated genes in MS) 23
mLE, B 1) FLE 1,263 B
mTDHH 21 BETITOWT, IFN-BH
WICHEDOFEREGZH. 2) 55 16
BT IFN-BHEBRTREENEL. 5
BEFNRBEMET L. 3) BELER
Roshz 16 EEFOIB 9 BlaTFid.
IFN-responsive  promoter elements
(IFN-stimulated response element £/z
I3 IFN-regulatory factor-clement &%
) #= &, BERO IRG THolz, £i-
Z0fo 5 BETFICOWTS, IFN BE
MENINFEFTIIREENTNEDOTH
-7, 4) Thl ® Th2 REFICEEL &
ZT. IFN-BHEEICE B> THER
ERERE Mo T,

D. E%

SEDBEIHCEZ D, IFN-BEEICL -
THEICRRAZESHZ R LEEBETORE
i3, interferon-responsive element
EREDBREFTHAHIEN, BFLDHTH
Sz o, JORRIE. BIRTH
Wit cDNA XA 7107 L BT OEH
WERIET BEE BT, IFN-PBERIE
HERETLIEERRETORE

(interferon-responsive element %
DY EHOMZLEBDEZBZLNLD.
IFN-BEETEE L /- 21 HzmFOHF

T. BHEHRERRT S EMFIEHS
M2 & LT, TNFAIP6 D8 (5]
RIEERD . IL-3 D{ETF. MIG B{EF,
SLC7A1 DETRETH B, FOMOD
BAERTFRELHOERITPS N TRV,
S% MS OIBRFIEN SR DTHEEDH 5
DTEBISN, EhOTHERERN
Bon-bOEERLTVS,
ELMEZ/HENTNBERITELT,
IFN-BIBEIX Th2 REEFHETH &0
HF|MBH B, Lhl, Bax O RIZ.
TORFEEEHFE LY, BL Th2 RE&
NEEXNZELTSH, Bon-HCK
P THIIBIZC DWW TAEBNBERTHY.
GIERERE Th2 IZRFSEZIHOT
BRanweEELLENSD,

E. #&#%

IFN-BIGERIC L » THEL N OLH
THREGETFOKRENET. 70E—5—MH
BRIz interferon responsive element %
#D IRG THhoir. THEDEETICRK
FrE#sdI&T, IFN-BBEIZRIET S
BEERBICRET S EMnfEEICAZDS
nbLNRWL, BIEMELT. BO%RE
HEREDH LU NWERENEZEEET S
ZEIWTRIL =

F. FERE
1. FHEXE
W E

Mivamoto K, Oka N, Kawasaki T,
Mivake S, Yamamura T, and
Alkiguchi I: New cvclooxygenase—2
inhibitors for treatment of
experimental autoimmune neuritis.
Muscle and Nerve 25 : 280-282,
2002.

Gumperz JE, MiyvakeS, Yamamura T,
and Brenner MB: Functionally



distinct subsets of CD1d-restricted
natural killer T cells revealed by CD1d
tetramer staining. J. Exp. Med. 195:
625-636, 2002

Kondo T, Takahashi K, Kohara N,
Takahashi Y, Hayashi S, Takahashi H,
Matsuo H, Yamazaki M, Inoue K,
Miyamoto K, and Yamamurg T:
Heterogeneity of presenile dementia
with bone cysts (Nasu-Hakola
disease): Three genetic forms.
Neurology 59:1105-1107, 2002

Araki M, Kondo T, Gumperz JE,
Brenner MB, Mivake S and
Yamamura T: Th2 bias of CD4* NKT

cells derived form multiple sclerosis
in remission. Int. Immuol. 15:
279-288, 2003

Sakami S, Nakata A, Yamamura T,
and Kawamura N: Stressors increase
in vitro T cell apoptosis in humans.
Neuroimmunomodulation
10:224-231 (2002-2003)

Miyamoto K, Mivake S, Schachner M,
and Yamamura T: Heterozygous null
mutation of mvelin PQ protein
enhances susceptibility to
autoimmune neuritis targeting PO
peptide. Eur. J. Immunol. 33: 656-
665, 2003

Watabe K, Sakamoto T, KawazoeY,
Michikawa M, Mivamoto K,
Yamamura T, Sava H and Araki N:
Tissue culture methods to study
neurclogical disorders: Establishment
of immortalized Schwann cells from
murine disease models.
Neuropathology (in press)

Chiba A, Mivamoto K, Hashimoto H,
Yamamura T, and Mivake S: Natural
killer T-cell activation by OCH, a
sphingosine trucated analogue of o~
galactosylceramide, prevents
collagen-induced arthritis.
{(submitted)

Takahashi K, Mivake S, Endoh M and
Yamamura T: The regulatory role for
natural killer cells in the
“smouldering” state of multiple
sclerosis. (submitted)

Bedoui S, Mivake S, Mivamoto K,
Oki S, Kawamura N, Beck-Sickinger
A, von Horsten S, and Yamamuyra T
Neuropeptide Y suppresses
experimental autoimmune
encephalomyelitis: Y1 receptor—
specific induction of a TH2 shift in
vivo. (submitted)

& F)

Bedoui S, Kawamura N, Straub RH,
Pabst R, Yamamura T, and von
Horsten S: Review. Relevance of
neuropeptide Y for the neuroimmune
crosstalk. J. Neuroimmunol. 134: 1-11,
2003

Yamamura, T., K. Miyvamoto, Zs. Illes,
E. Pal, M. Araki, and S. Mivake:
Svnthetic glycolipids as potential
therapeutics for autoimmune disease.
Curr. Topics. Medic. Chem. (in press)

IR #

ERB—. ZEZT. KRS, HiaE,
LI FE : EEBRRYE R RN AR A



(EAE) DIERICHIT 5 RN COX-2
FRERDZR. BERET
10:106-107, 2002

OO ZEET UM B

CDA*CD25* T fiifgic X 2 BRI E 7%

R FHR(EAE) DI, iR
10: 108-109, 2002

It [ SRS LN TERIZBITS
ZREBEDS R L T ORE, By
EFNE ORE. BEERE  (FIR
H)

EARM-. ZEET. KBRS, B,
Wit [ RERAVE CRBEN B
(EAE) D¥#fIzEIT5RINA COX-2
FHEM O R, MiEREY 10:251-254,
2002

g Y

ZFEET WA B NKT#IHS & £
H CRIEEI B A SR O 25m.

AFHIE & WS 77 O0-—F. Mebio
19:61-67, 2002

AR B R, Wi & SR
PEEALIEIZ BV 5 NK #ilg. NKT #ifed
BI5. AMREAE 56:312-318, 2002

ikt B NKTHREHLWED G
FRIEHEE. Medical Science Digest
28:306-307, 2002

EAB -, ZEET. I B omieE
2k D E ORISR O, BY - RIE - &
% 32 :200-201, 2002

Lt & =ExZB— BEhLRE Zg
I NK - NKTHifgiz L 3ERMNB 4
TR ERi % (EAE) OREHIE. BN
EREERBT S [ RIEEORITH

FRBMRRIE S AT AQEIFENERE
HEL T 47: 1115-1120, 2002

B B 2 EF UM @B-H
CREMERFHER IO 5 NKT #IsETE
BUA D MRk sy
10:209-211, 2002

ek Mo R B SRMEMIIER
BB I T 20N FEEDH
RAERF. BER (ENRITH)

L#t BE o NKTHIBIC KB Cafss
Dl . Molecular Medicine 40 2003 (E
Wl k)

B pRE it B fiaLAso-
WERIZL D Th2 AL OFHE (MS Dk
NDOISFIEATRED 2) . BRI (FIR) )

2. FREX

HRFRRER
AR

Yamamura, T: Autoimmune
encephalomyelitis and natural killer T

(NKT) cells. Special lecture. The 6th
Annual Meeting of Taiwan Child
Neurology Society. Taipei, May 18,
2002

Araki M, Kondo T, and Yamamuyra T:
ThZ2 bias of CD4* NKT cells in multiple
sclerosis. Concurrent Thematic
Symposium II. Innate Immunity.
FOCIS (Federation of Clinical
Immunology Societies) 2™ Annual
Meeting. San Francisco, June 29, 2002

Yamamura T, Araki M, and Mivake S:
OCH, an altered glycolipid ligand of -



GalCer, induces Th2 bias of rodent and
human NKT cells: The implication for
treatment of human autoimmune
disease. 2" International Workshop on
CD1 antigen presentation & NK T
cells. Woods Hole, USA, Nov 8, 2002

Yamamura T: The involvement of NK
and NKT cells in multiple sclerosis.
COE International Symposium.
Neuroimmunology: Recent advances
in Basic and Clinical Research.
Nagasaki, March 12, 2003

Yamamura T: PO+/- mutation
enhances susceptibility to PO-induced
autoimmune neuritis owing to a
defect in central tolerance. Unzen
Workshop on Immunoregulation and
Autoimmunity. Unzen, Nagasaki,
March 15, 2003

mAERER (R

Mivamoto K, Mivake S, and
Yamamura T: Prevention of
autoimmune ecephalomyelitis by a
novel glycolipid ligand for natural
killer T cells. Experimental Biology
2002, New Orleans, Louisiana, April
23, 2002

Koike F, Kondo T, Fukazawa T, and
Yamamura T: Immunomodulatory
effects of interferon (IFN)-B1b. cDNA

microarray analysis of peripheral
blood T and non-T cells. FOCIS
(Federation of Clinical Immunology

Societies) 2M Annual Meeting. San
Francisco, June 30, 2002

Chiba A, Yamamura T, Mivamoto K,
and Mivake S: A new synthetic

glycolipid OCH prevents collagen-
induced arthritis by inducing Th2 bias
of natural killer (NK) T cells. FOCIS
(Federation of Clinical Immunology
Societies) 2™ Annual Meeting.

San Francisco, June 30, 2002

Araki M, Kondo T, and Yamamura T
Th2 bias of CD4+ NKT cells in
multiple sclerosis. FOCIS (Federation
of Clinical Immunology Societies) 2nd
Annual Meeting. San Francisco, June
30, 2002

Mivake S, Chiba A, Mizuno M, and
_Yamamura T: A synthetic glycolipid
OCH prevents collagen induced
arthritis and diabetes in NOD mouse
by inducing Th2 bias of NKT cells.
CD1 & NK T cell Workshop. 2m
International Workshop on CD1
antigen presentation and NK T cells.
Woods Hole, MA, USA, Nov 6, 2002

Pyz E, Naidenko O, Mivake S,
Yamamura T, Cardell S, Kronenberg
M, and Herrmann T: Investigation on
CDld restricted rat T cells. CD1 & NK
T cell Workshop. 2™ International
Workshop on CD1 antigen
presentation and NK T cells. Woods
Hole, MA, USA, Nov 7, 2002

Bedoui S, Mivake S, Mivamoto K, Oki
S, Beck-Sickinger AG, von Hoersten
S, and _Yamamura T: NFY suppresses
experimental autoimmune
encephalomyelitis: induction of a Th2
shift in vivo. The 60™ Anniversary
meeting of the American Academy of
Allergy, Asthma and Immunology.
Denver, USA, Mar 11, 2003



DR
BRI

Wi B RO A TEARIZBITS
LREBILIEDZENE S FORE) BY
EFIME OFEAOES. § 43 EAA
HFRF2HS 20024 5 A 31 B, #UIR

Wit B R HRizkd NKT #fz
OREFEECEBOREREBHE. R
Tl TRIE - S F 0B % 23 &=
HARK5E - FAEESS. 2002F7 4 3 0.
HE

Yamamura T: The involvement of NK
and NKT cells in multiple sclerosis.
COE International Symposium.
Neurcimmunology: Recent advances
in Basic and Clinical Research.
Nagasaki, March 12, 2003

ERFz ()

ZEET. EAE - TERT. LUK %
NK - NKT #ifeic X2 H CREEBEOE

BYHEREOHER. HEJ DX FERRR,

HFE. 200244 A 23 4

TR BAER, (P KRR, LA [
—FEF i CD3+#1 CD28 HiikRIFIC
&% SLE BERMIM T U /RO 75
IMEERE. BAR) U FEa M.
2002 43 24H

TR, Tz, UM B 2RE
AL B A NKT #l s> &
CD4+NKT #i#2 Th2 REDOEE.F 43
B 0 Ak 2. ALIR. 2002 £ 5 H
29 H

EAEmt, W K. st BB BRAME
BEAIE (MS) #BEARMILA natural killer
(NK)#f2 apoptosis @MU, 5 43
[B] B AfhfE B 2. FLIR.

2002 5A29H

A - ZEE=T. UM B FER
BRI X2 ZRIEBAETT L OBR.
% 43 BB AHEEIER. L. 2002
£5H8290

Watabe K, Sakamoto T, Kawazoe Y,
Shen J-S, Ohashi T, Eto Y, Michikawa
M, Yanagisawa K, Mivamoto K,
Yamamura T, Araki N: Establishment
and characterization of immortalized
Schwann cells from murine disease
models. B & FELFER, LI,
7H17-19 H

i M. B HzA, BE ME,
BE . BE O OEHR, WA B RN
a0 ekl EE R Nurrl
LV RBFEIND B FEOKRET. B
25 Bl B AMERE RS 1L, 2002 4 7
A9H

TE KF. 8F . W8 FE.

WA s, g ke, Wt B =
FEET THRZEFEMNKICKS
apoptosis OFHTLEERT SLE BET
iR OfENT. % 30 Bl QASERATESR.
BRI, 20024 123 3 H

®OM@E., =58 EF. N &
CD4+CD25+ T MRl L 2 EBMACE
R EEE% (EAE) OFE. F 30 BB
AERAEEER. KK, 2002 4 12 A 4
H

A P ZE ET. UK B R
MR ECBIT S NKT Sl i3 &0 A
TOA FERICKOD@MIES D, 55 30 @

BABERAEFER. RH, 2002 4 12 A
41
=% % TE KT, U & NKT



LS REEREY SR OCH 2L %H
C ARG RE DB 30 [ H AR
RS, WK, 2002412 H 40

Jiang, X, Kuroiwa, K Mivake S,
Yamamura T, Ohkochi N, Taniguchi M,
and Seino K: Effect of glycolipid
ligands for NKT cells in allogenic
transplant rejection. % 32 [@ B & 4%
Fake - FWNES. W

2002412 A4H

mh S, R ¥, IR HFZ.
Wi B EREEERERMMLT,
non-T #I2 T IFNBIEERBICRELEH %
RTBEFHOMT. B 32 BIREGESR
D FWES. K

2002 1254 H

Bedoui S, Mivake S, Mivamoto K, von
Horsten S, Beck-Sickinger A, and

Yamamura T. Evidence for a
regulatory role of Neuropeptide Y in
Experimental Autoimmune
Encephalomyelitis. % 32 [B] HA%%
2002412 A48

i Z A, B2¥ Rth, #H R, 7
& HEE. ME BT, 8 gth, F
I {B#%. &0 3. Luc van Kaer. =
= EY WA B NET FAl: a-
GalCer 3L OCH I2&% NKT #ifa®
EiR0WInbBRECEEEICTFE
3.5 32 BHEREFRED - BIRE
2 HE, 20024 12H85H

TE KF. A B = FFNKT
Mt A E ) A8 OCH I2&53
—5 R RO .5 32 B H A%
FRAEE - FRR. HR.

20024E 12 A6 H

WRIEARES., EXK. LAt B, N
Hifr : DEMARLAICEDE FOEM
T WSRO in vitro 7R F— A D
. 3615 B HABREREERFNES.
EiF, 200343 A 12-14 H

g ME— B BRME. BE .
B A WA B MS KBS
14-3-3EABEORH . THROEE. $£15
[E] B R e aF i E s B,
200343 A 12-14 8

A % ZE EE WK OB R
BIEE OCH VA RIcXkDEHELEFL
JEIEFOTRER. £ NKT #ilwr o—2
IZ R BENT.E 16 B AREREFERTF
R &IF, 20034 3 A 12-140

HOHiE SR ZEZT. BRE
B, Wk B POH/ONTOEIa—F
YEROAELELOE FOBRTFHRED
S 15 B AFMBREPRFNER.
i, 200343 A 12-14 H

T Of ERAER

Yamamura T; Regulation of
autoimmune encephalomyelitis by NK
and NKT cells. Seminar. Department

of Pediatrics, National Taiwan
University Hospital, Taipei, May 20,
2002

Yamamura T: The role of NK and NKT
cells in multiple sclerosis.
Neuroimmunology Seminar Series at
Center for Neurologic Diseases.
Harvard Medical School. Nov 5, 2002.
{(Host: Vijay K. Kuchroo).

Yamamura T: The role of NKT cells in
multiple sclerosis and experimental
autoimmune encephalomyelitis.



Seminar at European Neuroscience
Institute Goettingen, Goettingen,
Germany, Jan 16, 2003 (Gastgeber:
Harald Neumann)

Yamamura T: The role of NK and
NKT cells in experimental
autoimmune encephalomyelitis and
multiple sclerosis . Medlizinishce
Hochschule Hannover Akademischer

Abend. Immunologisches
Kolloguium, Hannover, Germany,
Jan 21, 2003 (Gastgeber: Dr. 8. von
Hoersten)

G. MBYFTATHEDIRIFIRT
I RRES
CELEID

FHLBEEERNCNE

SRR R-E S - Hmﬁ
2001-247055 ; (HEE A T

v 7 ABBMFT  EHE LK
=g EF

PCT HREUIRR #HALBEEBEERUYIH
EH AL & T B EHORBEBEBIHRI |
R EE S PCT/IP02/08280 ; H
BARAR S 1 /w7 R AR AT ;
EWE WA B 24 T

ﬁu?;"ﬂ%ﬂ&&b\%@ﬁbu:%jttr Izeh
bcD PR R U2 D8LERE; HEE
%#??Eﬁ 2003-037397 ; HEAA F—
> M) =Ty THRA R, BEVE -
MR Y —HBE SF BA RAH
Wikt B i

2. ERHREE
AP
3. Foft

AW



HEXFEBERL Microarray analysis identifics IFNB-regulated genes in MS (3% %h)

Microarray analysis identifies IFNB-regulated genes in MS

Fumiko Koike", Jun-ichi Satoh®, Takayuki Kondo®, Sachiko Miyake®, Toshiyuki
Yamamoto", Mitsuru Kawai®, Seiji Kikuchi, Kyouichi Nomura®, Kazumasa Yokoyama®,

Kohei Ota', Takashi Kanda®, Toshiyuki Fukazawa", Takashi Yamamura™’

"Deparnnent of mmunology, National Institute of Neuroscience, NCNP, 4-1-1 Ogawahiguashi,

Kodaira, Tokyo 187-8502, Japan: " National Cenier Hospital for Menial, Nervous and Muscular
Disorders, NCNP, 4-1-1 Ogawahigashi, Kodaira, Tokyo 187-8502, Japan: ‘Department of
Neurology, Hokkaido Universitv Graduate School of Medicine, Kita-15 Nishi-7, Kita-ku,

Sapporo 060-8638, Japan: ' Department of Neurology, Saitama Medical School, 38 Morohongo,
Moroyamachou, Saitama 350-0495, Japan; ‘Deparmment of Neurology. Justendo University

School of Medicine, Hongo 2-1-1, Bunkyo-ku, Tokvo 113-841, Japan.:’Departinent of Neurology,
Tokyo Women's Medical University, 8-1 Kawadachou, Shinjukie-ku, Tokyo 162-8666, Japan;

‘Deparmment of Neurology, Tokyo Medical and Demal University, 1-5-45 Yushima, Bunkyo-ku,

Tokvo 113-8519, Japan; "Hokuvukai Neurology Hospital, Niju-Yon-Ken 2-2-4-30, Nishi-ku,

Sapporo 063-U802, JapanSapporo, Japan

"Corresponding author. Tel.: +81-42-341-2711; fax: +81-42-346-1753.

E-mail address: yamamura@ ncnp.go,p (T. Yamamura).



BE B LRI BREE ML Microarray analysis identifies IFNB-regulated genes in MS (F2FH)

Abstract

Objective: To identify the genes regulated by interferon-beta (IFN) [IFNfB-regulated genes
(IRGs)] in peripheral blood mononuclear cells (PBMC) of relapsing-remitting multiple sclerosis
(RRMS) patients following treatment with IFNf. Background: Alihough [FNP is an approved
drug for the treatment of MS, the molecular mechamsms for the therapeutic effects remain to be
characterized. IRG-encoding proteins would chiefly mediate the biological activities of IFNf.
Methods: By using a cDNA microarray containing 1,263 genes of various functional classes, the
gene expression profile was studied in CD3" T cells and CD3" non-T cells separated from PBMC
ol 13 Japanese RRMS patients before treatment with IFNf 1b and at 3 and 6 months allter starting
the treatment. Resnilts: IFNf treatment significantly altered expression of 21 genes in the T or
non-T cell samples, including 9 with [FN-responsive promoter elements. These genes did not
contain the markers characteristic for the T helper type 1 (Thl) or Th2 cells. Interestingly, up-
regulation of the genes for an anti-inflammatory protein or down-regulation of the genes involved
in the formation of inflammatory demyelination have been observed. Conclusion: Microarray
analysis identified a battery of known and heretofore unreported IRGs 1n T cells and non-T cells
of MS patients. The IRGs may represent validated research targets for understanding the in vivo
effects of [FNP.

Keywords: Interferon beta; Interferon beta-regulated genes; Microarray; Multiple

sclerosis
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1. Introduction

Muluple sclerosis (MS) is an inflammatory demyelinating disease of the central nervous
system (CNS) white matter. Although the cause for MS remains elusive, immunogical studies
have showed evidence that MS is an autoimmune discase mediated by T-lymphocyles secreting
promnflammatory T helper type 1 (Thl) cytokines (Compston and Coles, 2002; Keegan el al.,
2002). A previous study showed that adminstration of interferon (IFN)y induced acute relapses
along with activation of the systemic immune response (Panitchi et al., 1987). Because [FNy is a
Th1 cytokine promoting the inflammation process, the exacerbation of MS triggered by IFNy
could now be interpreted as endence for the major role of Thl cells in MS. Although 1FNy
showed detrimental effects on MS, IFNf, an approved drug for MS, significantly reduces the
frequency of clinical exacerbations in relapsing-remitung MS (RRMS}, and dclays the
progression of disabulity in secondary progressive MS (SPMS), associated with a reduction 1n the
number of new brain lesions on MRI (The IFNB Multiple Sclerosis Study Group, 1993, Paty et
al., 1993; Jacobs et al., 1996).

[FNs are a family of cytokines that mediate anti-viral, anti-proliferative and immunoregulatory
activities (De Maeyer and De Maeyer-Guignard, 1994). IFNa and B (type [ IFNs), whose
recombinant forms are now being used in the clinic, are produced principally by virus-infected
host cells, whereas IFNy (type 11 IFN) is produced by activated T cells and nawral killer (NK)
cells. Both type 1and type I [FNs regulate the transcription of IFN-stimulated genes (15Gs) or
[FN-repressed genes which encode the proteins responsible for the biological activities of IFNs.
Here we use the term IFNf-regulated genes (IRGs) in this paper for covering both 1FNf-
stimulated and IFNp-repressed genes. Type 1 IFNs activate JAK protein tyrosine Kinases
associated with the cell surface receptors for IFNs, leading to formaton of the complex of signal
transducer and activator of transcription (STAT} molecules with the IFN regulatory factor (IRF)
famuly of transcription factors (Damell et al., 1994; Mamane et al., 1999; Taniguchi and Takaoka,
2002). The STAT/IRF complex translocates mnto the nucleus of the cells and binds to the DNA
sequences termed the IFN-stmulated response element (ISRE) or the IRF-recogmuon element.
This binding subsequently activates transcription of a variety of 1SGs as well as the genes of type
I and type I 1FNs, leading to the biological responses triggered by the IFNs. In contrast, much
less 1s clear about the mechanism for regulation of IFN-repressed genes by IFNs (Der et al,,

1998).
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Although the precise mechanisms underlying the beneficial effects of IFNf on MS remain to
be fully elucidated, previous studies proposed possible mechanisms, including a shift of the T cell
cytokine profile towards an anti-inflammatory Th2 phenotype (Hall et al., 1997; Karp et at., 2000),
a restoration of the function of the disrupted blood-brain barner (BBB) (Stone et al., 1995; Yong
et al., 1998), and an inhibition of IFNy-induced expression of class II major histocompatibility
complex (MHC) molecules on glial cells that might result in down-regulation of their antigen-
presenting capacity (Satoh et al., 1995; Jiang et al., 1995). These studies, however, do not exclude
other mechanisms accounting for the disease-modulating potentials of IFNP.

DNA microarray technology is a novel approach that would allow us to systematically monitor
the expression of a large number of genes (Greenberg, 2001; Staudt, 2001). Application of this
technique has begun to give us new insights into the pathomechanism of MS. In fact, recent
studies of active inflammatory lesions in the MS brains identified up-regulation of the genes
whose role in MS has not been previously anticipated (W hitney et al., 2001 ; Chabas et al., 2001;
Lock et al., 2002). With regard to IFNf therapy, microarray analysis has disclosed an elevation of
the genes encoding Th1 cell markers such as 1L-12 receptor $2 chain and CCRS in the peripheral
blood mononuclear cells (PBMC) exposed to IFNB in vifro (Wandinger et al., 2001). The up-
regulation of these Thl-associated markers was also confirmed in the PBMC obtained from
patients with MS treated with IFNP. These obsenations suggest that the biological effects of
IFNP in MS are not purely mediated by anti-inflammatory mechanisms such as a Th2 bias.

Here we investigated a comprehensive gene expression profile in CD3* T cells and CD3" non-T
cells isolated from 13 patients with RRMS following a 6 month-treatment with IFNfB 1b. Using a
¢DNA microarray containing 2881 genes of various functional classes, we found that 21 genes
had showed an increase or a decrease in expression. Of note, these IRGs contained the genes
encoding an anti-inflammatory protein or those involved in the CNS demyelination. The present
observations provide an intriguing possibility that the observed changes in the IRGs might
contribute to the therapeutic effect of IFNf on MS.

2. Materials and Methods
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2.1.The study population

The present study enrolled 13 Japanese, chinically definite RRMS patients diagnosed
according 1o the established cntena (Poser et al., 1983). The subjects consisted of 9 women and 4
men, presenting with the mean age of 34.2+10.9 years and the mean Expanded Disabihity Status
Scale (EDSS) score of 2.711.7. All the patients exhibited more than two episodes of clinically
cvident relapse and renussion, and showed at least one gadolinium-enhancing lesion on MRI,
during one year before starung treatment with 800 MIU IFNB (Betaferon, Schering, Osaka,
Japan) given subcutaneously on alternate days. The patents have not been treated with either
corticosteroids or immunosuppressants during at least one month before IFNB treatment. Written

informed consent was obtained from all the patients.

2.2. RNA isolation from T cell and non-T cell fraction

Thirty ml of heparinized blood was collected before starting IFNf treatment (designated Pre),
and at 3 and 6 months after the treatment. PBMC were isolated from the blood by centrifugation
on a Ficoll density gradient, labeled with anti-CD3 antibody—coated magnetic microbeads, and
were separated by AutoMACS (Miltenyi Biotec, Aubumn, CA) into a CD3* T cell fraction and a
CD3" non-T cell fraction comprised of monocytes, B cells and NK cells. Total RNA was 1solated
from each fraction by using RNeasy Mini Kit (Qiagen, Valencia, CA). Five ug of purificd RNA
was in vifro amplified either once or twice within a linear range of the amplification according to
the methods described previously (Phillips and Eberwine, 1996), and then the antisecnse RNA

(aRNA) was processed for cDNA microarray analysis.
2.3. cDNA microarray analysis

The present study utilized the custom microarray containing duplicate spots of ¢cDNA prepared
by PCR of 1263 sequence-known genes of various functional classes. The ¢cDNAs were

immobthzed on a poly-L-lysine-coated slide glass (Hitachi Life Science, Kawagoe, Saitama,

Japan). The complete gene list of the microarray is available upon request. aRNAs isolated from
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MS patient lymphocytes were labeled with a fluorescent dye Cy3 by reverse transcriptase reaction.
Pooled aRNA labeled with Cy5, amplified from RNA of T cell and non-T cell fractions of three
healthy volunteers, were used as a universal reference to standardize the gene expression levels
throughout the experiments. The arrays were hybndized at 62°C for 10 hours in the hybridization
buffer containing equal amounts of Cy3- or Cy3-labeled cDNA, and they were then scanned by
the ScanArray 5000 scanner (GSI Lumonics, Boston, MA). The data were analyzed by using the
QuantArray software (GSI Lumonics). The average of signal intensities ol duplicate spots was
obtained after global normalization between Cy3 and Cy5 signals. The impact of inter-experiment
variabihity was venfied by analyzing a scatter plot (data not shown). The gene expression level
(GEL) was calculated according to the formula: GEL = the signal intensity of the MS patient's
sample/ the signal intensity of the universal reference. The gene regulation index (GRI) was
calculated according to the formula: GRI = GEL at 3 months or at 6 months after IFNf} treaiment/

GEL at Pre. The results were also expressed as box and whisker plots.

2.4. Statistical analysis

Statistical analysis was performed by using Cyber-T software
(www.genomics. uci.edu/software. html), a modified version of 7 test using the Bayesian inference
of variance (Baldi and Long, 2001). The discerible increases or decreases which do not reach the
levels of statistical significance were considered to indicate a trend of up-regulation or down-

regulation.

2.5 Northern blot analysis

Unfractionated PBMC isolated from a healthy subject were suspended at 1 X 107 cells/ ml in
RPMI 1640 medium containing 10% fetal bovine serum, 2 mM L-glutamine, 55 uM 2-
mercaptoethanol, 100 U/ml penicillin, and 100 pg/mi streptomycin. They were then incubated at
37°C for 4 to 24 hours in the medium supplemented with 100 ng/ml of recombinant human IFN
(PeproTec, London, UK), recombiant human [FNy (PeproTec), or both in a 5%ZCO2/95% air
incubator, followed by processing for RNA preparation. Four pg of total RNA was separated on a
1.5% agarose-6% [ormaldehyde gel and transferred onto a nylon membrane. After

prehybridization, the membranes were hybridized at 54'C overnight with the DIG-labeled DNA
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probe synthesized by the PCR DIG probe synthesis kit (Roche Diagnositics, Mannheim,
Germany) using the following sense and antisense primer sets; for IRF7 (640 bp).
S’CGCTGGACGTGACCATCATGTACAS3’ and STGCTCCAGCTCCATAAGGAAGCAC3 :
for [SG15 (423 bp), SCAACGAATTCCAGGTGTCCCTGAG3' and 5CGCAGATTCATG-
AACACGGTGCTC3'; and for [F16-16 (379 bp), SAAGGCGGTATCCGTTTTCTTGTGC3'
and S'CCTCATCCTCCTCACTATCGAGATS3'. The specific reaction was visualized on Kodak
X-OMAT AR x-ray films by the DIG chemiluminescence detection kit (Roche Diagnositics).



