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BAEGBHREMRERSE (2 ZA0BREREMREE)
BT S E
WREEUF T v - AU —ERBOTMRERRIEORIEICET 2%

EEHFEE FBR OB JUNKRFEZBER - RN - 202

MARE

X T - NV —ERRE (CBS) IIRAFHRE L E T SR B TH B4, RISE T Campylobacter
Jjejuni (C. jejuni) REHRICHE Z 2EIREER GBS OBREL . EELBRBEELBR I L L
Do E, RELDHEIA—T T, C jejuni FVELESNHRAPVABAD—DTHD
DNA-binding protein from starved cells (C-Dps BH) ¥ Tru—=1 7 L, KB
Tid GBS FRICH T 5 C-Dps BEDESE - ERERFTHILE2E—0HEBELTWVS, Ih
ETORFTHE. 1) REQXITHHMEE. € jejuni BY% GBS BEIZBWVTH 62. 5% D%
PEETROON D P, FRBELHE GBS BECHMOREEMBERETIBEDLAT, £/, C
Jejuni IBEREFZBNTITH 10%DBERTH Y, € jejuni BRI GBS THERBEZERE
W, 2) C-Dps BHITT v MERRICK L, FRHEER CIRHRMEROKEA, KSR T
BWIZHET 5, 3) CDps BHNAEBEEROT CIX sulfatide S8 T 5, 4) NFickv=
2—a A {EFEE L PCI2 MARRIZRT L, BEEEZFHE T, 2 UV BBEKTH S S16
L CIRABESEE AR R, 5) CDps BAEZ T v MVEREIZEATBE I LIZLY,
BE Ty 7 BFEEEND, 6) CDps BEEALEHEICBOTIE, CDps BEX I Y U8
DESNE., WO Ty EoEBREHICILE L, T U oKEGHIcBIT 3 Na F¥ V RALORBEOE
TEFET D, THHLDRRIL, C-Dps ZEHEM sulfatide /0 L THRMAICES L, BEY
KHEMEEZEEL I DI LE2RLTRY, C jejuni BYHE GBS DIFE~D C-Dps BH D
3R Ehi,

AREEL, C-Dps BHOMBNEAIL LD WEBHELORE. I CDps BAZEX R
Bro&kEL, TOPHRERT L, CDps BEHEALLAFEE(LORN TIE, @REKS
paranodal demyelination 72 EDE/ZERYD. ThbDELITBETCLHER I NE, CDps EH
ZREBEIRK, H5VEREBRGICRS LEEE, LAEHESERSE~DHL N C-Dps BH
DELERIRD NPT, Ty MEIEARERZfTo 586, ERMEOHBORAE., I
K7 o REREH~D C-Dps EADUELRD LN, BE T VP RKRBBIIEEEITEE
95 Na F¥ 23, CDps ERICE DV ZOREMMET L, BEELARDONAE, 20X
S RECRREHBICCEES2FET D7), MREER GBS Tk CDps BEAK L HHHEE
ERFSBRETOWRESTREIND, SE. MERN~D C-Dps EHORE TIIRMHR~D
BENORILFEIRD LN 2B, 5% C-Dps BEHOMP TOBESLHELHRFT L. BRE
ER GBS DEMET N EERL | RIEHREE A 1 =2 X LOFBAZIT->T0L,



SyRMTIEE

EE— MIRELLRITREEL
BT - BEAEENER - £
{ElEF R R - 2R
KZIIER TLMRFERFEZG
Febe - MiEE - BhEdR

FHME JUNKRZEREREZNE
BT - FERRMRATS: - SEED

ZHEGE JUNRFEREL - MR
e - KFEBTEE

A. 2B

EE. BRxOHFETITV—T7 TR
Campylobacter jejuni (C. jejuni) D FEE 43 %
DNA-binding protein from starved cells

(C-Dps BH) &8 Tru—=rI LT,
Dps BHIL., KBEREOHMEMOELET D
AFVRAEBAO—DOTHY ., MEMHPBRILN
AP UVARHEER P L RARCBRENEBCSE
WEESNhD,

X7 - NU—fEREE (GBS) MR
RO BEEMR B ClLR b EE O R W HEEDR
THbH, 2N TH., RBERLHFETIX C. jejuni
RBRRICEZ 2EMREER GBS OHERH
VEERBBELZRTILAHLATHD,
A E O EW R G E L.
lipopolysaccharide (LPS) & DA ZERIGHEIT
X i oMl HERAFE S hBMRE2EET S
EV I FTOWERER TH DA, F1GMI1
AR, C. jejuni BRY%% GBS BE 261 TRD
bhabirCiiil, £, 5l GM1 Hifkid
KEMBEEEORVWEETLRDLND, £
7. L GM1 Hifkld In vito IZBWT, &S
Ty 7 EFELRNI ERREShTNS,

C. jejuni @

IheEDZ LIL. C.jejuni BYt% GBS DJREE
FERESHT GMI1 HLED A THBAT D Z &38R
FAEETHD I EERLTRY ., MBRESHRF
CMhORFOBESREZ LD,

FHrxlZNETIT C-Dps BEE & GBS fRfEL
OEEEZRFNL, UTORREEZHRELTEE
o 1) REBICKT HHUFIE. C jejuni K
Y% GBS BEIZBWVWTH 62.5%DBEET
RHoh bR, WERImEDE GBS BELHD
REHMBRERECEIROONAT, k. C
Jejuni BRBEILBOTIIN 10%OBHEE
THY. C jejuni BEYtE GBS THEITHH
R\, 2) CDps BEIT v FERI
L. FRERRCIIHRBORE, RKE
MR CIIBBEICEST %, 3) CDps EHIZ
EZEHEEAOT T sulfatide EFERT 3,
4) N6F kv =a—aricbsEm i
PC12 MifRERITK L. BEELHFET DB,
oV HIBETH D S16 1R L CILENE
EEEERELRY, 5) CDps ERZET v b
PEBBICEATIZ LY, BET R Y
IRFHEEND, 6) C-Dps EAEALER
FBITBWTIE, CDps BARI= U VEOK
SE, I T rEoEmRicE L. T
EEBREIZBIT S Na F¥ U RADEERD
BET#HFET 5, ZhoOFERIT. CDps &
B2 sulfatide Z4 U CHEEHIRRICH & L.
EEOCHEREREEEL I DI EERLT
BY. C jejuni @Ytk GBS DIREE~D C-Dps
EHOBEMNRBINTE,

FEENL, CDps BEEOHRNEAILLD
WEEHELORRN, WO C-Dps ERZEX
RREALRE L ZOPEEIRT LI,



B. WF5E 5
1) C-Dps EHHEAIL & 5 REFEFED
RELL

T~8 BHEED A AD Lewis rat ZIERKETT
BECEEL, EAXLYEROLEHREE
Hik, #EF#HE~ CDps EB8% 301l

(0.5mgml) HA L., BIFEFAL. 4 BHE#Z
W 4% 7 F — AT AT e F in 01%
phosphate buffer TYEVEE LB EZ RN
L7, a2 bua—aé& LTRIED PBS £
FEVLE L7 (100 B, 30 %) C-Dps EH®D
EAzZfToT, FARAIVLEER, —EIL#E
SRS LERZER, £, —HiZ=Rr8
HET, REA, BEROURFZHERLE
Bl

2) C-Dps EHOMEREE ;
FIRAE S, BIIRABEE 2T, 1
FhoREsE Tk, LER®ZEM (BNB;
blood-nerve barrier) % B < BBIZ T, LPS
(Lipopolysaccharide; Sigma 1.6511) DiEHE
W& E (Gmgkg) %1To7z. #IRNEESD
%E . LPS OERENZ 5% 20 FFE T C-Dps
ERZEBBIRIVEALEZ (lmg), =
Fa—AE ULTHED BSA OBE%21T-
Tzo ¥ 72, permeability OFEMD 7= LPS
JERENI S 23 BFE12IC evans blue-labelled
albumin #BFIRLVIEALL, EnEh
DT ME.LPS 5% LY 24 IFEEIC
2%PFA 12 XV EREE 2T W AERRE.
ERESE, TH., XHEmH L, fERe
ZITOFHE LT, SIIRNTBS D& S . LPS
5% 20 KFE T C-Dps OBIRNE S E1T
2T, T v N ERRET CESEEBRE ZEH
L. AL & AL D 2 HET AR FEER L.

ZOPRAICERE F AL, FRAZ T
C Intramedic polyethylene Tubing (Becton
Dickinson) %A LF 2 — ¥ 7% fT o717,
CDps EHDEA (lmg) 4 BFREI%ICHER
BELZITOFMELAE, HHUAEHEBELY
BAECIA 2 VER SRIEMRICBI L Cifig &
ECLERZER LARREETo L, &
H L7 B Mm% 2%PFA in PBS THREE

4C. 304%) L. =54 F—%F type4in PBS

(lmg/ml, =R, 20 47) THLEL, HEEE
BERESUERZER L, —KHEE LT
B C-Dps & / 7 v —F AR (25G) . HiNa F
¥ URAGUE (Sigma) AW, ZREE
& LT Alexa Fluor 488 anti-mouse IgG antibody,
Alexa Fluor 594 anti-rabbit IgG antibody % {# F
L, £ESL VBB TBE L,

3) C-Dps BHOHMEARE ;

BEARRE T, BEERCT (azet
mini-osmotic pump; model 2002) % F\ 7z,
TRBTTT v hOBEBL Y BREEZEH
L. TEHMHEDS S THREEDO—BEIKE
L Intramedic polyethylene Tubing % &8N
CRANCETEA L, F=—7 O3
CHEHBEER 7TE2ERELTBY. ETIZ
R 7xBEELRE, CDps EHEIX 124
giday DFgeREG&E L, = br— e L
THED BSA ORE*ToT, HEAR
BBz G 4 B BIT, LPS #EHEREE L,
FlZ 24 BRE%IZ 2%PFA ICCEREE S
TOEHE L7,

(fERE~ DAL K)

ERIHERT ST v bR E0EBWIT. R
DOER - PeBrDOFHEL LTHoRmErE Lo



5 2 CABEIT-o T, ZOERIT, UNKFE
XY ERGEEZEESOEELX T,
TN KRZEZTICBIT 2EMMERICET 2
feetl, [BEEBERCHREICET DEE]
(125 105 B) RO [ZREMOFERT
RECETEE] RERFETRFE 6 5) O
HECESNTITo T,

J3ad

C. WFoeRE

1) C-Dps BEBEAIZ L 3 EBEED
EREL

C-Dps BHD T v MEFHEBE~DEAICK
V., TUEBEBEO Na Fx XV ORE
ERET 45 LIERIFERE L, AFEE
AR IV AEEETY., IS LELK,
Y, BEICTIHMEZIT o7, BEIESLE
RIZBWTHL, C-Dps EREALBMEICE
WT, B R E M. I T paranodal
demyelination 8% <#EREshk (E1), =
NHDOREFRAFB OMEREOESIX, C-
Dps BEEAMRE T 6.0%, = ha—n
BT 0.7% HEEZR DT (p=0.0457),
T, RVCEEE R T, C-Dps BEEA
HIEOK 83. I%IHEHEEMESR vesiculation
BDEEESN, 2 br— (20.0%) I
BFEBEIREETH-o7= (p=0.0350) (H2),
EbHbWWEBEIKEB W TY paranodal
demyelination 2358 bz (B 3),

2) C-Dps ERDMEREBE ;
INETORETE. Ty MEBHENIC
EEMIZ C-Dps ERZIEAL, EOBR%E
B LTELER, 2FEREICL2PRI
FETHD, SEH., HRERNEALSNDGE
C C-Dps BEAD in vivo TOEEREL

. C-Dps BEADWERZ~DT Fa—F I
BNB DEEFEIZRAI R & E X, LPS DEEN
BE2To7-, EEIZ LPS ZEENICERS

1% 24 FERI T, evans blue OFRFEHEN

~OEYVAHRD EEREESNT, TODT
B, BIRAERE., WCIZERNEZR S T LPS
Bh5% 24 BFEE B LT CDps BROEK
E#1Tol, L LAaRL, BIRNEKRE.
WNZEBIARN 5 CiE. RIS PR
RIZ C-Dps BADOHLPRILFITRO LN
inotz,

3) C-Dps EEDMEARE ;

C-Dps BHOHERNERETIX. BEWA
PEEFEFSULEARTHRIIERHRE~D C-
Dps BADUERRO LN, ZOWLHER
F v NASEIRIZ C-Dps BMAZEALLE
LRI, SV CoRAE. T
nodal gap TER®H LN, BEIFESULER
WZEB TV RKRBIZBET D Na Fr v
FVOFAE T, C-Dps ZEEERNZE L
Z v FOERMEIZB T, C-Dps DILE
EALT Na F v RADOREBHMET LT
Wiz, 22 ha—VOERIZBWTIE, Na
Fx U FRNVET v REROEE EICEE
BB LW, 2ok 5 B, C-
Dps B O &M EMHBRICEBIICEALLSE
A EEFREOELTH T,

D. &

BIEE, FAEHIL C-Dps BHEZ T v MEF
MBNICEEEATLHZEIREY, JvrE=x
BEBEETO Na Fx VRV DORBEDET.
paranode T@ Caspr DRAHOKET2HRE
LC&h, 5FE, SHOIHEMUREFENR



FNETolER., SiREMES paranodal
demyelination M # &£ X h /-, Caspr 1T
paranode IZBWT, TV L j—7F Lk
EDEEFICBEET D, C-Dps BABEAILLS
Na F ¥ 3/, AONT Caspr DEeMEME DK
TR, a8 ZE & h i
demyelination ZRBELTCWHE LD EEZ S
N5, C jejuni Y% GBS ORIEHEICE
7% Na F¥ » FAORBENFMITBEIC
HBEZRVS, BRAEEZARFIZIY Na
Fx¥ A NVEEREPEO—D2E LTHE
ENTWBHZENnDY, AEAPEHBREER
GBS 2RI DEIREFHFICEE T 5 ek
BEZ LD, C-Dps BHIT sulfatide &
&L 9%, Sulfatide 1% laminin &EE&T 3
LT, MHOERBELEOMTT V- L L
TOBWELET D, B EERL OMEE
RAOREIX, Na Fx U IXLORBRIETRE
BEEZRTILBHMEINTEY ., CDps
BB sulfatide 20 L THERLEZHEL
TWBONE L,

S OISEEIL, CDps BEROBRERKED
B &7 ol BIRNSSERN~O®RE TR
FHEER~D C-Dps BEHDBROILEILRD &
Nhpoledd, —F CHERAREZ T8
BT FHRNEA & FERICE BAHE~D C-Dps
BADULELZ VEBBEHTO Na Fr >
ANDERBHEDOETHARBO O, 5% 5L
2 C-Dps BROMF COFERLEREL BRI,
AEABED X D ICKMHRICBIET 0%
BE L., MBEER GBS OoFHEmETALD
PERIZ AT > TNV E U,

paranodal

C-Dps EBH OMREMNEAIL LV EIREHE

paranodal demyelination NFEE Eh 3, C-
Dps EHOHMEAREICIY 7 v FERER
DT ETRBEERTHD Na F » FADERE
ZIETsd7,

F. EaRER

2L

G. W%
1. WXEXR

1)  Su J-J, Osoegawa M, Minohara M, Tanaka
M, Ishizu T, Mihara F, Taniwaki T, Kira
J. Upregulation of vascular growth
factors in multiple sclerosis:
correlation with MRI findings. J Neurol
Sci 243: 21-30, 2006.

2) Mei F-J, Osoegawa M, Ochi H, Minohara M,
Shi N, Murai H, Ishizu T, Taniwaki T,
Kira J. Long—term favorable response to
interferon beta—1b is 1linked +to

cytokine deviation toward the Th2 and

Tc2 sides in Japanese patients with

multiple sclerosis. J Nerol Sci 246:
71-77, 2006.

3) Yokomine K, Nakatsura T, Minohara M,
Kira J, Kubo T, Sasaki Y, Nishimura Y.
Immmization with heat shock protein
105—pulsed dendritic cells leads to

mice. Biochen

Biophys Res Comm 343:269-278. 2006.

tumor rejection in
4)  Ishizu T, Minohara M, Ichiyama T, Kira
R, Tanaka M, Osoegawa M,
Furukawa S, Kira J.

Hara T,
CSF cytokine and
acute

chemokine profiles in



5)

6)

]

8)

9)

10)

disseminated encephalomyelitis. J
Neuroimmunol 175: 52-58, 2006.
Minohara M, Matsuoka T, Li W, Osoegawa
M, Ishizu T, Ohyagi Y, Kira T
Upregulation of myeloperoxidase in patients
with opticospinal multiple sclerosis: positive
correlaion  with  disease  severity. J
Neuroimmunol 178: 156-160, 2006.

Sun X, Minohara M, Kikuchi S, Ishizu T,
Tanaka M, Piao H, Osoegawa M, Ohyagi Y,
Shimokawa H, Kira_J. The selective Rho-
kinase inhibitor Fasudil is protective and
therapeutic m experimental allergic
encephalomyelitis. J Neuroimmunol 180: 126-
134, 2006.

Ii W, Minohara M, Su JJ, Matsuoka T,
Osoegawa M, Ishizu T, Kira J. Helicobacter
pyoli infection is a potential protective factor
against conventiopal multiple sclerosis in the
Japanese population. J Neuroimmunol 187:
227-231, 2007.

Pineda AAM, Ogata K, Osoegawa M, Murai

H, Shigeto H, Tobimatsu S, Kira J. A
distinct subgroup of chronic inflammatory
demyelinating disease with CNS

demyelination and a favorable respomse to
immunotherapy. J Neurol Sci 255: 1-6, 2007.
Matsuoka T, Matsushita T, Kawano Y,
Osoegawa M, Ochi H, Ishizu T, Minohara M,
Kikuchi H, Mihara F, Ohyagi Y, Kira J.
Heterogeneity of aquaporin4 autoimmunity
and spinal cord lesions in Japanese. Brain (in
press).

Balsalobrel C, Silvan JM, Berglund S,
Mizunoe Y, Uhlin BE, and Wai SN. Release

of the type I secreted a-haemolysin via

11)

12)

13)

14)

15)

from

Mol Microbiol 59:

outer membrane vesicles
Escherichia coli.
99-112, 2006.
Kanamaru S, Kurazono H, Mizunoce Y,
Teral A, Monden K, Kumon H, Ogawa O,
Yamamoto S. Increased biofilm formation
in Escherichia coli isolated from acute
prostatitis. Int J Antimicrob Agent
Suppl 1: s21-25, 2006.

Sugimoto S, Yoshida H, Mizunoe Y,
Tsuruno K, Nakayama J, Sonomoto K.
Structural and functional conversion of
molecular chaperone ClpB from the
grampositive halophilic lactic acid
bacterium Tetragenococcus halophilus
mediated by ATP and stress. J Bacteriol
188: 8070-8078, 2006.

Smith G,

Nakamura T, Jeromin A,

Kurushima H, Koga H, Nakapeppu VY,
Wakabayashi S, Nabekura J. Novel role of
neuronal Ca2" sensor-1 as a survival
factor up—regulated in injured neurons.
J Cell Biol 172: 1081-1091, 2006.

Mizoguchi T, Kitamura A, Wake, H,

Ishibashi H, Watanabe M, Nishimaki T,

Nabekura J. BDNF Occludes GABA;
Receptor-mediated Inhibition of GABA
Release in Rat Hippocampal CAl

Pyramidal Neurons. Eur J Neurosci 24:
35-44, 2006.

Wake H, Watanabe M, Moorhouse AJ,
Kanematsu T, Horibe S, Matsukawa N, Asai
K, 0jika K, Hirata M,, Nabekura J. Early
Changes In KCC2 Phosphorylation In
Response To Neuronal Stress Results In

Functional Downregulation. J Neurosci



16)

17)

D

2)

3)

4

27: 1642-1650, 2007.
Ishibashi H, Jang LS, Nabekura J. High
potassium—induced facilitation of

glycine release from presynaptic
terminals on mechanically dissociated
rat spinal dorsal horn neurons in the
absence of extracellular calcium.
Neurosci (in press).

Tan H, He J, Wang S, Hirata K, Yang Z,

Kuraoka A, Kawabuchi M. Age-related
NADPH—-diaphorase positive bodies in the
lumbosacral spinal cord of aged rats.

Arch Histol Cytol 69: 297-310, 2006.

FRRER

thE, ZBETE. sEEA., NEI
¥, MNHLz, KziiER, EEE—;
Campylobacter jejuni £13€ Dps BRI L 5
Na F% VRAVOEE : 4 18 [E  HAm
BREFS - FRES (&HE) 2006,3
A

—FEE, FHE. RREE. FEME,
MBI, FFH8LZ, ERE—; BAA
ZHEMEEAE BT S ME
myeloperoxidase fED E5R. : 8 18 @ H
AHREREFS - RS (4 HE) 2006,
34

FRBEZE, ZEELE. HCE, AFE
A, FERR, THZEH, EEE— ;Rho
kinase [REAIC & 2 EHRY B D HEHERK
FHEAOFRMH : 5 18 A AwEE
REFSR - FiES (AERB) 2006, 3
A

Amold Pineda, ZSFEITHE, FRBEE. &
BEE, THZEH, ERE— ; EBRHNE
CaREEMBERITX T 5 Rbo kinase

8)

9)

10)

11)

inhibitor OEM : % 18 Bl HAMRE
E¥e - EhES (BHB) 2006, 3 A
ZFRIE. REERE. AENE. SBE
= ; EROECARZEENFHL DO Rbo-
kinase [EZEIC X 2 IBESEORERHN
RET: %4 7TH HAMBRZERBS 4
HE) 2006.5 A
=5, ZEECE. REE, EJIE,
BEE— ; BRASRERLECRIT S
L & myeloperoxidase (MPO) k& 0 &
E:F47H BAMERFSRS BEh
B) 2006.5 A
Pineda Amold, ZHFFE. HEHEA,
EERE— ; ERE CREERRRCE
{7 % . Rho-kinase FHEFEDIBEHZIRD
B E47TH BAMEEERS (&
HE) 2006.5 A
FrEE, ZHERE, KRR HE8H
— ; Campylobacter jejuni 3 Dps BHER
HIFRBAEAIL L D Na Fv U RAEER
DIET: %4 7H BAMRESRS (4
HE) 2006.5 A
B thia, DBINE, F=H, ZBETE.
ERE— ; BARASREERIEILRIT 2
T I7TRY AFEDOEE : F47TH
BAMEFERRE (BEE) 2006.5 A
Nishimaki T, Jang IS, Nabekura J ; Ml E
AV =TI A T $ DM S F 7 RE
ERIZB T HREB N Z IV BERE
DREEL : ¥ 83 EHREFRES RS
(R7#&) 2006.3 H
Nishimaki T, Jang IS, Nabekura J ;
Developmental decrease of presynaptic
GABAB receptor function in rat LSO
neurons : 55 29[ HAMERES GIE)
2006.7 A
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13)

14)

15)

16)

17)

18)

KEILETR ; XA F T 4 NV LFEHER
£ 8 79 B R AHEFRE (&R 2006.
3 A

Hirata K, Kanemaru T, Minohara M,
Kira J. Expression of nestin in glial
cells of therat olfactory systemafter
)
B AAR#ERS (FHE) 2006.7 A
Minohara M, Piao H, Mizunoe Y, Osoegawa
M, Murai H, Kira J; Effect of Dps from

olfactory epithelium lesion.

Campylobacter jejuni on nerve conduction
and nodal sodium channel in vivo. 8®
International Conference of
Neuroimmunology (Nagoya, Japan) 2006,
October

Pineda A, Minohara M, Sun X, Ishizu T,
Shimokawa H, Kira J; The effect of rho-

kinase inhibitor fasudil in experimental

autoimmune newritis. 8"  International
Conference of Neuroimmunology (Nagoya,
Japan) 2006, October

Li W, Minohara M, Matsuoka T, Osoegawa

M, Murai H, Kira J; Prevalence of

Helicobacter pyoli infection inJapanese

patients with multiple sclerosis. 8%

International Conference of
Neuroimmunology (Nagoya, Japan) 2006,
October

Nishimaki T, Jang IS, Ohno K, Nabekura
I, Physiological Role of GABAB
Receptor at Inhibitory synapses 1in
Developing Rat LSO neurons. Society
for Neuroscience 36th Annual Meeting
(Atlanta, USA) 2006, October

Wake H, Watanabe W, Nabekura J: Early

Changes In KCC2 Phosphorylation In

19)

20)

21)

Response To Neuronal Stress Results In
Functional Downregulation. Society for
Neuroscience 36th Annual

(Atlanta, USA) 2006, October

Meeting

Tan H, He J, Wang S, Hirata K, Kuraocka
A, Yang Z, Kawabuchi M; Age-related
sphercidal structures visualized by
NADPH-diaphorase in

the central

nervous system of the aged rats.
Society for Neuroscience 36th Annual
Meeting (Atlanta, USA) 2006, October
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2007. 3 H
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Abstract

Vascular permeability changes precede the development of demyelinating lesions in multiple sclerosis (MS), and vessel wall thickening
and capillary proliferation are frequently seen in-autopsied MS lesions. Although vascular growth factors are critical for inducing such
vascular changes, their involvement in MS has not been extensively studied. Thus, we examined the involvement of various vascular growth
factors in MS according to their clinical phase and subtype. We measured serum levels of vascular endothelial growth factor (VEGF), acidic
and basic fibroblast growth factors (FGF) and platelet-derived growth factors (PDGFs)-AA, -AB and -BB in 50 patients with MS (27
opticospinal MS and 23 conventional MS patients) and 33 healthy controls using sandwich enzyme immunoassays. Correlations between
growth factor changes and brain and spinal cord MRI findings were then analyzed. Serum VEGF concentrations were significantly higher in
MS patients in relapse than in controls (p=0.0495) and in MS patients in remission (p =0.0003), irrespective of clinical subtype. Basic FGF
was significantly increased in conventional MS patients, but not opticospinal MS patients compared with controls (p =0.0291), irrespective
of clinical phase. VEGF at relapse showed a significant positive correlation with the length of spinal cord lesions on MRI (r=0.506,
p=0.0319). The results suggest that an increase in serum VEGF concentration might be involved in MS relapse and the formation of
longitudinally extensive spinal cord lesions.
© 2005 Elsevier B.V. All rights reseved.

Keywords: OS-MS; C-MS; VEGF; FGF; MRI; Longitudinally extensive épinal cord lesion

1. Introduction Growth factors are critical for inducing tissue growth and
- : remodeling. Vascular endothelial growth factor (VEGF)
Multiple sclerosis (MS) is an inflammatory demyelinat- induces vascular proliferation as well as vascular perme-

ing disease of the central nervous system {CNS). Although ability changes [4], while platelet-derived growth factor
the pathological hallmark of this disease is primarily (PDGF) and fibroblast growth factor (FGF) not only induce

demyelination, a wide variety of pathological changes, such oligodendroglial progenitor cell growth [5] but also con-
as axonal degeneration, gliosis, remyelination and vascu- tribute to angiogenesis [6]. Although recent pathological
larization, have been noted. In particular, vascular perme- studies have revealed upregulation of VEGF in MS plaques
ability changes are considered crucial since they precede the [7], the involvement of growth factors that potentially
development of MS lesions [1] and lesions preferentially induce angiogenesis has not been extensively studied in
develop perivascularly [2,3]. However, the precise mecha- accord with clinical phase and MRI findings.
nisms and the molecules responsible for the vascular Two subtypes of MS, distinct in the nature of their CNS
changes observed in MS are not fully understood [3]. pathology, exist in Asians, namely, opticospinal MS (OS-
MS) and conventional MS (C-MS). Selective involvement
"% Corresponding author. Tel.: +81 92 642 5340; fax: +81 92 642 5352. of the optic nerves and spinal cord, and tissue necrosis and
E-mail address: kira@neuro.med kyushu-u.acjp (J. Kira). conspicuous vascular components are seen in OS-MS, while

0022-510X/3 - see front matter © 2005 Elsevier B.V. All rights reseved.
doi:10.1016/}.jns.2005.11.006
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disseminated involvement of the CNS and perivascular
demyelination are seen in C-MS [8—10]. These observations
prompted us to study serum levels of various growth factors,
which might contribute to the vascular changes observed in
MS, according to clinical phase and subtype. In addition, we
analyzed the correlation between growth factor changes and
brain and spinal cord MRI findings, which are distinct
between the two subtypes.

2. Subjects and methods
2.1. Subjects

A total of 50 consecutive patients (9 men and 41 women)
with relapsing remitting MS, diagnosed according to the
criteria of McDonald et al. [11] at the Department of
Neurology, Kyushu University Hospital between September
. 1996 and May 2004, were enrolled in the present study after
informed consent was obtained. None were receiving
immunomodulatory therapies (interferon beta or immuno-
suppressants) or high dose corticosteroids {more than 15 mg
prednisolone per day) at the time of blood sampling. The
mean age at examination was 41.6+16.0 years (mean+S.D.)
(range: 17 to 89) and the mean age at disease onset was

J.J. Su et al. / Journal of the Neurological Sciences 243 (2006) 2130

33.1£16.2 years (range: 10 to 89). The age at onset and
examination had a significant positive correlation (r=0.751,
p<90.0001). All patients were clinically classified as OS-MS
or C-MS before sandwich enzyme immunoassays were
performed. Briefly, 27 patients whose clinically estimated
main lesions were confined to the optic nerves and spinal
cord were classified as OS-MS [12]. These patients had no
clinical evidence of disease in either the cerebrum or
cerebellum, but minor brainstem signs, such as transient
double vision and nystagmus, were acceptable.

The remaining 23 patients had multiple involvements of
the CNS, including the cerebrum, cerebellum and brainstem,
and were classified as C-MS. Disability was evaluated
throughout the study by one of the authors (M. Osoegawa)
using Kurtzke’s Expanded Disability Status Scale (EDSS)
score [13], and the progression index (PI) was used for
evaluating disease progression; this was calculated by
dividing the EDSS score at the last examination by the
disease duration [14]. The demographic features of the
patients are summarized in Table 1. Sera were obtained at
relapse (within 1 month after onset of acute relapse) or
remission. Because of limitations of stocked serum volume,
from among the 50 MS patients VEGF was measured in 43
samples while other vascular growth factors were also
measured in 43, For VEGF assay, 24 serum samples from

Table 1
Clinical and MRI findings of MS patients in this study :

MS {(n=50) OS-MS (n=27) C-MS (n=23)
Females :males** 41:9 27:0 14:9
Age at disease onset™* 33.1x16.2 37.9+18.1 27.6£11.7
Age at examination™* 41.6+16.0 45.8+16.5 36.7+14.0
Disease duration® _ 85+93 7.8+83 9.1£105
EDSS score before peakb (stable, relapse) 27+24 2.8+£26 2522
EDSS score at peak® (relapse) 46+16 48+17 43+14
EDSS score at remission® (relapse) 3322 3.3%23 33£23
Progression index 0.7£15 0.8+1.9 0.6+0.8
Brain MRI:
9 or more T2-high lesions** 28/50 (56.0%) 9/27 (33.3%) 19/23 (82.6%)
Number of T2-high lesions** 9486 5.6%5.3 13.7+9.4
1 or more Gd-enhanced lesions 13/50 (26.0%) 5127 (18.5%) 8/23 (34.8%)
Number of Gd-enhanced lesions 0.3x0.7 0.2x04 0.5+09

Infratentorial lesion

Juxtacortical lesion

At Jeast 3 periventricular lesions**

Proportion of patients who fulfilled McDonald’s MRI criteria*
Number of black holes**

Spinal cord MRI:
Frequency of spinal cord lesions

21/50 (42.0%)
27/50 (54.0%)

10127 (37.0%)
12/27 (44.4%)

11/23 (47.8%)
15/23 (65.2%)

25/50 (50.0%) 8/27 (29.6%) 17/23 (73.9%)
25/50 (50.0%) 9/27 (33.3%) 16/23 (69.6%)
2.0£3.0 0.8=1.0 34£38

32/48 (66.7%) 19/27 {70.4%) 13/21 (61.9%)

Frequency of Gd-enhanced lesions 6/48 (12.5%) 4/27 (14.8%) 2/21 (9.5%)
Spinal cord lesion length® 5049 cm 6.1£5.7 cm 35+3.2 cm
Longitudinally extensive spinal cord lesions 14/48 (29.2%) 11727 {40.7%) 3/21 (14.3%)

*Mean+S.D. (years).

*Mean+S.D.

MS=multiple sclerosis; OS-MS=opticospinal MS; C-MS=conventional MS.
EDSS=Expanded Disability Status Scale of Kurtzke; Gd=gadolinium.
*p<0.05, ¥**p <0.01, for the comparison between OS-MS and C-MS.

#Mean+$.D. of the spinal cord lesion length was calculated using only patients with spinal cord lesions on MRL

14



JJ. Su et al. / Journal of the Neurological Sciences 243 (2006) 2130 23

23 OS-MS patients, 14 sera at relapse and 10 at remission (1
patient was examined both at relapse and remission), and 19
samples from 19 C-MS patients, 9 at relapse and 10 at
remission were tested. For other vascular growth factor
assays, 23 serum samples from 23 OS-MS patients, 12 at
relapse and 11 at remission and 20 samples from 20 C-MS
patients, 9 at relapse and 11 at remission, were examined. A
total of 7 MS patients (4 OS-MS and 3 C-MS) were on low
dose oral prednisolone at the time of blood sampling (Table
2). Thirty-three healthy subjects (14 men and 19 women)
were enrolled as controls. Their average age at sampling
was 45.1%17.8 years (range: 21 to 84 years). Age at
examination was not different significantly among MS
patients in relapse, those in remission and controls, and
among OS-MS patients, C-MS patients and controls.

2.2. Sandwich enzyme immunoassays

VEGF, acidic and basic FGFs and PDGFs-AA, -AB and -
BB were measured with quantitative sandwich enzyme
immunoassays according to the manufacturer’s standard
protocol (R&D Systems, Minneapolis, MS, USA) by one of
the authors (J. J. Su) who was unaware of the diagnoses.
Serum. samples were thawed from —80 °C to room
temperature and assayed in duplicate for the presence of
each protein in 96-well polystyrene microtiter plates coated
with each capture antibody or a recombinant human PDGF-
Rp/Fc chimera. The assays used each detection antibody
conjugated to horseradish peroxidase, and color was
developed with tetramethylbenzidine/hydrogen peroxide.
The lower detection limits for each protein were as follows:
9 pg/ml for VEGF, 5.68 pg/ml for acidic FGF, 3 pg/ml for
basic FGF, 2.07 pg/ml for PDGF-AA, 1.7 pg/ml for PDGF-
AB and 15 pg/ml for PDGF-BB.

2.3. Magnetic resonance imaging

All MR studies were performed using 1.5 T unitsv,
Magnetom Vision .and Symphony (Siemens Medical Sys-

Table 2

tems, Erlangen, Germany) within one month from blood
sampling [12]. Typical imaging parameters for brain MRI
were: axial T2-weighted turbo spin-echo imaging using TR/
TE=2800/90 ms, flip angle=180° axial turbo-FLAIR
imaging using TI/TR/TE=2200/9000/110 ms, flip angle=
180°; and sagittal and axial precontrast and axial and coronal
postcontrast T1-weighted spin-echo imaging using TR/TE
range =400-460/12~17 ms, flip angle range=80-90°. One
excitation, a matrix of 256 x 256, a slice thickness of 5 mm,
and a slice gap of 2.5 mm were used for all brain studies.
Gadopentetate dimeglumine at 0.1 mmol/kg body weight was
administered intravenously for contrast-enhanced studies.
The typical imaging parameters of the spinal cord were as
follows: sagittal T2-weighted turbo spin-echo imaging using

TR/TE range=2500-2800/90—116 ms, flip angle=180°,

number of excitations=3-4; sagittal T1-weighted spin-echo
imaging using TR/TE range=400-440/11~12 ms, flip angle
range=90—-170°, number of excitations=2-3; axial T2-
weighted turbo spin-echo imaging using TR/TE range=
3200-5360/99~116 ms, flip angle=180°, number of exci-
tations=3-4; axial T1-weighted spin-echo imaging using
TR/TE range=400-440/12 ms, flip angle range=90-170°,

.number of excitations=2. For sagittal imaging, a matrix of

256 X256 or 512 x 512, a slice thickness of 4 mm and a slice
gap of 0.4 mm were used, and for axial imaging, a matrix of
256 x 256 or 512 x 512, a slice thickness of 5 mm, and a slice
gaprange of 1.5—5mm were used. Brain and spinal cord MRI

‘were evaluated independently by two of the authors (F.

Mihara and M. Tanaka) who were unaware of the diagnoses.
Spinal cord lesions longer than three vertebral lengths were
considered longitudinally extensive. Brain MRI lesions were
evaluated according to McDonald’s MRI criteria for MS [11].
The interval between blood sampling and MRI scanning was
less than one month in all cases examined.

2.4. Statistical analysis

The Mann-Whitney U test was used for statistical
analyses of age at onset, age at blood sampling, disease

Clinical data on steroid use of MS patient at the time of blood sampling in this study

VEGF assay Other vascular growth factor assay
At relapse )
No corticosteroid 14 OS-MS 11 OS-MS
. 9 C-MS 9 C-MS
Low dose corticoid 1 OS-MS " {1:5 mg/day)
At remission )
No corticosteroid 8 OS-MS 8 OS-MS
7 C-MS 10 C-MS :
Low dose corticoid 2 OS-MS (1:5 mg every other day) 3 OS-MS (1:10 mg/day)
(1:15 mg/day) (1:7.5 mg/day)
(1:5 mg every other day)
3 C-MS {1:15/5 mg alternatively) 1 C-MS (1:5 mg/day)

(1:5 mg every other day)

(1:5 mg/day)

Number of patients is shown.
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duration, EDSS score, PI and length of spinal cord lesions
on MRI. Statistical analyses of growth factor levels were
initially performed using the Kruskal-Wallis H test for MS
patients in relapse, those in remission, and controls, and for
OS-MS patients, C-MS patients, and controls. When
statistical significance was found, the Mann—Whitney U
test was used to determine the statistical differences between
each subgroup; uncorrelated p values were comected by
multiplying by the number of comparisons (Bonferroni—

Dunn’s correction). Spearman’s rank correlation test was

used to determine correlations between each vascular
growth factor, and between clinical parameters and each
vascular growth factor. The Chi-square test with Yates’
correction or Fisher’s exact probability test when the criteria
were fulfilled, were used for statistical analyses of the
frequency of brain and spinal cord MRI-lesions. In all
assays, p <0.05 was considered statistically significant.

3. Results
3.1. Clinical and neuroimaging findings

The proportion of females with OS-MS was significantly
higher than those with C-MS (p=0.0003) (Table 1). Ages at
disease onset and examination were also significantly higher
in OS-MS than C-MS (p=0.0149 and p=0.0438, respec-
tively). EDSS score at peak and PI were higher in OS-MS
than C-MS, although the disease duration was shorter in the
former than the latter, but none of these differences reached

o
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Fig. 2. (A) VEGF concentration in sera of MS patients analyzed separately
according to their clinical phase. Bars indicate the mean of each group.
*p<0.05. (B) VEGF concentration in sera from MS patients analyzed
separately according to their clinical subtype and clinical phase. Bars
indicate the mean of each group. *p <0.05.

Fig. 1. Representative brain (A, B) and spinal cord MRI (C~G) of a typical OS-MS patient at relapse (disease duration: 4 years). No lesion is visible on T2-
weighted axial images of the brain. Longitudinally extensive spinal cord lesion at Th2 to 7 spine levels is shown in T2-weighted sagittal (C, D) and axial (E-G)

images of the spinal cord (E: Thil, F: Th3—4 and G: Th4-5 spine levels).
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significance. EDSS scores at remission or convalescence did
not differ significantly between the two groups.

On brain MRI, the frequency of nine or more T2-
hyperintense lesions was significantly higher in C-MS than
OS-MS (p=0.0006) (Table 1) (Fig.1A and B). Moreover,
the frequency of at least three periventricular lesions was
also significantly higher in C-MS than OS-MS (p=0.0015).
However, the frequencies of juxtacortical and infratentorial
lesions and gadolinium-enhanced lesions were not signifi-
cantly different between the two subgroups. Thus, the
proportion of patients who fulfilled McDonald’s MRI
criteria was significantly higher in C-MS than OS-MS
{p=0.0098). On brain MRI, the frequency of T1 black hole
lesions was significantly lower in OS-MS than in C-MS
{»=0.0046).

On spinal cord MRI, the frequencies of spinal cord
lesions were similar between OS-MS and C-MS. The
lengths of the spinal cord lesions on MRI were longer in
OS-MS than C-MS, though the difference did not reach a
statistical significance, and the frequency of longitudinally
extensive spinal cord lesions was significantly higher in OS-
MS than C-MS (p=0.0398) (Table 1) (Fig. 1C-G). Even
when seven patients on low dose corticosteroid at the time
of blood sampling (4 OS-MS and 3 C-MS) were excluded,
essentially the same results were obtained in respect to
comparisons between the two subtypes (data not shown).

25

3.2. Vascular growth factor levels

Serum VEGF concentration was significantly higher in
MS patients in relapse (320.5+316.1 pg/ml, mean+S.D.)
than in controls (147.32136.4 pg/ml) (p=0.0495) and
those in remission (48.6%25.7 pg/ml) (»p=0.0003) (Fig.
2A). Even when MS patients on the low dose cortico-
steroids were omitted, the difference between those in
relapse and remission was still significant (p=0.0021) and
the comparison between MS patients in relapse and
controls showed a tendency (p=0.0807). We then
compared serum VEGF levels among OS-MS at relapse,
OS8-MS at remission, C-MS at relapse, C-MS at remission
and healthy controls; a statistically significant difference
was found only between C-MS at relapse and at
remission, but not in any other comparisons. The
difference between OS-MS in relapse and OS-MS in
remission lost statistical significance after correction by .
multiplying the number of comparisons (Fig. 2B). The
difference between OS-MS and C-MS patients in relapse
also did not reach statistical significance due to the small
sample size, although the former was higher (365.0+387.6
vs. 251.24148.0 pg/ml).

Basic FGF levels did not differ significantly among MS
patients in relapse (5.3+4.7 pg/ml), those in remission
(5.4£4.2 pg/ml) and controls (3.7£2.5 pg/ml) (Fig.  3A).
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Fig. 3. (A) Basic FGF concentration in sera from MS patients analyzed separately according to their clinical phase. Bars indicate the mean of each group. (B) Basic
FGF concentration in sera from MS patients analyzed separately according to their clinical subtype. Bars indicate the mean of each group. *p <0.05. (C) Acidic

.FGF concentration in sera from MS patients analyzed separately according to their clinical phase. Bars indicate the mean of each group. (D) Amdxc FGF
concentration in sera from MS patients analyzed separately according to their clinical subtypes. Bars indicate the mean of each group.
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