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EE : REEEEL (neuromyelitis optica, NMO) &, NMO-IgG DFE R IC &L V) HFM4FE{LEE (multiple sclero-
sis, MS) L IIRERFEIBELZIMILARBETIHIFHEL > TS, NMO-IgG #5359 5 aquaporin-4
(AQP4) H#7Z hOYA PORREICFETIKF v RIFFTHBZ LD, NMO-IgG (3 AQP4 Hifk) 7,
FArOYA FOERFELD AQP4 ICHEE LHFZEHLETZ TP MOV A FMEZFBTELEn 5. f
7, Balo iRISBiHERE EHEHBB AR EICECARICAH T 2RBNARERETRT. 0L 5 BROARKES,
MS ® NMO THH5NB N H 5. Fhi-Hld, Balo mETIIBBEEEIEBREE S 3 < O TIRAIC AQP4 HBEE
LTWa I EaHWEL L. Balo m T, MBERABEMICHARHEORLEZAS5N T, MiFR AQP4 REEHEMT
HBZENS, HLAQPAIMMBIEKEMT7Z X bOY A MNNF =, AUTF ROV A MNF—%2FEL T, BEE
VEBCTEOFHLLVEZREBL TV, AENERABEOREPHEDEEE LS b AV AQPS DREE(SL,
MS ¥ NMO DIRETHA#5NBEFH Y, BCRFIFFEKEMET7 X bOY A MNNF—FIE HEMARBRICHET

BAAZXLTHBFIREMEDEL.
(ERk#E 2010;50:788-793)
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27 EMALAE (multiple sclerosis, MS) 12i%, & s DO%Hi
BT 5V ODOHRAH ST W 5. Devic 3% (HLARE
#tig%, neuromyelitis optica, NMO) i Devic IZ & D ii#k &,
B L FHEZ BB TIOL LTHATH S, i,
Balo 9% ([FLCMREALAE) (&, Witk & IR 2358 HAZ [
FPIRIZ A B RN 2 W B g 2 R T 2 L TR AL Tw
5. BIEIIRELZWTIZ X o> T2, MRI CTHOHIRRE DS
WHTEZLHCRY, BRI SNL L) Il hol wTh
H MS O & 2 51T w725, Devic 1%, NMO-IgG
DFRIZE Y MS L3y L2 RBE DFERESRTH S,
AT, ZOZODRHEN S AT MS ORFEL D <5 I
D RDOHERIZDOWTIENS,

1. HEREBROREEH LT

NMO (& Devic D#ELIE, MS & ORFE D FHFIC R > TE
72, FATETIZ, 1958 4£1C Okinaka 12 & ) 7 ¥V 7 ATl2iE U
DTEEPIOBREEREOHE D% Sh, €D 65% 1 NMO
EEN. ZOH,ETMS & NMO DOICZE K ORITHIASA
WZEh7zZ Enb, D KB TITHEAMED S DD HD
NMO & &h, HREMEDOLDIZMS OfiEEICALDONE Z
Lot

L7 L, aquaporin4 (AQP4) % 73 % NMO-IgG D5
I2E D, NMO i AQP4 258§ 57 A baH A M 2BEWT
BRI RIS & 2 1B XY, B —kMETH S MS &
FRZZEBETIHVDAIHENZ ISV o7, ZThICK
) FAE TR O A D 5N T & AR R £ 761
WLAE (opticospinal MS, OSMS) iZ NMO & Az shb &9
IZhodz. EOERBIIL, OBt AQP4 Hifkds NMO (2575
ICHI SR s 2 &, @NMO O - WHIHH Tld AQP4
DRI LM A SIS Z &, @PL AQP4 BRI M 1ML
HHK [gG OEBRIW~OBAIZLY 7T A a4 Lok
ENFHETELILELETHA.

M7=bid, ZHOABBIOBE 275, (1) AQP4 DFEL L »
IHRHFTRIIMS Th Ao bh s —J, W% NMO T
HoTH AQPA LD A LN R VBRI ERD L &, (2)
T4 O JETH AQPA iR Z Ml L TH NMO o) 5 Hix
B Th s 2k, (3) NMO-IgG/Ht AQP4 Hufkffi & NMO o
FIE - BRIEBMHBE L2V E, BIU, BWEFVOHREIC L
MUZ, (4) 3T AQPA HLAR DKM A & OB A 213 T I ML ok B
MAMETH HRRK TH->THMBBI ST, 7A My A bo
BEE 2 T 1213 P AQPA PR IS 2 CREM &R A 1Y
THIOBAZLEE T LI EREDS, YL AQP4 Hifkid
BHIRTFIBE ST THRZ EAWMEDOTERICIEATRTH
BUREME AR L TV 5.

7z BiE, NMO #ii T IL-17 % IFNy OB fil, NMO A
1M T e A3 B85 4 1 125 L C epitope spreading #7/R$ 2 &
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ZUSMIILTVAYY, Zhbid, NMO OFHE - B3 b))
H—eLToOTHRBOBEEZZHT 5. H1H0 NMO
T AQP4 XY % H O RIEAHRIEAIIC DRI EIC DA
HELRWZ 2L, AQPA PHOENDREREICEETHL I L
i RRT 5. &ﬁﬁ@MSkNMO’iHLA&E@%
PEREFIERICBOCHIEARALNE 2 Lh D, TIE
BEICBWTIET 2 A = X AP T B HeEA#E 2 5
ha.

2. i AQP4 HilFDEENZH>T

INFETIZ, P AQPA PN & FREF RO K S VA RERIE
DOHBZRT V) ME'P—i %R SN TV LA, The B
RTEZWMEE R, M, BAbiE, $AQP4A HUfkiX SS-
A/B BB TR X ) ARSI RV 2 &, KRS o
Thl/Th2 /85 ¥ A THA % & Th2 ML AMEZ 2 ) THT AQP4
PAIASB W L E2HRELTWEY, —icB I hebhTw
5AQP4 R L TV MEZE b H w7z d i yE ge ik
(immunofluorescence assay, IFA) 12X A3k Tl
A HE I NS Z 812k b AQP4 DEM:, 5 WVIdEE L
t;uxi% XA F A4 ¥ 7T X F(EAMH ) ICHE2S8E D fFirsh

WX BHFEOEEHNBZ 5. IFA Tl % BREARL
“C?)T AQP4 FUfifli 2 W L THEIRIR & LK L 72% < oG
T, UMl & BRR ST A — 5 — L OMICHE R MBS A S
ncwhwv, —F, Blb0mERELz70—% 4 b X b
=3, AMBORBMIBEHLTVWLIEEL TV R W
AQP4 IZHET MDA E MM TE, IgGOH T FA T
EDOVROMIMATRETH 5. F 72, LFEHZEH D SRS #1As
Bi%E L 7z bridging ELISA #Cl&, EfHo AQP4 & ATl
BB S & R o 72 AQP4 DTl & AT AP0 AQP4 L
EMMT 5. 2022008 L\WHEC X 2 HufdA o Hl & 5
5, B7=bi3, PUAQP4 LRl RRHI AR VWIZE, 2o
BB (E ICHAREZ B ITHENB) KL nIEER R 5
2t 7u—H%A PA MY —ETEMBEMCIOARET S
YilkE L 55 & 1gG Ht AQP4 PuhAfii ix Progression Index
EWHBT A L, 1gG2 YT 7 T ADHL AQP4 Uk X H
BHREOES LWHETLI RO L. Bwl
O SRHERBDOL S Ll AQP4 Pkl 2HHE 5 &
RS b kR W A3d 5°.

IS oRERIE, U AQPA BufkiL, WIERIEDITTHEREL
BRI LCHEESH, BHRIHARSZVEREEZ V22T
IO NPUEA~OFAEDHE U (affinity maturation (2 & 1)) &
Sz b ®RETH. EHICIgGH T 7 I AR LY
b= &Y invivo TOEMIZSRZ D, Mk EEEOF W
1gG2 7 5 A 7 &3 e L A neuroprotective T&H 5 W iEMEA
5. 5% AQP4 V) v 7 Ty by A TIRERNE SR E N
7% (experimental autoimmune encephalomyelitis, EAE)
DEWIIET 2 2 EMESNTB Y, AQP4 DFBLZ I
LT LAHEL RN A EORIIBBEINTVSE. Zhiz
AQP4 R~ A Tld, MEFRMEFEITEE - ZHALT 5

50 : 789

Table 1 NMO IgG Positivity Rate Among Races.

Race Disease NMO-IgG (%)
Caucasians NMO 4378 *
Northern Japanese OSMS 63 *
Southern Japanese OSMS 38 %
Turkish NMO 45
Caribbean NMO 33
Indian NMO spectrum 5%
African American OSMS 5

*: measured by Mayo Clinic; cited from Ref.

—J5, AN IE IR T 5 2 LT & 5. AMBAE MBS
&, PEEGRE MRI P R & 23t i A3 (ADC
map CTWFHAMET) THHZ EHAREINTWE DT, EAE
T ESEIC L D ) MR RIE X AQP4 D FEBLDMER T A%
GLAEEPBRL 252N EZLNS. LT, #t
AQPAPLAD B TH 2 L R LTV, & ICHMRE:
FRELRLTVWIEPHLNII > TWED, EIEPl AQP4
PARDIER TR LT, b dlo THEECREDTHR S
HEOBEEDNRH > THRELRT L, PAQPL PUKIZFHIE O
R BB IHERCTRREYND 5. $72, —HOHT 7 7 A
® i AQP4 HLK A neuroprotective IZ/EH T 5 72012, $ii
AQP4 PRk E LTHB EREERIINT A — 7 — L E LB
ERIBVWEDEZOLNS.

3. Seronegative NMO #®H< - T

NMO-IgG Bz, AMRERNZFBEOFEDIZ L 5T
K& 7% % (Table 1Y, $t AQP4 PUIKBEPERICET % R
DA )T (47% ORESR) R 7 5 ¥ 2 (54% DOBPER) OO
KB e i 12 LU, BetkEsRidi 50% Th b, Zdfhz:
HLOWHEELED LT 5. T/, WHEMIZH, AQPL DL
BN FE 572 ALNEWNMO b#EENTn5s, FAlzbo
28O NMO Bl OB A RE I BV TdHEH (11
Bl 561, 45%) Tld AQP4 DREEIZA SN 072, Lz
P55 T, NMO-IgG MBI 03X T %t AQP4 Pk &K E D

WIRT A LIETELZVORHATH 5. BIRWICIE
NMO@W%A@M%W%%%M Bt Is { S RTHFEFE

, RNBEEEDTR, MRE OB E Y, SS-A/B &k
) E E?}Lﬁi’?’ V=7 L UERMNLS EOHCRERBO AP
RARBVE VS M H 57, T b0k, NMO-IgG/
PLAQPA PR T T4 =) — % E2H-TB 5T, 154K
FITBERWT & #/RET 5. Seronegative NMO % flii7. L
Te—RETHLH0 L HITHY O WFFEE b V55, FREk
TdH > TNMO-IgG 2SBEHEDIEH I, TNHAMS L8 %S
&) BHRE BRI BHIR L CIAAAE L, F 7z, B
D NMO % < i1t seronegative TH ), HOORERBEDOY
RIIZLWv. IhosnZ &b, NMO BHE—EKETRVWDIX
HoE2rTHDH, HMHMLEONMO, HERERBEICED LD
NMO-IgG 5K 7 @ NMO, pareneoplastic NMO, T3 T
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NMO-IgG A3F&1: o NMO & heterogeneous 7% fEfEH#E & # 2
LONEYRTHY, ZO—Hr L1k 2t MS Zo
BODP, MS EF—N=F v TTDHDENZ 5. HHRER
W2 3R LAE (opticospinal MS, OSMS) & w9 g, it
HHEBTHLEMS O~ THL I L2 EKRT L (2
= — 7 BIRREOBHIIE TV B L OD), NMO &) HiE
X, ENBMS LIZE K RLIBFORETHL L %
BRLTWS, L7225 T, MS & NMO OJFHEEKD 1)
A =D LTIE, WRESEISH. L2RETH S &
A SN LRV RBNTHA.

4. Balo mDFEEZH > T

Balo #iiid, 74V v ¥y, WERHS, BE%ETHRENS
CAhAbLNS., AMFEEL, FEFEIRICHE L akinetic mutism
WA EERERE SN TE7. LA L, MRI CTHKRZH S
N, B SRR T B A MoV ZES e ERERED
HBEINDEHITHY, W - FHHELMS EEb S LRVERIRE
WCBATT AP Mo, L)l o7z, Tz, IR MS
THIEE L, %ICMRI ECHOHIRBELZZ2T A0 HE SN
TWw 5. A5, NMO-IgG A3F P> NMO TH#EZ Balo i #7s
HIL L7202, NMO THAE L TIHE I K R Y 70
Balo HEEZE L7720 T 58¥HiREHRESINTND. ZDX
I Balo ML, MSTHNMOTHALN, ThHD3
HEN IR D 5.

Balo W OmREMRH & LTlE, AL b0 BzonTE

7. it Db D & L Tld, tissue preconditioning & successive
ring formation 258 %Y. Z 1I3HHE DL Tld heat shock
protein 70 % heat-inducible factor lo. 72 ED A + L A& H D
BHBAHRONDLZ DD, HEOLFIIIRO IR D P AR
LTI & %2 5. —7F5, MRI Tld Balo JRHE O 4528
YITWAHRLN, TNHESITROBEIZIERIRA S 2GR )
v 7 OWNMITE CHRBERE (T) T low) A L & b, HillA SR
7o) v 7O E BN H e g v AL BLIT 5 B
DHDHZ s, BEREIICIEN I L, SEIC X Mk
JE DA SIRBIEC 2 D, & DR TIZR I D GRE D P F AR
L TR 7= 5 2 & TR E IR S NS L)
LbDOTHA.

L2 L, Balo #3139 AIZEAER DR YD MRI TS TIZFH
DMROIFEEASNS Z L% L, B v 7 HEEITD
AP SARSNDHH A7 v TY, tissue precondition-
ing & successive ring formation IR AT X TOHIIZH Tl
F5LIFTIERL, TO—HML2HHATE LW LIZHET
H5. F7-bix, NMOFITH Balo WWHASHIHT 5 & w9 ik
EDOIEIZIED VT, Balo JETD AQP4 R Z DM 7 A b
P A b —h — OB E RIEMBCENCRE L. 20k
K, Balo 7 TIXBLHERE b IR 5 < TIRPLIC AQP4
OFBMETLTWDL I L %222 X LD, Balo WA TIET
Z haH A MBS GFAP OFBIIR N, S HFEED
RIET T T U RWEHALR RO b A & D4 EIiZ, NMO

ERREHEE 50115 (2010 : 11)

WL IIKRE LSRR o> Tn 5. A7z 5 1d Balo 8 6 61Tl
HPLAQPA A E L b REFIEETH 722 L2 5, NMO
DU AQPA BUKAEED 7 A ba A b SF—L$ B L,
Balo J§ix NMO & 13272 ) $t AQP4 YURIEEKGFE DO 7 A b
O A PRF—THHIEERBELTWS (Fig. 1).

5. BEOPRBBEREDEREFEEZHS > T

Tissue preconditioning & successive ring formationlZ & %
BRI ) O 7 ORKITMZ T, L7 AQP4 D% A3
J& & IEBLRE A2 BAZERS 3 2 S R R O T IC S L
TWAERHIZEZ TS, BB X 512 AQP4 L%
AT, RIS I FEREAL L, AR T 5.
Balo 5 5 0 i O JL SR W & MRI D #e i 12 & 4uid, Balo
TR CIRAIN I IHAME T S 2/t Er 23 5, S
ST EEOHLE THHAMET 3 2 Al g o A2 B3
5 &)Y Balg mOIER) v ZIXEIRD B W IZATIRICH
T2 EDL L, T ORI Tl FEMEFIE % 4
LTwaeZEzxbNb. 25 ), Balo i ClaMlaikFeEo
B & I SRR IE O A A D ALACTIRE LT 5 &
g shsd, —75, mw4w%%ifmwﬁcofw5@f
Jl2ili <72 EAE TRk ﬁo < &, AQP4 2% L
JEAE T HE D AL i‘fﬂ%ﬁﬁ&iﬁﬁ‘ 2%, —J5, AQP4 3%
L Ml il D Ff 67 ifﬂ%&ﬁfi 7J WHRT AL EZLND.
Bz bid, Thobisisg & IEFRERE A HACHCEI§ % TR A
—MORETHEINIBEFTHL E V) FERBLTW
5.

6. HCMAIHKEET7ZX FOY A FNNF—2H<HT

BIZARZZEIHEEZTAIEF A, PO —H—ThH5
GFAP IR TN TV B Z 05, Balo HHETIZT A
Fad A4 b BRI LBE S hTidvwivy, 22T, Balo
5 O EO AR B AQP4 DA 7 A Fad 4 b v —

—OFBIILEDL B LT D 0%, FABHIIREL
2. 7Abat A MINZEBL, 7A MY A M, TA MO
A M=+ ITFr7FTut A  MNEHOKE EHEERIII 2D
% connexin 43 1%, AQP4 FARIZIEIICHAZA L Tz ) T
Frrutd MIFERL, TAMeHA b—F)ITFrTO
B A FEOME L HEAERIZA 22D 5 connexind2 2% B b
MoK TFLTwZ —F, ##Ei&EHTH % oligo
dendrocyte-specific protein (¥fR7zILTW7z. T74bH, Bald
HREOT A b4 F3F—13 AQP4 IZBE 5, connexind3
HBEX VMY & o THNEES ICHST 55 FOBE N
BIoTWbIlNbhrsb IhAS5DI LMD, Balo T
i, 7AMaYA MXF—=PETHEL, ZOTHRICAH) T7 >
THYA MRF=DBBIY, ZADPREIC V2B E W) H A
r— N%&% 272 Balo i, MRS C»PDEFTOT
A bOHA MRF—LRIBIEER S,

S5, HAAMS BFFHO ELLFRIF R 2 NMO #1
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) i GFAP (+)
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. B
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Fig. 1 Hypothetical mechanism of Balo's disease.

45% (5/11)
0,
60% (3/5) > Seronegative NMO

AQP4 loss
o with perivascular
100% (4/4) 18% (2/11) Ig & complement
) deposition

AQP4 loss
40% (2/5) 36% (4/11) without perivascular

deposition of Ig or
/ complement
Bal¢'s disease \/ MS NMO I:] AQP4 preserved

Antibody-independent
AQP4 loss

Antibody-dependent
AQP4 loss

Fig. 2 AQP4 loss in Balo's disease, MS and NMO.

DREED—FTE, R IELWEOUE LT A b
FA D AQPA NILIUHE L T b Z L 23R L7 (Fig
2). Fhbt, ACHRIMKAFET A b a4 b3 F—idh
WHRREERETL S AL O LN, BRIk {FS
LTV D IREMEN S 5.

YIS

PLAQPA PUADFERIC X Y, BEEERBEICBITL T A M
B4 PEEOREWENERINS LIk o7 L AQP4
PUKICE 57 A b A MESEEEED TV AA, HEH
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RIZEBHWT A a4 b3F— 135 L BlPERETA S
N, TNDH oL BWWITENTWEDN, BaloweEz 5
N5, FBEREFEIE, MS® NMO TLHAET L L Bbhs.
ZDERT, Balo i, MS, NMO i&, —#o iz s A7
FTAEMRT S EER L. BT AQPAHUKMRAAED T R T+ 1
FA MR F =1L, Bt AQP4 PufkbatE NMO TLER L 2 %
WA, HEPURIFRAAE T A b ad A4 boxF =13 X D IEATH
Zho TEH L T AR E . 20 RRICHE L Tw
HEEEIND THRMERESR~ 2 07 7 — YO innate im-
munity DHFFER, ZOTHIMBET S EEZ 5N 5 con-
nexin ¥ AQP4 7 £\2 X % Mg FIAH EAE o & DR 7E 53,
SHROMFEOERE RS9 (Fig. D).
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Abstract
Recent progress in multiple sclerosis research: astrocytopathy in demyelinating diseases

Jun-ichi Kira, M.D., Ph.D.
Department of Neurology, Neurological Institute, Graduate School of Medical Sciences, Kyushu University

Multiple sclerosis (MS) is a demyelinating disease of the central nervous system (CNS)while neuromyelitis op-
tica (NMO) is an inflammatory disease of the CNS that selectively affects the optic nerves and spinal cord. Re-
cently, a specific IgG against NMO, designated NMO-IgG, was discovered, and the relevant antigen was found to
be aquaporin 4 (AQP4), one of the major water channel proteins in the CNS. The sensitivity of NMO-IgG/anti-
AQP4 antibodies for NMO varies from 30% to 80%, while specificity is 90-100%. Pathological studies on NMO pa-
tients have revealed perivascular immune complex (IgM, IgG and C9neo) deposition and extensive loss of AQP4 in
active lesions, while myelin basic protein (MBP) staining was relatively preserved. IgG from NMO-IgG-
seropositive NMO patients induces astrocyte death in culture in the presence of complement, and reproduces as-
trocyte loss in vivo when MBP-specific T cells are co-transferred to cause experimental autoimmune encephalo-
myelitis. Therefore, it is postulated that the complement-activating anti-AQP4 antibodies have a pivotal role in the
development of NMO lesions through astrocyte necrosis, and that demyelination is a secondary event.

Bald's disease is characterized by alternating rings of demyelination and preserved myelin. As additional MS-
like lesions often coexist in Bald's cases, Balo's disease is regarded as a variant of MS. However, Bald’'s concentric
rings are also observed in NMO cases and in Asian opticospinal MS patients in the cerebral white matter, spinal
cord and optic chiasm. In demyelinated areas, many hypertrophic astrocytes are present, in close contact with oli-
godendrocytes that often show apoptotic features. In the outermost layer of preserved myelin, stress proteins in-
volved in tissue preconditioning are abundant in oligodendrocytes. The peri-plaque white matter is thus assumed
resistant to subsequent attack, thereby leaving a layer of preserved myelin. In some patients, Bald’s concentric
rings develop systematically in a centrifugal direction, while other patients show simultaneous enhancement of
multiple rings. Therefore, tissue preconditioning and successive ring formation does not fully explain the mecha-
nism of the disease. We recently reported that AQP4 was extensively lost in glial fibrillary acidic protein-positive
hypertrophic astrocytes, both in demyelinated and myelinated layers of all actively demyelinating lesions in four
Filipino Bald's patients. None of six other patients with magnetic resonance imaging-confirmed Bald's disease was
seropositive for anti-AQP4 antibodies. I therefore propose that AQP4 astrocytopathy, in the absence of anti-AQP4
antibodies, is characteristic of Bald's disease. Since a similar loss of AQP4 without perivascular deposition of immu-
noglobulin and complement is also observed in autopsied CNS tissues from NMO and MS cases, I consider that
autoantibody-independent astrocytopathy may widely occur in human CNS demyelinating diseases, including
Bal6’s disease, MS and NMO.

(Clin Neurol 2010;50:788-793)
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