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B4 S BEEMSE B & (CIADBRF T E )
S A e

B CRZLR BT PR IEE L EE I SR A OB R L HURBRE DR :
TR BB AN DIEFRIERESLIZ AT T

FAERFREE ARFT BER
I RRFEZHMBREC AR ZFER BT

WREE

BT T =T ARV = — TV AEER e S 25 B CAEREIIUITU I PR R
EratFT2EN LN TERY ., TOBKERDFEER, L8, SRMEE ., EEE LS LI
DY, WTNOBEOTRELELATHIERELRRETHD, ZNOOFEBIZIZSEERAD B ChuEn
FETDHIEBHMONTRIZEIEB D—DIlbR2>TD, LiL—H TING B CHEDRFE M
BLORHEBERIZEAL TITHALRENBE, KPFRO B L, PREREEL S LIz2a B
CARE R EBEE O - SRz VT RERENTHFREOR HARO NI ZOR#EIT
FEREL, HFoN-HiREREL LI L2 B L OREIEDRBEEZITIZE THD,

[$1 Hsp60 FUIR | EEE LT 4 13 Z IR THRE T oy MEBLUERE T/ LC-MS/MS ¥ AT L%
R~ RAEEMRRABLREE OMFEL AV RIEOR KB L UOEDREB SR DR
EEIToTE, FOFIZE B =2 —/XF —TRIEL ., ZOBREEE72 KN /M - RIS
WRAERELZELIZCNS L —FREE LR, ZOMFEPIZ 4D Ty MEE B LS
RS T BAIRGIARE R E L, ZOHRE AIXE &E58rD#E £, Beta-actin, Alpha-internexin,
Heat-shock protein 60 (Hsp60), GFAP Tih-o7z, ZMDHH D Hsp60 (ZEAL Tid, AR AT IZmE N
AR TAIEN LI TVD, AFERE | HT Hsp60 HLiRAHLMLE PN R4S L TRAK
M EEER GO T ATREMEAHERIL . H1 Hsp60 HUIARAMEE KAMGRE B ERE OBEEMEIZ X R
FTL7z, ELISA #£Z2 VY 110 ADMFRRIREEE GERIEMEMHREARE 86 4, BT 2P LI2
B CREIREB 24 4) L9 ANDOEEE OB Hsp60 Hi i % I E L KIKIES 5 E R A % Fazekas’
rating scale & AV VBRI L7z, 5. Fazekas’ rating scale 78 2, 3 D KIMIEH HERELH ToH8H
P B O K BB O Hsp60 FLIARM2MEE & (p=0.039) BL YR scale 23 0, 1 DIERIEMERRE
KB BE (p=0.016)DFAME LB LA EICEE THoT-,

[51 oGDIHUA ) AFE, CNS NV — 7 RABF IR0 H CHBEZRIE 720, RADEES
& 64 D CNS )L — TR BA D ME P OTMRETEZ K TTRE T oy MLV LIz, 2O
EEIIGET CNS M —FREBEOMIFICKIETDARy M U BT & fifTL I, /&
. Stress-70 protein, Rab GDP dissociation inhibitor alpha (aGDI) . Isocitrate dehydrogenase [NAD]
subunit alpha, L-lactate dehydrogenase B chain, F-actin-capping protein subunit alpha-2, Rab GDP
dissociation inhibitor beta LA L 6 FEFEHOHFATRHIURE A ZRIE LI, ZDHHD oGDIZEL TiE,
RS F 7 A HEL/ MIEXI LR G B A Rab3a DUF A7) ZIZBETHILAMLTRY,
&EHIZ aGDI 2= —R¢% GDI-1 BiEFI3FEFF A X EHBHEFORKNEEFO 1 D T/v7
TUNRUATIR, EMREES, WEEOERT . £2THOEREARTIENRESNTND, €
ZTehaGDI VB F U MEBE AV T AZ T oy MEIZED CNS V—T 28 E  @F & &
IR RBE TN EN 124 T O0MER OB CHEERE L, R 24 DRHEREZ 2
L7z CNS W — 7 ZBE O ME PIZD A FHEI R HINT,



A. BB
PR EEZ LI 28 B CRE
FHEBE AL, RBEROTIRIEOR
B2 LN ERBHURDORIEZITV., 567
PR RAEFT- 02 W B L OVARIEOR %
IR L, R B L DR - By (A 2

TAHZLICIVERBHLICET S,

B. BIfEsE
1) BEVINOERBETAEGEORH

PR FIREE 2 S 0FL . SLE OERKRZK A
W (TAVAVY<=F W=, 1997 ) Ziliic4 &
FRIUMEFEEIVMIFLEHIRL, TvhK
RARER— PRV T NVELTERBRE
K[IKEZITVN, £DT% SDS-PAGE 726WNZT
By T AT ERITLIC, 7 uyMED PVDF A
TrrERAV EREFBIORESE IEE—
RPUA (x1500) &L, HRP TE#EL =YX Hie
k1gG*A-M HulEE Z kLA (x2000) LLTH
T FUE RS EATOE AT ¥ —IZTARY
MLz, UEDRIEARy R, RITH
TN R IR ITTERIKEID CBB YL
Te TN EDARy e~y F o T 21T oT,
2) BEHROFRIE

DIZT—HELIZARYMZ LT VAR 7
> {HAL %17V nanoscale capillary liquid
chromatography (LC) system (LV-VP,
Shimadzu)33 X T ion-trap % [R# L L7z tandem
mass spectrometer (LCQ Advantage max,
Thermo electron)Z#l A& O EI-EmKEDEH
B VAT LERV, T —F— AR
[Mass data X7k X calibur TM (Thermo
finnigan), Mass data fE#7- EBRIEY 7
MASCOT (Matrix Science)JtZ &0 B fLiE +
DHAPR DR HURE B DR EERH
7o
3) LERBEREEZHTHCNS V—T R
BEICRITIRN

R 2 —nF—TRIEL. TOEKF
A2 KB - /NN - MR LIRS DA B2 BE
REZELTZ 69 5% CNS V—T 2B HBED
MmiEZ AV ZRICRE T vy MIEOHLAES

EEREL, £0%, ZOHKRIEAR Y+
FHUEES T TWHIGRBIEE A%
RIE L7
4) #i Hsp60 HifED ELISA fE4T

ELISA kit (Stressgen, Ann Arbor, MI, USA)
2RV 110 AOMRIKBERE GERIEMMRE
FBRe4, MMREELAHL-2HE R
IR 24 ) & 9 ADOBEHOMIEFH
Hsp60 Hiifii % BIE L 7=,
5) KINZRES B ERE DM

EFE 110 ADMRRIR BB OFEE MRI &
8% 2 4 OWBRANBHEIBT LT, RIKZRER
F'E#"Z % Fazekas rating scale [grade 0;
absent, grade 1; punctate foci, grade 2; initial
confluence of foci, grade 3, large confluent
areas & VBRI L 72,
6) & BEFOH Hsp60 HLikED LB 3

EE 110 AOHRRIK B EE L IFRIEEMFRE
BB E R (n=86) LAFREE LS L2
P SREREBER (0=24) (5L, &
BIZZENENODRE% Fazekas rating scale (25
DEBMELRKRMETEEREER T8
(Fazekas rating scale grade 2, grade 3)&Z LA
SLDEf(grade 0, grade ZHFAL 7=, EFC 4 BF
BLOMEE B HOHUA( A Kruskal-Wallis test
ZHWTEHBRET LT,

7) CNS NV—7REERMNE SHhkoRH
CNS V—7RIZH BRI B bR
5D, 12BDOEFEEL 64D CNS L—TF

ZBEOMFE P OTIRIIEE IR
TayMIIVREL, ZO3HLEEEO MG
IIERIEE T CNS L— 7 REBE DO MIFD A
RS LIe ARy e i UE B oA 2 mifTL
7
8) #i oGDI HifkDRH

Human Rab GDP dissociation inhibitor alpha
(aGDI) recombinant protein (Abnova, Taipei,
Taiwan)Z V>, CNS /L —F 2B E | RYLM: B
ERRBE  BEEETNEN 124 T >0M
B —RHEEL Ty RE T ay M fEfTL.,
HkOH WeRFLE, |



(B E~DAEE) (M2) — kT vy T4
HFoFNELTHERLEZZ Y MEOEHIZREL

LIk, Wﬁﬁ)‘\ LKA R E R R B E R
EBEDOEBEGEI-.

C. AR
[HiHsp60HiiA])
1) Hi Hsp60 FED R E
REAEE, £ R =a—/XF—TRIEL, £
D% R 72 RN /)N « B SR | ZHEAS D IR HE 7R
FERZE (X 1) %217 CNS L —7AD B
,%\%%@Eﬁbto FOMETIZT b KINARE
F—hERIETD 9 SOFEKR IS AR Y
&71:5?14;47[3}]*{2%( THERELI(® D), &
NHRARY DL 4 FEOEEIUREAZF B RH: 4 EIRE TEARH
ELT-, #3511 Beta-actin, Alpha-internexin,
Heat-shock protein 60 (Hsp60), GFAP Tdh-7z
(&1, (& 1) EEITORR
ZOH D Hsp60 (1% 3) (2L TiX, b=V

Spot | protein l tid Coverage| M.W. [Theoretical

Ty ~nrEHT, SATH— LR MR Numb)| name [F°O" PP %  |(kDa)/pl| M.W./pl
ADBREIZEEL TWDIENMON TV D, 2 [Beta-actin|421| 16 | 41 j6Kss.15| 42K/5.29
-5 . ARV A F I M PN R A e R &% 1 [ 2 % 3 |Alpha-Inx|203| 5 12 [63KJ/5.15] 56K/5.20
B4 528855 TEYHT Hsp60 HLik L 4 | Hspoo |112| 3 6 [57K/5.29 61K/5.91
BN R R B E LT B s L R L P s | Hspeo |112| 3 8 |s7xs54|61k/591
592 ATREMER BIEL | RIBLARMR S KRHERED 6 | GFaP |113] 2 2 |S3K/5.3 | 50K/5.35

."{"\ = 711 r = - = R
RRRRIC D SBRE LI Spot number (%[X] 2 @ spot number (2%

(B 3) Hsp60 73 /BB

(1) BE# MRI T2WI

1 MLRLPTVLRQ MRPVSRALAP HLTRAYAKDV KFGADARALM LQGVDLLADA
51 VAVTMGPKGR TVIEQSWGS PKVTKDGVTV AKSIDLKDKY KNIGAKLYOD
101 VANNTNEEAG DGTTTATVLA RSIAKEGFEK ISKGANPVEI RRGVMLAVDA
151 VIAELKKQSK PVTTPEEIAQ VATISANGDK DIGNIISDAM KKVGRKGVIT
201 VKDGKTLNDE LEHEGMKFD RGYISPYFIN TSKGQKCEFQ DAYVLLSEKK
251 ISSVQSIVPA LEIANAHRKP LVIIAEDVDG EALSTLVLNR LKVGLQVVAV

301 KAPGFGDNRK NQLKDMAIAT GGAVFGEEGL NLNLEDVQAH DLGKVGEVIV
351 TKDDAMLLKG KGDKAHIEKR IQEITEQLDI TTSEYEKEKL NERLAKLSDG
401 VAVLKVGGTS DVEVNEKKDR VTDALNATRA AVEEGIVLGG GCALLRCIPA
451 LDSLKPANED QKIGIEIIKR ALKIPAMTIA KNAGVEGSLI VERILQSSSE

501 VGYDAMLGDF VNMVEKGIID PTKVVRTALL DAAGVASLLT TAEAVVTEIP
551 KEEKDPGMGA MGGMGGGMGG GMF

BRERSWOFEERE, —BLIZARY MR TE
T —FL TR T



2) i Hsp60 Hitke KRR A ERE

110 ADxi G B E A5 B GERIEMAPREIE
BLBRIEEZ AL 2B O RRE
) B LUEEER MRI BT RIZ31T D RAMTR
B 1'% & (Fazekas rating scale 0,1 &[]
scale2.3){ZXV 4 BRI LT, SHIZENE
NOBFIZOZRHOBARFE(L DI ARSI T 77
F—DHEBIZOIRELZ(R2), 2HMEEC
T BRETIE 24 FlP 1 Flizm mMED A G
BHRLNDDHTRMERAERESOHIT
1320 RICIEE OBIREE (L& 1T OB 53
FETHZEBHERISNTZ,

L2 4 BELREH FH BED ELISA f#ffr &2 HV 2
HU Hsp60 HUAMR DRI EFERIL T aelirolz

(& 2) HRABER

Bk
R
%

LHMEH CRERB 57:1
(Grade 2,3) n=7 n=4
EHtEE CAafRR 17.6
(Grade 0,1) n=17 n=3
FESIEME PR AE R 522
(Grade 2,3) n=23 n=12
FESIEM MR R 54.0
(Grade 0, 1) n=63 n=34

(K] 4) . 7R DA RUTESS (4B 5% 7 (Fazekas (% 3) 51 Hsp60 HiikfliL £ DMMEF
rating scale 2, 3) #H LA RREFEL S L~ 42
Bt CRERBBRERC BV UIRE S 2 P fm
#¥ 3 L 1" Fazekas rating scale 73 0, 1 OIERIE 0 .
PEARRE SR BB REL LLBELUA BITHT Hsp60 471 mimE 0.202"
Ao EH AR 7= (P=0.039, P=0.016) .
BEIR I 0.051
3) Ht Hsp60 Hiiffi &£ DR F & D BE M
(hel: SRSy g fAE 0.838"
Ht Hsp60 HiiaAti& . BhVREE{b. 35 L ONE fu i
R BICBE DD ZE DMK F (B - R = HERI 0.983
A i AiE - AP - MERI) EDFRBIMEIZ S ERESIL i : 0707
T #ER, W TR FLHEMmEDRMIZA 2 Mann-Whim:: ve Titeat
HEaa b TR R T (K 3) b e
pearman’s correlation test
HiHsp60 i {&
ng/mL
Sl P=0.039*
3 P=0.016* |
200-
150 - fig
ns ‘ 99.1+108.8
1007 ns |
i ‘ ) 29.1%31.2 - 4157]
(= 4) 2.6%109 275519
FREDHT Hsp60 HUAMHD Lk J - -

BEE

atﬁﬁﬁ#ﬁﬁn 2ottECRAKE 2aHACRERSE
(Grade 2, 3) (Grade 0, 1) (Grade 2, 3)

‘Kruskal-Wallis test

FEREERERS
(Grade 0, 1)



[ «GDI-1 Hifk]
1) #i aGDI-1 HFiEDFE

CNS L —7 A IZR £/ A AHibZ /it
TH0, 1240OREHL 64D CNSL—T
ABEO MFPOHTAHFRIIARE IRTRZ
ZTayMIEOBRHLTZ, — AHTVOHERIE
ARy MEIXCNS L — T ABHE TH 6~12 14,
EE TN 2~ EThHoTe, TDILEEE
O M iFEIZESE T CNS Vv —7 2B EOMIE
RS LT PR SUS AR Y MEiT 9 I TH -7
(K 5) . ZNHDARY M DHE BT O
#5 B Stress-70 protein, Rab GDP dissociation
inhibitor alpha (aGDI) , Isocitrate
dehydrogenase [NAD] subunit alpha, L-lactate
dehydrogenase B chain, F-actin-capping protein
subunit alpha-2, Rab GDP dissociation inhibitor
beta LA L& F6MEO B ARSI ER
ZAELTZ(K 4)

(E 5) EEITITE CNS V—FZABE IR
HoNTARY

(R HHEBITOKR

Spot Mascot | Coverage Calculated
Prorein name
number score % M.W.(kDa)/pl
1 Stress-70 protein 616 22 74097/5.97
2 Stress-70 protein 30 2 74097/5.97
Rab GDP
3 dissociation 171 10 51074/5.00
inhibitor alpha
Isocitrate
4 dehydrogenase 363 19 40044/6.47
subunit alpha
L-lactate
5 dehydrogenasc B 302 29 36874/5.70
chain
F-actin-capping
6 protein 83 6 33118/5.57
subunit alpha-2
Rab GDP
7 dissociation 157 10 51018/5.93
inhibitor beta

Spot number {X[¥] 5 @ spot number |Z5%f)iix




2)tbaGD1 Y T MERAZ AV R R

DR

[FELT- 6 FROE DI HO Rab GDP
dissociation inhibitor alpha (aGDI) {Z, #i#E3
FTRATRELNAEEI L ER G BB
Rab3a DVH A7V 725 FHZ LML
THEY, H1 oGDI FLE D HREL T T RICEBITD
{CEEEICEAET A REMLERL . RHUE
DR RMIZ IR LIz, CNS L—TRBH,
YN B E BEHFEN TN 124
TOOMmEE—KELL Ty RZ 7 ayh
AT LT, fER. 2 4D CNS L — 7 ABH
(R 5) DHICFRFIAERHELIZ(X 6), £D 2
4 OFFRAE IR 1 44 25 myelopathy & psychosis
R, VD14 ) psychosis # 72,

(K 6) ek aGDI V¥ MEBEZREVWE
T AREZ T avhk

1V FEX—hH—

8(9)10) 2% 2 1 A A i 2%

2

(3£ 5) CNS L — 7 A% R BE ORPREFT R,
(TAVAV~<F 222G T~<b—FT R
D¥s s IR RO S FIZED)

age/sex neurological symptoms
31/F aseptic meningitis
32/F myelopathy, psychosis
22/M psychosis
68/M gcs);)érﬁzl;';)pathy, cognitive dysfunction,
61/F movement disorder (chorea)
mood disorders (depressive),
558 seizure disorders
58/F mood disorders (depressive), headache
46/F mood disorders (manic)
16/F cerebrovascular disease, mood disorder
29/F cerebrovascqlar disease,
acute confusional state
63/F cerebrovascular disease
42/F mood disorders (depressive), headache

IR T 2 FIHHT aGDI HLiARS M

1 s
y GDIFL /R 3B %

5067 CNS)L—TJ X (3RFE )

a23WREE




D. %

AERE FalIMB L Rk
ToyhMELERE T /) LC-MS/MS 2 AT L%
AWT2 oD REZINDDHZENTE, 1 2T
HT Hsp60 Hifht 25 B CREKBABEIC
BT HRARIEES VB O i B & oD Be s
MR- THY, b 1 DL 2 ADOFFEH
JERE 2 L7 CNS L—FABED MiFPIZH
oGDI FifEZ L . Zh ETORITIXFRH
KD A R BN R B I TITAF(EL
PRWZEERFERLI-ZLTHD,

Hi Hsp60 HLIRIZBE T HRF 701, FEFEE, %
B =0 —nRF—TRIEL, TOHRFFHEH
RINERAEREEZZELZCNS L —TADE
PR EARRERL . O MmiE F L5t Hsp60 fifk
AL S Eo7~ (Kimura A et al,
Lupus 2008) , Hsp60 (ZBHL TiZ, @HE It
RUTHD Y Yy~nr &AL THERET S
(Martin J et al, Science 1992) . [r] B2 40 e s
IZHEFTHIENMLN TV,

(I 7) Hsp60 23358 HRABBR

AR A TFIZEW T M E N EAREEICE
[RIERIZ R B LM E N R MR D E e ¥
— Ay hEr2 | HURD M E N R AR O apotosis
ZFHE (Schett G et al. J Clin Invest 1995;
Dieudé M et al. Arthritis Rheum 2004; Alard JE
et al. Autoimmun Rev 2007, B 7 $8) . L%
KOREFERIMFE D TWAETEHRELRD
% (Jamin et al, Arthritis Rheum, 2005) .

&5ITH Hsp60 k%A 35 SLE IBE TIX
MARFED A BHAE N EL DL TrHELHD
(Dieude et al., Arthritis Rheum, 2004) ,

R L EE e R BB BN RAE (L IE & D B
AR L - #5133 575 (Bason et al. ,
Lancet, 2003, Choy, J Mol Cell Cardiol, 2001) .
—J7 . B PR ELOMEE SRR LW
I% Gromadzka 5015 D 7 Téh 5 (Gromadzka
et al., Cerebrovasc Dis, 2001, % 6 Z8),

(>
I

cell surface
expression

Exo HSP60

FUHsp60Hi ¢4 13 M A Bl Ra
(xR P 1 I - W<

(Alard JE, et al. Autoimmunity Reviews 2007)

Abs

Endothelial cells

Immune
response

Treg Tap T

4 4

Autoimmunity: Protective imm H
Tissu damages pathogen elimination




FeDF 2 PHELTEF TIIMERMREIZT
BEBREROTUEL RETHET R HAHNT
BY, L2 AERER &S RICFEHUE
ENUB/NLEL S RBIT D IE N KRS
ERLNCRREENTFET D AIREEE S 2
2o I TH A 1L, H1 Hsp60 Hi ik & KNGS B
ERELOBEMNICE BURFZED-, £
DFER, BERRKMERAEREL A LR
EREELE2E MR CARRREEREOR
Hsp60 HiAfli 23ME % #H 1 L ORI 5 E IR
ERRELLIIRD W EOMApREEBR
FLUBLARBICERMETHHI LR,
FrINLBEICBIT AR ME - FERR - w A
MAE &V > T2 BER OB REE(L DI AT T 77 5
—IZBETARETIL. MREL-2HFEE D
SR BBERON 1 FICEIMEDE G
HENTZOHRTHY, £HMEEH CAFRER
FZH1T 551 Hsp60 il EfE ThHo L
IR B ERE DA UM L fE
BREFTHDH A REMEA I RIBE T, R#iK
I BEIR A LR AR RE R E L O B E M A tE R
L7-#&5H Y (Vermeer SE et al., N Engl J
Med 2003) . £H B R ERBEEICBW
T, HU Hsp60 FLAD S R Afk I~ ifn 48 PN B2 e
EIRETHIEN, RAEREREL T T 5%
TR TR ERRE L7 D AT REME NN E 2 LT,

(3 6) Hi Hsp60/65 Hifhd i & &=
Reference Hsps Disease Case/controls | Odds ration/P
Xu et al, 1993 Hsp65 Carotid AS 867 1.52 (1.09-2.02)
Gruber et al,, 1996 Hsp65 Vasculitis 107/90 P<0.001
Hoppichler et al., 1996 Hsp65 CAD, M1 203/76 P<0.05
Mukherjee et al., 1996 Hspé65 CAD 28/12 P=0.036
Birnie et al., 1998 Hsp65 CAD 136 P=0.012
Prohaszka et al., 1999 Hsp60 CAD 74 P<0.0001
Xu et al, 1999 Hsp65 Carotid AS 750 1.42 (1.02-1.98)
Zhu et al., 2001 Hsp60 CAD 274/91 1.86 (1.13-3.04)
Burian et al,, 2001 Hsp60 CAD 276/129 2.6 (1.3-5.0)
Gromadzka et al., 2001 Hsp65/70 | Stroke 180/64 P<0.0001
Prohaszka et al., 2001 Hsp60 CAD 424/321 P<0.007
Ciervo et al., 2002 Hsp60 CAD 179/100 P<0.05
Huittinen et al., 2002 Hsp60 CAD 239/239 2.0(1.1-3.6)
Veres et al., 2002 Hsp65 cv 386/386 2.1(1.2-3.9)
Biasucci et al., 2003 Hsp60 CAD 100/159 P<0.0001
Huittinen et al., 2003 Hsp60 CAD 2417241 2.1 (1.08-4.3)

AS, atherosclerosis; CAD, coronary artery disease; CV, i

events; MI,

Y

(Mandal et al. Lupus 2005)

ZNETO CNS V—FRBHEIZBITHHET
FUAIZBE T A TiE, FLURY — 4 P HiiE,
HL microtuble-associated protein 2 HLi&, HiU
FEEHLA. H1 GFAP Fidk., Huin s N R AIka
(KR OBENRHD, - CNS/L—TRBHIC
TEAETHH —AS{ DNA #i{k23 NMDA &l
NVEAIL RS BARD—ERNR2A (GluRe])B L
UV NR2B (GluRe2) |ER X B tEZERL, &6
W7 R 2RI LT HIRRFEZE
Teb 3 &3 28 E 2385 (DeGiorgio et al.
Nature medicine 2001) , L2>L, —F TZNbHD
PFUAITIRLTRHRREN LV Z DO TR, E2
JRHIBEZELIESIL TR, ZZTHR A 1T,
CNS JL— 7 RABEIZ LR R 2R HUA
FRHTAEDICREMREDOMFEEZAV
Wb 7 ay TV, CNS V—TFZBEHED
ARy hE LB U REG2R AR y M fl H UAFAT
Lz, ZOfER AN 2R A, /Mafaik i BE
THEA, IR TRENCEESTSEA.
fRFEREER, MR B ICBETAEADEE
6 FHDHURERAZFELIZ, ZOFD aGDI
13, MRS RARBE L/ MR I LB
G & H Rab3a OUH A 7Y TIZB G- §5ZEH
S TV5 (Pfeffer SR, et al. J Biol Chem
1995, X 8 M), HIZ aGDI Z#2—K 95
GDI-1 BmF1E. R EEH & M — DR
FERETHIERF RN X B EMEHORKE
BFD1IOTHY, ZD /I TR AT,
EHREEEE HBEOET, 2 TEBOZE
bR ZEn b TS (D’ Adamo P, et al.
Nature Genet 1998 ), ZHHDW|EZFEEE X
oGDI FUE S HRE S T RZBIT DI EREIC
B5T2AIREME B EL ., RIFLIED R 2
DXV EFUOMNERE AW RS T 0
Y MNEIZIVRETL -, #R24 D CNS LV —TR
BEIZRIEERH L, Z02413EHIT4)
HE& o7 psychosis # 2 L72ZEMn0, BEHLE
& CNS V—F"RIZH 5B psychosis & D BEE
PEREEDLNTZ, L LB THY S ER IS
HEECUERFDPHLELE Z DN,



(X 8)Rab BAE LT RIZBITD/N AR E LV T AINOBER (fnH. #EEES 2006)

a-GDI GTP 7 GbP
{GDH) ‘\EEi)
;
N
RAB ~. /RAB\
YL Y \
GDP (sose ) S 444 )
o080 | esee
\eeee) \ogy
(RAB \ /f7’zfl\§’a! / ~

! /pi

RAB (8AP ) hap
K-/’//_\ \‘//—) ILRAPL
/ (o o 4 PL
l ) - eg0e® V.
\\ // ® }'/ LT RAE
ege ¢ ) ‘
neEenE—> ® @ L4 7 ZRRE

E. &%

1, &5 E CREREBRE IRV TRED
RIMERES B E IR & PFHAI Tl HTHsp60 HLik
B EETHD, RPifkd mE N R HEES
OB EMAIER T2 ELLRHDIEND
St% . RABEREDTHEBRELTHL
Hsp60 A5 M)~ i & PN B M e 2 i
THETIRELEOREY BfEL . REEMY
REER VIR ZATORLERH D,

2, 24 pshychosis % 2L 7z CNS L — 7R &
FIY, MR T AZBT B/ Ak S
35 aGDIIZKHT 5 E CHfEEMELL, &

B E DR RMEDORET TV, BBRESE T

B % BREL72D CNS V—T ABHED
pshychosis DZ WO NZIRFEIEDHESLIZ D
RITFBULERHD,

F. fERfaRF®

2008 £ 3 A 15 AELE, %4740
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Abstract

We investigated the presence of autoantibodies against glu-
tamate receptor (GIuR) g; in serum and cerebrospinal fluid
(CSF) samples from 12 consecutive patients with acute en-
cephalitis/encephalopathy by immunoblotting using re-
combinant GluRe; as antigen. In 4 patients, IgM autoanti-
bodies against GluRe, were detected in CSF in the early
phase of the disease but were not detectable after several
months. Seizures and psychiatric symptoms were noted dur-
ing the acute phase of the disease in these 4 patients, who
showed various degrees of residual amnesia. Immunothera-
py was performed on 3 patients (patients 1, 3 and 4), and
they showed marked improvements. Immunohistochemis-
try using these patients’ sera showed that immunoreactivity
is specifically detected in the cytoplasm of rat hippocampal
and cortical neurons. The clinical features and neuroimaging
findings of patients with IgM autoantibodies against GluRe,
in CSF resemble those of patients with reversible autoim-
mune limbic encephalitis. Copyright © 2007 S. Karger AG, Basel

Introduction

There are some reports that indicate the production of
autoantibodies in patients with encephalitis [1-3] and en-
cephalopathy [4]. Recently, autoantibodies against the N-
methyl-D-aspartate (NMDA)-type glutamate receptor
(GluR) &, have been detected in patients with epilepsia
partialis continua (EPC) causally related to Rasmussen
syndrome [5], nonparaneoplastic limbic encephalitis 6]
and acute encephalitis [5, 7]. The NMDA receptor, which
is one of the three major ionotropic GluRs, is a heterodi-
mer composed of - and {-subunit families [8]. There
are 4 members in the e-subunit family (&,-&4) [9]. The
NMDA receptor channel is unique in terms of its func-
tional properties 10, 11]. After birth, the expression of
GluRe, mRNA becomes restricted to the forebrain, which
includes the cerebral cortex and limbic system [12].
GluRe; is associated with memory and learning [10, 11].
Therefore, we investigated autoantibodies against GluRe,
in serum and cerebrospinal fluid (CSF) samples from pa-
tients with acute encephalitis/encephalopathy to clarify
its clinical features and immunological aspects.

Materials and Methods

We obtained serum and CSF samples from 12 consecutive pa-
tients with acute encephalitis/encephalopathy in our department
from August 2003 to January 2005 (n = 12; male:female = 6:6; age
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Table 1. Autoantibodies against GluRe,

Patient Age/sex - .~ Clinical diagnosis . Anti-GluRe, antibody :

‘ E ' CSFIgM/IgG . sérum IgM/IgG.
1 45/F ILE +/+ ++
2 62/M ILE ++ -/-
3 53/F ILE ++ +/+
4 30/M ILE +/- +/+
5 22/F ILE -/- -/~
6 68/M bacterial meningoencephalitis -/- -/-
7 57/F cryptococcal meningoencephalitis -/~ -/-
8 18/F MELAS ~/- -/-
9 59/F neuro-Sweet disease -/- -/-
10 65/M PLE (anti-Hu antibody-positive) -/- -/+
11 26/M etiology-unknown meningoencephalitis ~/- +/-
12 56/M brainstem encephalitis -/- -/-

ILE = Idiopathic limbic encephalitis; MELAS = mitochondrial encephalopathy with lactic acidosis and
stroke-like episodes; PLE = paraneoplastic limbic encephalitis.

range = 18-68; mean age = 47 years; idiopathic limbic encephali-
tis, 5; etiology-unknown meningoencephalitis, 1; anti-Hu-anti-
body-positive paraneoplastic limbic encephalitis, 1; bacterial me-
ningoencephalitis, 1; mitochondrial encephalopathy with lactic
acidosis and stroke-like episodes, 1; cryptococcal meningoen-
cephalitis, 1; brainstem encephalitis, 1; neuro-Sweet disease, 1).

Detection of Autoantibodies against GluRe,

The method used has previously been reported [5]. The super-
natants of cell extracts from stable NIH3T3-transformant cell
lines expressing full-length GluRe, were subjected to SDS-PAGE,
and the separated proteins on the gels were transferred to nitro-
cellulose membranes. The membranes were reacted with diluted
sera or CSF and stained with alkaline-phosphatase-labeled sec-
ondary antibodies (IgG or IgM; Jackson Immunoresearch, West
Grove, Pa., USA). Anti-GluRe, autoantibodies were detected as a
band corresponding to approximately 180 kDa.

Immunohistochemistry Using Patient’s Serum

Under ether anesthesia, adult Sprague-Dawley rats were sac-
rificed. The cerebrums were immediately removed and frozen in
dry-ice powder. Frozen sections (8 pm thick) of the cerebrums
were fixed in 4% paraformaldehyde. The sections were incubated
withseriallydiluted serum fromapatientorwithananti-NMDAe,
antibody (1:500; Santa Cruz Biotechnology, USA). Then, the sec-
tions were incubated with a goat biotinylated anti-human IgM
(n-chain-specific) antibody (Vector, USA) or a rabbit biotinylated
anti-goat IgG (H+L) antibody (Chemicon, USA). After washing,
the sections were reacted with a streptavidin-peroxidase complex
(Nichirei, Japan). The reactions were finally developed with 3,3’-
diaminobenzidine tetrahydrochloride (Wako, Japan) and 0.01%
H,0, in PBS. For adsorption tests, frozen sections after blocking
were immunostained with a patient’s serum (1:2,000) or with the
anti-NMDAg, antibody (1:500) that was incubated for 24 h with
extracts from transformant cells expressing full-length GluRe,.

Autoantibodies against GluRe; Subunit

Results

Detection of Autoantibodies against GluRe;

The IgM autoantibody against GluRe, in CSF was de-
tected in 4 out of 12 consecutive patients in the early phase
of the disease but was not detectable after several months
(table 1). The IgG autoantibody against GluRe; in CSF was
detected in 3 of these 4 patients (patients 1-3). No autoan-
tibodies against GluRe, were detected in the CSF of the
other patients. In the early phase of the disease, patients 1
and 4 had IgM and IgG autoantibodies against GluRe, in
their serum. Patient 3 had only the IgM autoantibody but
became positive for the IgG autoantibody 2 months later.

Clinical Features

All the patients who had the IgM autoantibody against
GluRe, in CSF presented with seizures (i.e. partial seizures
evolving to secondary generalized seizures) and psychiat-
ric symptoms (i.e. hallucination, behavioral changes and
agitation) in the early phase of the disease and developed
prolonged consciousness disturbances with status epilep-
ticus (table 2). None of these patients presented with pa-
ralysis or disturbances in sensation in the chronic stage.
However, all of them presented with various degrees of re-
cent memory disturbance and amnesia. Patient 3 showed
residual psychiatric symptoms after treatment. Three pa-
tients (patients 1, 3 and 4) received intravenous methyl-
prednisolone pulse therapy and showed improvement in
their seizures and consciousness levels.

Eur Neurol 2007;58:152-158 153
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Table 2. Clinical features of patients with IgM autoantibody against GluRe, in CSF

Pa-  Age/ Clinical  Initial symptoms Sequelae Steroid

tient sex diagnosis treatment

1 45/F ILE convulsion, visual and olfactory disorientation, amnesia, recent memory disturbance  responsive

v hallucinations

2 62/M  ILE convulsion, auditory hallucination  disorientation, amnesia, recent memory disturbance  not
performed

3 53/F ILE convulsion, behavioral changes disorientation, amnesia, recent memory disturbance, ~responsive

psychiatric symptoms
4 ° 30/M ILE convulsion, behavioral changes amnesia, recent memory disturbance responsive

ILE = Idiopathic limbic encephalitis.

Case Presentation

Here, we describe a representative patient with IgM
autoantibodies against GluRe;, in CSF. Patient 1 has been
described previously [6].

Patient 4 was a 30-year-old male initially complaining
of headaches with fever. Throughout 1 week, he showed
no improvement in these symptoms and presented with
agitation and behavioral disturbance. He was admitted to
a nearby hospital because he suddenly suffered a general-
ized tonic seizure. After admission to the hospital, he was
treated with antiepileptic drugs and intravenous acyclo-
vir. However, he developed consciousness disturbance
and status epilepticus. Then, he was transferred to our
hospital. He had an unremarkable medical history, a tem-
perature of 37.7°C, a pulse of 74/min and a blood pressure
of 105/68 mm Hg. On neurological examination, he ex-
hibited somnolence. There was lateral gaze-evoked nys-
tagmus. The deep tendon reflexes of all four limbs were
slightly hypoactive. There were no pathological reflexes.
No meningeal signs were observed. After his conscious-
ness level had improved, muscle strength, sensation and
coordination became normal. Laboratory tests revealed
leukocytosis and elevated levels of myogenic enzymes:
white blood cell count, 13.8 X 10%/ul; creatine kinase lev-
el, 3,285 IU/l; aspartate aminotransferase level, 80 1U/,
and lactate dehydrogenase level, 394 IU/I. The serum C-
reactive protein level was slightly elevated to 1.89 mg/dl.
The serum antinuclear antibody was absent. IgM and IgG
autoantibodies against GluRe, were present in serum on
the day of admission. Analysis of CSF showed 34 cells/
mm? (mononuclear cells only), 36 mg/dl total protein and
68 mg/dl glucose. He had a mildly elevated IgG index
(0.73). IgM and IgG antibodies against herpes simplex
virus, cytomegalovirus and varicella-zoster virus were
absent in paired sera and CSF tested at 2-week intervals.

154 Eur Neurol 2007;58:152-158

PCR analysis showed negativity for herpes simplex virus,
cytomegalovirus and human herpesvirus 6/7 DNA in
CSF. The IgM autoantibody against GluRe, was present,
but the IgG autoantibody was absent in CSF on the day of
admission. EEG revealed diffuse 6-waves with small
spikes in the left temporal lobe. Brain MRI revealed no
abnormal intensity changes but diffuse cortical edema.
#mTc-ECD SPECT performed on the 14th day of hospi-
talization revealed hypoperfusion in the diffuse cerebral
cortex and bilateral mesial temporal lobes. After admis-
sion, he was treated with phenytoin. However, the sei-
zures were difficult to control and required treatment
with anesthetic agents (pentobarbital sodium and mid-
azolam) under respiratory management. He was treated
with an intravenous infusion of 1 g of methylpredniso-
lone for 3 consecutive days. He showed improvement in
consciousness level and the frequency of the convulsions
decreased following the treatment. However, approxi-
mately 2 weeks after steroid therapy, his seizures in-
creased in frequency again, and intravenous immuno-
globulin (400 mg/kg/day for 5 consecutive days) was ad-
ministered. His condition slowly improved. On the 36th
day of hospitalization, he required no respiratory man-
agement. Afterwards, we carried out the administration
of intravenous immunoglobulin and steroid pulse thera-
py. and his seizures disappeared completely. However, he
showed disorientation and severe amnesia. Revised
Hasegawa Dementia Scale (HDS-R) and Mini Mental
State Examination scores determined approximately 3
months after admission were 10/30 and 13/30, respec-
tively. His Revised Wechsler Adult Intelligence Scale
(WAIS-R) full-scale IQ was less than 40, and his verbal
and performance subscale scores were 51 and less than
45, respectively. All Revised Wechsler Memory Scale
(WMS-R) indexes showed significantly low scores (gen-

Kimura et al.
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Fig. 1. MR images of patient 1. An axial diffusion-weighted image (A) and a fluid-attenuated inversion recovery
image (B) show hyperintensity in the bilateral mesial temporal lobes in the acute phase (2 days after admission).
C A follow-up T,-weighted MR image shows the disappearance of signal abnormalities and the appearance of
bilateral hippocampal and mild cortical atrophies (1 year after the disease onset).

Table 3. Laboratory and neuroimaging findings of patients with IgM autoantibody against GluRe; in CSF

CRP

Pa- WBC CSF cell CSF protein  IgG Other auto-  Initial brain MRI

tient n/mm* mg/dl n/mm? mg/dl index  antibodies

1 13,800 1.30 81 (M 81) 30 0.53 TPO Ab hyperintensity in bilateral mesial temporal lobes

2 3,500 0.42 10(M9,P1) 67 0.80 - hyperintensity in left mesial temporal lobe

3 18,240 <0.05 7(M1,P6) 38 ne. ANA hyperintensity in bilateral mesial temporal lobes,
' insulae and cingulate gyri

4 17,090 1.8% 34 (M 34) 36 0.73 - normal

WBC = White blood cells; CRP = C-reactive protein; MRI comprised diffusion-weighted, T,-weighted and fluid-attenuated inver-
sion recovery imagings; ANA = antinuclear antibody; TPO Ab = thyroid peroxidase antibody; M = mononuclear cell; P = polynucle-

ar cell; n.e. = not examined.

eral memory <50; verbal memory = 54; delayed memory
<50; visual memory <50; attention and concentration
<50). It was difficult for him to immediately recall things
related to logical memory after hearing them. He showed
no higher functional impairments such as aphasia, aprax-
ia and agnosia. His memory and cognitive state slowly
improved, and he was discharged 4 months after admis-
sion. Eight months after the disease onset, his memory
and cognitive scale scores improved significantly [HDS-
R score 25/30, WAIS-R IQ (total IQ, 70; verbal IQ, 63;
performance IQ, 87), WMS-R scores (general memory,
53; verbal memory, 57; delayed memory, 60; visual mem-

Autoantibodies against GluRe, Subunit

ory, 70; attention and concentration, 61)]. Brain MRI re-
vealed no intensity changes; however, mild cortical atro-
phy was observed 6 months after the disease onset.

Laboratory Findings

Virological examinations (table 3) showed negativity
for IgM and IgG antibodies against the herpes simplex
virus, cytomegalovirusand varicella-zoster virusin paired
sera and CSF tested at 2-week intervals. PCR analysis
showed negativity for the herpes simplex virus and hu-
man herpesvirus 6/7 DNA in CSF. Patient 3 had the anti-
nuclear antibody (ELISA: 34.4, normal <20.0) in her se-
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