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24 ER TR & (LI ADREERENEER)
IR RS &

B S AR B AR R R E B T D BT R B DI SR EHURURRE O ARAT
TRRE DRSBTS AT T

EERRIE AR W
BB R ESEM RN AR EER BT

WREE

SHPETYTF v h—TF ARy =~ VUEER e S 2 H M B DR BRI ULV PR R E
EEAFTAENMONTEY, TORBRFERDIBER, B2, RMES | ETRRERE SR
DI WP BEO TR EEETAIEELRETHD, INHLOEBIZIIZEED H CHER
HFHETHIENMONTRBIRZITEE O—2IZb/2oTD, LL—FTInb B CDHEDOREE
BLOYRIEZICEL TR ENE D, AFFED BT, PAREREELZ AL 23S
ORISR BB O T - B R E VT R B R AT IR O R M2 b DN E OFERHT
FAEFEEL. BoN-HRERELIH TR B I NEEIEOREEITIZETHD,

[$1 Hsp60 FURYAEE | B2 X Rk TmE 7 nyMEBIOEEE T/ LC-MS/MS AT L%
HEELL CNS V— T ABRE | I~ SAMEDERIN A B SR EE(LAE (MS) BF  EFFOM
BRI R EEZ ORI OBR B L OZFORBIRE DR EEI{To7o, FOHFIZELHE
B o —n/8F —THRIEL, TOBFHEII/ M /N R IR E R HE R E X 2L CNS b—
TRABEEREBEL, TOMBFRIZTYMNEE B EREFRNIIETS 5 2OFMRREZEHELI
FOIBHURITE BT O B, Beta-actin, Alpha-internexin, Heat-shock protein 60 (Hsp60),
Hsp60 (isoform) , GFAP TéH 7=, 2D HOHT Hsp60 HFURDFFEMEIZ D EFRETL 72, ELISA Fh
ZFUCNS L—7"Z 11 i, # R A o2y = — T LV UEERE 9 5], TN\ —/T 4oy
—EMFRE (GBS/MFS) 10 B, 3 MERE/LIE 10 61, BERELR 8 5, 2 H B D RERBZE LN
ZIRSVERMFEZE 159, BEF#E 17 610 MLiE P H Hsp60 FLiEMZBIE LT, TIENOREOFUEMD
FHIEIE CNS L — T ABER BRI O = — VL VR CEEZ LD LR EZE LD T
IR B AR O 0T, L UEE BEBEOTUEMO FHE +2SD % cut off E
(41.99ng/mL) L L7238 12.5%(10/80) BB HEERL, FOEERINFUIL CNS L—T A2 ff] =
— U AEGERE 2 51, MS 3 i, 2 RMERREZE 2 6. MFS 1 fITh o7z, Bt ORRRAVRHEEiF
FrL7=EZ5 10 B 9 FIZEESE MRT ERKIMBERELZRD | FUEEEOF ELRFREDE G
ML CH ERMRBEBRER D (p=0.032, 71y v —BEEERE), 2B THFER 542 5. HRiZ
6:4 THOAPHESL TR MEZ 2 Fllz, BERFBIOERMELFIEI 1 #7207,

[#1 GluRe2 FLAINMDA B/ N2 S AR (GluR)e2 Y7 =y MIRIAMTEISIZ IR L | i
B ZBICEEREREZ R TOAIENHDIL TS, £[E] 2004 10 LB TRERLZ CNS /v
—FABE 6 LEE TR 23 B OAMMNS - BERE OMIE - FERFIZ GluRe2 V7 2= NI
AHRNTEET DOENIONWTIarv e U NERERA WY=L 7 ay MNEICEVRE LT,
FER. ONS L— 7 ZDBE BT IgG BUHT GluRe2 FUKDBHERNEME Tho7- (IE: BRE
66.7%, HrEE 70.6%. K : FUE 60%, FrERE 82.4%), BRREREOBE T, BB EREDOHR
LB D 1gM BUHT GluRe2 HLIRIZBIE N b7z (P<0.001, 74y v —EEEREST) .



A. BFERER
PARMREELZSL-28ME CRE kR

BEE L ERRS R EUROR

2N ILR DR EZITV ., B -HR

B2 W LOVRRRIE O BRRIT R L

[FIIR B LD - H RIS E 2R T2 81
VERBHICERT 5.

B. BFFE A
1) BE T TN OFER LG R TIEROR
H

PRI IR E 2 B OFL . SLE ORRPR T H1E
(TAVAVT <~ F e, 1997 &) &= BE L
DIERIOBEREZ R BTz, 7y MRBAREY
R=FEFURV TV ELTEESABR K%
1TV, £D1% SDS-PAGE 26 NI T vy T 47
EWEATLIZ, 72y MED PVDF A7 L% A
ERRE MEE—RIUALL, HRP THEEELZ
THFEr G A-MHLiEE ZRFURE L THUR-
FUEFRUSEATUVMEF R IZID AR Y MR L
Teo PURD ARy RE R 7 V% v
T ZIRTLERVKEND CBB B @ L7 L LA
Rybh&eyF o TE{ToT,
2) RBEHRORE

DT L=AR Y M LA VNN o
#1417V nanoscale capillary liquid
chromatography (LC) system (LV-VP, Shimadzu)
BEL W ion-trap Z L L 72 tandem mass
spectrometer (LCQ Advantage max, Thermo
electron)ZAl A& O E - EREDE E NI A
FLERN, T —F_— 2@ [Mass data IVE
27k X calibur TM (Thermo finnigan), Mass data
REHT- B HEE Y7k MASCOT (Matrix
Science) |2 R0 BFE ML F O PR ERBLED
RPURDEEZRAT,
3) Vv MR B EAVCREE

DICTHEELRERDERIZH Y 45
e FUMNERZAV, BEREMIELZOM
FEFIOMEE —IRLEEL Ty = 2Z Ty
ERATL, PUEDFEO BRI R I OX
RETLTZ.
4) B Hsp60 HifED ELISA 2T

ELISA kit (Stressgen, Ann Arbor, MI, USA)%
RV CNS /b= 11 i), #FRIER A -T2y
x— L UEERE OB X T R — /T iy
—REEEE 10 B, 223 MERE(LIE 10 1, BEEZ 8
Bl 2H VB CREIEBRE S LW SR
HEZE 15 4, EF 3 17 Bl iE L Hsp60 Hi
Bz REL,

5) ¥ GluR ¢ 2 LD H

GluR ¢ 2 HFE2RERBETHERMIBORT
U —hOEFEFOFRE B L L western
blotting ZHE{TL 7=,

(fEEm~DBLE)

LELOHBBEL LIFEOREOLE
MiFBIOREREZERR L=, 7L TEH
L7=Zy MdOAERIZBIL T, I B RS KSR
EFTER B ERZ B ORREEET

C. IFEHER
1) CNS lupus B3 M{E 12331 DR a8
EDFE

A ERETLTZ CNS L— 7 ZBFE D HIZ L%
Hoo—a/"F—TREL, FORKBEIRK
Jidd + 71N« PSR ZE DS D IR F e R ER A (K1) %
217 CNS V—TF R BB FE L REE LT~ FO
MEFIZT Y MHRES R = RIGTH 5 20
27 s (MW/PT: 46KD/5.15, 63K/5.15,
57KD/5.25, 57TKD/5.4, 53KD/5.3) % “ IR TTHIE
Ty MEICTHER L (K2) . ZRDHARY M
SIS DRBBHURITE & 2T o R, JE
«Z Beta-actin, Alpha-internexin, Heat-shock
protein 60 (Hsp60), Hsp60 (isoform) , GFAP T
> (1),
(1) B MRI T2W1




(H2) “kehE7T a7 7

g :&:ﬁ"r‘:ﬁﬁﬁﬁqﬁr?ﬁ’ .

13.5

1 125% gel

(RDHEESTORR

Spot | protein Coveragel M.W. [Theoretical
Numb.] name [score] peptides % (kDa)/pl{ M.W./pl
] |Beta-actinj 421 16 41 JA6K/S.15] 42K/5.29
2 jAlpha-lnx| 203 5 12 163K/5.15} 56K/5.20
3 Hsp 60 | 112 3 6 57K/5.25] 61K/5.91
4 Hsp 60 {112 3 8 57K/5.41 61K/5.91
5 GFAP |113 2 2 53K/5.3| 50K/5.35

(IX]3) Amino acid sequence (Hsp60)

Matched peptides shown in underlined
1 MLRLPTVLRQ MRPVSRALAP HLTRAYAKDV KFGADARALM LQGVDLLADA
51 VAVIMGPKGR TVIIEQSWGS PKVTKDGVTV AKSIDLKDKY KNIGAKLY QD
101 YANNTNEEAG DGTTTATYLA RSIAKEGFEK ISKGANPVEI RRGVMLAVDA
151 VIAELKKQSK PVTTPEEIAQ VATISANGDK BIGNHSDAM KKVGRKGVIT
201 VKDGKTLNDE LEIIEGMKFD RGYISPYFIN TSKGQKCEFQ DAYVLLSEKK
251 ISSVQSIVPA LEIANAHRKP LVIAEDVDG EALSTLVLNR LKVGLQVVAY
301 KAPGFGDNRK NOLKDMAIAT GGAVFGEEGL NLNLEDVQAH DLGKVGEVIV
351 TKDDAMLLKG KGDKAHIEKR IQEITEQLDI TTSEYEKEKL NERLAKLSDG
401 VAVLKVGGTS DVEVNEKKDR VIDALNATRA AVEEGIVLGG GCALLRCIPA
451 LDSLKPANED QKIGIEIIKR ALKIPAMTIA KXAGYEGSLE VEKILQSSSE
501 VGYDAMLGDF VNMVEKGIID PTKVVRTALL DAAGVASLLT TAEAVVTEIP
551 KEEKDPGMGA MGGMGGGMGG GMF

2) Vave U NEBERVWERREE
Hsp60 3L GFAP IZBAL T, 28 #H L
Varv o NEREAVEBEREMFEZOM

FEFI O MG 2 AV —RTRE 7 vy M TL
7=, MR EEHITRE MIEELRIS L. FERRR
ELWZERFERASN T, —J7, ZOMIEFITD
BEITIE GFAP 13— EO@EE F THAVR DT
FEATZDN, Hsp60 (ZBIL TITEH F CTIIrER
Endeiot- (K4),

(4)Hsp60 Vv hMEHZ RV —RIT

wET T4

3) $1 Hsp60 HiikD ELISA AT

Z 95 BB 3 Z UM R 3 oD . T BT Hsp60 FLA
OfERAE () 1ZRT, BEFEOFHEITCNS v
— A 3435, MIIERE ST — TV UE
{ERE 53.08, ¥TL R —/T v —fEERE
24.63, ZZRME(LIE 31.61, BEIES 21.25, &
FPER COREREETE U WS RS
31.51, BHH 19.56 (BEALEA T ng/mL) &72Y
CNS IV —TABFERBI O =—F VL IAEERET
BEZLO LN EH OB THETEH
BEEIRDOLNZ -7, LILEEERD
HLEAR O EIME +2SD % cut off {E
(41.99ng/mLYE L7258 12.5% (10/80) A3 Batt %
RL. FDOHEBERINRIZ CNS V—TR22 ], &
= — 7V SEERE 2 . ZRMEEIIE 3 61, £
FENERNFRZE 2 B, 74w —EERE 1 HITH-
72 (FR2) . BtEE ORRIRAFEZ R LI2E A
10 55 9 i ZEBES MRI EiE E KB EREZ
D, PUEDOF EERFREDOAPHIEL TEE
PEEFRDT=(p=0.032, 7 v —EHEER) (K
6), 7R HER 54.2 BR. BT 6:4 THY
AHHELL THERMLES 2 FliZ, FERFBLOE
FEMEZZNEh 1 FI3 DD,



(X15) -5 BB ML T Hsp60 FLif

Teters of andeblspo antateo decs

P hgnes THSSARY MR capmal Shigen v

cut off value: mean (normal) + 2SD (41.99ng/mL)

(3% 2) Cases with high titers of anti-Hsp60 antibodis

Discase Complications Titer WMHs "
Age/Sex (ng/mL)
MS, 69/M Hyperlipidemia 44.5 +
MS, 37/F - 43.6 -+
MS, 31/F - 56.7 +
CNS lupus? - 133.6 +
68/M
CNS lupus - 83.1 +
63/F
Sjogren synd. - 77.8 +
78/M
Sjogren synd. - 250.1 +
41/F
Cereb. Inf? Hypertension 157.2 -+
59/M
Cereb. Inf. Hypertension 58.7 +
59/M DMY
Fisher synd. - 88.1 -
39/M

Y WMHs: cerebral white matter hyperintensities on
brain MR T2WI/FLAIR image

% Bold italic: our case

%) Cereb. Inf.: Multiple cerebral infarction without
systemic collagen disease

¥ DM: Diabetes mellitus

(X16) ZHED MRI KM A ER 2 & BE R 1

. Without P Value

WMHs.N=23

Mean age, ¥ 38.68x15.40 <(I()01

©a
Men:women 10:15 0.380
(0.338)
High titers of . 0%2

anti-Hsp60 Abs

Hypertension 0 (){}()2

DM 0 0.057

() PIIEHT Hsp60 HL A~ L EE 7]

4) CNS lupus BF 2381755 GluR ¢ 2 HifE
2004 F L@ E 3 FERITE R TRERLT- CNS
N—TABE 6 BEETE 23 LA DOEMEMER
JUVSAE R O I T B LU (% B it
GluRe2 FUEDBEIEZ{T o7, fER, IgM BB L
O IgG BUHT GluRe2 HLiAZ MEF1IT 9 4 | Bk
iz 6 /T oL (3R3), HERERBITIE CNS
N—T 2B L OFEE BB EIE~ L~ RPED
FBMZ% (NPNHLE) 128\ T, 2 2 FE A<
Z DD RS - BIE & FLER U FUAR DO BB RS
D30Tz, BT CNS b— 7" AT W TIIBEIE 1eG
T GluRe2 FUE DGR (n=6, BE 60%, F
BEE 82.4%) 75, NPNHLE {28\ TILBEIE 1gM
BIHT GluRe2 FUED G2 (n=6, K 66.7%,
BMEE 87.5%) BAEETH-(KT), T, 3t
RLER RN (R B, FUIBES . BRIk
B EITE)) BLOBELE MRI T LEDEEME DO
BT, B EE L P 1oM BUHT GluRe2 1
EIZBEE N A DI (p<0.001, 74 v —iE
BEREST) (R4), SHIZAMHIOME TlgM BlHL
GluRe2 LA TdH o7 NPNHLE E5 4 4
DI JER FIVNT > MM S5 LS i Bk S 045 4T
AT TSR WTNOEFIZB O THEFER
CEEBLORMEE = a—a OHIfLE )3 L
142 7~ L7= (Kimura et al. Eur Neurol. in
press) .




(F3) AMEMZS « IMIE & HT GluR ¢ 2 FLiK (7 —2) £ B RBIFT GluRe2 HLIAR (£ JE)

age/sex i Ciyinicayiydiag’nc’);sis : serum CSF . o NPNHLE CNS lupus o Other disease
MG 1gMAeG

27M +/- _/-

68/M -/- -/

22/M -/- NE

31F I+ S+

32/F -+ -+ : :

61/F iy /- 1eM (serum) 166 (seramy 1gM(CSP)  1gG (CSF)
55/F +/- x/- Anti-GluRg2 Ab

68/M +1+ s ‘

. .. e 1

oM mzﬁizgxz*;;z&g T . (F4) BRPRAEAR - BIR BT R LHT GluRe2 FUIA

b RIS . N
$7M : Méﬁg’!{:ﬁﬁf'l?i"ﬂ?]!O?ﬁé; /- . Anti-GluRe2 Ab / 1M IeG IgM 18G
oF | it . Symptoms (Serum) (Serum) (s (CSF)
. . Reffactory status 0.239 0.761 <0.001 | 0946
epilepticus

62M i Memory loss 0.306 0.306 0.229 0.229
82/F -/~ Psychiatric synd. 0.247 0.247 0318 0.074
30M /. Abnormal behavior

45/F o Ab“::: c"’:‘; i‘:}‘imgs 0.283 0.717 0.1 0.1
> = (p value: 7o v —EEMEL)

65/M /-

43/F -/- 5) CNS L — 7 2 BE ORI EEFT RORE

20M /- CNS /L—7 A B3 8 FlIZERE MRl BLT

37/F  encephalitis -1- SPECT MRZEZHMiIT L7z, BEES MRI TiL, 8 f

o o7 IS ONBIE DR R LR R
(K7 —1) S B RIHT GluRe2 HLiE(RE) 7z, SPECT TZ 8 HI 7 B MAIATEAZED

M F 4 8 517 4 19k THTEEE (3 517 T,
e . oo o ovedseme 1 BIPSERIOZ) OMHE T EROL,

D. BZ
A EOIFFEIZBNT T AD CNS —T"
BE LD 5 DOFBAERKIIT T OHUERL, T
LR T D 4 SORHBIUREREZRETD
ZEMMTES, TNETO CNS V—TF ABRFIC
BUIAHE DHEICETAHMETIL, IRy
— 2P HUA, L microtuble-associated protein 2
Anti-GluRe2 Ab T, UV E TR LEbIZ A EIRIEL
7291 GFAP HUED &L 55 (Sanna et al.
Lupus, 2000) , R4 TiE SLE BF BN T

IgM (serum) 1gG (serum) 1gM (CSF) 1gG (CSF)




F1 GFAP HUIRD B 1% 58 LA R E R D
REM 23R L TWAA, £ — 5T SLE &
FHOMETIZBITDRFEDBMEET 15.7%
THY, FmREROF B B|EFZTH
HETAHEELHS (Valesini et al. Ann.
N.Y.Acad. Sci. 2006) . 5 [ElF % > GFAP DY
arEFUNEBERW R TRE T Yk
ENTTIL, CNS L —T RBELEEELED
T2 DMDBELOBIZBEROMREI LS
N7 hnoT,

Hsp60 (ZBIL T, @EINa s FYT ROV
¥ RO EBEELTHERET 28, R AL
IZHRBTDIENAMBILT D, MLE PN H
FalZ o AR S B LHLII & N B AR HT IR O
BEE R —F N0 UKD IS PN R AR
O apotosis Z 58 LI E K DOIRRETF K2R
S TWAET AL (Jamin, Arthritis Rheum,
2005) 23D, XHIZHT Hsp60 HiikEH 45
SLE B3 ClMisfED A HHEENE DL
T %45 (Dieude, Arthritis Rheum, 2004) t,3>
D FEPUARE E f M D IR BB IRAE L AE
EOBEMEZ R L= 2 E (Bason, Lancet,
2003, Choy, J Mol Cell Cardiol, 2001) 123 %
D5 I E FEE OB E MR R LTS T
7200, B4 OFE BT IR 2 TR E
BROTLEEZTRET AR RLALNTEY,
L& AERE R & LS EICRFUEL
LU NI L~ T 381 A IS N R e =7
BN REENFETLAREMEEE 272,
FZTH 21X, HT Hsp60 FLikE KM B EIRZE

EOBEMEICE B LRFT R ED -, TORER,

B CAERBEDBEBEIZIIH Hsp60 FLAMH
DEEZ T —HNFEL, & TR
RO EPICBERRRKIMEEREZ R
TUEREME DS TR S 4L, 4 1% prospective
study %I LB Hsp60 FLEE KM ERED
BEMEZBAMIZL, AR KB ERED
LRI FRE R D BAL 2 F B4 HIRED
FRIELRVIDPRETTALERDHDEEZD
iz,

ZNETIZCNS L —F RBE\TFET B
T 7K$H DNA HUA NMDA Bl L #3 Fk

ZARRO—H[NR2A (GluRel): B XU NR2B
(GluRe2) |E R X IEMEE R L, EBITIETRE
— U ARBEE N U THRAIREEL 5T
T HHEDHS (DeGiorgio et al. Nature
medicine 2001) , /=&, IR FEELZ A
L2 DGR AEIR 3 OB AT R AND%%
I S\ FR L T S S R IR RUS M O B 4 B3
THL GluRe2 FUAD R &S, FUERDFHEA~
DEENZBELERL-BERHD
(Dalmau, et al. Ann Neurolo 2007) , & [E D
Fex OBEITIE, DPEBIOBRETTHDH, L
GluRe2 HiikiZ CNS /L — 7 A B FE 725N IE
BRI FE~ L~ AP D IR RN 48
(NPNHLE) TSN EE CTH-oT-, Z0FH
(. H1 GluRe2 HUED 1t L7 DM S - BUIE D
T BRI D RN D Hrn
NPNHLE 725 ONZ CNS b —T7 ANREEh, W
THOIEDBFRE 0L LRI AN AR
4349 A GluRe2 U7 = NMI/ER L HEL
TRRIRAEAR CREFRIEEN - FRIBIE - e R AE
REVELT-OLLTWARIREENHERIE =,
75, NPNHLE & CNS /L — 7 2B E|Z81T5
FRIEELL THIE TIEBEH 1gM BUHT GluRe2
PR #E TILBERR H 1gG 2 HT GluR € 2
MEOREENES, WITNLEEDBE
AL D REEDS TR I NDEEBIT,
1 OE RSB O EIZEEL TV
AIREMEDNE 2 DTz,

E. f55

1. 250 B O REREEE A5
2% « ME R 3E BEOD TR T HT Hsp60 FLAME &
BEERT—HSFEEL, B IMLECHERBED
EHICBERRK KM BEEREZ 30
A REME DRI E LT,

2. 1 GluRe2 Hif&iZ, —# > NPNHLE &
FE R CNS V— T ABE THMELRY, g T
B 1gM BUHT GluRe2 FLIADS, %% Tl
BEIEH 1gG BUHL GluR € 2 FUEDE R EN S
L, WTNhLEEBOBZW~— I — L0555
BEMESRIRE N,
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Abstract: We investigated the presence of autoantibodies against glutamate receptor (GluR) €2 in
serum and cerebrospinal fluid (CSF) samples from 12 consecutive patients with acute
encephalitis/encephalopathy by immunoblotting using recombinant GluRe2 as antigen. In four patients
(Patients 1-4), IgM autoantibodies against GluRe2 were detected in CSF in the early phase of the
disease but were not detectable after several months. Seizures and psychiatric symptoms were noted
during the acute phase of the disease in these four patients, who showed various degrees of residual
amnesia. Immunotherapy was performed on three patients (Patients 1, 3, and 4), and they showed
marked improvements. Immunohistochemistry 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 GluRe2 in
CSF resemble those of patients with reversible autoimmune limbic encephalitis.

Introduction

There are some reports that indicate the production of autoantibodies in patients with encephalitis
[1-3] and encephalopathy [4]. Recently, autoantibodies against the NMDA-type glutamate receptor
(GIuR) €2 have been detected in patients with epilepsia partialis conitinua (EPC) causally related to
Rasmussen syndrome [5], non-paraneoplastic limbic encephalitis [6], and acute encephalitis [5, 7].
The NMDA receptor, which is one of the three major ionotropic GluRs, is a heterodimer composed of
¢ and { subunit families [8]. There are four members in the & subunit family (¢1-g4) [9]. The NMDA
receptor channel is unique in terms of its functional properties [10, 11]. After birth, the expression of
GluRe2 subunit mRNA becomes restricted to the forebrain, which includes the cerebral cortex and
limbic system [12]. GluRe2 is associated with memory and learning [10, 11]. Therefore, we
investigated autoantibodies against GluRe2 in serum and CSF samples from patients with acute
encephalitis/encephalopathy to clarify its clinical features and immunological aspects.

Materials and Methods

We obtained serum and CSF samples from 12 consecutive patients with acute
encephalitis/encephalopathy in our department from August 2003 to January 2005 [n=12;
male:female=6:6; age range, 18-68; mean age, 47; idiopathic limbic encephalitis, 5; etiology-unknown
meningoencephalitis, 1; anti-Hu antibody-positive paraneoplastic limbic encephalitis, 1; bacterial
meningoencephalitis, 1; mitochondrial encephalopathy with lactic acidosis and strokelike episodes
(MELAS), 1; cryptococcal meningoencephalitis, 1; brainstem encephalitis, 1; and Neuro-Sweet
disease, 1].

Detection of autoantibodies against GluRg2

The method used was previously reported (Takahashi et al., 2003). The supernatants of cell extracts
from stable NIH3T3-transformant cell lines expressing full-length GluRe2 were subjected to
SDS-PAGE, and the separated proteins on the gels were transferred to nitrocellulose membranes. The
membranes were reacted with diluted sera or CSF and stained with alkaline phosphatase-labeled
secondary antibodies (IgG or IgM; Jackson ImmunoResearch, West Grove, PA). Anti-GluRe2
autoantibodies were detected as a band corresponding to approximately 180 kDa.

Immunohistochemistry using patient’s serum

Under ether anesthesia, adult Sprague-Dawley rats were sacrificed. 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 with serially diluted serum from a patient or with
an anti-NMDAg2 antibody (1:500) [Santa Cruz Biotechnology, USA]. Then, the sections were
incubated with a goat biotinylated anti-human IgM (p-chain specific) antibody [Vector, USA] or a
rabbit biotinylated anti-goat IgG (H+L) antibody [Chemicon, USA]. After washing, the sections were
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reacted with a streptoavidin-peroxidase complex [Nichirei, Japan]. The reactions were finally
developed with 3,3’-diaminobenzidine tetrahydrochloride [Wako, Japan] and 0.01% H,O, in PBS. For
adsorption tests, frozen sections after blocking were immunostained with a patient’s serum (1:2000) or
with the anti-NMDA<2 antibody (1:500) that was incubated for 24 hours with extracts from
transformant cells expressing full-length GIluRe2.

Results

Detection of autoantibedies against GluRe2 (Table 1)

The IgM autoantibody against GluRe2 in CSF was detected in four patients (Patients 1-4) out of 12
consecutive patients in the early phase of the disease but was not detectable after several months. The
IgG autoantibody against GluRe2 in CSF was detected in three of these four patients (Patients 1-3). No
autoantibodies against GluRe2 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?2 in their serum. Patient 3 had
only the IgM autoantibody, but became positive for the IgG autoantibody 2 months later.

Clinical features (Table 2)

All the patients who had the IgM autoantibody against GluRe2 in CSF presented with seizures (i.e.,
partial seizures evolving to secondary generalized seizures) and psychiatric symptoms (i.€.,
hallucination, behavioral changes, and agitation) in the early phase of the disease and developed
prolonged consciousness disturbances with status epilepticus. None of these patients presented with
paralysis or disturbances in sensation in the chronic stage. However, all of them presented with
various degrees of recent memory disturbance and amnesia. Patient 3 showed residual psychiatric
symptoms after treatment. Three patients (Patients 1, 3, and 4) received intravenous
methylprednisolone pulse therapy and showed improvement in their seizures and consciousness levels.

Case presentation

Here, we describe a representative patient with IgM autoantibodies against GluRe2 in CSF. Patient 1
was described previously (Hayashi et al., 2005).

Patient 4

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 generalized tonic
seizure. After admission to the hospital, he was treated with antiepleptic drugs and intravenous
acyclovir. However, he developed consciousness disturbance and status epileptics. Then, he was
transferred to our hospital. He had an unremarkable medical history, a temperature of 37.7°C, a pulse
of 74/min, and a blood pressure of 105/68 mm Hg. On neurological examination, he exhibited
somnolence. There was lateral gaze-evoked nystagmus. The deep tendon reflexes of all four limbs
were slightly hypoactive. There were no pathological reflexes. No meningeal signs were observed.
After his consciousness level improved, muscle strength, sensation, and coordination became normal.
Laboratory tests revealed leukocytosis and elevated levels of myogenic enzymes: WBC count,
13.8><103/p1; CK level, 3285 IU/L; AST level, 80 1U/L; and LDH level, 394 TU/L. The serum CRP level
was slightly elevated to 1.89 mg/dl. The serum anti-nuclear antibody was absent. IgM and IgG
autoantibodies against GluRe2 were present in serum on the day of admission. Analysis of CSF
showed 34 cells/mm’® (mononuclear cells only), 36 mg/d] total protein, and 68 mg/dl glucose. He had
a mildly elevated IgG index (0.73). IgM and 1gG antibodies against herpes simplex virus,
cytomegalovirus, and varicella zoster virus were absent in paired sera and CSF tested at 2- week
intervals. PCR analysis showed negativity for herpes simplex virus, cytomegalovirus, and human
herpes virus-6/7 DNA in CSF. The IgM autoantibody against GluRe2 was present, but the IgG
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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 revealed
diffuse cortical edema. **"Tc-ECD SPECT performed on the 14th day of hospitalization revealed
hypoperfusion in the diffuse cerebral cortex and bilateral mesial temporal lobes. After admission, he
was treated with phenytoin. However, the seizures were difficult to control and required treatment
with anesthetic agents (pentobarbital sodium and midazolam) under respiratory management. He was
treated with an intravenous infusion of 1 g of methylprednisolone for three consecutive days. He
showed improvement in consciousness level and the frequency of the convulsions decreased following
the treatment. However, approximately two weeks after steroid therapy, his seizures increased in
frequency again and intravenous immunoglobulin (IVIg; 400 mg/kg-day for five consecutive days)
was administered. His condition slowly improved. On the 36th day of hospitalization, he required no
respiratory management. Afterwards, we carried out the administration of IVIg and steroid pulse
therapy, and his seizures disappeared completely. However, he showed disorientation and severe
amnesia. HDS-R and MMSE scores determined approximately 3 months after admission were 10/30
and 13/30, respectively. His WAIS-R full-scale IQ was less than 40, and his verbal and performance
subscale scores were 51 and less than 43, respectively. All WMS-R indexes showed significantly low
scores (general 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, apraxia and agnosia.
His memory and cognitive state slowly improved, and he was discharged four months after admission.
Eight months after the disease onset, his memory and cognitive scale score improved significantly
[HDS-R score was 25/30, WAIS-R IQ (total 1Q, 70; verbal 1Q, 63; performance 1Q, 87), WMS-R
scores (general memory, 53; verbal memory, 57; delayed memory, 60; visual memory, 70; attention
and concentration, 61)]. Brain MRI revealed no intensity changes; however, mild cortical atrophy was
observed six months after the disease onset.

Laboratory findings (Table 3)

Virological examinations showed negativity for IgM and 1gG antibodies against the herpes simplex
virus, cytomegalovirus, and varicella zoster virus in paired sera and CSF tested at 2- week intervals.
PCR analysis showed negativity for the herpes simplex virus and human herpes virus-6/7 DNA in CSF.
Patient 3 had the anti-nuclear antibody (ELISA: 34.4, normal<20.0) in her serum. Patient 1 showed an
elevated level of the anti-thyroperoxidase (TPO) antibody in the serum, which was not detected in
CSF. We measured the titers of voltage-gated potassium channel (VGKC) antibodies by
-radioimmunoassay using whole rabbit-brain homogenate as described previously [13]. The titers of
VGKC antibodies showed normal levels in these four patients (Patient 1: 0 pM, Patient 2: 21pM,
Patient 3: 0 pM, Patient 4: 18 pM, normal range<100 pM).

Neuroimaging and physiological examination

Brain MRI at disease onset showed signal abnormalities in the bilateral mesial temporal lobes in
Patients 1 and 3 and on one side of the mesial temporal lobe in Patient 2. In Patient 4, brain MRI
showed no signal abnormalities. However, several months (range, 6 months-1 year) after the disease
onset, cerebral atrophy of various degrees, including atrophy in the mesial temporal lobe, was
common (Figure 1). SPECT was performed in the acute or subacute phase. All of the patients except
Patient 1 showed hypoperfusion in the mesial temporal lobe. In Patient 1, *™Tc-HMPAO SPECT
performed the day after admission revealed hyperperfusion in the bilateral mesial temporal lobes;
however, hypoperfusion was observed 17 months later. All the patients showed irregular diffuse
cortical hypoperfusion. In three patients, EEG revealed small focal spikes. In all the patients, a mixture
of diffuse 6 waves was observed. No tumors were detected in any of the patients using various

methods [chest, abdomen, and pelvic CTs (all patients), whole-body FDG-PET (Patient 1), and
gallium scintigraphy (Patient 2)].
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Immunohistochemical findings

The diluted serum samples from Patients 1, 3, and 4 reacted with the cytoplasm of rat hippocampal
and cerebral cortical neurons (Figure 2). The most appropriate dilution of serum for
immunohistochemical staining was 1:2000~4000. The sections incubated with the anti-NMDAeg2
antibody showed the same pattern of immunoreactivity as those incubated with the patients’ sera. The
serum of the healthy control did not significantly immunoreact with the sections. The
immunoreactivity of sera of the three above-mentioned patients to the anti-GluRe2 antibody was
markedly decreased by prior incubation with the supernatants of extracts from stable transformant
cells expressing GluRe2. Patients 1, 2 and 3 were negative for serum paraneoplastic anti-Yo, anti-Hu,
anti-R1, anti-CV2, anti-Tr, anti-Ma-2, and anti-amphiphysin antibodies.

Discussion

We presented four patients with acute encephalitis who had IgM autoantibodies against GluRe2 in
CSF in the early phase of the disease; however, these antibodies were not detectable after several
months. Other acute encephalitis/encephalopathy patients (Patients 5-12) had neither the IgG nor IgM
autoantibody against GluRe2 in CSF. Four antibody-positive patients had the characteristic clinical
features of reversible autoimmune limbic encephalitis such as intractable convulsion, psychiatric
symptoms, recent memory disturbance and sufficient responsiveness to immunotherapy. Concerning
the cause of limbic encephalitis, there are many reports in which limbic encephalitis is associated with
cancer, most commonly a small cell carcinoma of the lung [14-20]. The four antibody-positive patients
had no findings of viral infection or cancer. Several reports have been published concerning the
immunotherapy response form of non-paraneoplastic limbic encephalitis [21-26]. Recently, a VGKC
antibody has been detected in patients with reversible autoimmune limbic encephalitis [27-32].
However, the titers of VGKC antibodies were normal in our four antibody-positive patients’ sera. We
speculate that reversible autoimmune limbic encephalitis is heterogeneous. Some forms of this disease
may be mediated by autoantibodies against antigens such as ion channels or ionotropic receptors in the
limbic system.

In our immunohistochemical analysis of the sera of patients with the IgM autoantibody against
GluRe2, immunoreactivity was detected in the cytoplasm of neurons in the hippocampus and cerebral
cortex. The immunoreactivity was specifically demonstrated using an immunoadsorption test. The
NMDA receptor is one of the ionotropic glutamate receptors essential for excitatory neurotransmission
and synaptic plasticity, which underlie memory and learning [10, 11]. An antibody-mediated
disturbance of NMDA-type GIuR function might influence synaptic plasticity in the hippocampus and
cortical neuronal excitability. The clinical response to immunotherapy and the results of
immunoblotting and immunohistochemistry suggest that IgM autoantibodies may be related to
pathogenesis in a subgroup of patients with reversible autoimmune limbic encephalitis.

In a previous study, autoantibodies against GluRe2 were detected in patients with chronic EPC
causally related to Rasmussen syndrome [7]. There are some reports that these antibodies have also
been detected in patients with encephalitides other than chronic EPC [6, 7]. In this study, we detected
autoantibodies against GluRe2 in patients with reversible autoimmune limbic encephalitis. We suggest
that autoantibodies against GluRe2 contribute to the onset of localized encephalitides such as EPC and
reversible autoimmune limbic encephalitis [7].
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