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Clinical Findings

Materials and Methods

Case 1

Four days after fever onset in September 1985, a 43-year-
old Japanese woman developed grand mal seizures, which
expanded to status epilepticus and the patient was trans-
ferred to the Geriatric Research Institute and Hospital. At
the admission, she showed status epilepticus and several an-
ticonvulsants were not effective and she was controlled un-
der respirator. CSF examinations showed cells 16/mm3, pro-
tein 73 mg/dl, glucose 100 mg/dl. EEG showed periodic
sharp waves. Brain CT 15 days after the onset showed low
densities in the bilateral medial regions of the temporal
lobes, however MRI could not be examined at that time. Vi-
ral titers in CSF were unremarkable including herpes sim-
plex virus. She died 28 days after the onset.

Case 2

Maeda et al (14) previously reported this patient in a
Japanese language journal in 1974, and we reexamined the
case pathologically. Three days after common cold-like
symptoms in March 1970, a 32-year-old Japanese woman
developed confusion, abnormal behavior and automatism.
Ten days after the onset, she refused to eat and showed uri-
nary incontinence, forced laughing, tic-like involuntary
movement and high fever, and was transferred to our hospi-
tal 13 days after onset. Her consciousness was drowsy, then
myoclonus and grand mal seizures appeared 17 days after
the onset. Status epilepticus and decerebrate posture per-
sisted for 10 days. On admission to Gunma University Hos-
pital, CSF examinations showed cells 67/mm3, protein 25
mg/d], glucose 75 mg/dl. Virus titers were not examined.
EEG showed diffuse high delta activities with 5-6 c/s spo-
radic theta waves in the parietal regions. She died 26 days
after the onset.

Case 3

Eleven days after fever onset and perioral eruptions in
September 2003, a 27-year-old Japanese woman developed
visual hallucinations and depressive state, and was admitted
to the Department of Neurology, Nagoya University Hospi-
tal. She showed a moderately high fever, intermittent grand
mal seizure without apparent motor palsy. Laboratory data
were as follows. Serum CK 2,234 IU/, TSH 18.09 pU/ml,
fT3 2.45 pg/ml, fT4 0.84 ng/dl, anti-thyroid peroxidase anti-
body 97.36 U/ml and anti-thyroglobulin antibody 14.42 U/
ml. Serum autoantibody against alpha-enolase was negative.
CSF examinations showed cells 14 /mm3, protein 24 mg/dl,
glucose 66 mg/dl. Viral titers in CSF were unremarkable in-
cluding herpes simplex virus. MRI studies were unremark-
able. Pelvic CT was also unremarkable. Steroid pulse ther-
apy was not effective. Generalized seizures were continued,
and pancytopenia, septic shock were added. She died of
multiple organ failure 50 days after the onset.

We examined the brains of the three patients described
above and 13 brains of control patients from the Geriatrics
Research Institute and Hospital. Ten controls showing hip-
pocampal sclerosis were selected from among 320 serial
autopsies files, and patient ages ranged from 54 to 90 years,
and survival durations ranged from 17 days to 10 months
after acute respiratory failure. And another 3 cases without
pathologic cerebral changes including hippocampus were
also examined. In all cases, the autopsies were performed in
accordance with established procedures and the samples
were used in this study after obtaining informed consent
from the family of each patient.

Brains were fixed in 4% paraformaldehyde in phosphate-
buffered solution (PBS) (pH 7.4) and multiple sections in-
cluding the hippocampus were embedded in paraffin. Five
micrometer thick sections were examined by H-E and K-B
staining, and were also immunostained, which was carried
out using a polyclonal rabbit anti-GFAP antibody (1 : 1,000,
Dako, Denmark), monoclonal mouse anti-phosphorylated
neurofilament (SM1 31) (1 : 10,000, Sternberger, USA),
monoclonal mouse anti-synaptophysin antibody (1 : 200,
Chemicon, USA), polyclonal rabbit anti-herpes simplex vi-
rus type 1 (HSV-1) antibody (1 : 800, Dako, Denmark),
monoclonal mouse anti-human CD68 antibody (1 : 200,
Dako, Denmark). CD68 antibody labels macrophages and
other members of monoclonal phagocytes. For enhancement,
autoclave treatment for 5 minutes was performed for synap-
tophysin and CD68. Sections were blocked in normal serum
for 30 minutes at room temperature, then labeled with the
first antibody at 4C overnight, washed in PBS for 30 min-
utes, incubated with the second antibody provided by
Histofine SAB-PO kit (Nichrei, Japan), washed in PBS for
30 minutes, and finally visualized by the avidin-biotin-
peroxidase method.

Pathological Findings

Case 1

Brain weight was 1,190 g, and macroscopic findings were
unremarkable. Microscopically, there were no lymphocyte
infiltrations in the meninges or brain parenchyma, and there
were no infarcts or demyelination either. Neurons in the CA
1 (15) were markedly lost, and astrocytic gliosis, spongiosis
(Fig. 1), however, there were no anoxic changes ‘in the re-
maining neurons (Fig. 2), and binucleated astrocytes were
rarely seen (Fig. 2). Hippocampal granular neurons were
also lost with astrocyte proliferations. There were no neu-
ronophagia or perivascular lymphocytic infiltrations in the
hippocampal areas. CD68 immunostaining showed increased
microglia/macrophages in the hippocampal areas. HSV-1 im-
munostaining was negative, and synaptophysin were rela-
tively well preserved. Astrocyte proliferations and microglia/
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Figure 1. Low magnification of hippocampal CAl area in
Case 1. Neuronal loss with astrocyte proliferations and
spongiosis were apparent in CAl. Perivascular lymphocytic
infiltrations were not observed. Hematoxylin and Eosin stain-
ing, x40.

Figure 2. High magnification of right low corner of Figure
1. There were few anoxic changes in the remaining neurons,
and binucleated astrocytes were rarely seen (binucleated as-
trocyte shown by the arrows was the same in Figs. 1 & 2). He-

matoxylin and Eosin staining, x200.

Figure 3. Insular cortex and claustrum in a same section of Case 1. There were a few CD68-positive
microglia/macrophages in the insular cortex (A). However, CD68-positive microglia/macrophages
(B) and GFAP-positive astrocytes (C) were abundant in the claustrum. S, subarachnoid space; A,

x100; B, x200; C, x200.

macrophage infiltrations were not apparent in the cerebrum

(Fig. 3A), however those changes were clearly present in the

claustrum (Fig. 3B, 3C) and mildly in the basal ganglia.
There was no tumor in the general. organs including

ovary.
Case 2

Brain weight was 1,200 g and the only macroscopically
abnormal finding was brain swelling. There was no necrosis
or bleeding. Mild lymphocytic infiltrations were observed in
the subarachnoid spaces throughout in the cortices, brain
stem and cerebellum (Fig. 4A, 4B). In the parenchyma, peri-
vascular lymphocytic infiltrations were also seen in the su-
perficial layers of the cortices (Fig. 4A), in the basal ganglia
and in the Ammon’s horns (Fig. 4B). In the Ammon’s
horns, neurons were relatively well preserved and there was
no gliosis but limited neuronophagia was seen in the CAl
area (Fig. 4C). Microglia/macrophage infiltrations were ap-
parent (Fig. 4D); however, there was no gliosis in those ar-
eas. Hippocampal granular neurons were well preserved.
Diffuse microglia/macrophage infiltrations were observed
throughout in the cerebral cortices. HSV-1 immunostaining
was negative. Bilateral soybean-sized cysts were seen in the

ovary, however histological examinations did not show tera-
toma.

Case 3>

Brain weight was 1,276 g and the macroscopic findings
were unremarkable. Histologically, the brain showed slight
edematous and many small pericapillary bleeding, however,
there was no necrosis, vasculitis or intranuclear inclusion.
Mild lymphocytic infiltrations were seen around the small
vessels in the cortices (Fig. 5A) and in the subarachnoid
spaces. Lymphocytic infiltrations were somewhat predomi-
nant in the frontal lobe, however mild lymphocytic infiltra-
tions were also seen in the basal ganglia, brain stem and
cerebellum. Microglia/macrophages diffusely infiltrated the
cerebral cortices (Fig. 5B). Neurons in the hippocampal ar-
eas were well preserved (Fig. 5C), and microglia/macro-
phages were diffusely infiltrated in the hippocampal areas
(Fig. 5D) without gliosis. HSV-1 immunostaining was nega-
tive.

Hippocampal sclerosis

In our 10 patients with hippocampal sclerosis, many re-
maining neurons in CAl areas showed anoxic features such
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Figure 4. Lymphocytic infiltrations were seen in the subarachnoid spaces and in the perivascular
spaces of the superficial cortices (A) and in the hippocampal areas (arrow, B) in Case 2. A few neu-
ronophagia were seen in the CAl area (arrow), and rod-shaped CD68-postive cells were abundant
(D), but there were few GFAP-positive astrocytes (not shown). C and D were almost same areas in
serial sections. Gr: granular cell layer. A, Hematoxylin and Eosin stainingx100; B, x40; C, x200;
D, Hematoxylin and Eosin stainingx200.

Figure 5. Perivascular lymphocytic infiltrations were seen in the molecular layers of the hippo-
campus (arrows, A), and CD68 positive microglia/macrophage were increased in the cortex (B) in
Case 3. Neurons were well preserved in CA1 (C) with abundant CD68-positive cells (D). C and D
were almost same areas in serial sections. Gr, granular cell layer; A, Hematoxylin and Eosin
stainingx40 ; B, x200; C, Hematoxylin and Eosin stainingx200; D, x200.
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as eosinophilic atrophic changes in the earlier stages, and
marked neuronal loss with gliosis in the advanced stages.

Discussion

Because many previously reported cases of NHALE have
shown a rather favorable prognosis, only a few autopsied
patients have been reported. Mochizuki et al (8) reported a
59-year-old woman with disturbance of consciousness, un-
controlled generalized seizures, and abnormal MRI signals
in the bilateral medial temporal lobe and along the lateral
part of the putamen. She died 12 days after onset. Autopsy
examination demonstrated scattered foci consisting of neuro-
nal loss, neuronophagia and some perivascular lymphocytic
infiltrations in the hippocampus and amygdala. However,
there was no hemorrhagic necrosis in the brain and HSV
was also immunohistologically negative. They suggested that
their patient showed neuropathological changes of NHALE
as a possible new clinicopathological entity. Another similar
patient was reported in an abstract form. Briefly, Maki et al
(16) reported a 53-year-old woman who died 36 days after
the onset of illness and showed abnormal MRI findings in
the hippocampus and amygdala. She developed generalized
seizures and status epileptics and finally multiple organ fail-
ure. Autopsy disclosed marked neuronal loss and gliosis
mainly in the CA1 areas and amygdala without lymphocytic
infiltrations and necrosis in the brain.

Our Case 1 is similar to the two patients described above
with regard to clinical features and pathological findings
mainly limited to the hippocampal areas. Classical hip-
pocampal sclerosis in which neuronal loss is most severe in
CAl accompanied by gliosis may be induced by many
causes, such as epilepsy, stroke, cardiopulmonary arrest, en-
cephalitis and neurodegenerative diseases (17-19). In our
Case 1 and that reported by Maki et al (16), the pathology
was similar to hippocampal sclerosis without inflammatory
changes, however the pathomechanism .remains obscure.
One possibility is that the two patients showed more pro-
longed courses than the case of Mochizuki et al (8), so the
inflammations might be subsided. The second possibility is
that the hippocampal lesions were caused by severe seizures.
Misumi et al (20) reported a 30-year-old man with sudden
onset seizure showing abnormal MRI signal in the right me-
dial temporal lobe, and brain biopsy showed edema without
specific abnormalities and they suggested that secondary
brain edema induced by seizure must be considered.
Seizure-induced transient brain edema is not rare in the tem-
poral lobe, and these findings may reflect transient cytotoxic
and vasogenic edema induced by seizure (21-24). The ma-
jority of NHALE patients showed severe generalized sei-
zures or status epilepticus, so we must carefully consider
this possibility when abnormal MRI findings are seen in the
medial regions of the temporal lobe. In our 10 patients with
hippocampal sclerosis, many remaining neurons in CAl ar-
eas showed anoxic features such as cosinophilic atrophic
changes. However, the remaining neurons in CAl of our

Case 1 did not show such eosinophilic atrophic changes,
therefore the hippocampal changes may not be simply
caused by anoxia. More studies are needed to consider the
pathogenesis of the hippocampal lesions.

Claustrum frequently showed abnormal MRI findings in
NHALE cases (11, our cases: data not shown), and astro-
cytic proliferations and microglia/macrophage infiltrations
observed in the claustrum in our Case | may correlate with
those abnormal MRI findings.

Kamei (12) proposed a new clinical entity named acute
juvenile female non-herpetic encephalitis (AJFNHE), and
the characteristics of AJFNHE were defined as follows: 1) a
clinical profile of encephalitis with psychosis, disturbance of
consciousness, and/or convulsion, 2) progression to coma
and status epilepticus, 3) a prolonged clinical course, 4) a
relatively good long-term outcome despite a severe clinical
course in the acute stage, 5) a predilection for juvenile fe-
males, 6) a lack of abnormal intensity on cranial MR1, 7)
negative data for HSV infection. Clinically, our Cases 2 and
3 were almost consistent with AJFNHE criteria, however no
MRI was done in Case 2. Case 3 showed hypothyroid labo-
ratory data with positive anti-thyroid peroxidase and anti-
thyroglobulin antibodies, therefore we must differentiate
Hashimoto’s encephalopathy. Hashimoto’s encephalopathy
has been recognized as rare clinical entities and character-
ized by progressive or fluctuating neurological symptoms,
and response to corticosteroid treatment is universally excel-
lent (25, 26). Postmortem examination demonstrated mild
perivascular lymphocytic infiltration throughout the brain
and leptomeninges plus diffuse gliosis of gray matter in the
cortex and basal ganglia, and to a lesser extent, the paren-
chymal white matter (25). Recently, Fujii et al (27) reported
that autoantibodies against the amino terminal of alpha-
enolase are a useful diagnostic marker for Hashimoto’s en-
cephalopathy. Clinical courses with untreatable status epilep-
ticus, the lack of a steroid therapy and the absence of
autoantibody against alpha-enolase may be different from
those in Hashimoto’s encephalopathy.

Our Cases 2 and 3 differed from Case 1 with regard to
the absence of limited pathology in the limbic system, mi-
croglia/macrophages widely infiltrated the brain including
the hippocampal areas and mild lymphocytic infiltrations
were observed in the subarachnoid spaces and in the paren-
chyma. HSV infections were ruled out because of the lack
of hemorrhagic necrosis, intranuclear inclusions and negative
HSV on the immunohistological study. These mild inflam-
matory changes with diffuse microglia/macrophages activa-
tion in the brain might be the main pathological findings in
our Cases 2 and 3, and the pathological findings suggest the
mild viral infectious or postinfectious state in the CNS. Re-
lationship between NHALE and AJFNHE is obscure, how-
ever both diseases seem to be different in some points. Es-
pecially, NHALE showed more limited pathology in the lim-
bic system, whereas AJFNHE showed widespread pathology
with microglia/macrophage activation. N-methyl-D-aspartate
glutamate receptor epsilon 2 (GluR €2) is frequently found
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in the serum and CSF in both disorders, suggesting an auto-
immune mechanism (10, 28). Recently, Dalmau et al (3) re-
ported paraneoplastic anti-N-methy-D-aspartate (NMDA) re-
ceptor encephalitis associated ovarian teratoma. Tumor re-
section and immunotherapy resulted in improvement or full
recovery of eight of nine patients. Two of three patients
without tumor resection died of neurological deterioration.
Two autopsies showed extensive microgliosis, rare T-cell in-
filtrates, and newronal degeneration predominantly involving,
but not restricted to the hippocampus. Similar extensive mi-
crogliosis were also seen in our Cases 2 and 3. We have to
collect and examine many autopsied patients to order to

clarify the pathomechanism. More recently, lizuka et al (29)
reported that 4 Japanese women diagnosed with AJFNHE
showed positive against antibodies to NR1/NR2 heteromers
of NMDA receptor in serum or CSF, and their findings indi-
cate that majorities of AJFNHE in Japan may anti-NMDA
receptor encephalitis.
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(NHALE) QERERAEIR £ GluRe 2 fifk

F. B8%& 1 GluRe 24K
(5t GE BI85 (1gG 1eM)

T T 1
25 50 75 100

HHIFEEROHBERE %2, #REREERA
¥ o HEL T, ¥ +SEM (standard er-
ror of the mean) TR L7z, D) NHALE fEfI
DIf1iE TDH GluRe 2 HiiED 1gG B & 721
IgM BUMSEBME & 2 o 7 HusR %, AEHA(0~20

fREAY

B+ ®
‘_

acute recovery chronic

chronic

recovery

A H) - BEIfEHE (21~60 %% H) - 124 (61 /% H
DI ic P TR L 7, BEHRE 48 6 27
Bl (56.3%) T 1gG % 7= 1 IgM HiiEDBIET

0-5 6-10 11-15 16-20

» o> 7-. E) NHALE fE#l 0 87 T D 1L
GluRe 2 Hifk[BHER 2 S8 - EEY - 84
24\ TR L7z, F) NHALE fE6 08
#1 GluRe 2 HitE DBt & - 7298 H % 1gG
B, IgMBZLIRTT.

/ Y"‘{,\; :iGIuHEQ |_ s

BEB / =] s~ Ig_G igG
B
Eill@ [
Neuron & Neuronal Excitotoxicity?

death

563%  60.7%  565% 51.8% 414%  286% REEEY
(21/48) (17/28)  (13/23) (29/56) (12/29) (6/21)
A. Acute stage & = —— B. Chronic stage
- ) Pl . i
e S A
Yoy 7 ’ FY
=YY 7 & HyVY,
YV P antbos GluRe2 "yYp 4 ¥ NMDA & GluR #ifk& NHALE O
Y\‘ Autoantibodies i
¥ % against GIuRe2 L ¥ REEESWLD) ;
iy g \ / * M TE: NRLE b= 7285
7 L §oure | i GluRe 2 Fiff 2, MARABIFIORGHES &1

X b RREERICE D A & 2 D AR RIE
RICEFS T 503(A), EIER - BEHICLS
E I RGBEFA D EE I & D BER P TET L
(B), FERMEIET3RELEI TS

Neuron

A, B HHET “IEHEDOH NMDA B GluR Fifs” &MY, Dalmau #i
1247 NMDA 256 “Wat” ik (EOHI NMDA B GluR #i
) LIRS Z LI 335D,
2R % &3t NMDA & GluR fifk

JEL R A ST RN - BGE (non-herpetic acute limbic
encephalitis, NHALE) T, Il $#1 GluRe 2 #ifk (IgG £ 7213
IgM) 3 24D & BHEERRICK 60% oA 54, BEIFHT GluRe 2 HiL
HIzEELICK 50%, EIEEICK 40%, BMEHICH 30% & REBIC
BTT2(®3D~F)I™¥ &z TE 7 GluRe 2 3 F D@L
BEEEIE - 7’&?‘6ﬁGluR52ﬁ1$li HA AL i EDE
Hiz X 2 MBKEIM OBgE 2 i L CTHEREHERCE) A5 03tk
B SERICE ST 208, EEA - BRIk 3 & InRABIFI D [E
B & O TR T A RERBIEE L TV B (K41,
' BB EA BEaE M % L1 NMDA 2 GIuR itk

bilbnid, FETHES L) FE~NV AR TERRR
{non-herpetic acute limbic encephalitis with ovarian teratoma,
NHALE-QT)19 il & #EEABERIC 2 > T NMDA & GluR «ZBEfR
SHEEHIL, #iGluRe 2 Hitk (R 2®) i 40.0% DEFI T,
i GiuRe 2-NT 2 HifE (X 2 ®) 1 69.2% DEEFITREYE, Dalmau 5
DFFEIC X 551 NMDA # GluR BAEHE (K 2 @) i 90.9% DE

BICRBETH B - L 2HE LY. NHALE-OT T3 GluRe2 D&
#5673, GuR{1 DMIFN F XA v Z2IE =7 LT 2HER L,
EHONMDA B GuR ¥ 7 2=y b2 =7k T 5407
ET 3D 535710,
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2) Groc L, et al. Proc Natl Acad Sci USA. 2006 ; 103 : 18769-74.
3) EiE=ER, ﬁi’.. Neuroimmunology. 2009 ; 17 : 245-55,
4) Eig=ER, d\ﬁl’iﬂ-iﬁﬂ% 2009 ; 41 : 728-34,
5) EiE=EH, {Ib FENEL ; 69 : 350-8,
6) mAG=F, FHEEPIRL 2009 70 : 87-96,
7) EiEET, fli! Annual Review 4% 2010, 5HES4 ; 2010, p. 85,
8) Dalmau J, et al. Ann Neurol. 2007 ; 61 : 25-36.
9) Dalmau ], et al. Lancet Neurol. 2008 ; 7 : 1091-8.

10) Niehusmann P, et al. Arch Neurol. 2009 ; 66 : 458-64.

11) EiEER. BFNRBIESE. 2002 5 106 © 1402-11,

12) Takahashi Y, et al. Neurology. 2003 ; 61 : 891-6.

13) Takahashi Y, et al. Epilepsia. 2005 ; 46 (suppl 5) : 152-8.

14) BiGER, M. EEFRMEE. 2008 ; 48 : 163-72.

15) FotgERl. SRS - BED VS I YEREEFEH CRBEFEORE - RN - 1A
R BT 2ERMA, T 20 FEREEHMBIFMARRNS (2 - 5 D/EE
PlEFIEEE) Al - RED /LY & v EIREFRCRERIEDAE - RHARSN -
IARERRE I BT 2 ERERTRES (H 20- 2 & 2-—#2-021) &3 - S EMRRESE. 2000,
p. 1-50,

16) Takahashi Y. Ann Neurol. 2008 ; 64 : 110-1.
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PARETRRIE I & A BEEBERE (1 GluRe2 HLERH) &
Z 2 b KARM/NRERED 1 61

FOERE” WE #£X7 BE OERC O MR af #2407
mE wF PR ORHT &N XK' sHE @' AR ER!

B SWMHRREIBABREBOLITHRAGLZEBL LTALA TV, MEEATREL, W&
BEC L AEEBERRELELONTEMATERL . 1&8 7 Ak, LRERZICEREST, CHIER, BiE
PHE. SMMREAREODH THRBERE L, EREABEMZZD. 2% 6 A AR/NRERSTRL, BHE
AR AEE T 2o, BlY oH GluRe2 AP RIN SNz, MWK, i GluRe2 iARERLL, BRI
ZERSEELTVAS, LiL, RER BH - SERZFOFHEIRBOLATVS. MIIBARLEELLOR

KRENOREFALP LR > THBY, SHRBRBREO M & AFNEEVLETHS.
RHUE SHMEAME AHE0HEE, 7 GuR:2 ik, HEEERE, =RMME

@ UL »

SNRERETERBEREZOLTRAFLEATHS
A%, BRSRAEIT/MRER T RIE T 5 SRR ASEIE T 5 EH,
BEEEr L TAEEELETA200055. ERBHELT,
AFVra—R A 37 2—XAERE (opsoclonus myo-
clonus syndrome ; OMS) R FEFMIEL L2 L 2 BEY
PAHRIE R (paraneoplastic neurological syndrome ; PNS) 7%,
BTRHEHFEETHS. OMS PRIEDMERICBNT, AE
# GuRS2 kPRI ShTETHY), BERERFORS
RHEENTVS, £/, i GhRe2 BRI BMERE, BE,
B, Rasmussen &% K CHBEL 2D, MC b4
DHOHAENEHER TS, SER 4 3 BTRBEIC/IR
ERIERL, RETHHEIEICL 2 PNS LEXI bR, HHlED
L GuRe2 HihE BB LA 1 BIERBRL O THRET 2.

I &£ ]

1%8H%A, BR
xR FAEL0C - RAWRD
RIEE AERECLAMERBORKER L.

VIR KFEEEDER
 E R R AR R
‘ETAEBRERATA»A - BEERLE Y 4 — /KR
Mk T 409-3898 PSHi T 1110

Bk EREMAEH (MR ER)

E-mail: yoshi3st (a) yd5.so-net.ne.jp
(%48 : 2009. 4. 1, EA : 2009, 10. 5)

BtERE 3 AREae 1 AMc ERERICRRL.,

REEE BEMICEEZL. TE45A, BEYSHA,
BMESHA, ¥H 13 0A, BEE IS A TERESL.

BRE #1780, BETEETIHEENSS( 2D, £3
RAKBEROLSDEFHUBELMBMREL 2o/ &8
RE, BTLHHBROLLDEPERICE-/2720, BEE
BTABRELZ:.

AREEFEHAE HF 833cm, #E 108kg, 14l 368C. B
2 znig, BAIETEE. BHBTOERERTES, B
FANERTEITETH - 7, BB IS TORMN TAPH
BRig% B8, BRERHBESLF Y 7 0-X 238D %
ot LRERSLUHIEHELROL. RERSTIETE
PERELL. GRRBCHSILREELL. REIEEOE
XEDHTHoBREMLEDLLT, WEHMIT—HBLT
Wiz, HAET, RESEReEENBERIZED» o7,

ARERSREARR M, 4{bBERE, ABRFRICRERR
<, Ik, 7rE=7, MPHBE - YAVEVB, TI/B
4H, RYP vanillylmandelic acid (VMA), homovanillic acid
(HVA) BERTH o7, BERETIIMALY 10 B/, +
VIT2u—FNigG /iy FiRfE, 31 VEENEROLR
% L. IgG index i3 0.66 (IEH# 0.6 BLTF) L Z{BEOLR%
Boi:. BRERE, FEMRI (€1 b, ¢), BO#y
F (®™Tc-ethyl cysteinate dimer;*™Tc-ECD) TiiE%FELR
ok (H1-d).

EEREEA DlLoEE, HEEFRR, REFREL,L, S/
BMELZITL, BEEECEABRELL. £ 10KAES
LA FIRR, HEREIBRL, MFEoV TOEMNREE
MbE ZoTwolz, UNEYF—ar2 v, HER
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B 1 FE¥ MRI, BiEs ~FE#E
. BEER MRI-T A E1Z
. BE%F MRI-FLAIR [E{Z
. BEES MRI iLEGEFAER
: %¥mTe.ECD RMLiE > ~ 5 Eifg
CFNRLBELPLREFTRIRO Oz,

< A 0O o P

T QAA%, 1®10HA), BP0 bERY) B AR
%, 1811 AA), MRFEY @A 2K, BEE
B (7THA%, 283 VA), Mk 10m (8 AT 284 W
B) L BETEHAIEEIEEL TV,

RIEPL 10 A% Q6 7 A) KIBENSLD MK
20 OOMFIETEEICE o T2, ERELICRER, &£
RAUEHRTHIBL L -0BAR L. B»60E BT
BRENGET A S, FREAITEET, SRR
BIUHIEEELEDz. KFERIRLZRBO S, +7V 7
O—XARZEOLEro7/z. HWEE QFK67A) KL
AR T ) B MRI AT RIS/ OEHE SOREHRILE
Dhhol. ME, EFRE, MEFTACREMRLZ{,
m4E, 7¥E=7, mMAFEE - ENVEVEE, JRF VMA, HVA
LEETHo72. REHTIZIF TV I H—XANY =V %R
&9, MBHIERE, XBHL2EICLZF TV IO-XADFER
FRELBITLEY, FRESN P o7, B NREROBR
PEIZBBE LIS, BE 4 BBTERIERERL
V), WENEEL, 10 B, RBRERIIRET S HO0HM
HRReL o7, MHEEMRER LI X % PNS O EEHED T
FETERWVLOMERD CT (K2a) ZHTLALLIA, E
BREOBEMA - FBEARTEICE 42 mm ORY—CEFESWAE
BErEDH-, B MR TR TIEES (M), T2 &ES
(K 2¢) #8207, 1""-metaiodobenzylguanidine (I'*-MIBG)
S UFTIRERITEO o7z, NREREOBEEMEIEZ

efE £402% F45

X2 fE% CT, MRI Efg
a: EEEE CTHR

b ! 8 MRI-TRRFAES (EKED

¢! fEE MRI-TAEREER (EIRHT)
EBOBEE, BOFEIC 42 mm OFE—ICEL SN2 BESEHRELED
5 (a, REN). EBFLBRICTIEES, T2RESOEBEL2ZH5 (b,
c, &EN).

LN OBEEREEATE 2 8% 10 7 ABRICHIT L. L
7-BEES IEETE T % 50 mmX 40 mm A TR B 5 R i
EIE (9MEE) OREZECTho72 (M3). /-, ERESR
RO - FAEOPL GuR BifE (4124 7oy biE) OB
ATV, D 5P GluRe2 HIE 1gG B s h iz (F
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3 ’IJ“HE%%EW“E{?@
EER IS L BB R0 (AT RS Y IV VR
B, 5KE).

4). Pl GuRS2 Hifkid IgG B!, IgM Bl & b IR METH o 72,
[ESEESE 10 A AR, 3% 7 VAR EABRLA-L A, 3T
GluRe2 LK 1gG Bl BHL L 72,
%ﬁ*,mwgﬁ?ﬁLﬁuwb&#OL# REBEE
FEOHIIEAICEZAb0N, FEEOREBIIEEOREE
#aﬁ%@ 1 EHOATHo7:. ERFANBEERETIIRER
4B QW BTEEIKRS VA, SEEB1KRTHVAM
WTCHo7d, 2RI WARTRELIZT VA, SHER
22T AMYLERE RAETLREEOEFEZRD.
EEHBEAT» S 1 E4ERT 275, BREISHED DNIRERD
BHorBHRIIEL, BY -FEYV 2 LTCORERMED TR
Lo TWVA. 353 wﬂﬁmé‘ﬁ}ﬁK‘tﬁéﬁﬁﬂi A - #
B2m®5 A (DQ74), SE-HL2 1% 178 (DQ59). 3

m4WRAELY, BEI1IEFHILONBRERFELZY, 2
LR Lﬁ?&@iiébﬂ*fdb%.
I % =

PNS ZEZEOEZERECIGEOBER, REBELRLICK
LR WHBEOMEEET, REZNHFIZLI00DLEZ
LRATW3, —fRICHBERIESHIETL, EERERIC
FATTHILHZLBHTIIEETH . 2004 £ (RIS LT
PNS DEZHTEHE VI L 5 &, PNS #HEEH (definite) & BV
B (possible) 2471+, PNS THHEHI L SN 5 LFERMIK, B
SHEPMREEE, EatREEREMEEEOERTEL,
5ELAICEEIBELPIZ R 558, d5WIEEBDHREC
EHERICBGR L THBEROYENH D54, TIEPNS I
BERLRIENDBHELHEEFAL LTS, BAIZBANT
ffifE, 7L, Hodgkin 78, ROHFREZEBH), —HOD
Bl B THER L A~ £BICBET 2 BECHEIEFE
L, ¥l Hu #ifk, $T Ma/Ta 4k, #T voltage-gated pottassium
channel Hif& (HT VGKC Hif), #U amphiphysi Hifs7z & D
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a b c
4 BAEHL GuR FifE IgG & (£ &7 70y ME)
a.Irpbo—
b : GluRe2 FEH NIH3T3 #laD A€+ — b
c ! GluR§2 M NIH3T3 MIIAD R E T 7 — b
b TR TRTENMIC GluRe2 i/ s> FZ2BdB. 3> bo—),
GuRS2 TR/ FIZEb b iz,

b5V, KEFITIE, A S GluRe2 Hifk IgG B2
BMESINTEY, EEHEBICERIZELZ & 225 PNS
(FEER) \2H7-b TR LT,

N-methyl-d-aspartate (NMDA) % GluR D—2T&H 277 R
GluRe2 IZMEERITIZIE < RAREHRERRICEI L, EBIFHH
KRB TAH72=v M T, NMDA SEMHEHFL S+ 7 AT
BHLEE  FEIPPDESFTHA. H GluRe2 Hifkid,
Rasmussen fEf&RHE TOHEAE 5%, Rasmussen FEEEE 1245
EWTREL, ZOMOBHMATIRESATVEY, &
B/, BHRAL BRERLBE CERESEE T
BRER TRIET 5 RBHERMAEES L IRER, CEED
BEREEY A O N5 RNERMARESZ54E L TH GR i
FERE LTw5. BERERMAER O GluRe2 Hiki3
ERDENRFEL 2 ) NERKGZE b= 7200 L, L
PRS2 T IR EIEE - BRI HEIL T 2 ERIDSS N &
»n, REBEHMAR TS * R ICES S ik
GuRe2 A FICRKIG L, MEDEBMTER L2 L ) i
BRIZEL, BREDREO—IIZES L Ty AW EEITREE
ENTWD. i, SRFRE L EEE DGR AE
BT - 6772 NR1+NR2B (NR2A) DAk L KIET
BHFPH GluRe2 FLAENTET 5 Z EHRE S 7299,
GluRe2 IX NR2B & b L ifh, EEEEIERMETDH
GluRe2 ik (#i NR2B Hifk) 25REEICES LT AR
WHhH, LirL, HEEHEREIEICEE) PNS L GluRe2 Hifk
DEEIZOWTIRBE SR TV,

—7, SHEARERETD BCHEOMEER STy
5. KEBICHRLMERGE", <4 375 I<RBIC, #
FL/NMESIMEY, Epstein-Barr virus (EBV) BEZ7% 17 triose-
phosphate isomerase [Z3F 3 % IgM FIEISRE SN T2,
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FEFTIR—BH 2 LRERETHY, AERTIITITX
<, EBV ORIERIZED SN eholzd, SBERH YA
WAKT 2 BTHEOEESHSL 2T o TL 2 HEHED
b5,

KT 2 &M/NNMEFES T OMS & D¥BIA%E5 £/
Sz A. OMS i3, B¥OA TV /70— R - &5HDIF
rO—3X A E/NRERAZERETHERBET, 90%i 3 X
BOILLBICRET H. ERERO 4 BELUMIZH 20%12
SRR LERE RO S L OBENH LA, PNS & L
TRIBIEDNDY, NETRAEFMABEDESHI 2~
20%, FHEEMEEDOSHD T~ 10%DBEYDH 2 O, K
ANTIEHiE, 28, SRR S\, EE, OMS TECHAD
HEHDH ), H GuR2 HAEMNRE ENTWAS. # GluRs2
HARAUNRRER 2 & 22 THFEICDOWTIE, GluRa2 i, /M
Purkinje HIR2 (24 RE 2 BB % LTH Y, Purkinje Ml2DFEX
By @A 885 &, Purkinje M0 ¥+ 7 A% LS
€2 AH =X L TH2EHMHE (long-term depression) % F
BTaZLasRah, B EEL LTE, SRERICE
BLTHBEL L 7-0TZLORBENRTVS 2, Bi&LIL,
OMS 9 BID#E 24T\, Hi GluRe Fifkid, MmFICBWVT IgG
REiHS o BILB TR, 8 BT IgM BEH (W h d EWITR
9 Blid TN TR, BEMICHB\ T IgG Bt 8 FITHE, 8 #l
T IgM BABHLBEL TS, %8, H GuRe2 Hfikid
OMS 8 it 8 BITKIETH o713, OMS DHE D I/
L, OEy BENTREOA 7V 7 0—X ADHBE LD
DL Ho7272%, PNS £ LTHD OMS b EE-7205e#Fl4 7
vru—X AOWMBEIREH» o7 F/z, P GuRS2 Hifkidm
HEN$, il GuRe2 EFRIB ST L H b OMS &
BUSES LD, ReIBFTHHEELLND.

TAMEICB LTI, BEMCIEL»LEMESREEE
W3 ozt BM - - EEETOEITRERICBOTY
5. SEEEI/INEEICI ABTREOTRMED 50,
B &2 IcSEER, TAEICEYTOREOER T REMIE
BOTWI, EE, MROBFICL) SECHBICEELR
BEEROBELDH Y, PRCBOTEARET Lot
KREBEE~DBESIHHEN TS WO, F7- FHL 8l
B SR BIR IR REIRE £ AR EICHAT L, BEEE
B CEEEENOET L DRCHELTEY P, 40
DFEFIZ BT 5 SEREOEF I PRERAREOEED LE
HLTWAWEEMESS., T, BETEE, SEABDL
7= B OHAAEDH GluRe2 HifTH ), GluRe2 iX NMDA %
BEEEN Y F7ATER L TR - 2BICr2rb25FTH
AIlhb, BESCEIEICEVTL EEREPRESLRT
WiETuysI v 7OMEXRIZLATTRESTR IS,
ABOEBERBIIBVT, BRBERELZTV2RFOEA
BEEZINB L, (EERE: - SHERELTEDLEYLEERT-
TWZENEETHILEILLNS,

fERE B0%E F45

BEOBIE X THHEICH) 7 N 2 2niiFsd LUEX
ZRELNEHAREREED L UMBEF— & OB, %2 03RS
Rk, EHEERELE, BIURBEEELREL TRV RE
HhiEEBRLEICEIVLET.

2B, TOHEOFET, WK ELISA & TOEREREOMIFR
GluRe2 i IZBHTH o 72,
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A Case of Recurrent Paraneoplastic Cerebellar Ataxia with Antibodies to
GluR €2 Causally Related to Ganglioneuroma

Sayaka Noguchi, MD, Yoshimi Kaga, MD, Yukitoshi Takahashi, MD, Kakuro Aoyagi, MD, Kohsuke Nakamura, MD,
Yuko Kamiya, MD, Takaya Nakane, MD, Hideaki Kanemura, MD, Kanji Sugita, MD and Masao Aihara, MD

' Department of Pediatrics, Faculty of Medicine, Yamanashi University, Chuo, Yamanashi (SN, YK, KA, HK, KS, MA) ;
Department of Pediatrics, National Hospital Organization Kofu National Hospital, Kofu, Yamanashi (SN, YK, KN, YuK, TN) ;
National Epilepsy Center, Shizuoka Institute of Epilepsy and Neurological Disorders, Shizuoka (YT)

Acute cerebellar ataxia (ACA) in childhood following viral infection is a self-limited disease. We present a boy with recurrent epi-
sodes of paraneoplastic cerebellar ataxia associated with a ganglioneuroma. A 20-month-old boy developed the first episode of cerebellar
ataxia after nonspecific respiratory tract infections. During this episode he showed a wide gait and truncal ataxia with intention tremor
and horizontal nystagmus. Our initial diagnosis was ACA, and gradual improvement of ataxia was observed thereafter. At 2 years and 6
months, similar cerebellar symptoms recurred after respiratory tract infections. Speech difficulty and cognitive problems developed
thereafter. We suspected paraneoplastic syndrome. Computed tomography revealed a retroperitoneal tumor, and autoantibodies against
GluR €2 were detected in the cerebrospinal fluid. After the tumor resection, the cerebellar symptoms did not recur and speech difficulty
and cognitive problems improved gradually. Recent neuroimaging and neuropsychological studies have revealed that cerebellar function
contributes to higher brain functions including cognition and learning. We will follow up this patient’s long-term cognitive function and

consider special educational support and programs.
No To Hattatsu 2010,42 :297-301
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Antibodies to Glutamate Receptor in Limbic Encephalitis

BB oZE Y & E KEFY & W g@EFY
w H % 75 H om E

Yukitoshi Takahashi*®, Yukiko Mogami”, Rumiko Takayama®
Hiroko Ikeda®, Katsumi Imai®

Abstract

N-methyl-D-aspartate (NMDA)-type glutamate receptor (GIluR), is an important molecule, which
contributes to the pathophysiological processes of various neurological diseases by various molecular
mechanisms.

Antibodies against NMDA-type GluR (NR) are detected by immunoblot analysis, enzyme-linked im-
munosorbent assay (ELISA), or immunocytochemical analysis (Dalmau’s method). Immunoblot method
uses whole molecules of GluRe2 (NR2B), which are synthesized in NIH3T3 cells by using tetracycline system
as antigens. In ELISA, synthesized peptides of each domain of GluRe2 and GluR§1 (NR1) are used.
Immunocytochemical method uses human embryonic kidney (HEK) cells transfected by expression vectors
for NR1+NR2B/2A.

In non-paraneoplastic, non-herpetic acute limbic encephalitis (NHALE), serum antibodies to GluRe2
(NR2B) were detected in approximately 60% of the patients from acute to chronic stages further, these
antibodies in the cerebrospinal fluid (CSF) were detected in 50% (acute stage), 40% (recovery stage), and
30% (chronic stage) of the patients. The antibodies against GluRe2 seemed to increase in the sera after
infection and infiltrate the central nervous system through the blood-brain barrier (BBB), which was
damaged by cytokines, etc. The antibodies against GluR&2 recognize broad regions of GluRe2 as epitopes.

In NHALE patients with ovarian teratoma, antibodies to NR recognize epitopes on GluRe2 (NR2B) and
GluR¢1 (NR1).

Pathophysiology of antibodies against NR is estimated to cause internalization of NR on surface of
neurons, resulting in inhibition of NR function.

Key words : NMDA-type glutamate receptor, GluRe2 (NR2B), GIuR§! (NR1), acute limbic encephalitis, ovarian teratoma

U ®IC

BHERA &, BEMAER LT LUPREEERPS Y
ANVADBDBES D DD ERRICBIEREND, VAL
ARBYRE (H2WIEZTDER) KAEMEERERL
FEFITH->TH, BT D7 A VA polymerase chain
reaction (PCR) BZE H 2 W IZZIMBGEBEIT T A L A

DHREMEREEEENEESNBEABDHY, 741
A BSHRRRERIEE L { CORMBERETT, B
IMEE LIFISh 2 —BER D B, 27, MARRETRTE
FIDHZIE, AT 04 FEESEREED 5E% & H
SNBEFOFELHSNTVT, —EO BRI
BT, RENTEE CAENAERIEZ 5 TWwa0
Tk, Uiro#HERHINTE Tz,

SR - NEOREESET 2L, OVA VAEE

1) ENEREESER TA>A - EEE Y > — (T420-8688 B MmZEX% (L 886) National Epilepsy Center, Shizuoka Institute of
Epilepsy and Neurological Disorders, 886 Urushiyama, Aoi-ku, Shizuoka 420-8688, Japan
2) IRBAEEZE/NERESY Department of Pediatrics, Gifu University School of Medicine

1881-6096/10/ ¥500/3Z/JCOPY
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BE 1k K, OBRLMME - ME, OFES
MRE - E, @2EMHBRRAHRME - BE, ®%0
fib « SETRED D B LHEEE N D, O~DTIIRFEN R
BFE TRMEMAERIE I > TW 3 AREES D 2,

MR BT B B DFE I, 1960 F i BEIEREM DTk
%% (paraneoplastic limbic encephalitis : PLE) #%
MESNIZ LIZWHE 5V, PLE B8 -BESECETS
LECSRIEE, WAREREE, BHER, BBR 2R
#eL, ME (50%), SAME (20%) A5E (8%) &
W35\, ERRHEOIEAN R B ERIEK (non-
herpetic acute limbic encephalitis : NHALE) 2k~
T, BAMOKERE2 L5 Z L 53%\», PLE IZ& Doz
i Hu Hiifk, $i Ma-2 Fifs 7 & 0 HOHuk MmN - %A
EHERMRE L LY, k04 TREBESEIEZ ST,
CDS'THIlEDBRENEE L, SHTREFZOLNLT WY
32,

2001 £ EBAKEMESY VU 7 A F ¥ 3 (voltage-ga-
ted potassium channel : VGKC) X ¥ 284k (i
VGKC #if&k) © 28, SBEEMEO &2 5 T BEES I
RETO®ES, MlEREES2HELT2EHEH
EDWFIEHIE % o7z, L VGKC Ptk bt & R &
(LE-VGKC) &, HEMRET, EAkOZELLY,
TEEE, RYEES, TA»ARME, SIADH % HH%E
REL, HFEHELHD 2EEFETCIMRESHIS
W, JTVGKC DO ER X, ZMoDIgGs 2 DD
VGKC % coupling L, degradation #4£U% Z & T, K
D VGKC 02U 2 Z LICL>TKEFR O
FIBEZ 2 LEZLONTV 2, SHRORVBRFINS,

2001 Fizbhrbit, Rasmussen fFEREETD N- X F
V.-D-7 A /87 ¥ B (N-methyl-D-aspartate :
NMDA) B N% & VE#ZZEME (glutamate receptor :
GluR) D1 20D%72=v +ThH % GluRe2 (NR2B)
Xt ATEORRERE E 2, SENAEREET
BHEFIT GluRe2 £REH 2 HE £ 7 % 51 GluRe2 Hifk
DRET 2L, BEEZEHLEWESAOFIIH
GluRe2 iV HFET 2 ESF 2 REL, BERNERZES
BRI T LATHRE LD, TOBROERA
GluRe2 HUfERRHESE, IgA RIBERH T S EFTEE
DE¥EM S E 57 NHALE DEFZEATWI2, 2D
%, BRI NHALE 2 & OSHEME -BE, Bdikt
TURVWERERRE - BE, B4RE, PLE 22X THH
GluRe2 FIADBEET 2R %2 R L7219,

2005 £E1Z % enolase @ amino terminal X3 3 fifk
(BT NAE $5iE) »EAMECEET 2 80k LTH
&N, BARE DERIRIRIE SR T, REMER K

W ThH B, WELEMA (LE-NAE), 5 >0HELA
jiE, Creutzfeldt-Jakob f& (CJD) wl7-m&HERT LD
bb 50, BRFERIIHEE~ZBFHAIEETLHICE S,
FRIREEE X EE S LTI RIEEE2E L, 840
BERRERESS {, NMEEE ITEETH 528 MRI
DEEFEVELEVLIRFEPB DL LENT VRS,

2007 &, FREFEE %45 S L&ERKA (NHALE-
ovarian tumor : NHALE-OT) i ¥ \» T NMDA &
GluR &1 (NR1+NR2A Z7-13 NR2B) O#ifa®RmE
YHRBE*RELT2ECHAESERE I WS, i
NMDA # GIuR ¥ifE & K & OBIFEB K E S EEH
ENBEZARERDTZ,

D& D GEE, HBRKE EFEE T 2R THHE
BHAEOEESEEINTE TV, ARTR, ERH
# NHALE 8 X " NHALE-OT #E # T ® NMDA #
GluR 33 2 HiEIC DWW TORIE 2R3,

I. JVYZVBRBEDIE

GluR R MHEEEVMETHE2 VY S VBOZEK
T, 1 F>F I NVBERBELNEET L7199, f4 >
F ¥4V EGIuR i E B ¥ # 1Z NMDA # & non
NMDA # iz 4»h, #%%E % alpha-amino-3-hydroxy-5-
methyl-4-isoxazolepropionic acid (AMPA) # L4 1 =
VEBRIICSEENSE A X Fr ANBIGIUR 121X 18 &
oy 7=y b35S, Y7 2=y MINEKHIH
fEstcHy, 3-oOEEERS EETCRIMENICS
2FEETHLY (Fig. 1A), DFEHEELEET S
(Table), = 7 A DEETFRENTH» S Dfnf (GluRel % &)
£7 v+ OBRETFHEIDSOHE (NRLZLE) 235 %25,
th, ¥UX, 7v bOBEFEINCIIR Y ERMED
H 3, GluR DEBEREEEZZIRICH D), & & 12HHK
HERKEBEORBIZOLGURIELBEELTY

5 11,19,20)
o

II. NMDA BV S =V ESBRHROEE

NMDA % GluR i, #&¥E 2% GluRél (NRD) &,
GluRel-¢4 (NR2A-2D) % % > i% GluRg 1-x2 (NR 3A-
3B) twoleH Ty b4 DOEEL 4 BE (S
%) #EE LY (Fig.1B), 44> F vk LTHEE
LTWw33, BXOY 72—y BRI —UB3hHB L
EhTw3 (Fig.1C),

BRAIN and NERVE 62#%#8% 201048H
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(A) 71z v hOEE

829

(B) 471z vw RDEBIC&DF +RIUESE : hetero-tetramer complex

Fig.1 NMDAE S % I U EAZRAEDHEIE
A:NMDA BV ¥ = VEERAEM (NR) OV 72—y MEE R, MIEMCHENEK»S 4 DOREBHRUEET, MR
B CRPFET 2HEEELZL> T35, BINRIZ, WAV 72=vy FTH3 GUREL(NRI) &, GluRel-e4(NR2A-
2D) H2Wik GluRyl-x2 (NR3A-3B) Lo kAEY 72—y ML ORI 4 BFEEZ E>TW5, C: 4 BfE
BEICE, VEY T2y b EAEY 722y POBLXOEENNS = BHBEINT NS,

---etc,

Table AF Y F+RABINY I BIREDSHEEE NMDAR S LY I L ERBHFOHEE

BT — ¥72=y b S . TR — i .
ereeer vy AT iEEE R HRFER FEIRERAL
AMPA # GluRa al-ad GluR1-GluR4
A4 =>BE GRS | Bl-f3  GluR5-GluR7
GluRy |y1, y2 KA1, KA2
NMDA # GluRe el NR2A O O UM
€2 NR2B O O il
€3 NR2C /NIRRT
cd NR2D O R, BEg
GluR¢ €1 NR1 Ut
GluRy w1 NR3A :"
22 NR3B
GluRs o1 61 WEEEME
02 62 /N Purkinje AT

*long-term potentiation, 'Morris water maze, *brainstem trigeminal complex, "open field test.
(B%EE) AMPA : alpha-amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid, GluR : 7 /V% & VEEZEME, KA 24 =VE,
NMDA : N-AF)V.D-7 Z37 ¥ B, NR : NMDA # GluR

BRAIN and NERVE 62#%8%5 201048 A
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(NR2B)

(A) NMDA B L% = VBSBHESEICH T DHitk (RBEOH
NMDA SZ&EHiE)
DIGIURET (NR1)+GluRe1 (NR2A)] ZHEREET DK
®[GIuRE! (NR1)+GluRe2 (NR2B)] AHEREY i
(B) NMDA 81U L% = VBZREOE Y T 12w NI 25
cERYTJ2Z v NERRET DN
@GIluRe2 (NR2B) #itk
B TAZYRDOBRAA VERRET DHE
@1 GIuURET (NR1)-NT $Fif&k
B GIuRET (NR1)-CT Hulk
B GluRe2 (NR2B)-NT2 #iiA
@5 GluRe2 (NR2B)-M3-M4 Hitk
©#5 GluRe2 (NR2B)-CT1 #iff

RIEF=
@@ : Immunocytochemistry
@ : Immunoblot
@~® : ELISA

Fig.2 NMDAB L% I U EIREICHT 2HFEDHE & € OHFEREIBA
BEAE SN T3 NMDA & GluR (NR) 4§ 25k & Z ORURRBEMI 2T T, 2ROV 7 2=y b 2MlEERE
CHEBEIET, EROMEHEREE - ACESEESE 2D 58 THE & ¥ 25 NMDA & GluR #& &k (REOH
NMDAR #ifE) (A) &, £V 7 2=y M3 TFREMTHREL T 2H& (B) 8H 5%, BEIHIZ, ¥Y72=y b2R:EHR
FErda4ifks, 7229 bO—ED R XL YORFF FEHEL L TRHWEHGELH 2, @D [GluRél (NR1) +
GluRe2 (NR2B)] #%IR &% 72 human embryonic kidney (HEK) #ifg%HiE &£ 3 2 5ifkiZ, GluR¢1 and or GluRe?2
DHFESF A4 VEHEE T 3HETH 2, @DH GluRe2 Hifkld, GluRe2 £ESFADE Z12HE LT 2HETH

%, ®DF GluRe2-NT2 Fifkix, GluRe2 53 FOMfas-

II. NMDA BV = VEREEICTT DHE
DAE

NMDA & GIUR 34 2D ¥ 7 2=v v 5% 555k
HEETLIESEEED D, NMDA # GluR &
AR E VIS, ZEOTEREEN S, FilEkH
BAUusHiEr64ETEE, A 2BUEDY 722y
M 5% %5 NMDA # GuR BE&H2HE & L THRET
3Pk, B NMDA ® GluR E&E 2B T 2EL2 D
7oy b EHRELLTRET 2HACKEIZNS
(Fig. 2), Ax Dalmau 5'® 2% L 72 NMDA # GIuR
HERZRMT 29046 T, BERTIE“H NMDA Z&440
& EFHEN T & 72, BO NMDA # GluR 7' 2=y
=W d AHiA Y NMDA 2 GluR 2 FR# 3 2546 TH
D, EEDOH NMDA ZEGHETH 2. 58T AB b
b¥ T “[LEDOH NMDA Z&MEGHAE” LFEY, Dalmau

NRZHRE T 25ETH 5,

DL L 7- PRIz “Hi NMDA SEEESHEH" (5%
DOF NMDA ZFEEGE) EMEEZ LT 5,

IV. NHALE &#i GluRe2 Hifs

1. NHALE DE&ELES

SE QKRS Tk, NHALE 2O 5 » 2 BHEEHE
BT OB MERRFIER I, @EHERIEIR (Fig. 3 A D 1~4) D>
Thylo%RL, @F0DR, SECKLERBEEL
1ERIT, EEEHH, B, BHel, BRRFSHE
4 Y7 NI YR, HE#ti~L~<Z WA L2 PCR B
Bl &2z,

HAEDBRADIEAN R A EDERMARERIZ 4.7/
100 FAET, 2HEMAREEIZ 19.0/100 FAETH 3
DS, AERAD24.5%% 5D LEEIND,
&> T, NHALE i3RI 550 ADFE&EDH 2 L #EE X
h, EEREETH B,

BRAIN and NERVE 62%8%5 201048H
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(A) (C)
1. BEEREE O BER SEEA .
FaR%, SRR, BERE, 08, oER HEN] re
N8, WEENEERE, G KHE o BHES mEEE{ ———
R, BAE, MHE BE BERAIRE BumEE{ e
2. EB’EFE% BRBEE BEHRIER —e—i
3. REHRES O REEE- ERETE- ——i
4. BiEEE g RYFEES i —e—i
* 1 ~ 4 OLWTFNHDERE SHBICT = EE oEEE]
U 7981 " BERE BRER —_— ; ,
n EREE 00 25 50 7.5 100
REEEN
(E) (F)
- 60 -
=+ 50 B+ 0CSF-IgM-E2|_
40. 2CSF-IgG-E2
8
6
4
B 2
. D @@%ﬂ wem ol Kl L]
56.3%  60.7%  56.5% 518%  4.4%  28.6% 0~5 6~10 11~15 16~20
(27/48) (17/28) (13/23) (29/56)  (12/29)  (6/21) FRERER

Fig. 3 BMAFEALRIMESMDHERIEE (NHALE) DEEFRIER & # GluRs2 il
A TGREROESE, 1~40FEROVTA» 2EZESOBEVAEEHOBRKE CT LES 2 ZBERERD Y & L,Tzo :
NHALE fEFI O#I&#EER, C: NHALE EfO 24 HMREROHIFE %2, MERERBE2Y 0B LT, FH£LSEM
(standard error of the mean) TR L7z, D: NHALE FEFIDMME TOH GluRe2 FLiED I1gG B % 7213 IgM BB L 2o 7L
Ky, At (0~205%H) -EER (21~60FH) <M 61 BB 40 TR Lz, St 48 69 27 B (56.3%)
T IgG %7213 [gM HilEsSBiETH - 72, E . NHALE FEFIOFEK T DT GluRe2 MEBEE2 S - BEHE - B (Ko

D LK) ST TR, F: NHALE EFI ORI GluRe2 T2 BB £ 2o o E 2 [gG &, IgM B ZLIZRT,

2. I GluRe2 ik

MEHH GluRe2 Fitk (IgG 7213 IgM) 13, AEHA
2 5 @HEHIC BT NHALE O# 60% 2 & 5 h, BEHE
thi GluRe2 Fifk iz BRI DK 50%, EMREIDK 40%,
@RI DR 30% DEFNZ & &h, BIERIZREETL
7z (Fig. 3D, E)*??, BT DI GluRe?2 HiiEid A
THPE D BVEICHE L (Fig.3F)2, U EDZ &
» 5, MIFFIZTERH GluRe2 Fifkid, MIEAXEEFID
B EI & o THREMERICED, RAS»ORML
ATERICEFS T 503, EEL - BHEECR 2 & MK
BIFIDEEIC & > TEEK T CORESET 3 % THEHE %
£2Tw3 (Fig 4)%2,

3. ER

FeRi el (F191SD) 1 35.2+16.9 R CHEFRALS
<, BRI H (5B 3561, 249 i) *22, SEATRRAE
& 68.7% 1B, KITERD SHBERSENS & T
7.8+10.8 HTH o1z, FIRMHEERIITEIRE, BER
H, BBREL L ORFHER THHE L IERDT 33.3%

(288 %<, RZEBTRRKT HEFD 25.0% (21
Bl) %ot (Fig. 3 B), BHEHRIC & 5 iz R
D>b, BEEE - DIV - TEESOHEE DRV
BHlcBEsh, RYRES - SEMREER - BEES
BRIZHEL, FoTHEMER - B8, 2L THLE
NTES-ERERSPHBE T 2ERICH -7z (Fig.3C)o

i GluRe2 itk DB L BREROBEEER R T 3
L, BUHEBEOVIRMERERZSHORENELEL, B
HETRERENS - 122, SEHORE - KRB ER LG
HEETHIRINED T2,

4. REMRR

BENRE i3, MIBIE (P49+SD)55.5+139.9/mm?,
EH48.1+36.0 mg/dL, IgG 4.5+3.9mg/dL r &EE F
5% 5 iz, MRI ERREOILEETFE TEEBED
W TiE 20/49 FER (40.8%) TEEBRENA SN,
FREL 12.5+9.4 HTHER L 72%, —7%, FLAIR (fluid
attenuated inversion recovery) T & 32/59 fiE #l
(54.2%) CTEEBRENRALN, FHHRE14.7+17.5 8

BRAIN and NERVE 62#%8%5 201048 H
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(A) acute stage

—
—

(B) chronic stage

4
Flisimg % Plasma
. Antibodies //// [ c;gll . YAntibodies /
Y Y . ™yY, Y
YYLY // - GluRe2 YUY |
Y ' Autoantibodies Y 3
Y/ 'f against GIuRe2< ¢ Y z Y
Y , Y
Vi /Y Yo Y - § / &.
/o YIyY Y GRe2 ™ s v GluRe2
v Y A=, .
BBB // ) % e BBB ({)
Y \
Neuron k Neuronal death Neuron (

Excitotoxicity ?

Fig.4 3 NMDAES LS I YEREFEREFE ANV IEBHEDERBE
MEHIZ TEFNKZE b —72H% 25 GluRe2 Fifkid, MAHEEFS (blood-brain barrier : BBB) DHEZ 12 & - TH
BHERIZED, RALPORMHMAERCFEST 2 (A) 2%, EEH-EE#HICR % & BBBORERIZ X > THIKRFHTET

T35 (B) FEEEZ TV,

EARSER, fil: T 2 4 v ¥ VRS LIV AURMDBRIR. BRRFHE 48: 163-172, 2008 & D WAL THE#.

THE LTz, 110 & MRUREHTFE T BEH, SR
DEHRE TCRARDTRD b FBh THIRT 2,
2fEH MRIBESNHR LA WEFIb DY, SkE%:
mL7z,

P GluRe2 MiAEDOEE L REFROBELZRN T 2
L, BEEHREELBEECEETH - 20, WREH -
IgG I IZED R b o 7222,

5. MGlURe2HEFEIEN—T

FEBEIERE Y NHALE ToOMmE - 8EHFHL GluRe2 Fitk
DIY N7 2EFT 572012, NFKMAEINF XA >
(NT2), IRE@E5r 3 - 4 M OMfast K £ 4 > (M3-M4),
CHRMFEA R X4 > (CT1) O~_F7FFEEFEKL, Th
5 %P £ U TELISA (enzyme-linked immunosor-
bent assay) #ETHUEEZHIE L7z (Hi GluRe2-NT2 5,
1 GluRe2-M3-M4 5, 1 GluRe2-CT1 Hik) (Fig. 2

©O~®.

71 GluRe 2 Fif&BE D NHALE Ti, GluRe2 5FD
N&K - EEERS 3-4fM - CREZE V=L T 25tk
BIFIFFEL { MEB L CEERFICHRE S 1, GluRe2 4
FOIRILWIEE%2 T b —7& 3 55 GluRe2 FUiESE
EEhTuik®2, XoTREVANVARERINT 25
HEPREFRBETGCUR2 A TFROIRIET S LRI LY
1%, GluRe2 3 FSMBIA Wik b U CHUERIE & 2 0, T
BEEDPMEF TR > TR AREESEW I Lisb

Motre BEVWRE AL YR IE F—7LF 55 GluRe2
TSR R CRAT 525, GluRe2 A FWERAT
EZ20RMBENA T ALV EIE V=T LTBH
GluRe2-NT2 #ifk, #1GluRe2-M3-M4 itk ¥ L Bb
n3,

V. BREEZHS NHALE £Hi NMDA R&
FESERE

2007 ££, NHALE-OT £ 12 flo M - gz,
human embryonic kidney (HEK) #ERZICHIE S €72
[NR1+NR2B (NR2A)] @ NMDA & GluR #&# L 13
RIG$ %555, NR1 H %\ NR2B (NR2A) BEHoFE
BRIGLEWHENFEEST 2 2 L2395k 4E &4, Manti-
bodies to NR2B-and NR2A-containing heteromers of
the NMDAR, & fEe&k & 117219, Z DFL NMDA ZEHE
EEFUEIE, autoimmune NMDAR-related encephalitis
DERE &h, $ET“H NMDA ZFETUE” L ITHh
T & %203 NMDA 2EEEAHAEREFRE L TR,
[GIuRE1(NR1)+GluRe1(NR2A)] ¥, [GluRél+
GluRe2] #FIH & ¥7: HEK Ml BEFE L, R&EH
fafbER kOB R IHEENS (Fig.2DQ),

Dalmau 513, TOHELCI->THRESIN2HER
GluR€1 *° GluRel £721% GluRe2 OEMY 72 =v b
LRRIGET, HEEROMIESNIAEEE 2R T» 3

BRAIN and NERVE 62%8%5 2010%8H4
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BRRA = TP N—T DTkl

EDRIR
i + N-terminal of NR2B

+ N-terminal of NR1
HRRRERR - Extracellular structure of

heteromer of NR subunits

degradation L (NR1+NR2) (bispecific ab?)
oA >

/
e lys

ERT
EQEA A

Transfection ]

%, Association(NR1+NR2)

/N

]

of plasmids NR1 NR2A NR2B NR1+2B

into HEK293
Fig.5 #i NMDA 2REFESHFNEDERRDEER

Dalmau & ® W & 5T, human embryonic kidney (HEK) Mg EEZEFEAL
NMDA % GIuR D&Y 7 2=y s 2HHE ¥ 54, GluRel-4 (NR2A-2D) 2 EDE
Y71z y COBEFEEALCHHERECIRETS T, MEARNTHEIATLE
9, GluRE1 (NRI) EMOMEREHERIC OV TIIRENER S, GluREl & GluRel-e4
DEBECF ERFICEATS LY 722y F23S€E L, NMDA # GluR & & U CHIAE
FEICRET 3,01 213, Bk & 8RR EBITRT X 912 GluREl £ FEH S €72 HEK
B4 - GluRe2 (NR2B) % %3 &% 7: HEK #ifd & 12 immunocytochemistry TRIG L 7& V>
23, [GluR€1+GluRe2] 2RI E €7z HEK #ifE L RIc T 35 THNE, GluREl ¥ 7
229 FHBWIEGluRe2 H 7 2=y FORIKIS R A4 V%, FRETOWAOY 72
—vy NOMIBEA R A4 2B, TE 7L LTWBERENLH 2, (BEFE)NR : NMDA &

833

GluR, ER : /M@

455k 73 bispecific antibody @ & 3 ZHifk &, BHNIFE X
TWwiz k>3 TH2, 2008 F7 B, birbirid Dalmau i
& o TH NMDA 2FFEEEEIEEE L2 niz 5
56 (NHALE-OT : 3%, OT 2L : 14l, OT T8 :
16l) OBERIZ DWW TH GluRe2 Fifk (Fig. 2®) ZHRE
L, 5 @I&fITHRETE, i NMDA ZEEESEIED
—ZMII GluRe2 2 E P —7ELTWE Z EEZHEL
229 ZDEE Sicbhbivbilid, 1940 NHALE-OT @
A MBI DV T NMDA & GluR i BfR3 2 Hifkz
BETL, F1GluRe2Fi4E (Fig.2®) 1 40.0% DEEFIT
B, #1GluRe2-NT2 itk (Fig.2®) & 69.2% DIEH]
B, Dalmau » OHIEIC & 271 NMDA ZH5EES
fEHik (Fig.2@) X 90.9%DEFATHHETHE L%
11229, Lo T NHALE-OT EFIDAP% L &b 2/3
RGRe2ONK2RB T 2HBEELTHD, #il
NMDA ZEHEEEETEDS { 23 GluRe2 DNRZ T
Er—7EL T3 LHEHIEN %, TLancet Neurology.
2008 #£ 12 A&7, Dalmau 52" & NHALE-OT DS
%z &t NMDA 2FEE S EIERER] 100 2 RET
L, MNMDAZAZHEEGSHEHRME D%  8NRI
(GluRE1) DHEFISF X 4 > (NK 25~380) 2t h—
FLTATUET, 2h o OFESFREER TELS R,

=—z—u>® NMDA & GluR OfifEREFEIR % Al #H)
KU 3T L ®2HE LT, 2% D, Dalmau O NMDA
SZREESETGED, BERIEEELIRLE T 2HE
ZHEEWS LD, OB LAY 7T2=v }
(NR1 and or NR2?) 2z =L TR EWVSZ
L2 Y% S THb, Dalmau 5D Z DFEZEIIXL T,

Vincent 52 Z iR HEREMNIC ZOHELELE S H
TWEERBABRVLOTERLPEIAY LTS,

2007 £E2447], i NMDA ZEMEEHIE I EEEE
BICIIEFRECHES HEHK L ShTwniss, B
DANBITEERA DO WESIEZ->TETHE
e, 20 &S iEFIERE bEINL Tw» 32229, %72,
& LS T b i NMDA ZEFESHEIEN D9 5 &
HIR->TETBDD, FiGuRe2HFELRAU KR
(NHALE-OT % ¥) ORENZEZH~—»—TiELd
Z25Tha. &

Dalmau 5 ® NMDA ZFFEEE&EEHE L 7 354k
HIEHE (RERE) TR2EEDY 2=y bIXT 3
FHEEREBICA ) —= v I TCELFENHEM, 28
FHD3bDE 603722y b3, HEWEHANT
Er—FERoTRENERDSE I EBTERVLRED
» 3, GluREL (NR1) EEF D AMEAAATE HEK HiE
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T GluR¢1 (NR1) BSHEfIREIC R T 20 L 5 i3 R
OHHPNDB EZBTHBD, GluRe2 (NR2B) iZDWT
REBTIREEERCERLEVWIET-BLTWS
(Fig.5)o #®D7:%®, Dalmau ¥Ti3 GluRe2 (NR2B)

T AHREOERERZ, PR EVHETE R,

NHALE-OT 7% £ Q&5 FEERF 2 B3 21213,
bhbhOEFE L ELISA B X 2 ERERAEE
GluRe2-NT2 Hifk, Hi GIuREL-NT Hifk%z ¥) T, &%
Tazy bEXTAHGRHET I EBERATH S,

NHALE-OT Tz, WEFHECHEED GluUR ¥ 7 =
—y M REUHESFEREBEL T HAREHEH Y,

GluRe2*GluR¢l %2 EEBOMESFEIE =71 T
2HIBEBEET 2 TREERD 5,

VI. #iGluRe2 $if% - i NMDA REFESHER
A DEARRRE(RER

1. BREEZHER

P GluR3 #4613, RasmussenERFETHRES S iz
AMPABIGIUR i F 2 ¥k T dH % 55, AMPA R
GluR OEMAL - BEEMIC & 2 MY L vol
MIREMENIER D 5 L T28REVRH 5,
- i GluRe2 THEADIEABF 2O I T 2201, b
hbhizZy VEBEEX 74 AEXE®2HWT, GluRe2
(NR2B) O NFKENH$ 3 74 F 5k Rasmussen fEIE
HEED IgG-GluRe2 T BB v + S AREH (ex-
citatory postsynaptic current : EPSC) D&% #ET
L7, MEZTOE ZAHGuR3FIEEZRLY, BF
5> EREEFNER 2 REE Twiw (Fig 6)%, ¥
F+ 7A@ NMDA # GluR #3569 7212=v M3,
BREE & HIZ GluRe2 &L b D25 GluRel (NR2A)
PELOLOREML T 285 hTED®, bh
bW Y VEEX T4 AREBHODDOTH 3
72® GluRe2(NR2B) 3y F 7 2234 % £, I GluRe2
HEZMATH ¥ F 7ABRICIERAERS RP o727
LD ZEEFEZITRDS,

2. MERICEKBDIPREN—=2

—7%, SLE (systemic lupus erythematosus) B&E®D
#1 ds-DNA Hifkix, GluRe2 % YOMESN K X4 DN
KiZH 5 283~287TZEED 7 = /BEF| (Asp/Glu-Trp-
Asp/Glu-Tyr-Ser/Gly) & ds-DNA i3 FHEEMEDH 5
7z, HIKHHER T NMDA & GluR (NR2A/2B) &%
XERL, 7HRM—YRZEREZFZ L, Asp/Glu-
Trp-Asp/Glu-Tyr-Ser/Gly THE L 72 B1# T, LPS

(lipopolysaccharide) ® = 4 7V > TR DFE
EEEED S E, AT XA CHESPIRERERICE
D, fTEIRRASEE I HENAONS I EEYERT
BN TV B36-38)

NMDA # GluR OEM L3 H £ D I BFTH 5 &,
Ca**-dependent mitochondrial dysfunction, nNOS-
dependent toxic response, JNK-dependent toxic
response, Rho 72 ¥ DE) & THEFMELS 7 K h— 21
fa 2 2 & 3816039, i GluRe2 FifEiz X 2 RIE 255>
LA REE - RSB E L 2 e H 5, —
%, ¥+ 7AD NR2B OfE#1LiE PI3SK-Akt pathway,
cAMP-responsive-element-binding protein (CREB) iZ
& o THEGEE I E L 03, ¥ F 7 A0 NR2B DiEtEk
i3 CREB @ 3 W7, Ca®*-dependent mitochondrial
dysfunction, nNOS-dependent toxic response, JNK-
dependent toxic response & £ %7/ L THllg#EEREE -
HMRIFEIC D25 T EDFEFEE N T B340,

RBEEME TIE NR2ZBBER Y F 7ANCHET
32 59, § GluRe2 (NR2B) HiIZ & o TR
O NR2B #3558 < EHEL S h 5 L M aERE S -
BFEICDss s Z LMEEI NS, E72, NR2A IZEHH
M TIR Y T 7R « Y F T AN b CHRRECE
Fd %%, NR2B ZEEEMEENLTT R =Y A ZfE
B337—998b 59, ZOHFELS b, Il GluRe2 Fifk
2 & o THPERMIIE D NR2B 2558 { EHEfE h 3 &,
MpassEERESE - MIEFEIC DO R H 5 Z L MEES B,

3. NMDA B! GluR &% DrWE{L

Dalmau 52" i3, BEME+H DY NMDA SAGES
fEHifR1Z NMDA % GluR % internalization (HifEPIER
DZA) E¥BIEEREL, PEIC X 3 internaliza-
tion &, NMDA & GluR OBEEET 25| &# I L, B
BT LEREECTERYE 2 EORMERICEEL T
wahh Lk,

i GluRe2 Hifkid NHALE 2880 S % & % 7Ri% - B
fE, PiXMEEScRE s, FEDPREREEDD
Wi~—#—Tit’k <, GluR HCORENEME PR ERE
EERRWT BREY—AH—TH 53, GluRe2 IZIEL L
R IC A4 LT B D, B GluRe2 HitkO T+ 2 25
iz & 2EROEY, i GluRe2 HHEDFET 2 BED
EOLIZ L 2HEREESOREDEY: (HigHEEE~
MKIsE) BEFh, FERBEREREERLTHwIH0
LEZ TS,
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