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Antibodies to the Glutamate Receptor
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Yukitoshi Takahashi'®, Mamiko Hotate", Yuki Ueda™, Tokito Yamaguchi”,
Hirosato Nasu

Abstract

Glutamate receptors (GluRs) are classified into metabotropic GluRs and ionotropic GluRs,  lonotropic
GluRs include the alpha-amino-3-hydroxy--methyl-d-isoxazolepropionic acid (AMPA) -type, kainate (KAJ)-
iype, and N-methyl-p-aspartate (NMDA)-type GluRs (NRg),

Antibodies to the NRs have been detected using immunoblot, cell-based assays, and enzyime linked
immunosorhent assay (ELISA).  In patient with non-parancoplastic, nun-herpetic acute imbhic encephalitis
(NHALE), antibodies against GluN2B (GluRe2) and GluNL (Glu$) are detected in the-sera and CSF, In
addition to the antibodies to NRs detected by ELISA, antibodies to an NR-comiplex detected by cell-based
assay are found, not only in CSE from NHALE, but also in CSF from epilepsy, Creutzfeldi-Jakob discase
(CID), ete. Antibodies to NRs internalize mainly extra-synaptic NRs, and dissociate the connection
between GIUNZA and Ephrin-B2 veceptor at the synapse. [gG fractions containing antibodies to NRg
decrease apoptosis of cultured neurons,

Antibodies to. AMPA-type GluRs have been detected by immunoblot, cell-based assay and ELISA. In
Rasmussen syndrome, antibodies against GluA3 (GluR3) were found to be the primary pathological fagtor,
However the antibodies did not cause Rasmussen syndrome in mice models.  These antibodies have been
shown fo cause excitotoxicity through GluAd, complement-dependent cytotoxicity, ete. Antibodies to
GluAL/GluA2 in parancoplastic limbic encephalitis modilite expression and localization of GluAl/Glua2
at the synapse,

Antibodies to metabotrapic GluRs have been detected using cell-based assays in paticots with Hodg-
kin's lymphoma. Passive transfer of the IgG fraction from patients having antibodies to metabotropic
GluR] causes atdxia in mice.

,Key words NMDA«t/pe giutamaie receptor, GluRe2, (G(ul\iZB and’ NRZB) GIURET (GIuNt and NRJ ) acuta limbic: encephats-
tis, ovartan teratoma.
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B2 NMDA BZ V¥ 3 VEEEEEOHE
A {subunit, B [ hetero-tetramer complex, C  hetero-trimer complex, D [ combination of subunits, E : section of NMDAR complex
A I NMDA BIZ N3 3 V28R (NR) O3 7=y ML, SIIBSHIDH 2 NRD L 4 DoREIHI 2T, #ile

P C ERPHFIEY 2 36 E & o T b,

B, C ! NR®OZ, Y72y FTHL GuRLD (NRI) &, GluRel-4 (NR2A-2D) & 5V 1k GluRy1-2 (NR3A-

B) kWwiotWAH Tz y b4 DRELA 4 RN L 2T D,

7o 3 ffliE e L o T,

TR Ty PR3 DRAL

D o4 EAiEIE, WY TSy PEWEY TSy FOMADRBNT -V IFEHBEENTV S,
E &7y b CRMNCIE Y 7P VERROBTFR EPREL TV,

VF X ANMEABUFFEET LY. A Fr ALl
GluR (L EEMEAY IS NMDA B & non NMDA Bz, 1%
# 1% alpha-amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid
(AMPA) WA 4 = VHEICHBEND, A3 F v i VE
GUR KK 16 fE 0T 7=y 235y, Y 72=v M
N KA DH Y, 4 DOBEBIS £ T C RITHIA
2 BIEHEETH DA ([ 2-A), FTEHERFET L. <
7 A DHRUETFIRHT A 5 O % (GuRel 2 &) &7 v O
ZFE o D&% (NRL 2 8) Bd oW, A, ¥7R, Fv
b DFEETFEINIE % D HBEIERSH B, 7T XD GluRe2,
GIRE¢1 M, T v M NR2B, NR1 2872, B 0&%iE
Tl GluN2B, GluN! 2347:%. GluR D4R LHIC
beh N, &b I ARAMERHEEOREIZS GuR 13 BE
LTw3 3)4)

T F AN NR2B D& LT PI3K-Akt pathway, cAMP-
response-clement-binding protein (CREB) |2 X ¥ R 108
A, T+ T AND NR2B DiEHEAIZ CREB D3R, Ca?*-
dependent mitochondrial dysfunction, nNOS-dependent toxic
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N5, F£7:, NR2A GEBMBEMBTHEY >7A - v+ 7 X
LS ICHBREICERTAET 7 5H 5.

I NMDA # GluR &S

% { O NMDA % GluR ¥, ZZHE%D GuRE1 (NR1) &,
GluRe1-4 (NR2A-2D) &%V X GluRy1-2 (NR3A-3B) Lo
7oy b4 0RE L4 B GESH) i (—
3 EEHE) 2D (M2B, C), 13 FrAMELTH
BELTWALY, BADY 71y FE&a 59—V ibbl 8
NTw5 (€ 2-D). NMDA %! GluR {4 4 ¥ %8812 L A%
ML TIHIREIEL DDA TR, HIAR N A A V21 4
DRFHREEL, THHRGENTDLAS ([ 2-B).

I NMDA & GIUR X T 2 EDRIEEIC & 3988
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A) Cell-based assay
1. [GluN1(NR1)+GluN2A (NR2A)]
2. [GluN1 (NR1)+GluN2B (NR2B) ]
B) Immunoblot assay
3. whole molecule of GluN2B (NR2B)
C) ELISA
4.GIuN1(NR1)-NT
5. GluN1 (NR1)-CT
6. GluN2B (NR2B)-NT2
7. GluN2B (NR2B)-M3-4 \ |
8. GluN2B (NR2B)-CT fnReane

i
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(NRI)

Ay

B
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GluN2B
(NR2B)

H3 HiNMDA B V¥ 3 VERSEAHAMRIE 070 OHIF
ERAT

BlplE S Twah NMDA B GluR (NR) 23T 2Hith & Z OFE i

TR 2R

A) cell-based assay : 2 WO 71 v P ESEEARERICEH ST,

FERROMBRAN R & A U A RS 25 THIE &+ 241 NMDA

7l GluR BAREE (Jefe b NMDAR Hiff), 2 @ [GluN1 (NR1) +

GluN2B] %53 & ¥7: HEK HIf %08 & ¥+ 53if6id, NR1 and or

NR2B ORISL F A 1 > 24l &3 55k TH 5.

Frazy VATFEERHIEE LTA A2 70y FCHET S HUE.

3 O GluRe2 Hifkid, GluRe2 (GluN2B, NR2B) &£fGFFHD &

I EREET LR TH D

C) 7=y FO—OFRA A Y OEELTF FEHRK L LTHY,
ELISA THH T % §ifhk. 6 o5 NR2B-NT2 #i46if, GluRe2
(GluN2B, NR2B) #-F-OIlast N sk X7+ ¥ 2HiR & § 2ifke
5.

B

~

B) NMDA & GR BHAKRLIHER T 240722y b
CEAFRIEE LTA A/ 70y METRET2HEY, ©
¥y PORF AL Y OEHARTF FICL B BELISAT TR
MEhAE (F3).

A ¥ Dalmau 5 %% 2007 4 I23RE L 72 NMDA # GluR -4
RE BT A EEHETATY, BT “H NMDA S5k
Fiff” LI TE7:. NRI+NR2B % HEK #0812 58B &
THAEE R 24, NR1 & NR2B OWEDOHIAN KA 4 8
PR & 20 ) 345, 2007 ORI TIE NRI & NR2B Bl
FHAM & RIS L2 WA TH ) NRI+-NR2B DA%
2 EET AR L Dalmau HI3#ER Twiz, LA L, NR2B &
B CIIRERICER L2 WO T, Damau 5 DK ETIE
NR2B 2HF AHETH A Z L RFETELRWY?, 2008 4
7 B, F4 i3 Dalmau i X 0 #T NMDA S48 S 4BUAR
LB s 5 EFIOBTICOWT, ¥ GluRe2 (NR2B) ¥
RO (51 3-3) 2REL, 5 FILPITRETE, i NMDA 25
RIS RPIE D —EB12 GluRe2 (NR2B) # T —72 LT
WAHIEERELAY. 2008 £ 12 A, Dalmau 5 i3
NMDA ZEMFEEEIEDSL (2 NR1 (GuR¢1) OHifast
FAA4>Y (NEK: 25380) 2 b—7LT2H4ET, R
S OMAENPRAERTEERZN, =2 —02 0 NMDA %
GR DHIRERRR L THMHICR LA S L2 @ME LAY,
2% 0, Dalman O NMDA ZEMFEAERIAS, HWEAEL

101
A B

A =
C20 825
&% ) T
015 @ 20 :
= . = 1.5 M
210 . 5 10

GRE %
Eos o : .
'Z .. Coget® : 05 —‘w‘—“ e
o] —dafad— —
0.0 + " & 0.0 : T
% Cell-based—  Cell~based + Z Cell-based—  Cell-based +

Mann-Whitney test, p=0.0001 Mann-Whitney test, p=0.0335

[ 4 Cell-based assay & ELISA X X % BT NMDA #Y
GluR ko Higk

A BAHEHL NR2B-NT2 Hi4k, B . B#IHL NRI-NT Hifk

cell-based+ © Dalmau & OBFE L A (B 3A) THL NMDAR Hifkl5

PEDBIHARAR.

cell-based— | Dalmau & DRI LCHH: (F 3A) THL NMDAR Hidkis

P D BEPRAE.

FHE LR L T2HB LG v L, holikeFEme
CHTazy b (NR1) 22 =T, 3BL0nHST LR
72. Dalmau b O Z OEEICH LT, Vincent & (T hilHRHR
AL Z OB EEENTVLEREZ ZVOTIER2WD
LaAURLTWA WY,

B Hfk 4 27 2003 EICHE U b O TEEHNERETIED 5
A5, #FTEHO TH NMDA & GluR $iff& e L b
DTHBHEBDLNBY, ¥ 7 A GluRe2 (NR2B) @ cDNA %
NIH3T3 #L T3 L, GuRe2 £EEH T GRS ¥, #Mla
FEVR—PEHEL LTS A 70y METHERS MBS
250THY, NR2B DT NTOFERIAT AL T
DRI D 5%, BEMNEL, EtETH L AP ME
Thot-.

Clf a7y VEDKBELRRT AL DR LD
2008 FEIZHFE L HET, ELISA TEEENTREL 20727,
NR2B O N #HUMEH F A 4~ (NT2), TEEBERS 3-4 Mo
Bash 2 4~ (M3-4), CREMAN AL > (CT) DRIER
EOBVWHFORTF FEERL, Thos2iELLT
ELISA =i & Y iRt lse L7 (JL NR2B-NT2 ¥14E, %
NR2B-M3-4 #ifk, $i NR2B-CT ¥ifk) (1 3-6, 7, 8) 2.
NR1 I2DWTH N FMMas K24~ (NT), C MK~ 2
4> (CT) OR7FFEERL, Fho%25EE LT ELISA
HEIC X Dk e e L: (BT NRI-NT Hifk, $i NRI-CT Hifk)
(I 34, 5)™. Dalmau 52 X 5 cell-based assay T
NMDA SAMEARIAELE 19 K, B 7 BEofims
DWT, 4D ELISA THi NR2B-NT2 Hik 2 llET 5 &,
cell-based assay [§ERR I A EICREMERE LT BELISA A%
fETH Y, P NRINT HURIZOW T cell-based assay FEiERE
VAR RIS N T BLISA fiASSETH 72 (M 4).
NRI-NT $i4Kid cell-based assay REPETE D 5/14 #RIKT cell-

based assay FaMERE L S DM TH - 1275, Th o OBETIE
P NR2B-NT2 HRFH S 2ICEMETH Y, $LNR2B ko 4
EHT AT D 5.
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5 against NMDA- ) % /i against NMDA-
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A acute stage, B . chronic stage
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B % b o 7z, SeATI e IR D & MR IR F THRSEY
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oF @/Qbi:w*“iw ‘Ei, esE BIRIRAE R & OFFHIETIR
TH LIRS 74.0% &£ <, RICEETEMRL, <18
BRFEROM BRI E A ERDY 169% & &b o 72, ERN%
/J\ UDﬁkat L’Ct;t “g2 @”éﬁf@%&ﬁzﬁ% 2o f:” Evio

3. BEMR

B (FE4-SD) T, a3k 77.04:159.6/mm?,
FEH o 51.5::57.5mg/dl, 1gG:4.7::3.8 mg/dl L IREE FH AR,
LA, MRIIEHGEREEREORE L LT, Offild %
VB o P9 A4 B B 12 v apparent diffusion coefficient
(ADC) DT %KY DWI BESHET, @14 flh 2
(14.3%) ITHBL, %ﬁ&tittiiﬂﬁﬁ( , D0~ 1FHHE L RE

T 5 2 BT s 9. WS O IEA L~
AT RCR IS - BisE (NHALE) DBUAF — L %ER
JE 72w (hitp s //www shizuokamind..org/wp-content/uploads/2012/
03/06-1-2-15.pdf) .

4. Fi&

EMEA AT BT 86.8+£149.3 A TEHD AR #4487
KR Tw/i, RAMBRESNOFHE, BEEESH
(ADL) BEE - #50EIR - TADASRME - MIWYEEE - ERRE
W 30% DI R OB DI L, FEHEREEIT 63.2%1C
Roh, oBEICRTREREOHENE I L H¥50 -
—( lf‘Z‘g 14)'

V NHALE &4 GluRe2 (NR2B) #ifk

NMALE Ti¥, GluRe2 (GluN2B, NR2B) OLEFHIR &
¥ % MIEH GluRe2 Hifk (immunoblot &) 257 55% @ﬁ'ﬁiﬁﬁ <
BT, BV GluRe2 SIS (51.8%) o4 iz
PHEsRAMET LA, $7, BEH O3 GluRe2 HLRIZ AN
OB E 2 2P E P o7, TRLOHELSH
GluRe2 PURDTIMGE IS BEA 8 AL, LTI BI P& B 0 7o
L7l ge s EP?H:?WM: IZE D, NR2B SFOMpast ¥
AL EMLPOREEEI L, MATBEIEE IS h ok
EZ R LTWAIRBE R 4 1 2008 F it L7 (1 5)19,
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1. Introduction

Glutamate, the major excitatory neurotransmitter in the mam-
malian central nervous system, activates both ion-channel-forming
(ionotropic) and G-protein-coupled (metabotropic) glutamate
receptors (GluRs). Pharmacological and molecular techniques have
been used to identify a large variety of ionotropic and metabotropic
GluRs. lonotropic GluRs can be grouped into the following cate-
gories according to their agonist selectivity and sequence homol-
ogy: a-amino-3-hydroxy-5-methyl-4-isoxazole propionate-type
receptors (GluRa), N-methyl-p-aspartate (NMDA)-type receptors
(GIuR{, GluRy, and GluRe), kainate receptors (GluR@ and GluRvy),
and GluR82. Within these GluRs, autoantibodies to NMDA-type
GIluR have recently been recognized as biomarkers for non-herpetic
acute limbic encephalitis (NHALE) [1]. Indeed, the autoantibody to
GluRe2 has been detected in patients with NHALE, who typically
show psychiatric symptoms. However, the cerebellar symptoms
associated with autoantibodies to GluR have not been empha-
sized in the literature. We herein report a rare case of acute limbic
encephalitis with cerebellar symptoms associated with autoanti-
bodies to GluRe2 and 32.

* Corresponding author at: Department of Internal Medicine, Showa University
Northern Yokohama Hospital, 35-1 Chigasaki-chuo Tsuzuki, Yokohama, Kanagawa
224-8503, Japan. Tel.: +81 45 949 7845; fax: +81 45 949 7927.

E-mail address: kinno@med.showa-u.ac.jp (R. Kinno).

0303-8467/$ - see front matter © 2012 Elsevier B.V. All rights reserved.
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2. Case report

A36-year-old woman had lower back pain with fever, and 2 days
later presented with a flat mood. She consulted our department 4
days after the onset of emotional disturbances. On admission, her
temperature was 38.7 °C; other vital signs and general examination
were normal. Cranial nerve examination revealed no abnormalities.
Seizure-like movements of the extremities were observed. No cere-
bellar sign was detected. Her muscle power was full, with normal
tendon reflexes. No sensory deficits or evidence of meningeal signs
were observed. Her blood examination was notable for a mildly ele-
vated in white blood cell count (12,750/p.L with 83% neutrophils).
A cerebrospinal fluid (CSF) examination showed a mild elevation
in cell count of 21/pL (95% lymphocytes) with normal glucose
level (75 mg/dL} and protein level (26 mg/dL). Both the oligoclonal
immunoglobulin G (IgG) band and myelin basic protein were neg-
ative. Brain magnetic resonance imaging (MRI) showed no abnor-
malities. After admission, she progressively lost consciousness and
ageneralized seizure followed, which was resolved by propofol. An
electroencephalogram showed slow-wave abnormalities (2-6 Hz
polymorphic delta and theta activity) without epileptic activ-
ity. Mechanical ventilation was required because she developed
hypoventilation. On day 7, brain MRI showed a hyperintense area
in the right insula on a fluid attenuated inversion recovery (FLAIR)
image (Fig. 1A) and in the cerebellum on a diffusion weighted image
(DWI). Abdominal MRI showed no abnormalities, including ovar-
ian teratoma. Aciclovir 10 mg/kg body weight every 8 h was started
for possible herpes simplex virus (HSV) encephalitis. IgG and IgM
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OnDay 7

On Day 56

c

Fig. 1. Serial MRI of the patient. (A-C) MRI finding on day 7. The hyperintense area in the right insula (white arrow) was observed on a FLAIR image (A), and the hyperintense
area in the cerebellurn was observed on a DWI (B, C). (D-F) MRI findings on day 56. There were no abnormalities in MRI findings.

antibodies to HSV were negative in both the CSF and serum, and
aciclovir was discontinued. Tests for autoantibodies to GluR 82 and
£2 were positive in the CSF (sampled on day 3) (Table 1).

We subsequently performed plasma exchange for possible
autoimmune limbic encephalitis. After the fifth plasma exchange
(on day 30), the patient gradually regained consciousness and
the generalized seizures subsided, allowing the discontinuation
of propofol. However, she subsequently presented with cerebellar
signs. She exhibited ocular overshoot, gaze-evoked nystagmus, and
dysarthria with scanning speech. There was severe limb and truncal
ataxia with intention tremor. Finger-to-nose and heel-to-knee test
showed mild dysmetria and decomposition of limbs. Muscle tone
was hypotonic; and deep tendon reflexes were normal. She could
not sit upright or maintain an erect posture without support due
to severe cerebellar symptoms. After the seventh plasma exchange,
her neurological complications were resolved, and she became able
to sit upright or maintain an erect posture without support. On day
56, a brain MRI showed no apparent abnormities in either the insula
(Fig. 1D) or the cerebellum (Fig. 1E and F). We made a diagnosis
of acute limbic encephalitis with cerebellar symptoms associated
with autoantibodies to GIuR82 and £2. She was discharged on day
73.

3. Discussion

To our knowledge, this is the first case of acute limbic encephali-
tis with cerebellar symptoms associated with autoantibodies to
GluR32 and GluRe2. Our case started with prodromal symptoms,
followed by early symptoms like emotional disturbances, fever and
movement disorders. Later on, she developed loss of conscious-
ness, seizures and hypoventilation. These clinical features resemble
those reported in association with anti-NMDA receptor (NMDA-R)
encephalitis. Previous studies suggested that NMDA-R encephalitis
is associated with the autoantibody to the NR1-NR2 heteromers
(GluR{1/GluRe2), and the main epitope targeted by this autoan-
tibody is in the extracellular N-terminal (NT) domain of the NR1
or NR2 subunits [1]. The autoantibody to GluRe2-NT2 was posi-
tive in our case (Table 1) while the autoantibody to the NR1-NR2
heteromers was not detected. The cerebellar symptoms became
clinically evident after this classical pattern of NMDA-R encephali-
tis disappeared. The CFS and MRI findings in our case suggest that
cerebellar symptoms become visible after other symptoms resolve.
Taken these findings together, it is supposed that acute limbic
encephalitis with cerebellar symptoms is an atypical form of anti-
NMDA-R encephalitis.

Table 1
Optical density of antibody to GluR.
GluRe2-NT2 GluRe2-CT1 GIluR32-NT GluRd2-CT
CFS 0.823 (0.162 +0.055) 0.909 (0.189+0.061) 0.961(0.172 +0.086) 0.847 (0.261 +£0.100)
Serum 0.346 (0.432+£0.133) 0.517 (0.556 +0.140) 0.502 (0.583 +:0.148) 0.817 (0.638 £0.202)

Optical densities assessed by ELISA are shown (mean = standard deviation for control data).
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Regarding the relationship between the cerebellum and GluR,
it is known that GIuR32 is expressed predominantly in cerebellar
Purkinje cells and plays a crucial role in cerebellar functions [2]. In
addition, a previous study suggested that 6% of NMDA-R encephali-
tis had MRI-abnormalities of the cerebellum, although cerebellar
symptoms have not been noted in the literature [1]. In contrast to
GIuRd2, the expression of GluRe2 mRNA is restricted to the fore-
brain including the cerebral cortex and limbic system after birth,
and GluRe2 is associated with memory and learning [3]. We thus
inferred that the cerebellar symptoms were associated with the
autoantibody to GluR82. Our case provides clinical evidence for the
anatomical and functional significance of GluR&2 for the cerebel-
lum. Further studies should establish the relation between deficits
in cerebellar functions and the autoantibody to GluR32.

Recent literature has reported a case of anti-NMDA-R encephali-
tis presenting with cerebellar symptoms such as scanning speech,
square-waves jerks on ocular pursuit, bilateral hypermetria, and
gait ataxia [4]. In that case, tests for autoantibodies to NMDA-R
were positive in the serum. It was notable that, as in our case,
the cerebellar symptoms became clinically evident only after the
patient regained consciousness. The authors concluded that the
cerebellar symptoms observed in that case could be explained by a
disabling action on glutamate NMDA-R by the antibody to NMDA-R.
However, the significance of the autoantibody to GIuR82 in NHALE
presenting with cerebellar symptoms was not emphasized in this
report. Therefore, our case is a novel one that may have important
implications: namely, that the autoantibody to GIuR®2 is critical for
cerebellar symptoms in NHALE including anti-NMDA-R encephali-
tis.

It has been supposed that immunotherapy such as plasma
exchange, corticosteroids, and intravenous immunoglobulin (IVIg)
is an effective therapy for NMDA-R encephalitis [1]. A recent
study suggests starting with IVIg or plasma exchange, combined
with steroids. If no proper reaction is seen in 10-14 days, they
suggest continuing with secondary therapy like rituximab or
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cyclophosphamide [5]. Indeed, our case showed relatively rapid
recovery from her neurological complications after the seventh
plasma exchange, although there was no apparent malignancy on
clinical examination. These observations suggest the effectiveness
of plasma exchange for resolving cerebellar as well as psychiatric
symptoms, although spontaneous improvement cannot be com-
pletely ruled out.

4. Conclusion

We report a case of acute limbic encephalitis having cerebellar
symptoms associated with autoantibodies to GluR32 and GluRg2.
Acute limbic encephalitis with cerebellar symptoms is presumably
an atypical form of anti-NMDA-R encephalitis. Extensive assess-
ments of cerebellar symptoms would be valuable for planning
effective rehabilitation programs for these patients.

Research funding

This research was partly supported by Grant-in-Aid for Young
Scientists (B) (grant no. 24720190) from the Ministry of Education,
Culture, Sports, Science, and Technology of Japan (to RK).

References

[1] Dalmau }, Gleichman A}, Hughes EG, Rossi JE, Peng X, Lai M, et al. Anti-NMDA-
receptor encephalitis: case series and analysis of the effects of antibodies, Lancet
Neurology 2008;7:1091-8.

[2] Yuzaki M. The delta2 glutamate receptor: a key molecule controlling synaptic
plasticity and structure in Purkinje cells. Cerebellum 2004;3:89-93.

[3] Tang YP, Shimizu E, Dube GR, Rampon C, Kerchner GA, Zhuo M, et al. Genetic
enhancement of learning and memory in mice. Nature 1999;401:63-9.

[4) Naeije G, de Hemptinne Q, Depondt C, Pandolfo M, Legros B. Acute behavioural
change in a young woman evolving towards cerebellar syndrome. Clinical Neu-
rology and Neurosurgery 2010;112:509-11.

[5] Rosenfeld MR, Dalmau J. Anti-NMDA-receptor encephalitis and other
synaptic autoimmune disorders. Current Treatment Options in Neurology
2011;13:324-32,



