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Acute encephalitis with refractory, repetitive
partial seizures (AERRPS): a peculiar form

of childhood encephalitis

Sakuma H, Awaya Y, Shiomi M, Yamanouchi H, Takahashi Y, Saito
Y, Sugai K, Sasaki M. Acute encephalitis with refractory, repetitive
partial seizures (AERRPS): a peculiar form of childhood encephalitis.
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Objective ~We conducted a nationwide multicenter study in Japan to
elucidate the clinical and laboratory characteristics of acute encephalitis
with refractory, repetitive partial seizures (AERRPS). Materials and
methods—Clinical and laboratory features, treatment, and outcome were
assessed using a structured questionnaire. Results —Twenty-nine
children were enrolled in the study. Refractory and repetitive partial
seizures accompanied by fever were the cardinal clinical features. Partial
seizures consisted principally of eye deviation or facial twitching, being
periodically repeated during the acute phase. These seizures were
refractory to conventional anticonvulsants and were only suppressed by
high-dose intravenous barbiturate administration. Rhythmic activities
on electroencephalography and non-specific cerebral atrophy on
neuroimaging were common. Serum or cerebrospinal antibodies against
GluRe2 were positive in six patients. General prognosis was unfavorable
due to intractable epilepsy and cognitive deficits. Conclusion—Based on
the peculiar and homogenous features, AERRPS can be regarded as a
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distinct clinical entity.

Intreduction

Acute encephalitis/encephalopathy in children is
often associated with seizures, and status epilepti-
cus (SE) is one of the presenting symptoms. In
most cases, seizures appear transiently during the
acute phase and can be controlled by standard
therapy. However, 2.7-6.7% of the central nervous
system (CNS) infection results in the evolution of
epilepsy (1). This ‘post-encephalitic’ epilepsy is
characterized by intractable partial seizures asso-
ciated with mesial temporal sclerosis and cognitive
impairment (2). Post-encephalitic epilepsy is
observed after a latent period of several months
or years (3).

In contrast, in some cases with intractable
epilepsy following encephalitis exists, without any
latent period. This population was first recognized
by Awaya et al. in 1986, and has been subsequently
reported in Japan as ‘acute encephalitis with

Accepted for publication March 11, 2009

refractory, repetitive partial seizures (AERRPS)’
(4, 5). AERRPS has three cardinal features in
common: (i} acute encephalitis of unknown origin,
without underlying developmental delay or prior
unprovoked seizures; (ii) presenting with repetitive
and refractory partial seizures during the acute
phase, referred to as ‘refractory partial SE’, which
is followed by, (ili) continuous transition to
intractable epilepsy without a latent period. It is
distinct from encephalitis or acute neurological
insults of known origin (shown in Table I).
AERRPS has not been perceived in Western
countries, although it is widely recognized in
Japan. Moreover, systematic analyses with regard
to detailed clinical characteristics of AERRPS have
not been performed.

In the present study, we describe the clinical
characteristics of 29 patients with AERRPS based
on the data of the first nationwide multicenter
study conducted in Japan. These cases have some
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Table 1 Differential diagnosis of AERRPS

Viral encephalitis and virus-associated encephalopathy
Herpes simplex encephalitis
Japanese encephalitis
Acute necrotizing encephalopathy
Acute encephalopathy with iate reduced diffusion
Acute infantile encephalopathy
Predominating over frontal lobe

Acute limbic encephalitis
Paraneoplastic
Nan-paraneoplastic
Anti-VBKC antibody associated
Anti-NMDA-R antibody associated
Miscellanegus

Metabolic encephalopathy
Organic aciduria
Urea cycle disorder
Fatty acid oxygenation disorder
Mitachondrial disease

Epilepsy

Rasmussen’s encephalitis

Migrating partial seizures in infancy
QOther known acute neurcfogical insults

peculiar features in common; such as acute onset of
extremely refractory and repetitive partial seizures,
presumed autoimmune inflammatory pathomech-
anism, and poor neurological outcomes.

Patients and methods

Among acute encephalitis of unknown origin in
childhood, AERRPS was defined as those fulfilling
three aforementioned features. Acute neurological
illnesses of known origin (shown in Table 1) were
extensively studied and thus were excluded.

This is a retrospective, multicenter, question-
naire-based study. First, we inquired from princi-
pal medical institutions whether or not they had
experience on cases identical to or analogous to
AERRPS. Of 85 institutions consulted, 22 of them
responded to us. Then, we sent a detailed multiple-
choice-based questionnaire to these institutions,
and they agreed to participate in our study. The
items in the questionnaire included patient profiles,
precipitating factors before onset, seizure types and
their duration, concomitant neurological symp-
toms, blood and cerebrospinal fluid (CSF) studies,
electrophysiological and neuroradiological find-
ings, treatments and their efficacy, and outcomes.

There were 39 cases collected from 22 hospitals
between 1990 and 2006. After a careful review.of
the cases, 10 were concluded not to be identical to
AERRPS and thus excluded for the following
reasons: one had no partial seizure; four required
neither intravenous barbiturates nor benzodiaze-
pines to alleviate seizures; two did not develop

252

subsequent epilepsy; three were diagnosed as acute
limbic encephalitis; and one had insufficient med-
ical records. Consequently, 29 patients fulfilled the
criteria for AERRPS and were included in the
study. Tables S1-S3 detail the clinical characteris-
tics and investigations of the patients with
AERRPS. Clinical details of Patients 22-24 have
been reported previously (6). Case reports of
patients 7, 9, 12, 14, 29, and 25 have also been
published elsewhere in Japanese journals. Because
of the retrospective nature of the study, written
informed consent was not always acquired.

Seizures were classified according to the revised
clinical and electroencephalographic classification
of epileptic seizures from the Commission on
Classification and Terminology of the Interna-
tional League Against Epilepsy (7). Routine blood
and CSF studies, electroencephalography (EEG)
and magnetic resonance (MR) imaging were per-
formed in all patients. Serum and CSF antibodies
against glutamate receptor epsilon 2 subunit
(GluR¢2) were analyzed as previously described
(8). With respect to the efficacy of treatment, we
used the following scale according to the reduction
in seizure frequency: complete (seizure free),
excellent (seizure reduction of 75% or more),
good (50-75% reduction), and poor (50% or less
reduction).

Results
Patient profiles

Among the 29 patients (M:F = 19:10), the age of
disease onset ranged from | to 14 years (6.8 £ 4.0).
Fourteen patients were at their school age. The
family histories of the patients were unremarkable.
Four patients had experienced febrile convulsions
but none had underlying epilepsies or other
neurological abnormalities.

Precipitating factors

Out of the 29 patients, 26 bore evidence of
antecedent febrile illness before the onset of neu-
rological symptom. The latency between anteced-
ent fever and the onset of neurological symptoms
was 4.9 £ 2.3 days (range: 210 days).

Characteristics in the acute phase

The acute phase was defined as the period during
which patients presented with persistent fever or
necessitated continuous anticonvulsant infusion to
suppress seizures or both as described below. The
duration of this phase ranged from L5 to 312 days.
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Clinical manifestations — All 29 patients presented
with fever at the onset of neurological symptoms,
as well as throughout the acute phase. High-grade
fever was observed in 23 patients (higher than
39°C), which was persistent in most cases. Inter-
mittent fever concomitant with aggravation of
serzures was also present.

The initial neurological manifestations were
seizures in 20 patients, altered consciousness in
seven patients, visual agnosia in one patient, and
unidentified in one patient, whereas the manifesta-
tions in one patient could not be identified.

Seizures were constantly the most prominent and
significant manifestation of AERRPS (Table 2).
Partial seizure was invariable, and in the vast
majority of cases, it was the predominant seizure
type: Most commonly, these seizures took the form
of eye deviation (69%) and hemifacial twitching
(62%), with an occasional development to ipsilat-
eral clonic seizure (48%). Autonomic manifesta-
tions such as apneic spell were not uncommon
(28%). Seizures usually lasted 1-5 min (83%) and
terminated spontaneously, but often occurred in
clusters without recovery of consciousness during
the interval periods. Within a week, they increased
in frequency despite treatment and became
full-blown, being periodically repeated every
5~10 min in 14 cases (48%).

Impairment of consciousness was also common.
Other neurological symptoms included psychiatric
and movement disorders, and memory impairment.

Table 2 Clinical features and laboratory findings

Na. of patients

Acute symptoms
Seizure
Simple partial 1
Complex partial 25
Secondary generalized 24
Ganeralized tonic—clonic 8
Tonic 8
Myoclonic 4
Impairment of constiousness 24
Psychiatric disorders g
Movement disorders 12
Memary impairment 8
Laboratary findings
Bloed
High ferritin 4/4 221-2.370 mg/dl)
Pasitive anti-GluRe2 Ab 6/9
CSF

19729 (6-25/mm?)
5/29 (46-85 mg/dl}

Pleocytosis (>5/mm?)
High protein cancentration {>45 mg /d})

High neopterin 4 /4 {246-1.154 nmol /ml)
High neuran specific enalase 2/6 (33-34 mg /dl)
Pasitiva anti-GluRe2 Ab 5/8

Ab, antibody.

AERRPS

EEG findings — A total of 71 EEGs was studied
(1-289 days of admission). During the first 14 days
of neurologicaliliness, pretreatment EEGs consisted
principally of high-voltage slow background activity
(779, 78%). At the later stage, all 29 patients
developed interictal epileptiform discharges with a
variety of spatial distribution. Multiple independent
foci were observed in 15 patients (54%). Seven
patients (24%) were found to have epileptic foci that
migrated during the acute phase. Ictal discharges
were recorded in 24 patients. They typically began
with localized rhythmic activities consisting of
spikes or sharp waves and progressively involved
the adjacent areas, thus leading to secondary
generalization. Ictal discharges disappeared spon-
taneously within a few minutes and then reappeared,
being periodically repeated every 5-10 min,

Neuroimaging — Magnetic resonance imaging (MRI)
was examined at least once in all patients. Those
performed within 7 days after onset (14 cases)
revealed mild brain edema in two patients but were
otherwise normal. Subsequently, six patients
showed hippocampal or amygdaloid hyperintensi-
ties on fluid-attenuated inversion recovery (FLAIR)
without the evolution of epileptic foci at the
corresponding area. Abnormal symmetrical T2
hyperintensity in the periventricular white matter
and claustrum were found in four and two patients,
respectively.

Laboratory examinations — The routine blood cell
count and biochemistry, as well as blood levels of
glucose, ammonia, and lactate were generally unre-
markable. The data on inflammatory and autoim-
mune markers are summarized in Table 2. Plasma
amino acid and urinary organic acid revealed no
abnormalities. Extensive virological studies were
also conducted. Herpes simplex virus was serolog-
ically negative or had remotely infected 27 patients
who were examined. Serological studies for cyto-
megalovirus(n = 16), Epstein—Barr virus (n = 20),
and human herpes virus 6 (n = 11)showed no serial
elevation of antiviral titer. Viral cultures from CSF
or throat swabs in 14 patients were all negative.

Trearment — Intravenous barbiturates were admin-
istered in 22 patients, of whom 13 showed com-
plete, three excellent, and four good responses,
while none were poor. Pentobarbital was most
frequently used (15 patients), followed by thiopen-
tal (five) and thyamiral (four). The effective and
maximal doses of pentobarbital were 4.22 + 1.82
and 4.98 £ 2.06 mg/kg/h, respectively. The EEG
backgrounds when seizure had been suppressed
were high voltage slow wave in one, burst-suppres-
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sion pattern in 14, and complete suppression in
three. The duration of barbiturate infusion ranged
from 4 to 312 days {(52.3 = 72.6 days).

Benzodiazepines, mainly midazolam, were
administrated in 25 patients, of whom three
showed complete, five good, and 17 poor effects.
The maximal dose of midazolam was 0.47 +
0.33 mg/kg/h. Diazepam was used in bolus injec-
tion suceessfully in five of 12 patients, which were
only temporarily effective. The efficacy of intrave-
nous lidocaine (1.5-6 mg/kg/h) and phenytoin
(5-25 mg/kg/day) were limited (8% and 30%,
respectively), transient, and incomplete.

Immunomodulatory treatments were challenged
in some cases. Twelve patients were treated with
corticosteroids mostly by intravenous methylpred-
nisolone, of whom two were effective. Intravenous
immunogloburin (IVIG) in 13 patients did not
result to any improvement. One patient underwent
plasma exchange, which was unsuccessful.

Chrenic phase
Course and prognasis

Two of the 29 patients dropped out, and therefore,
the remaining 27 patients received follow-up, with a
mean period of 60.9 months (ranging from 8 to 194
months). All patients had residual epilepsy. As
defined in the diagnostic criteria, all patients showed
continuous evolution from encephalitis to residual
epilepsy without a latent period. The types of
seizures were essentially the same as those in the
acute phase except for scarce secondary generaliza-
tion. Most patients had residual cognitive impair-
ment. Intelligence quotients (IQs), measured using
the Wisconsin Intelligence Scale for Children-III
(WISC-III), were less than 70 in 16 patients and
below 20 in 10 patients. All patients who had the
antibody against GluR¢2 were found to have resid-
ual cognitive impairment. Other residual
neurological deficits inctuded memory impairment
(15%), autistic tendency (22%), hyperkinetism
(15%), learning disability (15%), personality
change (15%), and emotional instability (22%).
One patient suddenly died of unknown cause 9 years
after onset. Serial MRI scanning revealed diffuse
brain atrophy after a month or more. Hippocampal
or amygdaloid signal abnormalities remained
unchanged in four of six patients.

Discussion

The clinical entity of AERRPS arose in 1986, when
Awaya et al. described five cases of ‘peculiar onset
post-encephalitic epilepsy’ (9). In his investigation
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into post-encephalitic epilepsy, he found a nowvel
subtype of epilepsy characterized by refractory
partial seizures persisting from the onset of
encephalitis to the convalescent phase. Meanwhile,
in 1989, Shiomi advocated a subgroup of
encephalitis characterized by very frequent seizures
that can be suppressed only by intravenous barbi-
turates. It should be noted that Awaya defined this
illness as post-encephalitic ‘epilepsy’ and therefore,
discussed mainly its epileptogenesis (4), while
Shiomi classified it as a subtype of ‘encephalitis’
and put emphasis on the symptoms in the acute
phase. These two clinical entities shared some
characteristics: acute onset of iliness, very frequent
partial seizures, extremely refractory trait of
seizures, inconspicuous switchover from encephali-
tis to subsequent epilepsy, and residual cognitive
impairment. In 2001, we proposed the term
AERRPS to integrate the characteristics of these
entities (5). To date, more than 30 cases compatible
to this condition have been accumulated in Japan
(4).

We report the first multicenter collaborative
study on acute encephalitis with refractory, repet-
itive partial seizures (AERRPS) to clarify its
clinical features. The definitive features became
evident as a result of this study. Several clinical
aspects that seem to be characteristics of AERRPS
are vital for the diagnosis, and these are listed in
the diagnostic criteria (Table 3). EEG findings in
AERRPS, particularly ictal recordings, are of
diagnostic significance. The repetitive EEG pattern
of ictal discharges has been described (6). In

Table 3 Diagnostic criteria for AERAPS

Mandatory:

1. Acute anset of seizures or consciousness impairment, in the absence of
underlying developmantal delay or prior unprovoked seizures

2. Extraordinarily frequent and refractory partial seizures, referred to as
‘refractory partial SE”: The patients usually show partial seizures
characterized by eya deviation and facial twitching which repeat within an
interval of 30 minutes or less, and necessitate long-term anesthesia {2
weeks or more] with intravenous barbiturates or benzodiazepines to attain
burst-suppression coma an EEG

3. Continuous switchover to refractory epilepsy without a latent period

Supportive findings:

1. Antecedent febrite illness, which occurs 2-10 days before the anset of
neurological symptoms

2. Persistent fever during the acute phase of illness

3. CSF findings: mild plaacytosis or slight increase in protein {inflammatory
markers such as IL-6 or neopterin may be upregulated) or both

4, EEG: slow background during the acute phase and multifacal spikes during
the chronic phase {ictal EEG reveals variable foci of epileptiform discharges
and frequent secondaty generalization}

5. MRI: no specific abnormalities except for accasional T2 /FLAIR hyperintese
signal of mesial temporal lobe

6. Profound neurological sequelae: cognitive deteriaration, psychiatric
disorders, and memory impairment, as well as occasional maotor disability
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contrast, MRI is not always helpful in establishing
diagnosis because there are no specific neuroradio-
logical abnormalities in AERRPS. Hyperintensities
in limbic structures on MRI, which were observed
in six patients in our series, are presumably due to
refractory SE. This finding is consistent with a
recent report on a Taiwanese series (10).

Clinical entities resembling AERRPS have also
been reported elsewhere outside Japan. Kramer
et al. (11) reported five cases of refractory SE
which is presumably caused by encephalitis of
unknown origin. In their report, they identified the
preceding febrile illness, persistent seizures despite
induced burst suppression coma, and negative
results for the cause of seizures, as common
features. They postulated that this severe refrac-
tory type of SE is due to relatively mild enceph-
alitis. Mikaeloff et al. (12) reported 14 cases of
‘devastating epileptic encephalopathy in school-age
children’, which is characterized by prolonged SE
following non-specific febrile iliness without any
latent period. These cases are slightly different
from AERRPS because they are limited to the
cases with school-age onset and perisylvian
involvement. These facts clearly demonstrate that
the clinical entities similar to AERRPS are distrib-
uted all over the world.

Limbic encephalitis (LE) is characterized by
limbic seizures, short-term memory loss, and
psychiatric symptoms (13). Recent studies have
revealed that acute non-paraneoplastic LE is related
to the anti-voltage-gated potassium channel
antibody (14, 15) or antibodies that reacted with
the N-methyl-p-aspartate receptor (16, 17).
AERRPS can be distinguished from LE for the
following reasons. First, psychiatric disorders and
memory impairment are uncommon and seldom
present as initial predominating features in
AERRPS. Second, no case has been described in
which AERRPS was presumably caused by a
neoplasm. Third, AERRPS, but not LE, shows a
uniformly unfavorable outcome with neurological
sequelae. Nevertheless, there is a report of an
atypical clinical presentation of paraneoplastic LE
with pharmacoresistant epilepsy lacking memory
loss or psychiatric symptoms (18). Hence, there is a
possibility of some overlap between AERRPS and
LE.

The process of epileptogenicity in AERRPS isnot
well understood. Epilepsy secondary to encephalitis
is reported to occur after a latent period of
3.82 & 3.7 vears (1). In contrast, there is no definite
seizure-free period in AERRPS. We hypothesize
that extraordinary epileptogenicity prolongs
seizures even after the acute phase and therefore
makes the initiation of epilepsy inconspicuous.

AERRPS

The etiology of AERRPS remains to be clarified.
In the present study, several lines of evidence
supported the hypothesis that some of AERRPS
are associated with CNS inflammation. First,
unlike epilepsy, neurological manifestations are
preceded by febrile illness and are accompanied
by persistent fever. Second, the levels of neopterin,
which are known to be up-regulated in macrophage
activation syndrome, are elevated in CSF; however,
others seem to be irrelevant to the inflammatory
process. Not all the patients showed increased
mononuclear cells or elevated CSF protein concen-
tration. In the previous reports, Kramer et al.
maintained an ‘inflammatory’ theory (11), whereas
Mikaeloff et al. objected to this (12). Taken
together, it is possible that AERRPS and similar
disorders are caused by multiple etiologies with a
common clinical phenotype.

The involvement of the inflammatory process
permits us to speculate that a specific infectious
agent causes AERRPS; however, this is unlikely
because extensive viral studies were all negative.
Another possibility is an autoimmune mechanism. It
is intriguing that the serum or CSF of some patients
with AERRPS was positive for antibodies against
GluRe2. Ito et al. first reported a patient with
AERRPS who had this antibody (19). This antibody
is not specific to AERRPS but is found in patients
with various neurological diseases, including intrac-
table epilepsy, Rasmussen encephalitis, and other
forms of encephalitis (8). However, the early
appearance (0-20 days after onset) of antibodies
against GluRe2 in CSF suggests that GluR autoim-
munity contributes to the onset of encephalitis (20).

In conclusion, a mnovel clinical syndrome
designated AERRPS is characterized by definite
halimarks. AERRPS is currently defined solely by
its clinical characteristics, and thus further investi-
gation into its pathomechanisms is necessary.
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1 CASE REPORT [J]

Expression of Various Glutamate Receptors Including
N-Methyl-D-Aspartate Receptor (NMDAR) in
an Ovarian Teratoma Removed from a Young
Woman with Anti-NMDAR Encephalitis

Naoko Tachibana', Takashi Shirakawa?, Keiko Ishii’, Yukitoshi Takahashi®, Keiko Tanaka’,
Kunimasa Arima®, Takuhiro Yoshida’ and Shu-ichi Ikeda’

Abstract

A 21-year-old woman developed psychiatric symptoms, progressive unresponsiveness, generalized seizures,
severe dyskinesia, marked fluctuation of blood pressure, and hypersalivation after a flu-like episode. Anti-
glutamate receptor (GluR)e2 and anti-N-methyl-D-aspartate receptor (NMDAR) antibodies were positive in
both her serum and CSF. After she recovered five months later she underwent surgery to remove a right ovar-
ian teratoma. Immunohistochemical examinations of her teratoma disclosed abundant expression of various .
GluRs including NR2B subunit of NMDAR, GluR1, and GluR2/3. These immunoreactivities of GluRs were
seen not only in small areas of neural tissue identified as anti-glial fibrillary acidic protein (GFAP)-
immunoreactive areas but also in other large areas of undifferentiated neuroepithelial tissue without GFAP
immunoreactivity. Our findings strongly support the recent idea that neural elements in ovarian teratoma play
an important role in the production of antibodies to- NMDARs in anti-NMDAR encephalitis. Additionally, the
study of control ovaries clearly showed NR2B-related immunoreactivity in the cytoplasm of oocytes, indicat-
ing that the normal ovary itself has expression of NMDARSs. This finding might provide a clue to understand
the pathogenesis of this disease in female patients without ovarian teratoma.

Key words: limbic encephalitis, paraneoplastic syndrome, ovarian teratoma, glutamate receptor, N-methyl-D-
aspartate receptor (NMDAR)

(Inter Med 49: 2167-2173, 2010)
(DOI: 10.2169/internalmedicine.49.4069)

Introduction

A unique limbic encephalitis that predominantly affects
young females and exhibits various manifestations including
initial psychiatric symptoms, and subsequent central hypov-
entilation, intractable seizures, dysautonomia and prominent
orofacial dyskinesia has been noted (1-3). Recently a causa-
tive relationship between such encephalitis and ovarian tera-
toma has been proposed (4-6) and in patients with this dis-
order a new anti-neural antibody for the NR1/NR2 het-

eromers of N-methyl-D-aspartate receptor (NMDAR)
(NMDAR complex composed of NR1+NR2A or NR2B) has
been identified as a disease-specific hallmark (2). This dis-
ease is, therefore, called anti-NMDAR encephalitis.
Ionotropic glutamate receptors (GluRs) are subdivided
into three major subtypes: N-methyl-D-aspartate (NMDA)-
type, ai-amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid
(AMPA)-type and kainate (KA)-type (7). NMDA-type
GluRs (NMDARs) have heterotetramer complex structures
composed of NMDAR subunits (8). NMDAR subunits have
the two nomenclatures from rats and mice, and NR1, NR2
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A, and NR2B in rat-derived nomenclature have almost ho-
mologous sequences with GluR{1, GluRel, and GluRe2 in
mice-derived nomenclature, respectively.

In this study we examined the immunohistochemical ex-
pression of GluRs in the ovarian teratoma obtained from a
young woman with anti-NMDAR encephalitis, and showed
the characteristics of GIuR expression in the tumor.

Case Report

A 2l-year-old woman developed orthostatic fainting,
appetite-loss and insomnia after a flu-like episode. During
the subsequent two weeks, a progressive psychiatric state
with emotional instability and abnormal behavior appeared.
At admission she showed confusion and agitation, but physi-
cal and neurological findings were unremarkable. Routine
laboratory data were normal except for an increased number
of leukocytes in peripheral blood (12,900/uL). Brain MRI
showed no specific findings, but lumbar puncture revealed
lymphocytic pleocytosis (124 cells /uL) with normal glucose
and protein concentrations. Bacterial and viral studies, in-
cluding PCR for herpes simplex virus, were all negative.
She soon started to experience recurrent generalized tonic-
clonic seizures, severe dyskinesia in face and arms, hyper-
thermia, marked fluctuation of blood pressure, and hyper-
salivation. The symptoms were not relieved by methylpred-
nisolone pulse therapy (1 g/day for 3 days) and subsequent
intravenous administration of immunoglobulin (400 mg/kg/
day for 5 days), and her convulsions were unresponsive to
conventional anti-epileptic drugs. She was finally treated
with intravenous administration of thiopental sodium (100
mg/hour) and mechanical ventilation. After two months she
was released from mechanical ventilation, and her symptoms
gradually subsided. Five months after admission, her cogni-
tive function had recovered, and a pelvic CT disclosed a
right ovarian tumor of 52 mm in diameter. She underwent
unilateral salpingo-oophorectomy, and a mature teratoma
was found. After this operation she returned to her univer-

sity.

Materials and Methods

Analysis of anti-neural antibodies in serum and CSF

Using GluRe2-cDNA from mice and immunoblotting
technique, IgG and IgM-antibodies to whole molecules of
GluRe2 (NR2B) were examined (9). Recombinant B18 cells
expressing cDNA of GluRe2 and non-recombinant Al cells
were cultured for 48 hours with doxycycline (1 pg/mL). Su-
pernatants of cell extracts were subjected to SDS-PAGE, and
the gels were transferred to nitrocellulose membranes. Each
membrane was cut into 20 strips after overnight blocking
with the blocking buffer (0.02 M Tris HCI, 0.16 M NaCl,
0.05% bovine serum albumin). The strips of B18 and Al
were reacted with patient serum (diluted 20-fold with block-
ing buffer) or CSF (diluted 15-fold with blocking buffer) for

48 hours at 4C, and were stained by alkaline phosphatase-
labeled second antibodies (IgG or IgM) (Jackson Im-
munoResearch, West Grove, Philadelphia, PA, U.S.A.). The
presence of antibodies against GluRe2 was judged by a
positively stained band with molecular size around 180 kDa,
which was found only on the B18 strip and not on the Al
strip.

Detection of anti-NMDAR antibody was carried out as
follows: cDNAs encoding NR1 (GluN1) and NR2B (GluN2
B) (Gene Bank accession number NM-008169, NM-008170,
NM-008171, respectively) were ligated into the expression
vectors and transfected into human embryonic kidney
(HEK) 293 cells in the media containing 10 pM MK-801
using Lipofectamine (Invitrogen). Twelve hours after trans-
fection, HEK-293 cells were fixed in 4% paraformaldehyde
in 0.1M phosphate-buffered saline (PBS, pH 7.4) for 20
minutes. After non-specific binding was blocked with 10%
goat serum in PBS, these cells were incubated with patient
sera (1:40) or cerebrospinal fluid (1:2) overnight at 4T and
then with FITC-conjugated rabbit anti-human IgG (BD Bi-
osciences) for 30 min at room temperature. SlowFade gold
anti-fade reagent (Molecular Probes) was applied to the
slides and the staining was observed under a fluorescence
microscope. NMDAR expression on the cell surface was
confirmed with the rabbit antibodies against each of the
NMDAR subunits, NR1, NR2A and NR2B.

Immunohistochemical examination of ovarian tumor

Serial sections were prepared from a formalin-fixed,
paraffin-embedded block of the ovarian teratoma and a Ven-
tana XT automated immunohistochemistry system (Ventana
Medical Systems, AZ) was employed. The primary antibod-
ies used, dilutions, and the pretreatment procedures were as
follows: anti-glial fibrillary acidic protein (GFAP) (Ventana,
AZ, without dilution), anti-phosphorylated neurofilament
(SMI-31, Sternberger Monoclonals, Baltimore, MD, x2000),
anti-human synaptophysin (Dako, Glostrup, Denmark, x
100), anti-NR 1 (AB1516, Chemicon, Temecula, CA, x100),
anti-NR2A (clone A12W, Upstate, Lake Placid, NY, x50,
microwave treatment in citrate buffer), anti-NR2B (Zymed,
South San Francisco, CA, x50), anti-GluR 1 (AB1504,
Chemicon, Temecula, CA, x5, microwave in citrate buffer),
and anti-GluR 2 / 3 (AB1506, Chemicon, Temecula, CA, x
10, microwave in citrate buffer). GluR1 and GluR2/3 are
pharmacologically classified into the AMPA type. Positive
control sections were prepared from blocks including two
ovarian tissues obtained from 21- and 29-year-old females at
autopsy, and human temporal lobe and cerebellum. Negative
control sections were treated in the same way except that
the primary antibodies were replaced with normal bovine se-
rum.

Prior to the study, detailed informed consent was obtained
from the patient following a clear explanation of the purpose
of the study. Our study protocol was approved by the local
ethics committee.
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Figure 1. Immunohistochemical demonstration of antibodies against NVIDAR. The serum of the
patient showing positive immunoreactivity against heteromers of NR1 and NR2B subunits of
NMDAR. a: serum of the patient, b: serum of a control patient without this disorder. Arrows indi-
cate positively stained HEK cells. Immunofluorescence staining (x400).

Results

Detection of anti-neural antibodies in the serum and
CSF of our patient

IgM-antibodies to whole molecules of GluRe2 were de-
tected in serum obtained on day 50, and IgG-antibodies to
whole molecules of GluRe2 were seen in CSF taken the
same day. Both serum and CSF specifically reacted with
HEK-293 cells expressing heteromers of NRI1/NR2B

(Fig. 1).

Histopathological and immunohistochemical find-
ings of ovarian tumor

The capsular layers in this cystic tumor contained
squamous epithelium, exocrine and sebaceous glands, hair
follicles, fat, and neural tissues (Fig. 2-A and C). GAFP-
immunoreactive areas showed a band-like or small dot-like
distribution in the mural tumor tissues (Fig. 2-B and D), and
among them many fibrous structures that were positively
stained by an anti-phosphorylated neurofilament antibody
were seen (Fig. 2-E, F and G). Other neural tissues were
widely distributed in the areas with no expression of GFAP:
they contained many small cells that were labeled by anti-
phosphorylated neurofilament and anti-synaptophysin anti-
bodies, and some of them showed epithelial pseudo-rosette
formation (Fig. 3-F and G). A small number of anti-
phosphorylated neurofilament antibody-positive  fibrous
structures were also observed in these areas with no im-
munoreactivity for GFAP (Fig. 2-A, B and H). Extensive ar-
eas of this tumor, including both mature neural tissues with
expression of GFAP and immature neuroepithelial tissues
without expression of GFAP, were specifically immunola-
beled by anti-NR 2B and GluR 1, and GluR 2/3 antibodies

(Fig. 3-C, D and E), while anti-NR1 and NR2A antibodies
did not produce any significant immunoreactivities
(Fig. 3-A and B). In two normal appearing ovaries anti-
GFAP, anti-phosphorylated neurofilament, anti-synaptophysin,
anti-NR1 and NR2A antibodies showed no immunoreactivi-
ties (Fig. 4-A), but anti-NR 2B, GluR 1 and GluR 2/3 anti-
bodies produced faint immunoreactivity: this was most
clearly seen on the sections stained by an anti-NR 2B anti-
body (Fig. 4-B), where the cytoplasm of oocytes was spe-
cifically immunolabeled (Fig. 4-C). Neurons and astrocytes
in positive control sections were immunoreactive for some
or all anti-NR2B, GluRl1 and GluR2/3 antibodies
(Fig. 4-D and E). However, no significant immunoreactivity
was observed in negative controls.

Discussion

Limbic encephalitis is a disorder ascribed to diverse
causes, and several antibodies against neural surface anti-
gens were identified in autoimmune or paraneoplastic limbic
encephalitis (10). In Japan, young female patients with acute
non-herpetic limbic encephalitis have been studied as acute
juvenile female non-herpetic encephalitis (AJFNHE) (3).
Neurological manifestations in these Japanese females con-
sist of prominent psychiatric symptoms, seizures, dysautono-
mia, and involuntary movements, and the vast majority of
them have a history of prodromal flu-like symptoms. This
clinical picture of AJFNHE closely resembles that of the re-
cently proposed anti-NMDAR encephalitis (1, 2), where an-
tibodies to NR1/NR2 heteromers of NMDAR play an im-
portant role (4-6). Although antibodies against GluRe2 (NR2
B) have been frequently found in the sera and CSF of pa-
tients with AJFNHE (3), they have been also detected in pa-
tients with Rasmussen’s syndrome and epilepsia partialis
continua (EPC) (8). The presence of antibodies against
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Figure 2. Histopathology of ovarian teratoma. A&B: Low magnification of the tumor. A: Hema-
toxylin and Eosin staining (x3), B: Immunoperoxidase staining with anti-GFAP antibody (x3).
GFAP-positive immunoreactivity is seen in small localized areas of the tumor. C and D are higher
magnifications of the framed area “a”. The presence of hair follicle and neural tissue is noted and
the latter is strongly immunolabeled by anti-GFAP antibody. C: Hematoxylin and Eosin staining
(x50), D: Immunoperoxidase staining with anti-GFAP antibody (x60). E: Higher magnification of
the framed area “b”. F: Higher magnification of the framed area “c”. Band-like distribution of
neural tissue on the tumor can be identified as GFAP-immunoreactive area. E (x10), F (x70). G:
Higher magnification of the framed area “d”. Many anti-phosphorylated neurofilament antibody
immunoreactive fibrous structures (possibly axons or dendrites) are seen in this area. Immunoper-
oxidase staining with anti-phosphorylated neurofilament antibody (x220). H: Higher magnification
of the framed area “e”. An anti-phosphorylated neurofilament antibody immunoreactive axon-like
structure is visible. Inmunoperoxidase staining with anti-phosphorylated neurofilament antibody
(%250).

NMDARs. A patient with this disorder who promptly recov-
ered after early removal of an ovarian teratoma has been re-
ported (13). In the pathogenesis of anti-NMDAR encephali-

GluRe2 in patients with anti-NMDAR encephalitis is now
recognized to be less specific for the disease (11, 12).
In a large series of patients with anti-NMDAR encephali-

tis more than half of them were reported to have ovarian
teratoma (2) and thus, the pathogenetic significance of ovar-
ian teratoma in this encephalitis has been investigated. Dal-
mau et al reported that all five tumors obtained from the
diseased patients showed mature- and immature-appearing
neurons with expression of NR2B and /or NR2A (5), which
suggests that ectopically expressed NMDARs in ovarian
teratoma contribute to the production of antibodies to

tis the antibody immune-response is thought to be more
relevant than cytotoxic T-cell mechanisms (14): patients’
NMDAR antibodies cause a specific, titer-dependent, and re-
versible decrease in NMDAR surface density and synaptic
localization, especially in hippocampus (15). The loss of this
subtype of GluRs eliminates NMDAR-mediated synaptic
function, resulting in the learning, memory, and other behav-
ioral deficits seen in patients with anti-NMDAR-

_72_



Inter Med 49: 2167-2173, 2010 DOI: 10.2169/internalmedicine.49.4069

D E

3

Figure 3. Immunohistochemical expression of NMDAR epitopes within ovarian teratoma. A:
anti-NR1, B: anti-NR2A, C: anti-NR2B, D: anti-GluR1, E: anti-GluR 2/3, F&G: Higher magnifica-
tion of the framed area “f”. Neither anti-NR1 nor NR2 antibody is immunoreactive for the ovarian
tumor, while anti-NR2B, GluR1 and 2/3 antibodies disclose strong immunoreactivity on an exten-
sive area of this tumor. It is notable that the framed area “f” is not immunolabled by anti-GFAP
antibody (see Fig. 1-B) but that this part is apparently immunoreactive for all the anti-NR2B,
GluR 1 and GluR2/3 antibodies. This area consists of many small cells, some of which contribute to
the pseudo-rosette formation. The vast majority of these small cells are immunolabeled by both
anti-phosphorylated neurofilament (F) and anti-human synaptophysin antibodies (G). Inmunoper-

oxidase staining (A to E, x3; F&G, x250).

encephalitis. Thus, immunosuppressive therapy including
corticosteroid, plasma exchange and intravenous immuno-
globulin has been used for the treatment of this disease (2).
Recently rituximab, an anti-CD20 monoclonal antibody, is
expected to expedite the recovery of the patients with this
disease (16, 17).

In the present study we immunohistochemically examined
an ovarian teratoma removed from a young female patient
with antibodies to GluRe2 (NR2B) and NRI1/NR2 het-
eromers. In mural tissues of the tumor, well-differentiated
neural tissues with GFAP-immunoreactivity showed expres-

sion of GluRs including NR2B, GluR1, and GluR2/3. Addi-
tionally, immature neuronal tissues without GFAP-
immunoreactivity also showed expression of these GIuRs.
The most notable finding in this study is that the former tis-
sue was very limited within the tumor but the latter was
more extensively distributed than previously recognized. Al-
though NR1 and NR2A epitopes were undetectable in our
teratoma tissues, the lack of immunoreactivity for NR1
might be attributed to technical reasons (11), because ex-
pression of NR2B, which is one subunit of NR1/NR2 het-
eromers in the NMDAR complex, was clearly seen in the
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Figure 4. Immunohistochemical findings of controls. A&B: Low magnification of the control
ovary obtained from a 21-year-old woman. A: Immunoperoxidase staining with anti-GFAP anti-
body (x2). No immunoreactivity is seen. B&C: Immunoperoxidase staining with anti-NR2B anti-
body. Some areas show slightly positive immunoreactivity (B, x2) and among them the cytoplasm
of oocytes is specifically immunolabeled (C, x200). D: Immunoperoxidase staining of human tempo-
ral lobe with anti-NR2B antibody. Neurons and astrocytes are positively stained (x180). E: Im-
munoperoxidase staining of human cerebellum with anti-GluR 2/3 antibody. Purkinje cells are

positively stained (x180).

cell surface of neural tissues examined. On the basis of our
immunohistochemical findings ovarian teratoma seems to
have abundant expression of various GluR-related epitopes
including that of NMDAR, supporting the paradigm
whereby the preceding flu-like illness causes inflammation
in ovarian teratoma (14), which then leads to the triggering
of abnormal antibody production targeting NMDARs (4, 5).
Moreover the strong expression of GluR1 and GluR 2/3
(they are pharmacologically classified into AMPA) within
the tumor might cause other antibodies against other GluRs
than NMDAR: a few anti-AMPA encephalitis cases with an-
tibodies to GluR 1 and GluR 2 were recently re-
ported (18, 19), but they were not accompanied with ovarian
teratoma, and their clinical pictures were different from
those of the patients with anti-NMDAR encephalitis. The
significance of the expression of GluR1 and GluR2/3 within
the tumor, therefore, remains undetermined in considering
the pathogenesis of autoimmune or paraneoplastic limbic en-
cephalitis.

It is now widely accepted that the presence of ovarian
teratoma is a serious predisposing factor for the develop-
ment of anti-NMDAR encephalitis, but this tumor could not
be found in about 40% of adult patients with the dis-
ease (2), the number of patients with the latter condition be-
ing increasing (20). Raising the recognition of this unique
encephalitis has also disclosed that children or adolescents
also encounter this disease (21), although the frequency of
associated ovarian teratoma in them was much lower in
comparison with that in adults (21). Although a few male
cases (2, 22, 23) with anti-NMDAR encephalitis including a
20-month-old boy (17) were reported, the vast majority of
the patients with this disease are females. The present study
has added the possibility that the ovary itself has expression
of NMDARs, since NR2B-related immunoreactivity was ap-
parently observed in the cytoplasm of oocytes in control
ovaries. The mechanisms that initiate this disorder are still
incompletely understood in patients without ovarian tera-
toma and further studies are required.
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