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Abstract

Background: Little is known about the difference between anti-N-methyl-D-aspartate
receptor (NMDAR) antibody-positive encephalitis and anti-glutamate receptor (GIuR)
antibody-positive encephalitis. Objectives: To characterize anti-GluR antibody-positive
encephalitis. Methods: We report a 33-year-old man with nonparaneoplastic anti-GluR €2, {1
and 82 antibody-positive and anti-NMDAR antibody-negative encephalitis, using neuropsy-
chological tests and imaging studies including magnetic resonance imaging and single
photon emission computed tomography (SPECT) with a ®™Tc-ethylcysteinate dimer. Results:
The patient exhibited global aphasia and swallowing apraxia (inability to transfer food to the
pharyngeal cavity without sialorrhea). He was treated with 3 courses of corticosteroid pulse
therapy and had recovered markedly 3 weeks after onset. Magnetic resonance diffusion-
weighted images revealed hyperintensity in the bilateral frontal and left parietal cortices.
Seven months later, a small area of hyperintensity in the left supramarginal gyrus remained.
SPECT revealed hypoperfusion in extensive regions of the bilateral frontal lobes and left
supramarginal gyrus. Thirteen months later, blood flow reduction was restricted to diffuse
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areas in the frontal lobes. Conclusions: Frontal lobar encephalitis without medial temporal
involvement, marked cognitive impairment with a relatively preserved level of consciousness,
and a favorable response to corticosteroid therapy, with nearly reversible cortical damage,
may characterize anti-GluR antibody-positive encephalitis. © 2014 S. Karger AG, Basel

Introduction

Autoimmune encephalitis associated with antibodies against N-methyl-p-aspartate-type
glutamate receptors (anti-NMDAR encephalitis) was first reported by Dalmau et al. [1] in
2007. Clinical features are acute limbic encephalitis with personality and behavioral change,
catatonia, memory loss, seizures, dyskinesia, and autonomic dysfunction [2-5]. The disease
most often involves young women and accompanies ovarian teratoma. However, 40% of
patients do not have a detectable tumor, and men are also affected {2]. The clinical manifes-
tation of nonparaneoplastic anti-NMDAR encephalitis (without ovarian teratoma) is similar
to that of paraneoplastic anti-NMDAR encephalitis (with ovarian teratoma) [6]. In many
cases, the medial temporal lobes and cerebral cortex are affected on MRI [2]. On the other
hand, patients with anti-glutamate receptor (GluR) €2 (NR2B) antibody have been reported
to show an association with nonherpetic acute limbic encephalitis (NHALE), Rasmussen’s
encephalitis, and chronic forms of epilepsia partialis continua [7, 8]. Although anti-NMDAR
antibody and anti-GluR €2 antibody could be simultaneously detected in NHALE [6, 9], some
patients had anti-NMDAR antibody but did not have anti-GluR antibody [10], and others vice
versa [11]. Little is known about the clinical difference between anti-NMDAR antibody-only
encephalitis and anti-GluR antibody-only encephalitis.

We herein report a man with anti-GluR antibody but without anti-NMDAR antibody,
presenting with predominantly frontal lobar encephalitis, and discuss the clinical signifi-
cance of this type of non-paraneoplastic anti-GluR encephalitis.

Case Report

A left-handed, 33-year-old man, an office worker who had graduated from university,
presented with progressive speech disturbance in February 2013. He was noted to have
difficulty finding words in the office and made grammatical errors on writing e-mails. He
was referred to and admitted to our hospital 2 days after disease onset. On neurological
examination, the patient exhibited fluctuating consciousness disturbance and difficulty
saying words: he could only say ‘yes’. He did not obey some simple verbal commands such as
eye closing or tongue protrusion. When asked to perform dictation, he repeatedly wrote
down a character that was a part of our oral command. He was diagnosed with global
aphasia. Once he had raised his arms, he kept them raised until we forced him to stop
(catalepsy). No neck stiffness or Kernig’s sign was noted.

Laboratory findings were unremarkable. Lumbar puncture showed cerebrospinal fluid
(CSF) lymphocytic pleocytosis (cells: 51/mm3, protein: 35 mg/dl), and an elevated IgG index
(1.32, normal <0.7). HSV-IgM, HZV-IgM, and HIV antibodies were all negative. Antibodies to
N-terminals of NMDA-type GluR including GluN2B (€2, NR2B) and GluN1 ({1, NR1) {7], and
those to the N-terminal of GluD2 (62) were all positive, and the antibody to the NMDAR
NR1/NR2 complex (Dalmau’s method) [1] was negative in both the CSF and serum. Magnetic
resonance imaging (MRI) performed 2 weeks after onset revealed hyperintensity in
diffusion-weighted images in the bilateral frontal and left parietal cortices (fig. 1). Electroen-
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cephalography (EEG) showed diffuse semirhythmic 1- to 2-Hz § waves with a small amount
of 10-Hz a waves superimposed on the 8§ waves in P-0, which was similar to the ‘extreme
delta brush’ in anti-NMDAR encephalitis [12].

On admission, the patient was able to take meals. However, oral intake decreased grad-
ually, and he could not swallow purposely at 6 days after onset. Even if the patient put water
in his mouth, the swallowing reflex did not occur, and water finally leaked out through the
corners of his mouth. Although sialorrhea was not noted, he choked on his saliva at 10 days
after onset, suggesting that voluntary oral transport of the trapped saliva was interrupted.
As a result, he was dehydrated and required an intravenous drip. The patient exhibited
bulging eyes, became mute and inattentive (he sometimes turned his eyes away while the
doctor talked to him), with forced grasping that was more pronounced in the left hand. He
was restless in the evening, and tried to leave the bed despite the infusion tube, and so
required sedation with intravenous haloperidol. Suspecting herpetic encephalitis, we first
administered intravenous acyclovir (1,500 mg/day) from 5 to 7 days after onset, which was
ineffective and discontinued because of drug-induced acute renal injury. From 7 to 9 days
after onset, he developed a transient partial seizure on the right side of his face and
extremities,

Taking the possibility of an autoimmune mechanism into account, we then administered
a total of 3 courses of intravenous corticosteroid pulse therapy (methylprednisolone at
1,000 mg/day for 3 days) from 10 to 25 days after onset, and subsequently gave him oral
prednisolone at 30 mg/day that was tapered and discontinued for 6 weeks. Immediately
after the first pulse therapy, the patient was able to repeat a syllable following the doctor’s
example and responded properly to yes-no questions, such as ‘Are you Mr. (patient’s name)?’
He was able to take meals by himself 16 days after onset and spoke some sentences correctly
20 days after onset. EEG performed 23 days after onset showed a moderate amount of 10-Hz
a waves with occasional 6- to 7-Hz 8 waves.

SPECT with a 99mTc-ethylcysteinate dimer (ECD-SPECT) performed 3 weeks after onset
revealed, for the mean cerebral blood flow (CBF), a reduced blood flow in both hemispheres
[early picture (EP) method, left 32.8, right 32.2 ml/100 g/min] with the Patlak plot method
and, for the regional CBF, significant hypoperfusion {(uncorrected p < 0.001, by Statistical
Parametric Mapping version 2) in the bilateral frontal convexity and mesial frontal gyri, and
the left supramarginal gyrus (fig. 2).

Neuropsychological Assessment

The patient’s cognitive function was evaluated for the first time 21 days after onset. The
Mini-Mental State Examination (MMSE) score was 24.7 /30: mental arithmetic (serial 7) and
auditory comprehension (3-step command) were impaired. The Frontal Assessment Battery
(FAB) score was 13/18. The Western Aphasia Battery (Japanese edition) conducted 27 days
after onset revealed that spontaneous speech was dysfluent (5/10), with stuttering, halting,
and occasional phonemic paraphasia and phonetic distortion (e.g., [handan] — [hannan]),
suggesting slight apraxia of speech. Auditory comprehension (9.35/10), repetition (9.2/10),
naming (9.3/10), reading (9.2/10), and writing (9.85/10) were minimally impaired. Overall,
his language profile was rated as slight Boca's aphasia with apraxia of speech. The Wechsler
Adult Intelligence Scale-1II conducted 4 weeks after onset revealed a nearly normal cognitive
function: verbal IQ 84, performance 1Q 80, and working memory 76. The digit span forward
score was 4. The Wechsler Memory Scale-Revised conducted 33 days after onset revealed a
normal memory function (verbal memory 110, visual memory 101). However, retrograde
amnesia for the 3 weeks from onset to recovery remained.
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The patient returned to work 2 months after onset. The MMSE score at this time was
29/30, the FAB score was 16/18 with word fluency of 7 words/min. Stuttering, halting
speech, phonemic paraphasia, and phonetic distortion disappeared 3 months after onset.
However, the working memory remained lower (digit span forward, 5) after 1 year. MRI
performed 7 months after onset revealed a small area of hyperintensity in the left parietal
cortex (fig. 1). In the follow-up SPECT performed 13 months after onset, the reduced blood
flow recovered to the normal range (EP, left 46.9, right 46.9 ml/100 g/min) and the regional
hypoperfusion was restricted to the diffuse areas of the frontal lobe (fig. 2).

Discussion

The patient presented with global aphasia, swallowing disturbance, abnormal behavior
[catalepsy (maintaining a forced posture) and nocturnal delirium], and partial seizure.
Global aphasia was characterized by scanty speech and motor perseveration in writing,
which resolved to apraxia of speech a few days after corticosteroid pulse therapy.

The swallowing disturbance was voluntary in nature: he had difficulty transporting food
to the pharyngeal cavity. In contrast, he swallowed saliva automatically; therefore, he did not
exhibit sialorrhea. This automatic-voluntary dissociation in swallowing is characteristic of
apraxia. It was clear that the patient did not initiate bolus transfer with a lack of lingual
movement during the oral stage. Therefore, the symptom can be diagnosed as swallowing
apraxia [13].

It is noteworthy that our patient presented with frontal lobar encephalitis. As described
earlier, nonherpetic anti-NMDAR encephalitis usually involves the limbic cortex and is
associated with several psychiatric symptoms [2-5]. On the other hand, the clinical features
of anti-GluR antibody-positive encephalitis (GluR encephalitis) are similar to those of
NMDAR encephalitis with ovarian tumor, except that paraneoplastic NMDAR encephalitis
necessitates a longer hospitalization period [6]. It is suggested that in these patients with
- GluR encephalitis, anti-NMDAR antibody was also positive.

One problem is that in many reported cases of nonparaneoplastic anti-GluR encephalitis,
anti-NMDAR antibody was not examined. Thus, the clinical difference between anti-NMDAR
encephalitis and anti-GluR encephalitis remains unknown, It is suggested that our patient
with lobar encephalitis without medial temporal involvement, marked cognitive impairment
with a relatively preserved level of consciousness, and a favorable response to corticosteroid
therapy, with nearly reversible cortical damage, characterizes anti-GluR antibody-only
encephalitis.

It should also be noted that the lesion was difficult to detect on MRI, whereas the extent
of the lesion was easily identifiable on SPECT. This discrepancy suggests that neuronal
damage was too mild to produce cytotoxic edema, and only a small area of the left supra-
marginal gyrus remained permanently injured. This reversible cortical damage may be
another characteristic of anti-GluR antibody-only encephalitis.
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Fig. 1. MRI 2 weeks after onset (2 W) and 7 months later (7 M). Diffusion-weighted axial imaging
performed 2 weeks after onset (upper panels) revealed hyperintensity in the bilateral frontal and left
parietal cortices (arrows). Fluid-attenuated inversion recovery axial images obtained 7 months after
onset (lower panels) revealed a high signal intensity in a small area of the left parietal cortex (arrow).

Fig. 2.99mTc-ECD-SPECT images 3 weeks (3 W) and 13 months (13 M) after onset. 9°mTc-ECD-SPECT using
a 2-sample t test [patient vs. healthy subjects aged between 20 and 39 years (n = 28), uncorrected p <
0.001] in Statistical Parametric Mapping version 2 revealed hypoperfusion in the bilateral frontal
convexity, mesial frontal gyri, and left supramarginal gyrus 3 weeks after onset (upper panels). Regional
blood flow reduction was restricted to diffuse areas in the frontal lobes 13 months later (lower panels).
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Abstract

The N-methyl-D-aspartate receptor (NMDAR) is involved in normal physiological and pathological states in the brain.
Anti-NMDAR encephalitis is characterized by memory deficits, seizures, confusion, and psychological disturbances in males and
females of all ages. This type of encephalitis is often associated with ovarian teratoma in young women, but children are less likely
to have tumors. Anti-NMDAR encephalitis is a neuroimmune syndrome in patients with autoantibodies recognizing extracellular
epitopes of NMDAR, and the autoantibodies attenuate NMDAR function through the internalization of NMDAR. Following the
initial symptoms of inflammation, the patients show the various symptoms such as memory loss, confusion, emotional disturbances,
psychosis, dyskinesis, decrease in speech intelligibility, and seizures. About half of these patients improved with immunotherapy
including high-dose intravenous corticosteroids and intravenous immunoglobulins is administrated to these patients, but the
patients who had no improvement with these therapy require further treatments with rituximab or cyclophosphamide. It is necessary
to detect anti-NMDAR antibodies at early stages, because the prognosis of these patients may be improved by early treatment.

. Recovery is slow, and the patients may have some disturbances in their motor function and cognition. The pathologic mechanism
underlying the development of anti-NMDAR encephalitis has been elucidated gradually, but the optimal treatment has not yet been
clarified. Further studies are required to clarify in detail the mechanism underlying anti-NMDA encephalitis and to develop effective
treatments. '
© 2013 The Japanese Society of Child Neurology. Published by Elsevier B.V. All rights reserved.

Keywords: Encephalitis; N-Methyl-p-aspartate r:béptor; Autoantibody

1. Introduction

The N-methyl-p-aspartate receptor (NMDAR) is
critically involved in normal neural network formation,
synaptic plasticity, and higher brain functions such as
learning and memory [1,2]. A highly active NMDAR
is composed of multiple glutamate-binding GluRe
(NR2, GluN2) subunits and a glycine/p-serine-binding

* Corresponding author. Address: Department of Molecular
Neuroscience, Graduate School of Medicine and Pharmaceutical
Sciences, University of Toyama, Sugitani 2630, Toyama 930-0194,
Japan. Tel.: +81 76 434 7230; fax: +81 76 434 5015.

E-mail address: hmori@med.u-toyama.ac.jp (H. Mori).

GluR(1 (NR1, GluN1) subunit [3]. The hyperactivation
of NMDAR has been shown to mediate acute neuronal
death and chronic neurodegeneration [4]. In contrast,
the hypoactivation of NMDAR is involved in the devel-
opment of psychiatric states [5,6]. The NMDAR sub-
units’ are widely distributed throughout the brain
including the limbic system. In situ hybridization analy-
ses, the GluR{1 (NR1, GluN1) subunit mRNA distrib-
utes ubiquitously in the brain. The GluRel (NR2A,
GluN2A) subunit mRNA is expressed postnatally and
widely in the brain. The GluRe2 (NR2B, GluN2B) sub-
unit mRNA is found throughout the entire embryonic
brain, but its expression becomes restricted to the fore-
brain at postnatal stages. The GluRe3 (NR2C,

0387-7604/$ - see front matter © 2013 The Japanese Society of Child Neurology. Published by Elsevier B.V. All rights reserved.
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GluN2C) subunit mRNA appears postnatally and pre-
dominantly in the cerebellum. The GluRe4 (NR2ZD,
GluN2D) subunit mRNA is abundantly expressed in
the diencephalon and the brainstem at embryonic and
neonatal stages [3].

Limbic encephalitis is an inflammation of the limbic
system, which includes the hippocampus, thalamus,
hypothalamus, and amygdala. The symptoms of limbic
encephalitis are memory deficits, seizures, confusion,
and psychological disturbances. In 1960, the disease
was first described as subacute encephalitis affecting
the limbic areas by Brierley et al. [7]. Subsequently, it
was mainly reported as paraneoplastic limbic encephali-
tis associated with lung carcinoma and malignancies in
the ovary, breast, stomach, uterus, kidney, bladder,
and colon [8]. The report suggested that limbic enceph-
alitis is caused by autoimmunity against limbic system
antigens, similarly to Eaton-Lambert syndrome. In
2001, Buckley et al. reported the cases of two patients
with limbic encephalitis in whom the antibodies to volt-
age-gated potassium channels (VGKCs) were detected
in their serum samples [9]. Later, the true target antigen
of the antibodies to VGKCs has been shown to be leu-
cine rich glioma inactivated 1 (LGI1) and contactin
associated protein 2 (CASPR2) [I0]. Furthermore,
anti-NMDAR NR2 subunit autoantibodies were
detected in some patients with acute encephalitis includ-
ing those with limbic encephalitis in 2003 [11]. From
these reports, the role of immunity and inflammatory
processes in epilepsy or encephalitis became the focus
of interest.

In 2007, the concept that anti-NMDAR encephalitis
associated with ovarian teratoma, a severe, potentially
lethal, treatment-responsive disorder, is mediated by
autoantibodies against NMDAR was proposed by
Dalmau et al. (12} However, an increasing number of
cases have been reported for both men and women from
children to adults of advanced age, with and without
tumors [13-18]. Recently, the spectrum of the neuroauto-
immune syndromes has greatly expanded by the discov-
ery of new antigen-specific antibodies. These syndromes
are suggested to categorize (1) classical paraneoplastic
syndromes associated with antibodies to intracellular
antigens such as Hu, Ma2, collapsin-responsive mediator
protein-5 (CRMP5), Yo or amphiphysin and (2) autoim-
mune encephalitis associated with antibodies to cell sur-
face or synaptic antigens such as NMDAR, gamma
aminobutyric acid receptor (GABAR-B), alpha-amino-
3-hydroxy-5-methyl-4-isoxazolepropionic acid receptor
(AMPAR), LIGI or CASPR2, based on the underlying
immunopathogenesis and responsiveness to immuno-
therapy [19,20]. In this report, we present the case of a
girl with anti-NMDAR encephalitis and review the clin-
ical presentations, diagnosis, and evidence supporting
autoimmune mechanisms of this syndrome.

2. Case presentation

A T-year-old previously healthy Japanese girl had a
cough and low-grade fever. 5days later, she sought
her mother frequently and complained of anxiety, A
week later, she was brought to our hospital owing to

Fig. I. MR images of a patient with anti-NMDAR encephalitis. Axial FLAIR images (panels A-C) and diffusion-weighted (DW) images (panels
D-F) of a 7-years-old girl with anti-NMDAR encephalitis. Arrows in panels B, C, E, and F show hyperintensities in the left medial temporal lobe on
FLAIR and DW images.
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vomiting and her state of confusion. She had a temper-
ature of 38.0 °C without focal neurologic deficits or
meningeal signs. Her white blood cell count and serum
C reactive protein level were slightly elevated. Cerebro-
spinal fluid (CSF) analysis revealed a lymphocytic pleo-
cytosis of 296 nucleated cells/mm® with 90%
lymphocytes and normal glucose and protein levels.
Treatments with acyclovir and dexamethasone were
started for presumed viral encephalitis. Her blood and
CSF bacterial cultures showed negative results. Viral
cultures and polymerase chain reaction analysis of
CSF for herpes simplex virus also showed negative
results. Thus, these treatments were stopped. Brain com-
puterized tomography (CT) and magnetic resonance
imaging (MRI) findings were normal. Electroencepha-
lography (EEG) revealed diffuse slowing of waves, but
no epileptic discharges.

Two days after admission, her state of confusion
worsened and she spoke incomprehensible words, “blue,
blue, blue” or “green, green, green” to her parents. She
was treated with intravenous methylprednisolone, which
did not improve her neurological states. She refused to
take anything by mouth, necessitating nutritional

Anti-NMDAR antibodies

support using a nasogastric tube. She demonstrated oro-
facial dyskinesias and involuntary movements of the
right upper extremity on arousal. A week later, a second
brain MRI with fluid attenuation inversion recovery
(FLAIR) and diffusion-weighted imaging (DWI)
revealed hyperintensities in the left medial temporal lobe
(Fig. '1). A course of intravenous immunoglobulins
(2 g/kg) was completed with no response. She began to
develop symptoms of dyskinesias, stereotyped motor
automatisms, and spastic rigidity. We had to administer
sedatives and antipsychotic medications, because she
was awake during nighttime and slept during daytime
and her serum creatinine kinase level increased owing
to her involuntary movements.

Two months later, she showed gradual improvements
in her motor and cognitive functions. 3 months after her
admission, she could take food by mouth and walk a
short distance by herself. After her discharge, her serum
was found to be positive for anti-NMDAR antibodies
(Fig. 2) and we diagnosed her as having anti-NMDAR
encephalitis. Presently, she goes to school cheerfully,
but has some cognitive problems, such as mild memory
disturbance and learning disabilities.

NMDARC1-EGFP

Merge

Fig. 2. Immunostaining of HEK 293T cells transfected with NMDAR {1-EGFP/e2 subunits with serum from the 7-years-old girl with the anti-
NMDAR encephalitis. Signals of nuclei DAPI (blue, A), fluorescence signals of NMDAR ¢1-EGFP (green, B), and immunofluorescence signals of
autoantibodies in serum (magenta, C) from the patient. Panel D shows the merged image of these signals. Scale bar: 75 pm.
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3. Clinical features

The exact incidence of anti-NMDAR encephalitis is
unclear. The antibodies to NMDAR were detected in
4% of patients with encephalitis by a multicenter, popu-
lation-based prospective study in England [21]. In
another study, anti-NMDAR antibodies were detected
in 1% of patients with encephalitis of unknown etiology
admitted to the intensive care unit [15]. In a study in the
United Kingdom and Europe, 11.1% of patients sus-
pected of having encephalitis were positive for anti-
NMDAR antibodies [22]. In the California Encephalitis
Project, 4% of patients with encephalitis of uncertain eti-
ology aged <30 years were positive for anti-NMDAR
antibodies [23]. From these studies, anti-NMDAR
encephalitis is not rare, and may be misdiagnosed as an
unidentified encephalitis or a psychiatric disorder
[16,24-26]. Initially described as paraneoplastic encepha-
litis associated with ovarian teratoma, young female
patients often had ovarian teratoma [12,17,22]. The
other tumors were sex-cord stromal tumor, neuroendo-
crine tumor, teratoma of the mediastinum, small cell
lung cancer, and lymphoma [17,18,22]. Recent reports
of the expression of the NMDAR in some tumors and
its role in tumor invasion are interesting {27-29]. Many
cases in children are less likely to have tumors
[13,14,18]. Anti-NMDAR encephalitis commonly occurs
in young females, but has been reported in males and
females of all ages (from 8 months to 85 years)
[13,16,18,22]. .

Prodromal symptoms such as fever, headache, upper
respiratory symptoms, vomiting, and diarrhea are
observed in 48-86% of patients within 2 weeks before
hospital admission [14,17,30]. The initial symptoms of
anti-NMDAR encephalitis are evenly distributed
between psychotic and neurologic. However, the sever-

ity and sequence of the symptoms such as memory loss,

confusion, emotional disturbances, psychosis (delusions
and hallucinations), dyskinesis, decrease in speech intel-
ligibility, and seizures vary [14,17,18]. During the course
of the disorder, 76-77% of patients have seizures, most
commonly tonic-clonic seizures [14,17]. Patients pre-
senting with psychosis are often treated with antipsy-
chotic agents [16,24-26]. Sequentially, dyskinesis
(especially orofacial), involuntary movement, spastic
rigidity, echolalia, ataxia, refractory seizures, and
decreased level of consciousness are observed
[14,17,30,31]. Some patients develop drastic involuntary
movements and spastic rigidity, and have high levels of
creatine kinase [17,31]. Days-weeks later, autonomic
instability often causes cardiac arrhythmia, hypoten-
sion, and central hypoventilation, requiring intubation
or pacemakers [14,17). Patients show gradual improve-
ment in motor and cognitive functions. The median
duration of hospitalization is in the range of 2-
2.5 months (range, 1-14 months) [17,30],
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Results of conventional investigations including
examination of CSF, brain imaging, and EEG are non-
specific for anti-NMDAR encephalitis. CSF analysis
revealed lymphocytic pleocytosis in many cases (68—
91%), oligoclonal banding and increased CSF protein
level within the first few days after the onset of neurolog-
ical symptoms [17,22,30]. EEG demonstrated epileptic
discharge or slowing of waves [17,22,30]. A unique elec-
trographic pattern “Extreme delta brush” may be asso-
ciated with a more prolonged illness [30,32]. There are
some reports that EEG showed generalized rhythmic
delta activity with a nonconvulsive status epilepticus
[33,34]. In MRI, few patients showed hyperintensities
on T2-weighted sequences or FLAIR images of the med-
ial temporal lobes, corpus callosum, or cerebral cortex
[17,18,22,30]. The results of brain PET were limited,
but all the patients showed abnormal frontotemporal,
occipital, and cerebellar hypermetabolism [22,35]. The
identification of anti-NMDAR antibodies is critical for
the diagnosis of anti-NMDAR encephalitis, because
other clinical examination results are nonspecific.

4. Detection of anti-NMDAR antibodies

The laboratory approach to the detection of anti-
NMDAR antibodies involves indirect or direct examin-
ations. Indirect immunofluorescence on cryopreserved
sections or primary cell cultures of the rodent brain
may be a good screening test in patients suspected of
having autoimmune encephalitis regardless of having
autoantibodies for brain antigens or not {12,22]. The
lysates of human embryonic kidney (HEK) cells ectopi-
cally expressing NR1 or NR1-NR2 heteromers and the
peptide of the NMDAR subunit were used in in vitro
enzyme-linked immunosorbent assay (ELISA) [17]. A
cell-based assay is an immunoassay of culture cells
(i.e., HEK cells) transfected with the complementary
DNA (cDNA) representing the single or assembled
NRI-NR2 subunits [12,36]. The cell-based assay is a
more specific and sensitive evaluation system for detect-
ing autoantibodies recognizing conformational extracel-
lular epitopes of NMDAR [12,36].

Rapid quantitative evaluation systems for detecting
autoantibodies against extracellular epitopes of
NMDAR are necessary, because paraneoplastic anti-
NMDAR encephalitis has a better prognosis after
tumor resection and immunotherapy (corticosteroids,
intravenous immunoglobulins, or plasma exchange)
[12,17,18]. Thus, the establishment of cells stably
expressing functional NMDAR is desirable. However,
Ca** influx through NMDAR activated by glutamate
and glycine present in a culture medium is toxic to non-
neurons [37]. We reported a method to rapidly analyze
the presence and function of autoantibodies against
NMDAR using cultured cells (HEK293T) that stably
expressed mutant NMDAR with decreased Ca®"
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permeability on a heterologous cell surface [36]. The
level of the anti-NMDAR antibody in serum of the
patients is significantly higher than that in the CSF
[13,22,38].

5. Treatment and prognosis

A randomized controlled trial of the treatment for
anti-NMDAR encephalitis has not been reported. When
the patients were diagnosed as having anti-NMDAR
encephalitis, the immunotherapy including high-dose
intravenous corticosteroids, intravenous immunoglobu-
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lins, plasma exchange, cyclophosphamide, azathioprine,
mycophenolate mofetil, tacrolimus, methotrexate, and
monoclonal antibodies (e.g., rituximab) was used in
sequence or in combination [14,17,18]. Although a few
patients recovered to their normal state with supportive
care alone, most of the patients required further treat-
ments such as tumor resection and immunotherapy
[17,18,39]. Thus, Dalmau et al. proposed that the tumor
(an ovarian teratoma or a testicular tumor) should be
removed when present [39]. When tumor is not present,
they prefer the first-line therapy with intravenous immu-
noglobulins, methylprednisolone, plasma exchange [40],

Merge

Fig. 3. Internalization of cell surface NMDAR subunits in Chinese hamster ovary (CHO) cells induced by patient’s antibodies (reproduced from
[36]. The £2/(1-(A-C and G-I) and {1I- (D-F and J-L) subunit-transfected CHO cells were incubated with the patient’s antibodies at 37 °C (A-F) or
4°C (G-L) then fixed and observed by confocal laser microscopy. The fluorescence signal of EGFP (green; A, D, G, and J) and the
immunofluorescence signals of the antibodies in the serum (magenta; B, E, H, and K) samples from patients were detected and merged with the signal

of DAPI (blue; C, F, 1, and L). Scale bar: 25 um.
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or their combinations. If no response is observed after
10 days, they prefer to start the second-line therapy with
rituximab [41] or cyclophosphamide [42]. The patients
who did not improve with the first line immunotherapy
may have better outcome due to the second line immu-
notherapy [18]. For patients showing a good response,
the treatment shifts to supportive care and tumor sur-
veillance. The level of anti-NMDAR antibodies in
CSF and serum usually decreases when patients show
substantial clinical recovery [15,17,22,43].

Recovery may take 2 years or longer, and the patient
may not always retumn to their former levels of motor
function and cognition [14,17,18,44,45]. In a cohort of
252 patients, 81% experienced complete or near-com-
plete recovery (Modified Rankin scale scores of 1-2)
and 10% (14/252) died [18]. Relapses have been reported
to occur in 20-30% of patients [14,17,18,22,46], and the
occurrence is higher in patients without immunotherapy
[18,46]. This finding suggests the benefit of early immune
suppression and tumor resection.

6. Pathology

The clinical features of anti-NMDAR encephalitis
correspond to the state caused by the change in the
activity of NMDAR. Anti-NMDAR encephalitis is con-
sidered to be antibody-mediated because anti-NMDAR
antibodies are detected in the serum or CSF of most
patients, anti-NMDAR encephalitis has a better prog-
nosis after tumor resection and immunotherapy, and
antibody levels are related to clinical outcomes

[15,17,22,43]. Furthermore, the reversibility of the disor-

der, irrespective of the duration of symptoms, suggests
an immune-mediated neuronal dysfunction rather than
irreversible degeneration [17,47].

Acute stage

These features indicate that anti-NMDAR antibodies
do not mediate neuronal death by hyperactivation of
NMDAR or complement or cytotoxic T-cell mecha-
nisms, but that these antibodies recognize extracellular
epitopes of NMDAR and change NMDAR functions.
The mechanisms underlying the pathogenic effects were
proposed, including attenuation of NMDAR function
by internalization and degradation of NMDAR by
anti-NMDAR antibodies associated with paraneo-
plasms, such as ovarian tumors [36,39,47]. The internal-
ization of NMDAR with anti-NMDAR antibodies was
suggested by a biochemical study and a study using pri-
mary cultured neurons [36,47]. We detected the immu-
nofluorescence signals of autoantibodies in the
cytoplasm in addition to the membrane in cells express-
ing NMDAR (Fig. 3) [36]. The antibodies in patients
with anti-NMDAR encephalitis lead to the loss of sur-
face NMDAR by antibody-mediated internalization,
resulting in the attenuation. of NMDAR function
[39,47]. In anti-NMDAR encephalitis, autoantibodies
crossreacting with NMDAR are produced against
tumors or pathogens (Mycoplasma pneumonia [14),
influenza viruses A and B, Chlamydophilia pneumoniae,
Bordetella pertussis, Bordetella parapertussis [15], and
Epstein-Barr virus [48]). Anti-NMDAR antibodies
may be produced in subarachnoid space, because the
patients with NMDAR encephalitis had significant
B-cell expansion in CSF and infiltration of plasma cells
around vessels or in CSF [17,49-51}. This intrathecal
production of autoantibody may be important factor
associated with poor prognosis or resistant to first-line
immunotherapy with intravenous immunoglobulins,
methylprednisolone, plasma exchange. On the other
hand, it is also considered that the leakage of antibodies
from vessels into the brain occurs in the patients,

Chronic stage
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Fig. 4. Schematic models of the possible mechanism underlying the development of anti-NMDAR autoimmune encephalitis. At the acute stage,
autoantibodies against NMDAR leak into CSF through the disruption of the blood-brain barrier. Intrathecal production of anti-NMDAR
antibodies are also suggested. Anti-NMDAR antibodies induce the internalization of NMDAR. The decrease in the expression level of neuronal
surface NMDAR results in neuronal hypoactivity. At the chronic stage, after the Jevel of anti-NMDAR antibodies produced by plasma cells
decreases and the blood-brain barrier is restored, the level of anti-NMDAR antibodies in CSF decreases. The NMDAR is expressed on the neuronal

surface again, and neuronal functions recovers.
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because there are some reports that the anti-NMDAR
antibody levels in serum are significantly higher than
that in CSF [13,22,38]. Finally, anti-NMDAR antibod-
ies in CSF disrupt the interactions between EPHB2R
and NMDARs [52], which results in the attenuation of
NMDAR function through the internalization of
NMDAR (Fig. 4). At the chronic stage, after the level
of anti-NMDAR antibodies produced by plasma cells
decreases and the blood-brain barrier is restored, the
level of anti-NMDAR antibodies in CSF decreases.
The NMDAR is expressed on the neuronal surface
again, and neuronal functions recovers (Fig. 4).

7. Conclusion

Anti-NMDAR encephalitis with central nerve or psy-
chiatric symptoms is detected in a significant percentage
of patients with acute encephalitis. The early and precise
examination for the presence of anti-NMDAR antibod-
ies is necessary, because the prognosis of these patients
may be improved by early treatment. The pathologic
mechanism underlying the development of anti-
NMDAR encephalitis has been elucidated gradually in
in vitro studies, but the optimal treatment has not yet
been clarified. Further studies are required including
those of additional cases and animal models of anti-
NMDAR encephalitis to clarify in detail the mechanisms
underlying the development of anti-NMDA encephalitis.
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Hospital. 2Department of Pediatrics, National Epilepsy Center, Shizuoka Institute of Epilepsy and Neurological Disorders. *Depart-

ment of Surgery, Gion Ushita Hospital.
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EE:epileptic encephaloputhy (West syndrome, EIEE, Lennox-Gastaut syndrome, ctc.), SGE:symptomatic generalized epilepsy,
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BOEENG

CABE: childhood absence epilepsy, TGE:idiopathic generalized epilepsy, JME:juvenile myoclonic epilepsy,
IPE:idiopathic partial epilepsy, FLE:frontal lobe epilepsy, OLE:occipital lobe epilepsy, TLE:temporal lobe epilepsy,

mTLE: mesial temporal lobe epilepsy, PLE:parictal lobe epilepsy, PE:partial epilepsy, Ras:Rasmussen syndrome,

CSWS :epilepsy with continuous spike and wave complex during slow wave sleep, UDE:undetermined epilepsy,

Dravet: Dravet syndrome, PME:progressive myoclonus epilepsy.

A. Barthel score
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izt T A% AMEIER 199 BIDRARR O RFIRM & KBEOREERT.
Holl I MO BHNE () %, H 7 213FY+SD #FRT. A ADL i3 Barthel score (http://www.patient.co.uk/printer.asp?doc=40001654) 2T\
T 20 MEEUCEE L7, B TADAREDOTRI, RIFEHEICLY 237 0 (HERD), | CREAN, 2 (BHAD), 3 (EBRE), 4 GOH) 1255,
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2 DQ LY A7 0 (IQDQKIY), 1 (IDQ=34-20), 2 (IQ/DQ=49-35), 3 (IQ/DQ=69-50), 4 (IQ/DQ=79-70), 5 (IQ/DQ=80) I, E: §
EEEIEAD7 0 (BHREEOLO GV ELER), | EREERH2PAFEFIIEITER), 2 GEREERIZW) I, FIEBEEIIAD
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