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reduced expression of T-bet by SNPs could inhibit the onset
of autoimmune inflammatory diseases. T-bet deficiency has
been shown to be protective against myasthenia gravis,
inflammatory bowel diseases, multiple sclerosis, rheumatoid
arthritis and type 1 diabetes mellitus (Ji et al., 2011). We
speculate that intact T-bet activity without SNPs reducing
Th1 differentiation do not disturb the adequate production
of pro-inflammatory cytokines and CTLs, and the subsequent
onset of RS.

We identified three SNPs (rs231775 and rs231779 in
CTLA4; rs2227982 in PDCD1) as some of the SNPs associ-
ated with onset of Japanese RS. We need further studies
in other populations to confirm these genetic associations.
At the early stage of RS, patients usually manifest infre-
quent seizures and mild unilateral hemispheric dysfunction,
so that a diagnosis of RS is difficult to establish. These
genomic markers may contribute to early diagnosis of RS
before the appearance of typical clinical characteristics,
and early initiation of immunomodulatory treatments may
result in better outcome. Furthermore, we want to con-
duct multivariate analysis including genetic predisposition
(SNPs), age, sex, medication, etc. in larger numbers of
patients and Japanese controls with clear background.
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Abstract

We herein report the case of a 26-year-old woman with anti-N-methyl-D-aspartate receptor NMDAR) en-
cephalitis presenting with ophthalmoplegia and flaccid paraplegia. She developed disorientation and halluci-
nation after fever and vomiting. Hypothermia, hypoventilation, hypertension, paralytic ileus and hyponatremia
were present. Neurological examination showed mild consciousness disturbance and bilateral ophthalmoplegia
on admission, flaccid paraplegia with leg areflexia on Day 4. Anti-NMDAR antibodies were detected in the
serum and cerebrospinal fluid samples. Motor nerve conduction velocity was decreased in the tibial and per-
oneal nerves. F-wave amplitudes were reduced in the tibial nerve. MRI disclosed lesions in the callosal sple-
nium, hippocampus and cerebral subarachnoid regions. In addition to various encephalitic symptoms, physi-
cians should pay more attention to peripheral nerve damage in patients with anti-NMDAR encephalitis.

Key words: anti-NMDA receptor encephalitis, Guillain-Barré syndrome, Miller Fisher syndrome, transient

splenial lesion, hyponatremia, SIADH

(Intern Med 52: 2811-2815, 2013)
(DOI: 10.2169/internalmedicine.52.1065)

Introduction

Anti-N-methyl-D-aspartate receptor (NMDAR) encephali-
tis typically occurs in young women with neuropsychiatric
symptoms followed by seizures, consciousness disturbance,
language dysfunction and involuntary movements. Patients
frequently develop central hypoventilation and dysautono-
mia (1-6). Ovarian teratoma is also an underlying patho-
genesis in young women with this encephalitis (1-6).

Recently, anti-NMDAR encephalitis has been reported in
several patients with other autoimmune disorders in the cen-
tral nervous system, including multiple sclerosis, neuromye-
litis optica and similar conditions (7-10). The full clinical
spectrum associated with anti-NMDAR antibodies is likely
to widen with increasing recognition. However, little is

known about the peripheral nerve involvement, including
Guillain-Barré syndrome (GBS) and Miller Fisher syndrome
(MFS) (11, 12). We herein report a patient with ophthalmo-
plegia and flaccid paraplegia with leg areflexia during the
course of anti-NMDAR encephalitis.

Case Report

A 26-year-old woman experienced a fever, anorexia and
vomiting, and was diagnosed with acute gastroenteritis at a
neighboring clinic. Three days later, disorientation and ab-
normal speech were observed, and the patient was admitted
to our department. Physical examination showed hypother-
mia (34.3C), a high blood pressure of 144/94 mm Hg and
the loss of bowel sounds. Her consciousness state was
slightly drowsy with visual hallucination. Ocular movements
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Figure 1.

A transient splenial lesion on MRI. A) T2-weighted imaging. B) DWIL. A hyperintense le-

sion was found in the callosal splenium. C) The ADC map showed a hypointense splenial lesion.

were impaired in all directions of both eyes. The pupillary
size was equal (2.0 mm), and light reflexes were normal on
both sides. Other cranial nerves were normal. Muscle stretch
reflexes were normal and plantar responses were flexor. The
remaining function was normal, including the motor, the
sensory and the cerebellar system. Routine laboratory stud-
ies showed serum sodium levels of 124 mEq/L and plasma
antidiuretic hormone (ADH) levels were 2.5 pg/mL (normal
ranges of 0.3-3.5 at normal serum sodium levels). Plasma
ADH levels were not suppressed by marked hyponatremia.
Urine volumes were 0.9-1.2 L/day, and urine sodium levels
were more than 20 mEqg/L. Central venous pressures (CVP)
was 10-13 cm H:O. Serum and cerebrospinal fluid (CSF)
samples were analyzed for anti-NMDAR antibodies using an
enzyme-linked immunosorbent assay (13-15) and cell-based
assay (2). Serum and CSF levels of antibodies to GluRe2-
NT2, GluRe2-CT1, GluR {1-NT and GluR§2-NT were in-
creased respectively at 2-10 folds compared to controls.
Both serum (1:40) and CSF (1:2) reacted with human em-
bryonic kidney (HEK293) cells transfected complementary
DNA encoding NR1 and NR2B subunits of NMDAR. Se-
rum levels of antibodies to gangliosides GM1, GD1a, GD1b,
GQIb and GTla were not detected. Serological tests of anti-
nuclear and voltage-gated potassium channel antibodies were
negative. Pathogen tests for Campylobacter jejuni, Myco-
plasma pneumoniae, cytomegalovirus, Epstein-Barr virus,
rubella virus, herpes simplex virus and other viruses were
negative. Chest X-ray, electrocardiography and carotid ultra-
sonography were normal. Abdomen X-ray disclosed marked
retention of gastrointestinal gas. At 4 days after neurological
onset (Day 4), hypoventilation and flaccid paraplegia were
present. Muscle stretch reflexes were reduced in the upper
extremities and absent in the lower extremities. A CSF study
exhibited protein of 139 mg/dL, 246 mononuclear cells/mm®
and normal cytology. Myelin basic protein was increased to
787 pg/ml (normal <102). Oligoclonal immunoglobulin G
band was not detected. Motor and sensory nerve conduction
studies were performed on Day 6. Motor nerve conduction
velocity (MNCV) was decreased in the peroneal (37.1 m/s)

and the tibial nerve (38.9 m/s). That of the median and the
ulnar nerve was 58.0 m/s and 48.1 m/s, respectively. Ampli-
tudes of compound muscle action potentials were within the
normal ranges in these nerves. Sensory nerve conduction ve-
locity and amplitudes of sensory nerve action potentials
were within the normal ranges in the median, the ulnar, the
peroneal and the sural nerve. F-waves were elicited in the
median (94%), the ulnar (100%) and the tibial nerve (94%).
Amplitudes of F-wave were decreased in the tibial nerve.
Electroencephalogram showed slow waves, predominantly in
the frontal region. Auditory brainstem response and short-
latency somatosensory evoked potentials using the stimula-
tion in the median nerve were normal. Brain magnetic reso-
nance imaging (MRI) was performed on Day 2. T2-
weighted imaging and diffusion-weighted imaging (DWI)
disclosed a hyperintense lesion in the central splenium of
the corpus callosum. The apparent diffusion coefficient
(ADC) map showed a hypointense lesion in the callosal
splenium (Fig. 1). Fluid-attenuated inversion recovery
(FLAIR) imaging displayed hyperintense lesions in the me-
dial temporal lobes and the cerebral subarachnoid regions
(Fig. 2). Second brain MRI revealed no splenial lesion on
Day 9. Spinal cord MRI was unremarkable. Pelvic MRI ex-
hibited a small massive lesion in the left ovary (Fig. 3). Gy-
necological examination and the radiological finding
strongly suggested a diagnosis of ovarian teratoma.

Clinical course and treatment. mechanical ventilator was
used from Day 4. The patient was treated with intravenous
immunoglobulin (0.4 g/kg/day for five days) twice on Day 5
and Day 17. Her consciousness disturbance, hypothermia,
respiratory failure, dysautonomia and hyponatremia were
gradually ameliorated. When external ophthalmoplegia be-
came severe on Day 14, the pupillary size was 3.5-4.0 mm
and light reflexes were mildly sluggish on both sides. There
were no brainstem lesions on conventional and gadolinium-
enhanced follow-up MRI. Intravenous methylprednisolone
(1,000 mg/day for three days) was administered on Day 35,
followed by prednisolone (50 mg/day, per os). The patient
was removed from mechanical ventilation on Day 40. Oph-
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Figare 2. Hippocampal and cerebral subarachnoid lesions on MRI. FLAIR imaging showed hy-
perintense lesions in the medial temporal lobes and the cerebral subarachnoid region.

Figare 3. An ovarian lesion on pelvic MRI. A) Axial T2-weighted imaging. B) Axial T1-weighted
imaging. C) Sagittal T2-weighted imaging. A small mass (26 mm in long diameter) was found in the

left ovary (arrows).

thalmoplegia and lower limb muscle weakness were attenu-
ated concurrently. Three months after admission, ocular
movements, muscle strength and muscle stretch reflexes in
the lower extremities were normalized. MINCV was normal
in the peroneal (45.5 m/s) and the tibial nerve (46.9 m/s) on
Day 177. Amplitudes of F-wave were also normal in the tib-
ial nerve. The electrophysiological alternations from the
early stage to the recovery stage suggested a mild degree of
demyelinating neuropathy in the lower limbs. Neurological
deficits were ameliorated completely. She refused surgical
resection of the left ovarian tumor. We have investigated the
patient carefully at the outpatient departments of neurology
and gynecology.

Discussion

We reported a distinct patient with GBS-like condition of
ophthalmoplegia and lower limb muscle weakness during
the course of anti-NMDAR encephalitis. In addition, the
present patient had marked hyponatremia and a transient
splenial MRI lesion.

In general, NMDARs are ligand-gated cation channels

and can play a crucial role in synaptic transmission and
plasticity. The receptors are heteromers of NRI1 subunits
binding glycine and NR2 (A, B, C or D) subunits binding
glutamate (16). NR1 and NR2 combine to express receptor
subtypes with distinct pharmacological properties, localiza-
tion and the ability to interact with intracellular messengers.
Overactivity of NMDARs causing excitotoxicity is an under-
lying mechanism of epilepsy, dementia and stroke whereas
these hypoactivity induces neuropsychiatric symptoms of
schizophrenia (17-19). In 100 cases reported by Dalmau et
al. (3) and 44 cases reported by Irani et al. (6), the common
early clinical features included seizures, confusion, amnesia,
behavioral changes and psychosis. The later distinctive as-
pects revealed conscious disturbance, involuntary movements
and dysautonomia. The present patient experienced no invol-
untary movements and epileptic seizures during her entire
clinical course, although hypothermia and hyponatremia
were present. Hypothermia was described in only three (3%)
of 100 patients with anti-NMDAR encephalitis (3). On the
other hand, as a possible etiology of hyponatremia, syn-
drome of inappropriate secretion of ADH (SIADH) or cere-
bral sodium wasting syndrome (CSWS) was suspected in
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Table.

Previous and Present Cases of Anti-NMDAR Encephalitis and Peripheral Nerve Involvement

Reference Number  Age/sex Tumor Interval between anti-NMDAR encephalitis and Anti-NMDAR antibodies Serum antibodies T Progr
(Reported years) peripheral nerve diseases to liosid

11 (2011) 19 years/man Absence Anti-NMDAR encephalitis on Day 37 of GBS Anti-NR1/NR2B antibodies Negative [Vig, mPSL  Sequelae
12 (2011) 23 years/'woman  Absence Anti-NMDAR encephalitis on Day 2 of MFS Anti-GluRe 2, anti-NRI/NR2B Anti-GQlbIgG, IVIg, mPSL Good

PRI

Ovarian O
teratoma

26 years/woman legia on admissi

Present case

p and flaccid paraplegia
on Day 7 of anti-NMDAR encephalitis

antibodies anti-GTla IgG
Anti-GluRg 2-NT2,anti-GluR  Negative

g 2-CT1, anti-GluR { [-NT,

anti-GluR3 2-NT,

anti-NR I/NR2B antibodies

IVIg, mPSL  Good

GBS: Guillain-Barré Syndrome, IVIg: intravenous immunoglobulin, MFS: Miller Fisher syndrome, mPSL: methylprednisolone, ND: not described, NMDAR: N-methyl-D-aspartate receptor

the present patient. The volemic state has been pointed out
as the most crucial factor for the differential diagnosis of
both syndromes. The plasma volume is normal or increased
in SIADH patients whereas that is decreased in CSWS pa-
tients. The urine volume is normal or decreased in SIADH
patients. CSWS patients have polyuria and dehydration
symptoms (20). The present patient had normal CVP and
urine volume without dehydration signs. These laboratory
findings supported the diagnosis of SIADH rather than
CSWS. Dilutional hyponatremia due to SIADH was not
mentioned in previous review and case series reports of anti-
NMDAR encephalitis (1-6). Interestingly, SIADH is uncom-
mon in GBS patients. A previous study suggested that a
mild to severe degree of SIADH occurred in 24 of 50 pa-
tients (48%) at some stages of GBS (21). The peripheral
nervous system is rarely affected in patients with anti-
NMDAR encephalitis (11, 12). The previous cases are sum-
marized in Table.

In a case reported by Tojo et al. (11), a 19-year-old man
developed limb muscle weakness and dysesthesia at 2 weeks
after flu-like symptoms of cough and rhinorrthea. MNCV
was decreased in the median and the tibial nerve with con-
duction block. No sensory nerve action potentials and F-
waves were elicited. The patient was diagnosed with GBS.
Psychomotor agitation was present on the 37th hospital day.
Immunoreactivity against heteromers of NR1/NR2B subunits
was positive in the serum and CSF samples. No serum IgG
antibodies to GM1 or GQ1b were detected. In another case,
a 23-year-old woman had an antecedent respiratory infec-
tion. One week later, she developed diplopia and unsteady
gait. On the 2nd hospital day, mental and behavioral
changes were noted. MNCV and compound muscle action
potentials were normal. F-wave amplitudes were decreased
in the median and the tibial nerve. Serum levels of IgG anti-
bodies to GQ1b and GT1a were increased. IgM and IgG an-
tibodies to GluRe2 and NR1/NR2B were detected in serum
and CSF samples. The coexistence of MFS and anti-
NMDAR encephalitis was considered. In the present case,
the distinct neurological profile revealed extraocular and leg
muscle paralysis with lower limb areflexia. The present and
two previous patients experienced prodromes of respiratory
or gastrointestinal infection. High frequency of preceding in-
fection has been reported in patients with GBS and anti-
NMDAR encephalitis. Whether there is the similar patho-
genesis or incidental co-morbidity between these diseases re-
mains unclear. Parainfectious common autoimmune reactions

can trigger the development of anti-NMDAR encephalitis
and acute demyelinating neuropathy.

With respect to the radiological hallmarks of anti-
NMDAR encephalitis, the brain MRI findings were unre-
markable in 45 of 100 patients described by Dalmau et
al. (3). The remaining 55 patients had T2- or FLAIR-
hyperintense lesions in the hippocampus, the cerebellum, the
cerebral cortex, the frontobasal and insnlar regions, the basal
ganglia and the brainstem. The most common lesion was
found in the medial temporal lobes. The lesion of the corpus
callosum was reported in 4 patients. Follow-up MRI was
normal in most of patients (3). Otherwise, transient splenial
lesion (TSL) was described in a variety of diseases or condi-
tions, including encephalopathy, epileptic seizure and anti-
epileptic medication (22-24). However, there are no litera-
tures of the diffusion-restricted TSL in patients with anti-
NMDAR encephalitis. Brain DWI and ADC map findings
have not been noted in patients with this type of encephali-
tis. In the present patient, the nonspecific encephalitic condi-
tion and STADH may have contributed to the transient re-
striction of water diffusivity in the callosal splenium.

In conclusion, we highlighted GBS-like deficits, SIADH
and TSL in a patient with anti-NMDAR encephalitis. Physi-
cians should pay more attention to the cranial and the pe-
ripheral motor nerve involvement. Further clinico-
immunological examination is needed to elucidate the full
spectrum of anti-NMDAR encephalitis or its partial overlap-
ping with other neurological autoimmune diseases.

The authors state that they have no Conflict of Interest (COI).

References

1. Vitaliani R, Mason W, Ances B, Zwerdling T, Jiang Z, Dalmau J.
Paraneoplastic encephalitis, psychiatric symptoms, and hypoventi-
lation in ovarian teratoma. Ann Neurol 58: 594-604, 2005.

2. Dalmau J, Tiiziin E, Wu HY, et al. Paraneoplastic anti-N-methyl-
D-aspartate receptor encephalitis associated with ovarian teratoma.
Ann Neurol 61: 25-36, 2007.

3. Dalmau J, Gleichman AJ, Hughes EG, et al. Anti-NMDA-receptor
encephalitis: case series and analysis of the effects of antibodies.
Lancet Neurol 7: 1091-1098, 2008.

4. Dalmau J, Lancaster E, Martinez-Hernandez E, Rosenfeld MR,
Balice-Gordon R. Clinical experience and laboratory investigations
in patients with anti-NMDAR encephalitis. Lancet Neurol 10: 63-
74, 2011.

5. Florance NR, Davis RL, Lam C, et al. Anti-N-methyl-D-aspartate
receptor (NMDAR) encephalitis in children and adolescents. Ann

2814

- 201 -



10.

11.

12.

13.

14.

Intern Med 52: 2811-2815, 2013 DOI: 10.2169/internalmedicine.52.1065

Neurol 66: 11-18, 2009.

. Irani SR, Bera K, Waters P, et al. N-methyl-D-aspartate antibody

encephalitis: temporal progression of clinical and paraclinical ob-
servations in a predominantly nonparaneoplastic disorder of both
sexes. Brain 133: 1655-1667, 2010.

. Kruer MC, Koch TK, Bourdette DN, et al. NMDA receptor en-

cephalitis mimicking seronegative neuromyelitis optica. Neurology
74: 1473-1475, 2010.

. Motoyama R, Shiraishi K, Tanaka K, Kinoshita M, Tanaka M.

Anti-NMDA receptor antibody encephalitis with recurrent optic
peuritis and epilepsy. Rinsho Shinkeigaku 50: 585-588, 2010.

. Johnston J, Ali K, Pearson OR, Rickards C, Vincent A. Multiple

sclerosis: a potential association with anti-N-methyl D-aspartate
receptor encephalitis. J Neurol Neurosurg Psychiatry 81: e56,
2010.

Yamamoto M, Kokubun N, Watanabe Y, Okabe R, Nakamura T,
Hirata K. NMDA receptor encephalitis in the course of recurrent
CNS demyelinating disorders: a case report. Rinsho Shinkeigaku
53: 345-350, 2013.

Tojo K, Nitta K, Ishii W, et al. A young man with anti-NMDAR
encephalitis following Guillain-Barré syndrome. Case Rep Neurol
3:7-13, 2011.

Hatano T, Shimada Y, Kono A, et al. Atypical Miller Fisher syn-
drome associated with glutamate receptor antibodies. BMJ Case
Rep 2011; 2011. pii: bcr0820103228. doi: 10.1136/
ber.08.2010.3228.

Takahashi Y, Mori H, Mishina M, et al. Autoantibodies to NMDA
receptor in patients with chronic forms of epilepsia partialis con-
tinua. Neurology 61: 891-896, 2003.

Takahashi Y. Infections as causative factors of epilepsy. Future
Neurol 1: 291-302, 2006.

16.

17.

18.

19.

20.

21.

22.

23.

24.

. Takabashi Y. Limbic encephalitis and autoantibodies against
GluRe2. Neuroinfection 12: 39-44, 2007.

Lynch DR, Anegawa NI, Verdoorn T, Pritchett DB. N-methyl-D-
aspartate receptors: different subunit requirements for binding of
glutamate antagonists, glycine antagonists, and channel-blocking
agents. Mol Pharmacol 45: 540-545, 1994.

Coyle JT. Glutamate and schizophrenia: beyond the dopamine hy-
pothesis. Cell Mol Neurobiol 26: 365-384, 2006.

Waxman EA, Lynch DR. N-methyl-D-aspartate receptor subtypes:
multiple roles in excitotoxicity and neurological disease. Neurosci-
entist 11: 37-49, 2005.

Lau CG, Zukin RS. NMDA receptor trafficking in synaptic plas-
ticity and neuropsychiatric disorders. Nat Rev Neurosci 8: 413-
426, 2007.

Cerdad-Esteve M, Cuadrado-Godia E, Chillaron JJ, et al. Cerebral
salt wasting syndrome: review. Eur J Intern Med 19: 249-254,
2008.

Saifudheen K, Jose J, Gafoor VA, Musthafa M. Guillain-Barré
syndrome and SIADH. Neurology 76: 701-704, 2011.

Takanashi J, Barkovich AJ, Shiihara T, et al. Widening spectrum
of a reversible splenial lesion with transiently reduced diffusion.
AJNR Am J Neuroradiol 27: 836-838, 2006.

Maeda M, Shiroyama T, Tsukahara H, Shimono T, Aoki S, Takeda
K. Transient splenial lesion of the corpus callosum associated with
antiepileptic drugs: evaluation by diffusion-weighted MR imaging.
Eur Radiol 13: 1902-1906, 2003.

Sekine T, Ikeda K, Hirayama T, Suzuki A, Iwasaki Y. Transient
splenial lesion after recovery of cerebral vasoconstriction and pos-
terior reversible encephalopathy syndrome: a case report of ec-
lampsia. Intern Med 51: 1407-1411, 2012.

© 2013 The Japanese Society of Internal Medicine
http://www.naika.or.jp/imonline/index.html

2815

- 202 -



Short Communieation

Association of Acute Cerebellar Ataxia and
Human Papilloma Virus Vaccination:

A Case Report

Chihiro Yonee!

Mitsuo Toyoshima'!  Yoshihiro Maegaki? Yuichi Kodama'

Hiroshi Hayami3

Yukitoshi Takahashi# Susumu Kusunoki® Ayumi Uchibori® Atsuro Chiba® Yoshifumi Kawano'

TDepartment of Pediatrics, Graduate School of Medical and Dental
Sciences, Kagoshima University, Kagoshima City, Kagoshima, Japan

2pivision of Child Neurology, Institute of Neurological Science, Tottori
University Faculty of Medicine, Yonago City, Tottori, Japan

3Department of Urology, Graduate School of Medical and Dental
Sciences, Kagoshima University, Kagoshima City, Kagoshima, Japan

4Department of Pediatrics, National Epilepsy Center, Shizuoka
Institute of Epilepsy and Neurological Disorders, Shizuoka City,
Shizuoka, Japan

5Department of Neurology, School of Medicine, Kinki University,
Sayama City, Osaka, Japan

6 Department of Neurology, School of Medicine, Kyorin University,
Mitaka City, Tokyo, japan

Neuropediatrics

Address for correspondence and reprint requests Mitsuo Toyoshima,
MD, PhD, Department of Pediatrics, Graduate School of Medical and
Dental Sciences, Kagoshima University, 8-35-1 Sakuragaoka,
Kagoshima City, Kagoshima 890-8520, japan

(e-mail: toyoshim@m2.kufm.kagoshima-u.ac.jp).

Introduction

Acute cerebellar ataxia (ACA) is a common neurologic disor-
der characterized by acute-onset truncal ataxia and gait
disturbances, occasionally in combination with nystagmus.
It may develop after viral infections, particularly, varicella.!
ACA has also been linked to vaccination against varicella
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zoster virus (VZV)? and hepatitis B3 However, no previous
reports described of an association between ACA and the
human papilloma virus (HPV)-16/18 AS04-adjuvanted cervi-
cal cancer (HPV-16/18) vaccine. We report the case of a
patient who developed ACA after administration of the
HPV-16/18 vaccine (Cervarix; GlaxoSmithKline Biologicals,
Rixensart, Belgium).
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Case Report

The female patient was the first child of healthy, nonconsan-
guineous Japanese parents with an unremarkable family
history. Her delivery was uneventful, and she had good health
and normal development as a child. At the age of 2 years, she
was infected with varicella but recovered without complica-
tions. At that time, she was not vaccinated against VZV and
hepatitis B virus.

At the age of 12.5 years, she suddenly developed nausea,
vertigo, severe limb and truncal ataxia, and persistent nys-
tagmus without fever. Twelve days before her symptom onset,
she had received the HPV-16/18 vaccine. No prodromal
infectious diseases were reported 2 months before the vacci-
nation. At symptom onset, she was examined by an otolaryn-
gologist and an ophthalmologist; their evaluations were
normal. Her symptoms persisted, and she was referred to
our hospital 20 days after symptom onset.

On admission, her physical examination was unremark-
able. Neurologic examinations revealed bilateral spontaneous
continuous horizontal nystagmus with irregular rhythm that
was not inhibited by visual fixation. Finger-nose and heel-
knee-shin tests revealed severe limb ataxia with terminal
intention tremor and dysmetria. She was able to sit unaided
but could not stand unsupported. Her deep tendon reflexes
were mildly increased in bilateral upper and lower extremi-
ties. She showed no disturbance of consciousness, convul-
sions, pathologic reflexes, dysarthria, facial or limb sensory
loss, facial or limb weakness, cranial nerve impairment, other
involuntary movements such as myoclonic jerks, or behav-
joral changes such as irritability.

The following laboratory tests were normal: complete
blood cell count; coagulation and fibrinolysis; blood chemis-
try; Greactive protein; blood glucose; blood ammonia; a-
fetoprotein; neuron-specific enolase; total serum immuno-
globulin G (IgG, 1,111 mg/dL), IgA (151.0 mg/dL), and IgM
(262.0 mg/dL) levels; complement; antiganglioside autoanti-
bodies (GM1, GM2, GM3, GD1a, GD1b, GD3, GT1a, GT1b,
GQ1b, and Gal-C); anti-triosephosphate isomerase antibody;
antiglutamate receptor 62 antibody; anticardiolipin IgG;
anti-p,-glycoprotein-1 antibody; antinuclear antibody;
anti-single-stranded DNA antibody; anti-double-stranded
DNA antibody; plasma and urine amino acids; blood lactate
and pyruvate; urinalysis; and urinary vanillylmandelic acid
and homovanillic acid. The patient was seropositive for IgG
against VZV but negative for igM. The presence of antibodies
against the Epstein-Barr virus suggested previous infection.
Cerebrospinal fluid examination was normal, including white
blood cell count (2/uL), total protein (29 mg/dL), glucose, IgG
index, lactate, pyruvate, oligoclonal bands, and myelin basic
protein. Bacterial and viral cultures of cerebrospinal fluid
were also negative. Brain magnetic resonance (MR) imaging,
MR angiography, single-photon emission computed tomog-
raphy, abdominal computed tomography, whole body galli-
um-67 scintigraphy, echocardiography, electrocardiogram,
electroencephalogram, motor and sensory nerve conduction
velocity, and auditory brainstem responses revealed no
abnormalities.

Neuropediatrics

She was diagnosed with ACA after clinical and laboratory
findings ruled out other known causes of cerebellar ataxia,
including posterior fossa tumor, neuroblastoma, cerebrovas-
cular disease, acute labyrinthitis, and metabolic disorders.
ACA is usually self-limiting; however, her symptoms were
severe and did not improve spontaneously. Therefore, three
courses of intravenous methylprednisolone pulse therapy
(1,000 mg/d for 3 consecutive days) were administered
starting on day 25. Intravenous immunoglobulin (IVIG) ther-
apy was then administered at 400 mg/kg for 5 consecutive
days starting on day 44. However, neither limb and truncal
ataxia nor the severe continuous horizontal nystagmus im-
proved, and she was barely able to watch television, read, or
stand without support.

Immunoadsorption plasmapheresis (IA) therapy was ad-
ministered seven times a month starting on day 65. Plasma
was separated from the cellular component using a mem-
brane-type plasma separator (OP-05; Asahi Medical, Tokyo,
Japan) and then passed through a TR 350 unit (Asahi Medical)
to remove autoantibodies. After only two IA treatments,
nystagmus began to stop intermittently during visual fixa-
tion, and both dysmetria and intention tremor began to
improve. After 19 IA treatments (day 134), her symptoms
abruptly and completely disappeared with the total serum
IgG level reduced to 354 mg/dL. From day 220, the intermit-
tent nystagmus without ataxia was observed again. Thereaf-
ter, the symptoms became continuous, and the total serum
IgG level had increased to 899 mg/dL on day 325. The
following laboratory tests were normal: complete blood cell
count, coagulation and fibrinolysis, blood chemistry, G-reac-
tive protein, blood glucose, blood ammonia, neuron-specific
enolase, urinalysis, and cerebrospinal fluid examination,
including white blood cell count, total protein, glucose,
lactate, pyruvate, oligoclonal bands, and myelin basic protein
on day 328. Her brain MR imaging was normal. One course of
intravenous methylprednisolone pulse therapy was not ef-
fective; therefore, IA was started again on day 332. After five
JIA treatments her nystagmus was completely suppressed,
with the total serum IgG level reduced to 503 mg/dL on day
347. Although she complained of mild headache and nausea
almost every night after IA therapy, no other side effects, such
as infection, hypotension, or arrhythmia, were evident.

Discussion

Our patient developed ACA 12 days after administration of
the HPV-16/18 vaccine. Guillain-Barré syndrome (GBS) is
reported to be a frequent complication of a quadrivalent
HPV-6/11/16/18 vaccine (Gardasil).* However, her clinical
symptoms and diagnostic test results were apparently differ-
ent from the manifestations of GBS.

The mean age at ACA presentation was reported to be
4.8 + 3.8 years, with 70% of afflicted children aged 2 to
5 years.? The latency from the prodromal illness to ACA onset
wasreported tobe 9.9 + 7.9' or 8.8 + 7.4 days.’ Souayah et al
reported the distribution of time interval between quadriva-
lent HPV-6/11/16/18 vaccine and the occurrence of GBS
showed a peak within the first 2 weeks after vaccination.*
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Although this is a single case report, the rare age at ACA onset
and the strong temporal association with vaccination strongly
suggests that ACA was induced by the HPV-16/18 vaccine.

Although the pathogenesis of ACA remains unclear, an
autoimmune process triggered by molecular mimicry has
been proposed. No significant antibodies are detected in this
patient; however, the effectiveness of IA suggests that some
unknown antibodies were involved in the pathophysiology of
ACA. The HPV-16/18 vaccine contains the major capsid L1
protein of HPV-16/18,° which has a sequence similar to
certain human cell-adhesion molecules, enzymes, transcrip-
tion factors, and neuronal antigens.” Further research on
molecular mimicry between human proteins and HPV16
L1-derived peptide may provide important information on
the pathologic mechanism of ACA.

HPV is an epitheliotropic double-stranded DNA virus that
infects up to 80% of all women.® About 5 to 10% of adult
women do not clear the virus and therefore develop persis-
tent infection. Infection by high-risk HPV types is the single
most important factor in the development of cervical cancer.
The HPV-16/18 vaccine is highly effective in protecting
women against HPV-16/18 infection and associated cervical
lesions.®® Our patient recovered fully; therefore, such rare
instances of ACA after HPV-16/18 vaccination should not
deter women from immunization.

In our patient, truncal ataxia and nystagmus remained
unchanged after methylprednisolone pulse and IVIG thera-
pies. These symptoms were reported to be more common in
ACA patients exhibiting subsequent disability,1 so 1A was
performed. This treatment course resulted in complete abro-
gation of symptoms in association with serum IgG levels. IA
has been proposed for neurologic autoimmune diseases like
GBS'? because IA does not require supplementation of fresh
frozen plasma and albumin, which carry a risk of infection
and allergic reactions. To our knowledge, there are no previ-
ous reports describing IA in a patient with ACA. The rapid
improvement from the initiation of the therapy and a full
clinical recovery suggest that the IA may have shortened the
course of the disease. The first case presented here indicates
that IA is worth considering for treatment of severe ACA that
does not respond to steroid or IVIG therapy.

' ’:HP',\,/iyaccinatiy(‘)n, Yonee ef

In conclusion, ACA might be a rare side effect of the
HPV-16/18 vaccine. This case also indicates that IA is a
possible treatment for severe ACA unresponsive to steroid
or IVIG therapies.
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ABSTRACT

BACKGROUND: Acute cerebellitis is a rare inflammatory syndrome in children, with either infectious or autoim-
mune etiologies. PATIENT: We describe a 7-year-old girl with a presentation of cerebellitis following group A
streptococcal infection. RESULTS: Magnetic resonance imaging showed diffuse symmetrical swelling and edema
of the cerebellum resulting in compression of the fourth ventricle and hydrocephalus. Autoantibodies against
glutamate receptor 52 were detected in the cerebrospinal fluid, suggesting that the cerebellum might be injured
by postinfectious immunologic reaction. The most common causes of cerebellitis are acute viral infection,
postinfection, and following vaccination. No examples of acute cerebellitis following group A streptococcal
infection have been documented. CONCLUSION: Our report demonstrates that group A streptococcal can lead to

acute cerebellitis.

Keywords: cerebellitis, hemolytic streptococcal infection, autoantibodies against glutarnate receptor 82

Introduction

Acute cerebellitis is an inflammatory syndrome that is
often accompanied by fever, nausea, headache, and an
altered mental status in conjunction with acute onset of
cerebellar symptoms.! Children with acute cerebellitis may
or may not present with typical cerebellar signs; therefore,
neuroimaging may be the most useful method of demon-
strating cerebellar involvement. The characteristic mag-
netic resonance imaging (MRI) findings are diffuse cortical
swelling and high intensity of the cerebellum on
T2-weighted (T2-W) images. The most common causes
are acute viral infection, postinfection, and vaccination.
Frequently involved infectious agents include varicella
zoster, Epstein-Barr virus, rubella, pertussis, diphtheria,
and coxsackie viruses. Cerebellitis was caused by direct
invasion of the pathogen, effect of cytokine release, or
secondary immune response.? Glutamate receptor 82 is
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predominantly expressed in cerebellar Purkinje cells and
some cases of cerebellitis associated with anti-glutamate
receptor 32 antibodies have been reported.?3 Here, we
report a child with acute cerebellitis following group A
streptococcal infection. Anti-glutamate receptor 82 anti-
body was detected in cerebrospinal fluid (CSF). Our
patient demonstrates that group A streptococcus may be
considered in addition to the more common infective
agents.

Case report

A previously normal 7-year-old Japanese girl experienced gait
disturbance and slow speech 7 days after a mild upper respiratory
infection with symptoms of sore throat and rhinorrhea. She was treated
with antibiotics because group A streptococcal antigen was detected in
throat swab specimen. There was no family history of neurological
disorders and her psychomotor development was normal. Despite an
initial diagnosis of acute cerebellar ataxia, her symptoms gradually
worsened and she was admitted to a nearby hospital 5 days after the
onset. Brain computed tomography on admission showed swelling of
the cerebellum and mild hydrocephalus. Seven days after the onset, she
was transferred to our hospital because symptoms did not improve, On
admission, she was alert (Glasgow coma scale; E3 V5 M6) and irritable.
She had dizziness without nystagmus, hypotonia of upper and lower
extremities, and could not sit by herself. Deep tendon reflex was
normal and finger-nose test was poor. Heart rate was 122 beats/minute,
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respiratory rates were 18 breaths/minute, and body temperature was
37.5°C. Blood examination was normal and CSF analysis revealed 86
cells/mm> (polynuclear/mononuclear cells = 2/84), protein 36 mg/dL,
and glucose 72 mg/dL. Anti-streptolysin O antibody was elevated to
1264 1U/mL (range: 0-244 IU/mL). Bacterial cultures of blood, CSF, and
throat swab were all negative.

MRI demonstrated swelling and diffuse high intensity in the cer-
ebellum and cerebral ventricular dilation on diffusion-weighted im-
aging (DWI), not obvious on T1-, T2- weighted or fluid-attenuated
inversion-recovery (FLAIR) (Fig 1A). Considering the treatable cer-
ebellitis, she had been treated with intravenous immunoglobulin (1 g/
kg/day for 1 day, one course), ceftriaxone, and acyclovir until infection
of herpes simplex virus was ruled out. The next day, she received
methylprednisolone pulse therapy (30 mg/kg/day for 3 days, one
course). An electroencephalograph showed normal finding. Brain
single-photon emission computed tomography (SPECT) revealed mild
hypoperfusion in the cerebellum (Fig 1B). On day 12, MRI revealed
high intensity in the cerebellum on T2-weighted image and FLAIR,
further magnetic resonance spectroscopy (MRS) was performed to
assess brain metabolism and showed the peak N-acetylaspartate/
creatine ratio was 0.49 in the cerebellum (Fig 2). This low N-acety-
laspartate/creatine ratio indicated neural cell damage. The ataxia
gradually improved. MRI on day 23 revealed improvement of swelling
and high intensity in the cerebellum on DWI, T2, and FLAIR. SPECT on
day 36 revealed further decrease of blood flow in cerebellum. MRS on
days 23 and 52 demonstrated improvement of N-acetylaspartate/
creatine ratio (0.58 and 0.98, respectively). She could leave the hos-
pital 1.5 months after admission, walking alone with normal gait, but
a slight action tremor remaining. Anti-glutamate receptor 82-N-ter-
minal and C-terminal antibodies on day 7 were positive in CSF
(enzyme-linked immunosorbent assay: optical density (OD) = 1.613,
normal range 0.274 + 0.147 standard deviation [SD] and optical
density (OD) = 1.634, normal range 0.316 + 0.171 SD, respectively),
and anti-glutamate receptor 82-C-terminal antibodies were positive
in serum (enzyme-linked immunosorbent assay: OD = 1.500, normal
range 0.580 + 0.172 SD). Polymerase chain reaction for herpes sim-
plex virus, adenovirus, and enterovirus in the CSF specimen was
negative.

Discussion

Acute cerebellitis is characterized by rapid onset of
cerebellar ataxia following an infection or vaccination.
Although etiology remains unknown in many patients,
varicella zoster virus, Epstein-Barr virus, mycoplasma, and
rotavirus have been reported as causative pathogens of
there have been reports of

cerebellitis."* Recently,

cerebellitis complicated with rotavirus infection, including
chronological MRI/MRS and SPECT*® As previously re-
ported, MRI-DWI sensitively showed swelling and high in-
tensity in the cerebellum and was helpful for diagnosis of
cerebellitis. Furthermore, MRS demonstrated low N-acety-
laspartate/creatine ratio in the early stage in present case
report. Decline in N-acetylaspartate indicates neural cell
damage, though this change is not specific for cerebellitis.*®
N-acetylaspartate, which declined on day 23, increased on
day 52. Decline of N-acetylaspartate was reversible, and
improvement of cerebellar symptoms might be correlated
with the recovery of N-acetylaspartate in the present pa-
tient. There are a few reports of perfusion-SPECT in
assessing cerebellitis and acute cerebellar ataxia. It has
been reported that hypoperfusion might indicate a post-
infectious autoimmune response, whereas hyperperfusion
might reflect the immune-mediated demyelination of
cerebellitis.”8

Glutamate receptor 32 is predominantly expressed in
cerebellar Purkinje cells, which play a crucial role in
cerebellar functions.> Anti-glutamate receptor 32 autoan-
tibody has also been reported in. patients with acute
cerebellar ataxia and acute or chronic cerebellitis.>>° In a
patient with acute cerebellitis, anti-glutamate receptor 52
antibody in serum was detected at an early stage, which is
different from our patient.? Although the exact mecha-
nism is unclear, it was suggested that acute cerebellitis
might be caused by some autoimmune reaction because
anti-glutamate receptor 82 antibody was positive in CSF.
Although it could not be excluded, the possibility of cross-
reactivity of anti-streptolysin O antibody and anti-
glutamate receptor 32 antibody was also considered the
possibility of association with postinfectious immune
reaction and pathophysiology of cerebellitis. The neuronal
cells damage resulting from immune reaction may be
prevented by early therapeutic intervention, including
intravenous immunoglobulin and steroids. It has been
reported that high-dose steroids at an early stage
improves cerebellar swelling and clinical prognosis.®
Because acute cerebellitis occurs during various clinical
courses, appropriate treatment must be applied for each
patient. Most patients will recover without administration

FIGURE 1.

(A) Magnetic resonance imaging—diffusion-weighted imaging revealed swelling and high intensity in the cerebellum. (B) Single-photon emission computed
tomography demonstrated mild hypoperfusion in the left cerebellum compared with in cerebral cortex.
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MRS showed the N-acetylaspartate (NAA)/creatine (Cr) ratio in the cerebellar hemisphere was 0.49. Although data are not shown, they showed a similar

result in the cerebellar vermis (the NAA/Cr ratio = 0.53).

of any specific treatments or steroids. In some literature,
management of acute cerebellitis has been reported.
Steroids are a first-line treatment when signs are moder-
ate or severe. Further, severe headache or disturbed
consciousness with cerebellar swelling on neuroimaging
should be treated with steroids. If brainstem compression
is developing, appropriate surgical intervention should be
undertaken. Although the accurate role of steroids

remains unclear, the appropriate treatment including
high-dose steroids should be initiated in a life-threatening
instance with hydrocephalus or brainstem involvement, as
reported previously.!” Hence, it is necessary to make a
diagnosis more quickly and accurately, depending on
the evaluation of clinical course and MRI/MRS. The dila-
tion of cerebral ventricular and compression of the
brainstem improve in this girl, suggesting that intravenous
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immunoglobulin and steroid treatment might be effective.
Further investigations are needed to clarify the role of
autoantibodies, especially in relation to the pathogenesis
of cerebellitis.
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The human genome consists of our species, the hereditary code of life. This newly revealed text was 3 billion letters long,
written in a strange and cryptographic four-letter code. Such is the amazing complexity of the information carried within
each cell of the human body, that a live reading of that code at a rate of one letter per second would take thirty-one years,
even if reading continued day and night. Putting these letters out in regular font size on normal bond paper and binding them
together would result in a tower the height of the Washington Monument. For the first time on that summer morning this
amazing script, carrying within it all of the instructions for building a human being, was available to the world,

Francis S. Collins
The Language of God
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Fik, 2o UCCHEMBEORENREERE) THORELA
Ldhhoiz,

%8 (Fig. 1 &#, BE BEFRRIDMIcE b%

*Corresponding author: BB A S ERBERAENERL (T 227-8501 #E/IEHENFEREN L 1-30)
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Hospital days 1 13 26
Admission Discharge
Atypical lymphocytes (%) 19 negative
GOT (U/1) 331 28 37
GPT (U/D) 355 77 70

Swollen tonsils

Hepatosplenomegaly

Cerebellar ataxia

Methylprednisolone (pulse therapy)

Prednisolone

...
‘-_

y.. . .

1g/day

Fig. 1 Clinical course after admission.
The patient was admitted because of infectious mononucleosis. After the admission her condition improved. But on
hospital day 4, she suddenly developed cerebellar ataxia in the trunk and four limbs. We diagnosed acute cerebellar ataxia
and performed methylprednisolone pulse therapy. After this therapy, her cerebellar ataxia improved over a few days.

Table 1 Previously reported cases presenting cerebellar ataxia accompanied with anti-GluR82 antibody.

Age

Anti-GluR$2 antibody  Abnormal MRI findings

Case (years) Sex Antecedent disease Duration of the illness py— CSF in the cerebellum
Sugiyama et al.” (2004) 3 M Diarrhea, vomiting More than 16 months + + -
Usui et al.” (2011) 13 F Vaccination (MR) More than 9 months + + -
Shimokaze et al.” (2007) 13 M  Unknown Less than 3 weeks + +
Kubota et al.” (2008) 4 F Vaccination (DPT) 20 months - + -
Ichikawa et al.” (2009) 2 F Respiratory infection More than 9 months + unknown -
Shiihara et al.” (2007) 1 M Respiratory infection, Varicella 2 months + + -
Present case 18 F Epstein-Barr virus infection 3 weeks - + -

CSF: cerebrospinal fluid, MR: measles and rubella, DPT: diphtheria, pertussis and tetanus.

ACA LZHL, B13HWAPLAFLTL F=V OV IULA
Wik (L000mg/ HE 3 HE, EHEE) 2BI%Ww, &
BWT7L F=v o r%220mg/ HL DETRES L. F0
BE ZBHFHEIPOERIEFICHEL, F26 WA ICHE
TBEEL 7=

£ £

ACA X7 7 F VB FATRE 2 BICRRO/NRERS
HEL, BREEERIS S L LEL LN TS, $ACAIZ,
BECFRICEEORPESY 7 F BRIl &, ER
PEETHEALHL L, BERBESLEGR EORERR

EFEICHA THEI LR Y, REFP—BETIRRNI LD
BRI Twa Y KEOLHITEB YA VAL ACA
BEOFHRICZNZ ALY BESWEARSDHE IR
B, FOREBFEIZEB VA VAOEEREH? LHuEs
R PEEISNTRABFRETH 2. FETHHMERK
#D EB 7 1 VA DNA i VCA (IgM, IgG) HfEHEHT
HY, EBUVANVZAOBEN~OEERE 2 RET 3BT
A ool dt, HEHERICH GuRS2 Hikx Lt D74
PEREIIZ R VWAOHRTH 3.

YU GURS2 itk # BRI LA EB 7 A W ABSED 5 it IM
B0 ACA FEFILBEICHREN 2 VDT, FHAELRE LA
RREERITBEIC 66V HESR TS (Table 1). Wi
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IRV 7 2 BRSEAK 82 Fufh % o & o f A/ N SR IR AE

N EEGITH & OFATERD 5 V3T 7 5 BRI 5E
FE LT B BUEAR & BT 2205, SERO TR H R I 5
L OB B OBERE Y — Y IE—E LTy, &5
12, PiGIuRS2 FifkaVNRBEEORRE L CHEESND DR
INFREEOERTHHOPIZOVTIIHERVEL SN TIWE
WS, GIuRS2 ¥ 7= v b 2% Purkinje MM ST L /N
BRICH5- LT A Z b b, Purkinje M O REE L R
ROREE T HESEATRIBEEN S, H GluRs2 FLiE w5/ MK EE
EOFEREAESND LT HEEIRT 5 OB —a%E
VT I 1 B % AR L 7= Shimokaze 5 © O#RE T, RIE
12X D /NS E S, GluRS2 7=y hANEREL,
PESR S MR, 2 WIS EP LA I c B Lo b #
#LTWw5. Shimokaze b DIEB] © 13AHB L UMb BE#RE
5 99779 & = ¥ 7 b GHER MRI T/NREE PN RETTRE
EhBoTWAE, ABIE L UMOBERE 4619970 Lok
%0 ARSI B R A L O W EAHLET B0, K
BlLdFRiE s L s L EbIS. —7F, FEH5 Y, Kubota
& 7, Shithara & ¥ TSRS &2 HE & T 5 RIEFEOH
FEA2A L CHE S N/-H GluRs2 Jukr/ MlBEE~ & /- L7
LEBELTWE. Zhb O 3ERCRPMEISEROREEH
Wh RS2 8k, BRIl ELREEEEL T
7T e RTET A, BB TIERN LI GluRs2 Tk DR
BT, REMETOATHEHGSEELES N -BEY
BAFEICSLE LAS/2 A, A7 04 FEFUC LY TLH2 I
BMLI-CEDERTHLEB VA VAR L-RE
BRI & ) FHED RN TR S ACA % B L 7= HE
HEDSE X b, ACA FE & SBATIRSB L UHL GluRS2 Hifk
L OREMEE BT 50 S BROENERIRFENS.
AFRCOFEE L, #5200 B HAMEFLEW - BEELFS (2012
E£3H3H) KWTRERELL.
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Abstract

A case of acute cerebellar ataxia following infectious mononucleosis accompanied
by intrathecal anti-glutamate receptor 62 antibody

Hidetomo Murakami, M.D."®, Shoji lijima, M.D.?, Mitsuru Kawamura, M.D.?,
Yukitoshi Takahashi, M.D.? and Hiroo Ichikawa, M.D.?

PDepartment of Neurology, Showa University Fujigaoka Hospital
YDepartment of Neurology, Saiseikai Kanagawaken Hospital
Department of Neurclogy, School of Medicine, Showa University
“Department of Pediatrics, National Epilepsy Center, Shizuoka Institute of Epilepsy and Neurological Disorders

An 18-year-old woman was admitted because of sore throat and pain in the epigastric region. On admission, she
presented with swollen tonsils and hepatosplenomegaly. Blood examinations revealed the presence of atypical
lymphocytes, liver damage and anti-VCA IgM and IgG antibodies. These findings led to diagnosis of infectious
mononucleosis. After admission, her condition improved, but on hospital day 4, she suddenly developed cerebellar ataxia
in the trunk and four limbs. Cranial MRI findings were normal. Cerebrospinal fluid (CSF) collected on hospital day 6
showed normal cell counts and normal concentrations of protein and glucose. EB virus DNA and anti-VCA IgM and IgG
antibodies were negative and glutamate receptor 82 antibody was positive in CSF collected on hospital day 11. We
diagnosed acute cerebellar ataxia (ACA) and performed methylprednisolone pulse therapy. After this therapy, her
cerebellar ataxia improved over a few days. This is the first reported case of ACA after EB virus infection presenting
with glutamate receptor 52 antibody in CSE The glutamate receptor 52 subunit is expressed on cerebellar Purkinje cells.
Therefore, the presence of the antibody may be associated with cerebellar dysfunction. In the present case, secondary
immune reactions after EB virus infection may have produced the antibody. '

(Clin Neurol 2013;53:555-558)
Key words: infectious mononucleosis, acute cerebellar ataxia, Epstein-Barr virus, anti-glutamate receptor §2 antibody
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itk & R — S DR

——— GluRe2hiF (NR2BDLA)
=—— —HRERIC T AR

——@ SRR IR T RREE T I PR

Key Words : NMDA-type GluR, GluRe2, GluN2B,
nonherpetic acute limbic encephalitis,
Rasmussen syndrome

JIVE 3 BB RAF(GIUR)

GURIAMEEENE TH D/ VY 3 VBOF
BIKT, A4V F v FVEEAGBBEPFET B2,
A4 F ¥ F v 2 IVEGIRITEE A |2 N-methyl-D-
aspartate (NMDA) !, non NMDAZ! & orphaniZ

53 & 1, non NMDAZ#! iZalpha-amino-3-hy-
droxy-5-methyl-4-isoxazolepropionic acid (AMPA)
BEehA = VBRI GEINS, A4V F v RV
BGURICEZEHEDY T1=y M ¥ Y, 5F%
MEIFETA(FR1)., 7222y MEINk
PRI H D, 4 ODBEEETSEETCE
FHIRENICH B EEEETH S (K 1-A). gl
PHHET, <7 AORETHNTH S Ofr% (GluRel
%E) T v b DEGFETS, D Of% (NR2AZ

F1 ELETINEICBRREY T 12y bOagE, HEESRIBHA

Sub- Nomenclature of subunits | Plasticity of | Learning & | Neural pattern| Voluntary Expressi
families | Mice Rat IUPHAR | synapse* | memory' | formationt |movement® pression
AMPA ol-4 | GluRl4 | GluAl4
Kainate | B1-3 GluR5-7
vi.y2 | KAL KA2 GluK1-5
NMDA el NR2A GluN2A O O diffuse
€2 NR2B GluN2B O @) Forebrain
3 | NR2C | GluNeC Cerebellar
granule cell
e4 | NR2D | GluN2D o | Thalamus,
brain stem
4! NR1 GluN1 diffuse
1 NR3A GluN3A
%2 NR3B GluN3B
GluRS 51 51 GluD1 Inner hairy
cell
Cerebellar
52 82 GluD2 Purkinie cell

* TP, 'Morris water maze, fBrainstem trigeminal complex,  Open field test, [TUPHAR : International Union

of Basic and Clinical Pharmacology.

* Antibodies to GluRe2 (NR2B)—Significance in neurological diseases.

** Yukitoshi TAKAHASHI, M.D., Ph.D., Shigeko NISHIMURA, Emiko TAKAOQ, Risa KASAI & Hiromi HIRAMATSU :
ENREERE TAPA - BEERt Y 5 —(5420-8688 # R T2EX %511886) ; National Epilepsy
Center, Shizuoka Institute of Epilepsy and Neurological Disorders, Shizuoka 420-8688, Japan.

ok 3E B KFERFEIR/NERRES ; Department of Pediatrics, School of Medicine, Gifu University, Gifu, Japan.
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A. subunit

B. hetero-tetramer complex

C. hetero-trimer complex

GluN1 GluN2B
(NR1, Glu1) (NR2B, Glue2)
Calreticulin
A ‘
BEB06000
a-actinin 2_ g

e Calmodulin

[ Ca2+

1 NMDARJ I %3 L BSEEDIBEE

A NMDAB V¥ I VEEZBEDT 712y P O#EER, MENCHENENLLL4ODOEE
WEML AR, HBERENC CRIFAET 2 HEREL L > Twh. B,C:NMDAEI S V¥ I VB
ZZE(NR) X, SEY 722y FTHAGUNI(GuR{1) (NR1) &, GluN2A-D(GluRel-4) (NR2A-
2D) & A\ WMEIGIuRY1-2(NR3AB) L Wo 2T EF 722wy A4 D, HITE I 2&E& L 4=,
3EFEEL & 5 Tvb (Mol Cell Neurosci 2001;48:30820k W51H). D4 EAXEEICE, &
EY Ty PETMEY Ty POBELADERAENY - DHB L ENTWAE. E NROLELR,
AEFBEISZAEABELWMECRYT. 83722y b CREWCEY 7V RERDSF
2 ENEELTwA, (Inactivation of NR1 by Ca-CaM . Cell 1996 ; 84 : 745-55, Neuron 1998 ; 21 :
443-53. Interaction with NMDA-R locks CaMK II . Nature 2001 ; 411 : 801. Ca influx by anti-

calreticulin antibodies : Neurosci Res 2000 ; 36 : 28590 & ¥ 51 )

&), 20094224 E] & 7z International Union of
Basic and Clinical Pharmacology (IUPHAR) O 4y
ZiE(GUN2AZ ) 2B Y, b, ¥YX, Fv
F OEEFEFNCIEA 7% ) AERIED S 5. NMDA
FIGluRiZ, ZEE 7 AGluN1({1) (NR1) &,
GluN2A-D (e1-4) (NR2A-2D) & 5\ * 1 ZGIuN3A-B (x 1-
2) (NR3A3B) L oot 7 2=y bS40F 72
33 0&A L4 BFREIEI3ERBE(ES
)& L) (E1-B,C), BADFT1=v P&
Ny = BB EEINTWA(H1-D). NMDA
FIGIRIZA F v Fr 2 VE LTOREDOAE S
$, FF T2y FOMBAD CREXAA LI
1378 4 OMEAERES FRE L, MiRAE

FEEICLES5 5 (M 1-E). GuRDAIERH#E
BRIIZIEIC -0, & S ICHIRERERERDIR
BIZHGURIZESES L T 599,

GIURHLIEDRITE EREDER

GuRIZIZEFRED L) IS FLERY T 773
=, 722y MSHEDT, ZOECHME
WHEFESELRVDDDY, RELOP DY
PHfFE SN TE,

19944F |ZRasmussenfEEHE T, AMPARIGluR
D—DONH T 1=y +THAHGuA3(GluR3) i2xf
THEHED, 7a—TVas vEHETHEWIALI
70y bEB L UGluR3 % transient transfection
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A) Cell-based assay
2
1. [GIuN1 (NR1)+GluN2A (NR2A) ]
2. [GIuN1(NR1)+GIluN2B (NR2B) ]
B) Immunoblotassay [ e Y
3. whole molecule of GIuN2B (NR2B) Lo
C)ELISA / 6]
4. GIUN1(NR1)-NT vard
5. GIuUN1(NR1)-CT
5 i\
6. GIuN2B (NR2B)-NT2
7. GIUN2B(NR2B)-M3-4 inseee | i
8. GluN2B(NR2B)-CT N BOBBBRY
GluN1 ——+F i <— GluN2B
(NR1) " (NR2B)

2 NMDAEL /L& I VEARAEMFRIEE & % OMEER

RIEETEE 2 NMDAR 7 )V & 3 VERZ A (NR) WA A HURIERE L £ OE
BRI AR, AL 2ROV Ty b R EMREEICEE YT, £E
OHEMIRAFET & 7 U A S % /5 THUR &+ 5 NMDARIGIuRELE (St
ONMDARHFE), 2 @ [GluN1(NR1) +GluN2B (NR2B) ] % %3 & ¢ 7-HEKHH3
»PLE &3 5 HEE, NR1Land or NR2ZBOHIREAL F A 4 Y 2B & § 54T
»A. B:GUN2BY 7 1=y o FER T EGTFHEARZNIH3THRATF b
GHL 7Y YU ATFLTEBRL, FOMEFEYVA-MEREE LTS A/ 70y
b CHIET PR, GluRe2HfE & T, GIuN2B(e2)&EBSFEIEL LTH
FAOEZEHEELTARGERETS. C. V722 y bO—ED AL >
DERARTF FEHE L L-ELISATRIET AHUE. 6 ONR2B-NT2HfKIE, GluN2B

FFOHEANKORTF FeHRETLIAETH 5.

L 7-HEK# 3 % f 27z cell-based assay CTHE &
niz9. ZOWFEAGURILAE L RE & OBERSE
DIHEENTHA.

bHivbid, NMDARIGIURD—DDH 7 1=y

b T AGIUN2B (GluRe2) % NIH3 T3l |2 &%
FRAEZ LV REBE S, filakEY2—M %
R T YNVT I VERIKE (PAGE) %, =t
Lva—RRIEE UREE UL 3 ¥, ZXRIE
% AV CGURe2VEDFEEZHIET A4 L/ 70y

MEEREL L7 (H2-B)Y. ZOPRIZERTIE
[GuRe2BLE | LIFIEN T &7z, 20024123~
N ST RN ¢ (non-herpetic acute limbic
encephalitis : NHALE) % & €l & EHF] T GluRe2
PSS % S L7, 20034F |2 iZRasmussensE
BETOF— 5 2H/E L 729,

20075427 % &, Dalmau 5 IINMDAZIGluR®D
GluN1& GluN2AE 7213 GIuN2B 2 BE§ 5 R~
¥ — % transient transfection L 7-HEK#HiZ D #lkg
WRAL VI RBELZIIRET D, L D&EREI
EWETOECHEIEEZHEL, NETE
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ME % ) BUEDBRM A BT B HEFI O
#iTo72 (B 2-A)®. ZDcell-based assayiZ & 1)
W &N AHE (Dalmaudifk) (X 2 UL Lo Y7
=y MR FERRCEERET A L ShTwza®, 2008
F 2% o TDalmaub 1%, % < #*GluN1(NR1)
(GluR{1) DAL B A £ >~ (N %25-380) # = ¥
F=7ELT0BEHELTHEY, Zohifkid
HA T INMDAZEA4HA4], [NMDARHLfA]
EFHENTE .
Z N F TONMDARIGIURIZA§ 5 HifRlE
(4 &7 78y MZX AHGIuRe24 k" cell-based
assay(Z & V) Dalmaufiff) i3 EEME WD o
7275, 20084, HNbHNIFEGIUN2B(NR2B) D N

ARHERIAL B A 4~ (NR2B-NT?2), EE@IMI-M4

FIDMALI B A 4 > (NR2B-M34), C MR
K x4 ¥ (NR2B-CT) DR7F K% 4Rk L, ELISA
12X ) GIUN2BE F X 4 VKT A8k % L5
HETHREZERACL, HEOBNESH LI
BN RDOHEATEEIZ % o 72 (] 2-C) 0w,
2008 E&READOHT 5 1%, GluN1& GluN2B



