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could control their head at ages 3—6 (4.6 £ 1.2) months. Sitting
independently was possible in 13/15 patients between 7 and 25
(14.2 4 5.7) months, and walking independently in five between 29
and 72 months. All 15 female patients could smile, only four could
babble, and one could utter a word.

The male patient presented with West syndrome (epileptic
spasms and hypsarrhythmia) at 4 months, followed by generalized
epilepsy, which was intractable to antiepileptic drugs. Eight of the
15 female patients (53%) had epilepsy, with onset between 17 and
130 (mean, 60) months, including two with epileptic spasms
(no hypsarrhythmia), one with Lennox—Gastaut syndrome. EEG
showed variable abnormalities, the most common finding being

bilateral frontal spikes or spike and wave complexes in four patients.
The response to antiepileptic drugs was also variable.

MRl Findings

The representative MRI (Fig. 4) and MRI measurements (areas of
cerebrum, cerebellar hemnispheres, pons, and corpus callosum), and
the cerebrum/corpus callosum ratio of the controls and patients are
shown in Figure 5. The areas of all measured regions increased with
increasing age in the controls, whereas the cerebrum/corpus cal-
losum ratio decreased with age, reaching the adult value at around
age 5 years. In the CASK patients, the area of the cerebrum,
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cerebellar hemnispheres, and pons (Fig. 5a—c) were much reduced in
size when compared to controls, even in early infancy (after
4 months), and showed little size increase with age. The midline
corpus callosum area was normal or in the low-normal range in all
patients (Fig. 5d), appearing abnormally thick compared to the
small cerebrum. The cerebellum/corpus callosum ratio was low
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normal or low in all patients with ID and MICPCH associated with
CASK mutations (Fig. 5¢). No obvious malformations were seen
in the cerebral hemispheres in the 16 patients. In all five patients
with non-CASK-related pontine hypoplasia, the corpus callosum
was reduced in size and the cerebrum/corpus callosum ratio
was high.
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DISCUSSION

This study revealed or confirmed several important clinical and
radiological findings in Japanese patients with ID and MICPCH
associated with CASK mutations. First, their head circumference at
birth is within the normal range in about half, and birth height and
weight are frequently normal; followed by postnatal growth retar-
dation. Severe microcephaly develops usually within the first

4 months of life. Second, female patients acquire head control
almost normally (between 3 and 6 months), but this is followed by
motor delay. Third, more than half the female patients have
epilepsy. In addition, MRI analyses showed that microcephaly
and pontine and cerebellar hypoplasia develop in early infancy,
and the corpus callosum is normal in size but appears large because
the cerebrum is small. Finally, a male patient had a more severe
clinical phenotype.

Microcephaly (—4 SD) and diminished body weight (—2 SD)
became obvious after 4 months, while diminished stature (—2to —3
SD) noted after 4 years. These findings are similar to those in a
previous report of patients with CASK mutations in European
countries [Moog et al., 2011]. MRI revealed that the area of the
cerebrum is reduced in size after age 4 months, which was compat-
ible with the OFC measurement. If MRI was performed in the
neonatal period, it would confirm that the microcephaly observed
in ID and MICPCH associated with CASK mutations predomi-
nantly develops postnatally. Therefore, the climical diagnosis
at birth may be difficult, and assessment of postnatal growth,
especially OFC, is important in the diagnostic process,

The 15 females with CASK mutations developed head control
normally or were mildly delayed, but had marked motor delay
afterwards. A large majority (13/15) could sit alone between 7 and
25 months, but only 4/15 could walk without support between 2 and
6years. This may be related to the fact that the cerebrum in neonates
was often normal in size with no cerebral malformation on MRI.
As 7 of 11 patients who could not walk at their most recent
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evaluation were younger than 6 years, some might be expected to
acquire this ability in the future.

Epilepsy was present in more than half of the females (53%) in
this series, which is more frequent than the previously reported
frequency (32%; 8/25) in European countries [Moog et al., 2011].
Seizure onset was between 17 and 130 months (mean, 60 months),
and the epilepsy syndrome or seizure type was variable, similar
to the previous report of onset at 1-8 years with various types of
seizures [Moog et al,, 2011]. Because most females without epilepsy
were less than 6 years old, the frequency of epilepsy may be higher at
subsequent re-evaluations. Child neurologists should be aware that
epilepsy associated with ID and MICPCH due to CASK mutations
has a relatively late onset. The neurological symptoms or facial
features in the females were similar to those reported in European
patients [Moog et al., 2011], however, hypohidrosis and hyposen-
sitivity to pain were previously unrecognized. Although further
clinical study is necessary to evaluate the frequency or severity
of hypohidrosis and hyposensitivity to pain, ID and MICPCH
associated with CASK mutations should be considered in the
differential diagnosis of these symptoms.

The MRI findings in this case series confirmed the previous
report of a normal to low-normal size of the corpus callosum and
a low cerebrum/corpus callosum ratio with reduced areas of the
cerebrum, pons, and cerebellar hemispheres. As five disease con-
trols with pontine hypoplasia showed thinning of the corpus
callosum and a high cerebrum/corpus callosum ratio, the normal
size of the corpus callosum relative to a small cerebrum, which gives
an impression of callosal thickening, is an important imaging clue
for CASK mutations.

The growth pattern, neurologic development, neurological
symptoms, and facial features were similar in the 15 females
with loss-of-function mutations, which corresponds to previous
reports showing that mutations resulting in a null allele are associ-
ated with a characteristic pattern of ID and MICPCH in females
[Moog et al., 2011; Hayashi et al., 2012]. The one male in this study
showed similar growth pattern, facial appearance, and MRI find-
ings to the female patients; however, his neurologic manifestations
were more severe, with no motor development and early onset,
intractable epilepsy. Though it has been reported that CASK
missense mutations in males can cause milder phenotypes, such
as mild to severe ID with or without nystagmus, microcephaly, and/
or dysmorphic features [Hackett et al, 2010] or FG syndrome
[Piluso et al., 2009], their clinical features are distinct from ID and
MICPCH. FG syndrome entails relative macrocephaly, agenesis of
the corpus callosum, and mild ID with congenital nystagmus;
microcephaly or cerebellar hypoplasia is rare. The striking differ-
ence in clinical severity between the two groups of CASK mutations
might be explained by the different nature of the mutations;
hypomorphic missense mutations in males are likely to have a
relatively mild impact on protein structure and function, thus
leading to less severe phenotype than the null mutations in females.
Null mutations of CASKin males would be expected to causeamore
severe phenotype than in female patients, usually resulting in
prenatal or neonatal lethality. A partly penetrant CASK splice
site mutation was reported in a severely affected male with
MICPCH who died at 2 weeks [Najm et al., 2008]. In silico analysis
in the present male patient with ID and MICPCH (Patient 16)

showed the de novo missense mutation likely damaged and affected
protein function with no splice site disruption, however, the
functional CASK studies will be necessary to confirm the pathoge-
nicity of this mutation. To cdlarify the details of clinical and
radiologic features, it would be important to evaluate CASK in
males with severe psychomotor delay and the characteristic facial
appearance or MRI findings.

‘We thank the patients and families for their contribution to this
study.
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Abstract

Hemiconvulsion-hemiplegia—epilepsy syndrome is characterized by unilateral convulsions during fever, transient hemiplegia, and
subsequent partial epilepsy with atrophy in the cerebrum. A 9-year-old boy with a history of West syndrome and hypoglycemic
attacks had three episodes of epileptic status and clusters mimicking HHE syndrome over a 2-year period. Magnetic resonance
imaging revealed the involvement of the right and left cerebrums. Because no abnormalities were detected in an endocrine exami-
nation, screening tests for metabolic errors, or magnetic resonance spectroscopy, a diagnosis of metabolic errors was not supported.
Immunohistochemistry using the patient’s sera showed binding of the serum immunoglobulin with neurons in the temporal and
occipital cerebral cortices, indicating the possible involvement of autoimmune mechanisms in this case. Focal encephalopathy
should be considered in children showing convulsions, psychiatric disorders, and/or involuntary movements for several months
in a row. In such cases, immunohistochemistry using the patient’s sera may be useful for the investigation of the pathogenesis of

, the illness.
© 2011 The Japanese Society of Child Neurology. Published by Elsevier B.V. All rights reserved.

Keywords: Status epilepticus; Cluster; Hemiconvulsion-hemiplegia-epilepsy syndrome; Immunohistochemistry

1. Introduction ‘ convulsions during fever, transient hemiplegia, and sub-
sequent partial epilepsy with atrophy in the involved

Autoimmune encephalitis includes various entities, hemisphere [5]. Herein, we present the case of a boy who

such as Rasmussen encephalitis [1], non-herpetic acute had 3 episodes mimicking HHE syndrome over a 2-year

limbic encephalitis [2], and anti-N-methyl-p-aspartate period. Immunohistochemistry using the patient’s sera

(NMDA) receptor antibody encephalitis [3] Some showed binding of the serum immunoglobulin with the

authors have proposed a syndrome called subacute neurons in the involved cerebral cortex.

encephalopathy, which is characterized by delayed

worsening, mild cortical atrophy, and poor neurologic 2. Case report

outcome [4] Hemiconvulsion-hemiplegia—epilepsy

(HHE) syndrome is characterized by unilateral A 9-year-old boy was the first child born to nonconsan-

guineous healthy parents. There was no family history of
T Comesponding author. Tel: +81 3 6834 2334; fax: +81 3 5316 congenital metabolic errors or n.euromuscular diseases.
3150. He was born by a prolonged delivery 38 weeks after an

E-mail address: hayashi-ms@igakuken.or.jp (M. Hayashi). uneventful pregnancy. He had no perinatal distress, and

" 0387-7604/3 - see front matter © 2011 The Japanese Society of Child Neurology. Published by Elsevier B.V. All rights reserved.
doi:10.1016/j.braindev.2011.06.011
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his birth weight was 3146 g. At the age of 3 months, he
was diagnosed with West syndrome, and adrenocortico-
tropin (ACTH) therapy was administered. He developed
severe developmental delay and intractable epilepsy and
had undergone a corpus callosotomy at the age of 2 years.
Treatment with sodium valproate and zonisamide
decreased the frequency of his epileptic seizures. At the
age of 4, he had repetitive hypoglycemic attacks. How-
ever, no abnormalities were detected in endocrine tests,
blood amino acid analyses, or on urine organic acid pro-
files. The hypoglycemic attacks stopped when the patient
was started on a supplementary diet.

At the age of 6, he had a status of clonic convulsions of
the left hand 10 days after a varicella infection. Brain
magnetic resonance imaging (MRI) revealed high-

Fig. 1. Magnetic resonance imaging (MRI) changes. At the time of the
first epileptic episode (A, B), high-intensity signals of T2-weighted
images on brain MRI were seen in the subcortical white matter in the
right parietal and temporal cortices. At the time of the third episode,
‘the white matter of the left temporal and occipital lobes showed high
intensity in T2-weighted images (C, D) and edema in diffusion-
weighted images (E, F), in addition to the right cerebral atrophy.

intensity signals on T2-weighted images in the subcortical
white matter in the right parietal and temporal cortices
(Fig. 1A and B). On electroencephalogram (EEG), spikes
were scattered in the right frontal and central area. A cere-
brospinal fluid (CSF) examination did not indicate an
increase in cells or cytokine levels, and a polymerase chain
reaction (PCR) analysis failed to detect genomes of vari-
cella zoster virus. However, the levels of 8-hydroxy-
2'deoxyguanosine and total tau protein, which are the
markers of oxidative DNA stress and axonal damage,
respectively, were elevated (Table 1). Treatment with
gabapentin gradually relieved the convulsions, although
an MRI scan showed exacerbation of the brain atrophy
in the right cerebrum. At 1 year and 3 months after the
first status episode, he developed clusters of tonic and clo-
nic convulsions in the left face and arm that were accom-
panied with left paresis. The right parietal white matter
appeared as high-intensity areas in T2-weighted MRI
images. There was no change in the levels of CSF mark-
ers. The convulsions were finally ameliorated with lamo-
trigine: After 3 months, he developed a cluster of tonic
seizures in the right face in addition to paresis in the right
arm, indicating the occurrence of a third episode. On
MRI, white matter of the left temporal and occipital lobe
showed high-intensity areas in T2-weighted images
(Fig. 1C and D), in addition to edema in diffusion-
weighted images (Fig. 1E and F). On EEG, slow waves
were increased in the left frontal area. The levels of total
tau protein and interleukin (IL)-6 were increased in the
CSF (Table 1). The seizure in the face was controlled
gradually by increasing the dose of lamotrigine, although
an MRI scan showed brain atrophy in the left cerebrum.

There have been no further occurrences of epileptic
status or clusters for 1 year after the third episode, and
paresis has tended to improve. Magnetic resonance spec-
troscopy (MRS) did not reveal a lactate peak, and the
concentrations of lactic and pyruvic acids were normal
in the blood and CSF. Tests with an antibody against
glutamate receptor 82, but not €2, were weakly positive
in the CSF and moderately positive in the serum
obtained after the second episode, whereas the test
against glutamic acid decarboxylase was negative. In
order to visualize the binding of the antineuronal auto-
antibody with the brain tissue, we performed immuno-
histochemistry using the patient’s sera on 6-um serial
sections, including sections from the temporal and
occipital cortices, basal ganglia, and cerebellar cortex
from a 9-year-old control with no pathological changes
in the brain and who was dying of acute leukemia. The
sections were incubated with diluted sera obtained at the
second episode and at the convalescent period 2 months
after the third episode. Antibody binding was detected
by adding rabbit polyclonal antibodies against human
immunoglobulins (IgG, IgA, and IgM) (Dako,
Glostrup, Denmark). The pyramidal neurons showed
strong immunoreactivity, which was discriminated from
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Table 1 -
Summary of markers in the cerebrospinal fluid.
Episode Protein 8-Hydroxy-2’ Hexanoyl Total tau Neuron specific
(mg/dl) deoxy-guanosine lysine-adduct protein enolase
(ng/ml) (nmol/L) (pg/ml) (ng/mi)
Ist 27 0.114a 5.781 6140.473a 12
2nd 19.1 <0.06 <2.6 413.295 7.1
3rd 25.1 <0.06 <2.6 1381.5754 n/A
Cutoff 45 0.06 6 500 18
Episode IL-4 (pg/ml) IL-6 (pg/ml) 1L-8 (pg/ml) IL-10 (pg/ml) TNF-a (pg/mi)
1 <0.01 2.05 28.54 0.3 <0.06
nd <0.01 7.15 28.92 <0.11 <0.06
3 <0.01 12.62a 23.2 0.31 <0.06
Cutoff 0.12 10.9 118.47 0.97 0.06

A and n/A denote an increase over the cutoff index and no assessment, respectively.

the weak immunoreactivity in the neuropil, in the tem-
poral and occipital cortices (Fig. 2), but no immunoreac-
tivity was seen in the hippocampus, basal ganglia, or
cerebellar cortex with the serum obtained at the second
episode. This reactivity was not seen using the serum
obtained after convalescence.

3. Discussion

The cause of the brain disorder has not been identi-
fied in this case. The history of West syndrome and
intractable hypoglycemic attacks suggest the possibility
of congenital metabolic errors, and the repetition of
MRI changes in the white matter mimics mitochondrial
encephalopathy, myopathy, lactic acidosis, and stroke-
like episodes (MELAS). However, the lack of abnormal
data in the endocrine and metabolic tests using blood,
urine, and CSF, and the absence of a lactate peak on
MRS did not support the diagnosis of metabolic errors
or MELAS. This patient had three episodes of status
and clusters of partial seizures, paresis was found in
two episodes, and MRI showed focal abnormalities with
subsequent brain atrophy in the involved hemisphere.
These findings were partly similar to those of the HHE

syndrome [5]. However, the repetition of epileptic epi-
sodes is not observed in HHE syndrome. Although the
IL-6 levels in the CSF are increased in epileptic status,
the abnormalities of markers of DNA oxidative stress
and axonal damage at the first episode (Table 1) indi-
cated the possibility of encephalopathy [6]. Anticonvul-
sants, such as gabapentin and lamotrigine, seemed to be
effective; although the improvement may reflect the nat-
ural course of disease. In addition, the corpus callosoto-
my at the age of 2 years is likely to lead to the repetition
of hemiconvulsions.

In addition to Rasmussen encephalitis [1] and anti-
NMDA receptor antibody encephalitis [3], focal enceph-
alitis has been reported in Japan, and convulsions, psychi-
atric disorders, and/or involuntary movements persist for
months in this disease. MRI, single photon emission com-
puted tomography, or positron emission tomography
(PET) occasionally revealed focal lesions in the CNS. A
high dose of methylprednisolone and/or immunoglobulin
ameliorated the symptoms in patients, and the involve-
ment of autoimmune mechanisms was speculated. How-
ever, established antineuronal autoantibodies have not
been detected in these cases. Immunohistochemistry using
patient sera and brain sections verified the selective

Fig. 2. Immunohistochemical findings The pyramidal neurons (arrows) showed strong immunoreactivity, which was discriminated from the weak
immunoreactivity in the neuropil, in the middle temporal cortex in the control using serum obtained at the second episode (A). This reactivity was not

seen with serum obtained after convalescence (B).
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binding of autoantibodies with the neurons in the
hippocampus and striatum in patients with autoimmune
limbic encephalitis [7] and autoimmune dystonia [8],
respectively. We attempted such immunohistochemistry
in a 1-year-old girl, who developed aphasia and dystonia.
Neuronal immunoreactivity was detected in the cerebral
cortex and basal ganglia, and these areas demonstrated
abnormalities in fluorodeoxyglucose-PET study [9] In
this case, immunohistochemistry using serum obtained
from the second episode but not from that obtained
during convalescence revealed the binding of serum
immunoglobulin with the neurons in the sections. The
brain regions showing neuronal immunoreactivity were
in accordance with the symptoms and MRI findings. It
should be noted that focal encephalopathy that is charac-
terized by convulsions, psychiatric disorders, and/or
involuntary movements and that persists for months
may occur in children, and immunohistochemistry of sera
may be useful for clarifying the pathogenesis in such
patients. The Purkinje cellsin the cerebellar cortex express
glutamate receptor 82, and an autoantibody against this
receptor is involved in cerebellitis [10]. Since this case
showed neither cerebellar signs nor MRI changes in the
cerebellum, the reason for the positive test results of the
glutamate receptor 62 antibody is not clear. On the basis
of the immunohistochemical data and changes in the CSF
markers, we speculate the possible involvement of an
autoimmune process that was triggered by varicella infec-
tion in this case. However, the symptoms vanished in the
absence of immunomodulatory treatment. Even in Ras-
mussen encephalitis, the mere presence of an autoanti-
body cannot verify the involvement of autoimmune
process [1]. The exact pathomechanism in this case still
remains to be investigated.
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Abstract

Patients with epilepsy after encephalitis/encephalopathy (EAE) often have refractory seizures, resulting in polytherapy with the
risk of adverse reactions due to anti-epileptic drugs (AEDs). We focused on the characteristics of cutaneous adverse reaction (CAR).

In this retrospective study, the medical records of 67 patients who were diagnosed as having EAE in our hospital were reviewed
and the clinical characteristics were analyzed. Immunological biomarkers including cytokines, chemokines, granzyme B, soluble
tumor necrosis factor receptor 1 (s-TNFR 1), matrix metalloproteinase-9 (MMP-9) and tissue inhibitor of metalloproteinase-1
(TIMP-1) were measured in 22 patients. CARs attributed to AEDs were observed in 16 of 67 EAE patients (23.9%) (CAR group).
High CAR rates were observed with phenytoin, lamotrigine, phenobarbital, and carbamazepine. Severe CARs were found in three
of 67 patients (4.5%). The frequencies of CARs were significantly higher in patients with encephalitis onset older than five years of
age. CAR occurred only in patients who had onset of EAE within 6 months after encephalitis. The durations from acute encephalitis
to CARs were within one year for almost all AEDs, except lamotrigine. The proportion of patients with serumregulated on activa-
tion normal T cell expressed and secreted (RANTES) levels higher than the upper limit of normal range was significantly higher in
CAR group than in non-CAR group. Patients in the early stage of EAE and patients with encephalitis onset older than five years of
age may be at higher risk of CARs to AEDs, especially to phenytoin, lamotrigine, phenobarbital, and carbamazepine. RANTES
may be a biomarker for susceptibility to CARs in EAE patients.
© 2011 The Japanese Society of Child Neurology. Published by Elsevier B.V. All rights reserved.

Keywords: Epilepsy; Encephalitis; Cutaneous adverse drug reaction; RANTES; Antiepileptic drug

1. Introduction

Epilepsy after encephalitis/encephalopathy (EAE) is
reported to occur in 16.4% of patients with acute
encephalitis [20,2]. Epileptic seizures in patients with

* Corresponding author. Address: National Epilepsy Center, Shi-
zuoka Institute of Epilepsy and Neurological Disorders, 886
Urushiyama Aoi-ku, Shizuoka 420-8688, Japan. Tel.: +81 54 245
5446; fax: +81 54 247 9781.

E-mail address: yukimoga@szec.hosp.go.jp (Y. Mogami).

EAE are often intractable. Among 383 pediatric patients
admitted between 1993 and 1994 to our epilepsy center
for the treatment of intractable epilepsy, 40 patients
(10.4%) had EAE, 35 patients had epilepsy related to
cerebral malformation, and 14 patients had epilepsy
related to neuro-cutaneous syndrome [3]. Thus our data
suggest that encephalitis/encephalopathy (encephalitis)
is the most frequent etiology in pediatric patients with
intractable epileptic seizures in Japan. Intractable epi-
leptic seizures in patients with EAE tend to result in

0387-7604/$ - see front matter © 2011 The Japanese Society of Child Neurology. Published by Elsevier B.V. All rights reserved.
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polytherapy with AEDs, with the risk of adverse reac-
tion caused by AED:s.

Immunological mechanisms have been reported to be
involved in the acute stage of some types of encephalitis
[4-6]. Analysis of cytokine levels in influenza virus-asso-
ciated encephalopathy revealed that cytokines are pro-
duced by peripheral blood mononuclear cells (PBMC),
and that CSF IL-6 level is a useful indicator of the sever-
ity of disease [4]. The CSF concentrations of IL-6 in
patients with nonherpetic acute limbic encephalitis
(NHALE) were significantly higher than those in con-
trols (p <0.001) [5]. Antibodies to glutamate receptor
(GluR) are known to contribute to the pathophysiolog-
ical mechanisms in acute encephalitis inctuding NHALE
[6-8]. These immunological factors augmented by
encephalitis may persist from the acute to chronic stage
of acute encephalitis, and may affect EAE.

Cutaneous adverse reactions (CARs) are divided into
maculopapular exanthema, exanthema pustulosis,
Steven Johnson syndrome (SJS), toxic epidermal necrol-
ysis (TEN), and drug-induced hypersensitivity syndrome
(DIHS). Maculopapular exanthema is the most com-
mon CAR [9]. Although the pathophysiological mecha-
nisms of CAR have not been fully elucidated,
maculopapular exanthema may be ascribed to delayed
hypersensitivity reactions (type IV) with activation of
eosinophils and cytotoxic T cells (CTL) {10]. On the
other hands, recent studies of severe CARs including
SJS and TEN suggest that HLA-linked T-cell mediated
pathophysiology may be associated with SJS caused by
carbamazepine (CBZ) [11-13]. Cytokines are thought to
play a role in acute and/or immune-mediated adverse
drug reactions due to their ability to regulate the innate
and adaptive immune systems. They control both the
intensity and type of immune response mounted by
stimulating or suppressing different cells [9]. We investi-
gated the clinical characteristics of CARs, and
attempted to identify the immunological markers for
CARs in patients with EAE.

2. Methods

A total of 67 patients (39 males, 28 females) with a
diagnosis of EAE were treated in our epilepsy center
between February 1996 and May 2009. We conducted a
retrospective study by reviewing the medical records of
these patients and sending questionnaire to their primary
physicians. The 67 patients were divided into a group with
(CAR group, n=16) and a group without CAR (non-
CAR group, n = 51). We examined the serum cytokine
and chemokine profile at the remote stage after CAR.
Serum concentrations of IL-1f, IL-1ra, IL-2, IL-4, IL-5,
IL-6, IL-7, IL-9, IL-10, IL-12, IL-13, IL-15, IL-17,
IFN-v, eotaxin, IL-8, IP-10, monocyte chemotactic pro-
tein (MCP-1), macrophage inflammatory protein
(MIP)-1a, MIP-1b, tumor necrosis factor receptor

(TNF)-a, and RANTES (regulated on activation normal
T cell expressed and secreted, CCL5) were measured
using the BioPlex suspension array system (BIO-RAD,
San Francisco, CA). Soluble tumor necrosis factor recep-
tor (STNFR) 1 was determined by an enzyme-linked
immunosorbent assay (ELISA) kit [Human sTNF-R
(60 kDa) ELISA, Cosmo Bio BMS03], and granzyme B
was also examined by an ELISA kit (Cat. No. KT-078,
Kamiya Biomedical Company, Seattle, WA, USA).
Serum concentrations of matrix metalloproteinase-9
(MMP-9) were determined using an activity assay kit
and tissue inhibitor of metalloproteinase-1 (TIMP-1)
with a sandwich-type ELISA kit (Amersham,
Buckinghamshire, England) according to manufacturer’s
recommendation. The MMP-9 kit measures both the pro-
and active forms of MMP-9. Statistical analyses were
conducted by Mann-Whitney test and x> test and singin-
icance was set at p < 0.05.

3. Results
3.1. Background of 67 patients with EAE

The etiologies of acute encephalitis were known in 37
patients (55%), including influenza virus in 14 patients
(21%), herpes simplex virus in 7 patients (10%), and
human herpes virus (HHV)-6 in 4 patients (6%). Noro-
virus, rotavirus, adenovirus, Kawasaki disease, Cox-
sackie virus A, Coxsackie virus B, herpangina,
Escherichia coli O-157, and pertussis were also recorded
as causative disease or agent in single patient. The oth-
ers’ etiologies were unknown and we have no date of
their antibodies to VGKC, GAD, GABA-B, NMDAR
complex, or GluRs in acute stage of encephalitis. The
mean age of acute encephalitis onset was 8 years and
4 months (2 months to 64 years, median age 3 years
and 11 months ; n=67) (Fig. 1A). The mean latency
from onset of acute encephalitis to onset of epilepsy
was 6 months (0 month to 7 years and 3 months, median
0 month; n = 67) (Fig. 1B).

Adverse effects due to AEDs were recorded in 32
patients (47.8%), including sleepiness in 26 patients
(38.8%) and CARs in 16 patients (23.9%) (Fig. 1C).
Many patients were treated by polytherapy with AEDs,
and the frequency of prescription was in the order of
vaproic acid (VPA)> CBZ > zonisamide (ZNS) > clo-
bazam (CLB) > phenobarbital (PB).

3.2. Clinical characteristics of CARs

The overall frequency of CARs in EAE patients was
23.9% (16 of 67 patients). The sex ratio was not signifi-
cantly (p = 0.054) different between CAR (6 males and
10 females) and non-CAR group (33 males and 18
females). The causes of encephalitis and the past histo-
ries were not significantly different between two groups.
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Fig. 1. Clinical characteristics of adverse drug reactions to anti-epileptic drugs (AEDs) in patients with epilepsy after encephalitis/encephalopathy

(EAE) (n = 67).

The CARs comprised of maculopapular exanthema (13
patients), SJS (two patients), and DIHS (one patient).

The mean onset age of acute encephalitis was 13 years
and 3 months (8 months to 64 years and 6 months, med-
ian 6 years) in CAR group, and 7 years (0 month to
56 years and 1 month, median 3 years) in non-CAR
group (Fig. 1A). The frequency of CAR was signifi-
cantly (p =0.018) lower in patients with encephalitis
onset at 5 years or younger of age (13.2%) than in those
with encephalitis onset over 5 years of age (37.9%).

The mean latency from onset of acute encephalitis to
onset of epilepsy was not significantly (p = 0.103) differ-
ent between CAR group (mean: 0.5 month; range: 0-
5months, median 0month) and non-CAR group
(mean: 8 months; range: Omonth to 7years and
3 months, median 0 month). CARs occurred only in
patients with latency less than 6 months (Fig. 1B).

CARs occurred almost exclusively within one year
after onset of acute encephalitis for most AEDs, except
lamotrigine (LTG) which was launched recently in
Japan (Fig. 2). CAR occurred within 1 month from
encephalitis onset in 61% of the patients, and within
6 months in 79%. The durations from the start of AEDs
to appearance of CARs ranged from 1 to 3 weeks.

The frequencies of CARs caused by various AEDs are
shown in Table 1. Phenytoin (PHT) and LTG had the
highest frequency (25%), followed by PB and CBZ with
frequencies higher than 10%. No CARs (0%) were attrib-
uted to ZNS, CLB, clonazepam (CZP) and gabapentin
(GBP). The frequencies of CARs occurring within one
year after encephalitis onset were 8/26 (30.7%) for PHT,
6/40 (15%) for CBZ, and 5/30 (16.6%) for PB. The mean
numbers of AEDs used were 6.4 in CAR group and 5.4 in
non-CAR group. The doses (mean =+ standard deviation)
were 136.6 4 53.1 mg/day for PHT, 200 4 100 mg/day
for CBZ, 75 mg/day for PB, 62.5+ 37.5 mg/day for
LTG, and unknown for VPA. The mean serum levels
were 3.1 pg/ml for PHT, 17.9 pg/ml for PB, and unknown
for CBZ, VPA and LTG. The number of other co-admin-
istered AEDs to which CAR was observed ranged from 0
to 4 drugs (Table 2).

3.3. Severe CARs

Among 23 patients with CAR, two had SJS (caused
by PHT in land by CBZ in 1) and one had DIHS
(VPA + PB + PHT) (Table 2). The rate of severe CARs
was three of 67 patients (4.5%), and SJS occurred
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Fig. 2. The durations from acute encephalitis/encephalopathy to appearance of cutaneous adverse reactions (CARs) attributed to different AEDs.

Table 1

Frequencies of cutaneous adverse drug reactions attributed to various anti-epileptic drugs.

Data of Arif et al. (2007) [15]
from 1875 patients with epilepsy

Our data from 67 patients with
epilepsy after encephalitis

Data of Hirsch et al. (2008) [16]
from 1890 patients with epilepsy

Vaproic acid 3.6% (2 of 57 patients) 0.7% 1.7%
Carbamazepine 11.1% (6 of 54 patients) 3.7% 8.3%
Zonisamide 0% (0 of 48 patients) Not shown 6.9%
Clobazam 0% (0 of 37 patients) Not shown 2.1%
Phenobarbital 14.2% (5 of 35 patients) Not shown 6.2%
Phenytoin 25% (8 of 32 patients) 5.9% 11.9%
Clonazepam 0% (0 of 23 patients) Not shown Not shown
Gabapentin 0% (0 of 13 patients) 0.3% 0.9%
Lamotrigine 25% (2 of 8 patients) 4.8% 8.9%

exclusively in patients with post-influenza EAE. One of
two patients with SJS had encephalopathy caused by
influenza B virus at 5 years and 5 months of age, and
onset of epilepsy at S years and 9 months of age. She
developed SJS one week after starting PHT at age
6 years and 9 months. The other had encephalitis caused
by influenza virus at 11 years of age, and onset of epi-
lepsy just after onset of encephalitis. She developed
SJS a few days after starting CBZ. The patient with
DIHS had encephalitis caused by unknown virus at
8 months of age, and onset of epilepsy just after onset
of encephalitis. DIHS appeared 15 days after onset of
encephalitis while midazolam, phenobarbital, **™Tc-
ethyl cysteinate dimer, PB, VPA, and PHT were pre-
scribed. Because PCR of HHV-6 was positive, the
patient was diagnosed as DIHS and treated with steroid
therapy. One of two patients with SJS has HLA-
A2402/2601, HLA-B*4002/5201, and the other has
HLA-A"2402/0201 and HLA-B*1518/4002.

3.4. Successful re-start of AEDs that had caused CARs

Three patients were successfully re-started on the
AEDs that had been discontinued because of CARs
(Fig. 3). Patient 1 with allergy to eggs and milk had
encephalitis caused by herpes simplex virus. She started
LTG at 10 years after the onset of EAE. CAR appeared
on her lip, face, thoracodorsal trunk and limbs on the
day when the dose was increased to 100 mg/day from
50 mg/day. LTG therapy was ceased, in spite of com-
plete control of seizures after a few days of LTG treat-
ment. Since a drug-induced lymphocyte stimulation
test (DLST) to LTG was negative, we attempted to re-
initiate LTG treatment 14 months after the CAR, start-
ing from an extremely low dose of 2 mg/day. Thereafter,
the dose of LTG was titrated gradually in increments of
5 mg/day per week. Seizure decreased at the dose of
30 mg/day and disappeared at 35 mg/day. Patient 2
had no allergy history and encephalitis was caused by
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) iy unknown virus. His mother had a history of asthma.
g o0 3 CBZ 300 mg/day was started 2 months after the onset
2 g o 12 of epilepsy, and discontinued on the 5th day because
B e = g . n of CAR. At 3 months after the cessation of CBZ, we
;«5 : 5 B k> i E attempted to re-initiate from 100 mg/day, titrating in
Sl n o2’ 513 9 increments of 100 mg/day per week to 550 mg/day, but
_ _ o CAR did not recur. Patient 3 had no allergy history
é § 8 and encephalitis was caused by influenza virus. His
g T N grandfather had allergy to bee and rubber, and his
g g T T G- © mother had a history of asthma. PB 75 mg/day was
8 ;; Y § é é &% . started at 3 months after the onset of epilepsy, and dis-
& B = = 2 2 45§ = continued after two weeks because of fever, pneumonia,
RS VPR Pan Sy CAR (face and limbs), and lip swelling. At 8 months
= B after the cessation of PB, we re-initiated PB from
; g g 10 mg/day, titrating in increments of 5mg/day per 2-
~ & A @ 4 weeks up to 75 mg/day. Partial seizure control was
& < 5 '§ <« B z achieved (Fig. 3).
& 5 v 9 g 4 2
£ é s i g %N . %f 3.5. Cytokines and chemokines
‘:3 — v o g s ee m =
g g é s : g ? g2z % We measured serum concentrations of cytokines and
|1E|lwBAE ¥V 2 & S o, 2 chemokines in 22 patients, and compared between CAR
é‘ o % group (10 patients) and non-CAR group (12 patients).
% -~ A All samples were collected more than one year after
% > < 28 CARs. Clinical background of the two groups was not
£ ) g g2 different. IL-1B, IL-1ra, IL-2, IL-4, IL-5, IL-6, IL-7,
=S N g 3% 1L-8, IL-9, IL-10, IL-12, IL-13, IL-15, IL-17, FGF
5|8 = g 3= basic, G-CSF, GM-CSF, IP10, MCP-1, MIP1a, MIP1b,
A - ~ P S IFNy, eotaxin, MMP-9, TIMP-1, granzyme B were not
gl & = ; 8 Caas g b significantly different between CAR group and non-
g g _ Vo2 % Zawd | = z CAR group. The proportion of patients with serum
2lg| » = 5 &£ HE5& |25 RANTES level higher than the upper limit of normal
E Oloa Vo oe = Po~k |Ex range was significantly (p = 0.017) higher in CAR group
T g o E S (90%) than in non-CAR group (50%) (Fig. 4).
2 ez F T3
s o é = ;‘ < 8 E E § 4, Discussion
= Vo ™ o = 8
= ‘i A 2a 5 - | & We studied the clinical characteristics and immunolog-
% g "ii v 5 SE~§ RIS § 2 ical markers of CARs in 67 patients with EAE. The fre-
sl&l ZEgS ; R4 ? gg g’ %‘0 eQ quency of CAR in EAE patients (23.9%) was very high
A« BABVRCEREdcmam| gl compared with our data in consecutive intractable epilep-
2 = g é tic patients (0.64%) [14] and the data in general epileptic
g ] £ 3 patients from the Columbia Comprehensive Epilepsy
3 2 2 g2 Center in USA (15.9%) [15]. The frequencies of CARs
%‘) B A :« g in patients with EAE treated with AEDs were 25% with
2 £ S > =R PHT, 25% with LTG, 14.2% with PB, 11.2% with CBZ,
3 g 2 B % .§ and 3.6% with VPA. The frequencies of CARs to these
% % § °§ S g AED in EAE were higher than the data for general epilep-
s 8 ;,g g 3 'g; E tic patients prov1ded.by J apanese pharmaceutical compa-
8 " s A g 3 s nies and those published in the USA {1 5,.16] (Tal?le 1).
2 ;E_, g 9 % G 2= PHT, LTG, PB and CBZ were associated with the highest
§ g E E Ao 2 § i rates of CARs both in Japanese EAE patients observed in
s S & & & G % o g8 the present study and in general epileptic patients in USA
o § O _§ & § o B g o s R published by Arifet al. [15]and Hirsh et al. [16]. However,
é 8 R £ 5 g 8 % £ g o E the CAR rates of PHT, LTG and PB in EAE patients
=0 Z & A2A A AZE @A more than double the rates in general epileptic patients.
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Fig. 3. Clinical courses of three cases of successful re-initiation of AEDs that had been discontinued due to CARs.

These data may suggest that patients with EAE have
pathophysiological background that induces CARs to
AED:s. On the other hand, we found no CARs attributed
to ZNS, CLB, CZP, GBP in Japanese EAE patients. ZNS
was associated with a high rate of CARs in general epilep-
tic patients in USA, but did not cause CARs in EAE
patients in Japan. Further evaluation of the contribution
of genetic background to ZNS-associated CAR is
required.

The study of epidemiological and clinical features of
severe CARs suggested that they were predominantly
female [17]. There may be female predominance in
CAR group of EAE patients, although statistical signif-

(patient)
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8 ' » -
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!
4 ,, e
‘ 7 out of range
I e 0 above

CAR non-CAR

Fig. 4. Numbers of patients having serum RANTES levels within
normal range or higher than upper limit of normal range in patients
with cutaneous adverse reactions (CARs) and those with non-
cutaneous adverse reactions (non-CAR). RANTES: regulated on
activation normal T cell expressed and secreted.

icance between CAR and non-CAR group was not con-
firmed (p = 0.054).

The frequency of CAR was significantly higher in
patients with encephalitis onset over five years of age.
The frequency was extremely high (42.9%) in EAE
patients who had onset of encephalitis between 20 and
29 years of age. NHALE is considered to have immuno-
logical pathophysiology including antibodies to GluR,
and onsets of many patients with NHALE are between
20 to 29 years of age [18]. These may suggest that age-
related distribution of immune-mediated encephalitis
affects the incidence of AED-associated CARs.

CARs occurred only in patients who had onset of EAE
within 6 months after encephalitis, and 61% of CARs
occurred less than 1 month after the onset of encephalitis.
These data suggest that CARs tend to occur in the early
stage of EAE that develops early after encephalitis.
Therefore, the pathophysiological condition of acute
encephalitis may contribute to AEDs-related CARs,
and the mechanisms of epileptogenesis in EAE may share
common factors with the mechanisms of CARs.

CARs associated with traditional AEDs (CBZ, PB,
PHT, VPA) appeared exclusively within one year from
the onset of acute encephalitis, but CARs caused by
LTG occurred a few years after encephalitis onset.
These data may suggest that CARs caused by aromatic
AEDs occur rarely later than one year after encephalitis
while CARs caused by LTG (non-aromatic AED) can
occur many years after encephalitis. However, the char-
acteristic of LTG-related CARs is associated with a fac-
tor independent of encephalitis. LTG was launched in
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Japan on 12th December 2008, and therefore we had few
patients who were treated with LTG soon after enceph-
alitis. Therefore, the rate of CAR related to LTG given
soon after the onset of encephalitis should be further
studied.

AEDs that caused non-serious CARs were tolerated
in three patients by re-induction at lower initial doses
and lower speed of titration. These data may suggest
that non-serious CARs in EAE patients are not neces-
sarily the idiosyncratic CAR defined by HLA [11,12],
and that other evolutional factors; for example, immu-
nological factors stimulated by encephalitis, may con-
tribute to the CARs induced by AED:s.

Serious CARs were found in three patients, SJS in
two and DIHS in one. The rate of severe CARs (4.5%)
was also higher than that in general intractable epileptic
patients in our epilepsy center (0.097%) [14] and in pre-
vious report (1/10,000) [10]. SIS occurred only in
patients with EAE after influenza-associated encepha-
lopathy and longer than one year after encephalopathy.
Cytokine storm sometimes occurs in influenza-associ-
ated encephalitis [4]. In these cases, the strong immuno-
logical reactions in the acute stage of encephalopathy
may continue until the recovery stage, and contribute
to the development of SJS. Furthermore, HLA-B*1518
alleles have been shown to be associated with higher rel-
ative risk (above 10.0) of severe CARs [11], and one of
two patients with SJS in our study has HLA-A"2402/
0201 and HLA-B*1518/4002. Therefore, pharmacoge-
nomic predisposition may contribute to the SJS also in
patients with EAE.

We had three patients who could be successfully tol-
erated by the AEDs that had been discontinued because
of CARs. In a patient, DLST of the AED was negative.
Some reports described that DLST was useful to iden-
tify the causal relationship of drug allergies, and sensi-
tivity and specificity of DLST were reported as 24.8%
and 93.1%, respectively [19]. But there is no report to
support that DLST is relied upon to determine as if a
drug could be re-start. DLST may provide us with useful
information, but further investigations are needed to
argue whether DLST could be reliable biomarker for
re-start.

We found elevated serum RANTES levels in patients
who had completely recovered from CAR. RANTES is
a chemokine secreted by NK cells, CD4™T cells, CD8*
T cells, and recruited T cells, eosinophils, and basophils
[1,21,22]. CARs are causally related to four types (types
IVa—d) of delayed hypersensitivity reactions mediated
by T cell subpopulations, and type IVb reaction causes
maculopapular exanthema with activated eosinophils
[10]. Maculopapular exanthema is the most common type
of delayed skin reaction showing infiltration of T cells and
eosinophils in the skin, and disappears shortly after the
discontinuation of drugs [9]. We hypothesize that
increased chemotactic factors for eosinophils (RANTES)
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in EAE patients recruit eosinophils that contribute to the
maculopapular exanthema. AEDs are known to cause
CARs relatively frequently [9], and AED-specific reactive
T cells have been demonstrated in the blood of patients
[10). T cells activated by encephalitis may cross-react with
AEDs as a result of T cell receptor degeneracy. Further
investigations are needed to examine the evolutional
changes of immunological factors including RANTES,
in order to confirm the mechanisms of how AEDs induce
CARs in patients with EAE.
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Abstract

Acute encephalitis with refractory, repetitive partial seizures (AERRPS) is a neurologic syndrome characterized by extraordi-
narily frequent and refractory partial seizures, which immediately evolve into refractory epilepsy. To elucidate the pathophysiology
of AERRPS, we performed an immunologic study of an affected boy, revealing decreased natural killer (NK) cell activity in the
peripheral blood mononuclear cells. IgG antibodies against the glutamate receptor (GluR)e2, (1, and 32 subunits were all positive
in both the serum and cerebrospinal fiuid (CSF). There were raised plasma concentrations of interteukin (IL)-2, IL-6, IL~10, tumor
necrosis factor-o, and interferon~y as well as an extremely elevated CSF level of IL-6. These findings suggest that AERRPS is
immune-mediated encephalitis, in which both autoimmunity and exaggerated cytokine production are involved. NK cell dysfunc-
tion may be the underlying abnormality in this AERRPS case, which might have contributed to the production of GluR
autoantibodies.
© 2012 The Japanese Society of Child Neurology. Published by Elsevier B.V. All rights reserved.

Keywords: Acute encephalitis with refractory, repetitive partial seizures; Nutural killer cell; Glutamate receptor antibody; Autoimmunity;
Hypercytokinemia

1. Introduction

Acute encephalitis with refractory, repetitive partial
seizures (AERRPS) is a neurologic syndrome character-
ized by acute onset of extraordinarily frequent and
refractory partial seizures. The seizures occur following
antecedent febrile illness, and switch over to refractory

* Corresponding author. Address: Department of Pediatrics, Ehime
Rehabilitation Center for Children, Tanokubo 2135, Toon-shi, Ehime
Prefecture 791-0212, Japan. Tel.: +81 89 955 5533; fax: +81 89 955
5546.

E-mail address: hirwaka@hotmail.com (H. Wakamoto).

epilepsy without a latent period [1]. Because the same
entity appeared to be reported with different nomencla-
tures including AERRPS, a more comprehensive term
“fever-induced refractory epileptic encephalopathy in
school-aged children” has recently been proposed [2].
Although the exact pathophysiology of AERRPS
remains unknown, it has been postulated that antecedent
infection triggers early production of functional antibod-
ies, which may gain access to the central nervous system
(CNS) and cause neuronal hyperexcitability [1,3]. The
autoimmune hypothesis is supported by the finding that
some patients with AERRPS exhibit the presence of anti-
bodies against the N-methyl-D-aspartate (NMDA )-type

0387-7604/$ - see front matter © 2012 The Japunese Society of Child Neurology. Published by Elsevier B.V. All rights reserved.
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glutamate receptor (GluR)e2 subunit [1]. However,
extensive immunologic studies are required to elucidate
the possible immune-mediated mechanism of AERRPS.
In the present article, we performed the first thorough
immunologic evaluation of a patient with AERRPS,
which provided some insight into the pathophysiological
mechanism underlying AERRPS.

2. Case report

A T-year-6-month-old previously healthy boy was
admitted to a local hospital because of a 5-day history
of fever and cough. A physical examination was reported
to have revealed a neurologically normal child. Labora-
tory examinations showed a white blood cell count of
4000/l and a negative serum reactive C protein value.
Serum antibodies against Mycoplasma pneumoniae and
influenza virus were negative. Chest X-rays revealed
consolidation in the right lung. A diagnosis of atypical
pneumonia was made. Intravenous administration of
clindamycin was ‘initiated, and the fever subsided on
the following day. On the 4th hospital day, he gradually
lost consciousness and eventually suffered recurrent sei-
zures. Because of this, the patient was admitted to our
hospital. On admission, neurologic examination revealed
a sluggish light reflex of the pupils and hyperactive ten-
don reflexes with a bilateral extensor plantar response.
A physical examination was unremarkable. The family
history was not contributory. Laboratory examinations
revealed a white blood cell count of 15,200/ul and a neg-
ative serum reactive C protein value, with normal liver
and kidney function, serum electrolyte, blood sugar,
and plasma ammonia results. Serum antibodies against
herpes simplex virus, cytomegalovirus, Epstein-Barr

virus, M. pneumoniae, and Coxiella burnetii were nega-
tive. Chest X-rays were normal. Cranial magnetic reso-
nance imaging (MRI) was unremarkable. The patient
required artificial ventilation because of numerous recur-
rent partial seizures, which began with twitching of the
left side of the face and subsequently propagated into
jerking of the left side of the body, followed by convul-
sions of the right upper limb. The seizures recurred every
5-10 min, and were refractory to intravenous adminis-
tration of midazolam, phenytoin, lidocaine, or thiopen-
tal. Ictal electroencephalogram (EEG) revealed that the
seizure activity originated from the right occipital region,
and then spread into the left occipital area. A Tumbar
puncture on the 2nd hospital day revealed a cell count
of 203/ul (mono. 39, poly. 164), a protein level of
30 mg/dl, and a sugar level of 84 mg/dl. Oligoclonal
band or myelin basic protein in the cerebrospinal fluid
(CSF) was negative. Bacterial and viral cultures of the
CSF were sterile. A diagnosis of AERRPS was made,
and methylpredonisolone pulse therapy (30 mg/kg/
day x 5days i.v.) and intravenous administration of
high-dose immunoglobulin (300 mg/kg/day x 3 days
1.v.) were initiated on the 3rd hospital day, without effect.
Brain single-photon emission computed tomography
using *™Tc-ethyl-cysteinate dimer disclosed a circum-
scribed area of hyperperfusion in the medial region of
the right occipital lobe (Fig. 1A). Second cranial MRI
on the 4th hospital day revealed a high-intensity area
in the same region in diffusion-weighted sequences
(Fig. 1B). Fluid attenuated inversion recovery MRI of
the brain was unremarkable. Although treatment with
high doses of thiopental, midazolam, and lidocaine led
to the disappearance of apparent clinical seizures, fre-
quent electrographic seizures were still detectable on

Fig. 1. Brain imaging of a 7-year-6-month-old boy with AERRPS. (A) Tctal 9MTe-BCD SPECT of the brain performed at the 3rd hospital day
revealing a circumscribed area of hyperperfusion (arrow) in the medial region of the right occipital lobe. (B) Diffusion-weighted brain MRI (TR 3500,
TE 90) performed at the 4th hospital day revealing a high-intensity area (arrow) located in the same region as that on PmTe-ECD SPECT, suggestive

of cytogenic edema closely related to the seizure focus.
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long-term monitoring EEG. On the 9th hospital day, the
patient died following sudden cardiac arrest. No autopsy
was permitted.

3. Tmmunologic data (Table 1)

The immunologic examination was performed before
the intravenous administration of methylpredonisolone
and immunoglobulin. Natural killer (NK) cell activity
in the peripheral blood mononuclear cells examined at
effector/target cell ratios of 10:1 and 20:1 was 4.9% (nor-
mal, 8.9-29.5%) and 9.9% (normal, 17.1-48.7%), respec-
tively. The CD 2 lymphocyte (T cells and most NK cells)
and CD 20 lymphocyte (B cells) fractions in the periph-
eral blood were 51.2% (normal, 71.0-91.0%) and 46.9%
(normal, 3.0-20.0%), respectively. The plasma concen-
trations of interleukin-2 (IL-2), IL-6, IL-10, tumor
necrosis factor-o (TNF-a), and interferon-y (ITFN-y)
were elevated, while only the TL-6 concentration was sig-
nificantly elevated in the CSF. IgG antibodies against
the GluRs2 subunit, the GIuR{l subunit, and the
GluR32 subunit were measured with the ELISA
method, and were all above the mean value + 2 stan-
dard deviations in both the serum and CSF.

Table 1
Tmmunologic investigation of the patient with AERRPS.

4. Discussion

The present case was consistent with the diagnostic
criteria of AERRPS [1], although evolution into refrac-
tory epilepsy could not fully be documented because of
the patient’s death. To our knowledge, this is the first
report describing a possible association between AER-
RPS and NX cell-related immune dysfunction. NK cells
comprise a subset of peripheral circulating lymphocytes,
and constitute a major component of the innate immune
system [4]. They exert an initial prompt response to viral
infection, and kill infected or transformed cells by
releasing small cytoplasmic granules of proteins called
perforin and granzyme or immunomodulatory chemo-
kines and cytokines such as TNF-a and IFN-y [4].

Recent reports have suggested a link between immu-
nodeficiency and autoimmune encephalitis [5,6]. Akman
et al. [5] described a patient in whom non-paraneoplastic
limbic encephalitis developed as the first clinical mani-
festation of common variable immune deficiency. The
patient had serum antoantibodies against glutamic acid
decarboxylase, which is the rate-limiting enzyme for the
synthesis of gamma-aminobutyric acid. A similar obser-
vation was made by Verhelst et al. [6], who described a

1. Humoral immunity

Serum protein fraction

Albumin 57.5% (60.8-71.8)
al-Globutin 4.6% (1.7-2.5)
o2-Globulin 12.2% (5.7-9.5)
B-Globulin 10.9% (7.2-11.1)
v-Globulin 14.8% (10.2-20.4)
Imraunoglobulin

1gG 911 mg/dl (744-1719)
IgM 93 mg/dl (27-21%)

IgA 152 mg/dl (44-208)
Complement system

C3 130 mg/dt (80-140)

c4 51 mg/dl (11-34)

CH50 48 U/ml (39-45)
Lymphocyte subset

CcD2 51.2% (71-91)

CD4 26.2% (25-54)

CD8 18.9% (23-56)

CD20 46.9% (3-20)

2. Cell-mediated immunity

Phytohemagglutinin 181,696 cpm (59,481-179,402)
Stimulation index 449.7 (101.6-1643.8)
Concavalin A 100,651 cpm (51,307-131,043)
Stimulation index 249.1 (74.3-1793.2)
3. Natural killer cell activity

10:1* 4.9% (8.9-29.5)
20:1" 9.9% (17.1-48.7)

4. Cytokines

Plasma

IL-18 0.89 pg/ml (<3.4)
TL-2 15.1 pg/ml (<4.5)
IL-4 3.0 pg/ml (<15.0)
IL-6 46.6 pg/ml (<19.9)
IL-10 15.8 pg/ml (<14.2)
TNF-o. 94.1 pg/mt (<11.1)
IFN-y 204.2 pg/ml (<42.9)
CSF

TL-1B 0.80 pg/ml (<1.4)
L2 <2.6 pg/ml (<4.6)
-4 <2.6 pg/ml (<11.6)
L6 9035.8 pg/ml (<9.7)
11-10 7.7 pg/ml (<6.1)
TNF-g 4.0 pg/ml (<6.2)
IFN-y <7.1 pg/ml (<46.6)
5. Anti-glutamate receptor antibodies

Serum

1gG-GluRe2 Positive

IgG-GluR1 Positive

IgG-GluR32 Positive

CSF

1gG-GluRe2 Positive

IgG-GluRZI Positive

1gG-GluR 32 Positive

AERRPS, acute encephalitis with refractory, repetitive partial seizures; CD, cluster of differentiation; IL, interleukin; TNF, tumor necrosis factor;
TFN, interferon; CSF, cerebrospinal fluid; GluR, glutamate receptor. » denotes effector/target cell ratio. Normal ranges in parenthesis.
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