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15926.2 breakpoint was determined at the nucleotide level by
sequencing of the beakpoint-specific PCR fragment (Fig. 1H). It
was located 119-kb downstream of LOC91948 non-coding RNA
(Fig. 2B). To check genomic copy number alterations accompanied
by the rearrangement, Cytogenetics Whole-Genome 2.7M Array
(Affymetrix, Santa Clara, CA) was performed. Besides five known
copy number variations, no other imbalances were detected (data
not shown).

DISCUSSION

Expression of the members of MEF2 family transcription factors
(MEFA-D) in the developing brain, which belong to the MADS
(MCMl-agamous-deficiens-serum response factor) superfamily of
DNA-binding proteins, shows spaciotemporal patterns correlating
with withdrawal from the cell cycle and initiation of neuronal
differentiation [Lyons et al., 1995]. After mouse Mef2c is first
expressed in developing brain at embryonic day 11.5, Mef2c is
highly expressed in cerebral cortex, hippocampus, amygdala, tha-
lamus, midbrain, and Purukinje cells in theadultbrain [Lyons et al.,
1995]. It has recently reported that two independent conditional
knockout lines of Mef2¢, which resulted in deletion of Mef2c in
neural stem/progenitor cells (NSCs), showed significant neuro-
logical deficits. One line with deletion of Mef2c in NSCs later in
development showed impairment of hippocampal-dependent
learning and memory, suggesting that Mef2c can limt excessive
synapse formation during activity-dependent refinement of syn-
aptic connectivity [Barbosa et al., 2008]. Of note, deletion of Mef2c
inNSCsearlier in development resulted in severe behavioral deficits
reminiscent of Rett syndrome [Li et al., 2008]. The mice also
exhibited fewer, smaller, and more compacted neurons, similar
to findings in Rett syndrome [Li et al., 2008]. In humans, MEF2C
mutation/deletion cause severe ID, epilepsy, hypotonia, and cer-
ebral malformations [Engels et al., 2009; Le Meur et al., 2010;
Novara etal., 2010; Nowakowska etal., 2010; Zweier et al.,2010]. In
addition, some patients showed repetitive clapping movements like
Rett syndrome [Le Meur etal., 2010]. Considering essential roles of

MEF2Cin brain development both in humans and mice, the precise
control of MEF2C expression should be very important.

In our patient, the 5q14.3 breakpoint was located 121.5-kb
upstream of MEF2C. Two previous reports suggested that genomic
regions 233~ to 500-kb upstream of MEF2C may be required for
proper MEF2C expression: a 3.57-Mb microdeletion 233.3-kb
upstream of MEF2C resulted in significant loss of MEF2C expres-
sion [Zweier et al,, 2010], and a de novo balanced translocation
located approximately 500-kb upstream of MEF2C was associated
with ID, epilepsy, and stereotypic movements similar to MEF2C
mutation/deletion [Floris et al., 2008]. Thus, it is likely that the
translocation may disrupt regulation of MEF2C expression in the
developing brain. However, we did not observe any significant
decrease of MEF2C expression in lymphoblastoide cells derived
from the patient (data not shown). Ithas been reported that MEF2C
expression in blood cells was significantly decreased in all patients
with either a microdeletion or a truncating mutation [ Zweier et al.,
2010]. We speculate that the 5q14.3 translocation may alter proper
MEF2C expression in the developing brain of the patient analyzed
here.

The patient showed severe ID, early-onset epileptic encephal-
opathy. Brain MRI showed hypoplastic corpus callosum, especially
in genu and splenium. All the three features (severe ID, seizure, and
cerebral malformation) are common in patients with the MEF2C
mutation/deletion. By contrast, our patient showed spastic quad-
riplegia, but not muscluar hypotonia which is common in approx-
imately 90% of patients with MEF2C mutation/deletion (19/21)
[Engels et al., 2009; Le Meur et al., 2010; Novara et al., 2010;
Nowakowska etal., 2010; Zweier etal., 2010]. Thus, our patient may
be an atypical case of MEF2Cabnormality, probably due to unusual
MEF2C expression in the brain caused by the 5q14.3 translocation.

In conclusion, we described a patient with severe ID, early-onset
epileptic encephalopathy, and hypoplastic corpus callosum, carry-
ing a de novo reciprocal translocation 121.5-kb upstream of
MEF2C. Our report strengthens the role of MEF2C in severe 1D
with early-onset epileptic encephalopathy, and highlights impor-
tance of its upstream regulatory region.
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Going BAC or oligo microarray to the well: A commentary
on Clinical application of array-based comparative
genomic hybridization by two-stage screening for

536 patients with mental retardation and multiple
congenital anomalies

Mitsuhiro Kato

Journal of Human Genetics (2011) 56, 104-105; doi:10.1038/jhg.2010.168; published online 13 January 2011

n this issue of the Journal of Human

Genetics, Hayashi et al. document the
results of their originally designed study of a
‘two-stage screening’ method that uses array-
based comparative genomic hybridization for
diagnosing patients who present with both
multiple congenital anomalies and mental
retardation (MCA/MR).! They collected
DNA samples from 536 patients with MCA/
MR by multicenter cooperation throughout
Japan (from Hokkaido to Okinawa). They first
screened all samples using the ‘MCG Genome
Disorder Array, which covers subtelomeric
regions and well-known disease-causing
regions using 550 or 660 bacterial artificial
chromosome (BAC)-based arrays that were
originally constructed by them. Next, samples
that did not show copy number variation
(CNV) in the first stage of screening were
screened again using ‘MCG Whole Genome
Array-4500, which minutely covers all
human chromosomes using 4523 bacterial
artificial  chromosomes at intervals of
0.7Mb. In the first stage of screening, 54
(10.1%) patients showed CNVs that were
confirmed by fluorescence in situ hybridiza-
tion. In the second stage of screening, 63
(18.0%) of 349 patients demonstrated
CNVs, of which 60 cases were confirmed by
fluorescence in situ hybridization.

Dr M Kato is at the Department of Pediatrics, Yamagata
University Faculty of Medicine, 2-2-2 lida-nishi,
Yamagata 990-9585, Japan.

E-mail: mkato@med.id.yamagata-u.ac.jp

The authors classified CNVs found in the
second stage of screening into three cate-
gories: pathogenic, benign or variant of
uncertain clinical significance). Initially,
pathogenic CNVs were classified according
to the following six criteria: (1) CNVs identi-
fied in recently established syndromes;
(2) CNVs containing pathogenic gene(s);
(3) recurrent CNVs in the same regions; (4)
CNVs reported as pathogenic in previous
studies; (5) large/gene-rich CNVs or CNVs
containing morbid OMIM genes; or (6)
de novo CNVs or CNVs that are maternally
inherited through the X chromosome. CNVs
that did not meet any of these criteria were
classified as benign if they were inherited
from a parent or as a variant of uncertain
clinical significance if parental samples were
not available. Consequently, 48 (13.8%) of
349 patients had pathogenic CNVs, 9 (2.6%)
had benign CNVs and 6 (1.7%) had a variant
of uncertain clinical significance.

MR is a highly heterogeneous condition
and nearly 2500 syndromes of various con-
genital abnormalities are associated with MR?
(http://becomerich.lab.u-ryukyu.acjp/). It is
very difficult to determine the etiology of
MR unless characteristic combinations of
features can be accurately described, such as
upslanted palpebral fissures in Down syn-
drome, overgrowth in Sotos syndrome, over-
eating in Prader-Willi syndrome or
stereotypical hand movements in Rett syn-
drome, or unless specific and abnormal
findings on laboratory or neuroimaging

examinations are found, such as a metabolic
screening indicative of phenylketonuria or
lysosomal diseases, or brain magnetic reso-
nance imaging indicative of polymicrogyria
or lissencephaly. G-banded karyotyping has
also been used to diagnose specific syndromes
in patients with MCA/MR, and fluorescence
in situ hybridizationis also useful for detecting
microdeletion or microduplication syn-
dromes; however, it is not easy for general
practitioners or even pediatric neurologists to
diagnose rare syndromes, such as Potocki~
Lupski syndrome (17p11.2 duplication syn-
drome), Smith-Magenis syndrome (17p11.2
deletion syndrome) or 1p36 deletion syn-
drome. On the other hand, clinical applica-
tions of chromosomal microarrays are rapidly
increasing for the diagnosis of congenital
anomalies, hematological and solid tumors,
and neuropsychological disorders, including
MR and autism. In particular, chromosomal
microarrays are used to diagnose MCA/MR.
The diagnostic yields of chromosomal micro-
arrays for detecting chromosomal aberrations
among patients with MCA/MR or MR
are only 7-15% in patients with normal
G-banded karyotyping, depending on the
probe coverage. These yields are much higher
than G-banded karyotyping, which shows a
yield of less than 3% if Down syndrome and
other recognizable chromosomal syndromes
are excluded.* The International Standard
Cytogenomic Array Consortium and other
groups support the consensus that chro-
mosomal microarray is a first-tier clinical



diagnostic test and should be used before
routine G-banded karyotyping for diagnosing
individuals with unexplained developmental
disabilities and/or congenital anomalies.3-5
The ‘two-stage screening’ method by Hayashi
et al. shows a diagnostic yield of 10.1% for
the first targeted array and 13.8% for the
second atray capable of analyzing the whole
genome. The total yield of their study was at
least 18.1% (97 of 536 cases), which is com-
parable to the recent reports on higher-reso-
lution oligonucleotide arrays. Unfortunately,
G-banded karyotyping is still the first diag-
nostic tool for diagnosing MCA/MR in Japan
because public health insurance currently
covers only G-banded karyotyping and
fluorescence in  situ hybridization tests.
Although  chromosomal microarrays are
much more expensive than G-banded cyto-
genetic analysis, the cost has reduced and is
now less than the total cost of both traditional
tests.> Thus, we now stand at the crossroads
of genetic testing.

The study by Hayashi er al. used bacterial
artificial chromosome-based arrays, while the
expanded commercial availability of high-
density oligonucleotide and single-nucleotide
polymorphism arrays facilitates their use. In
addition to good resolution, oligonucleotide
arrays can detect regions of loss of hetero-
zygosity and uniparental disomy (UPD),
which are clinically important for the
diagnosis of Silver—Russell syndrome and
Beckwith-Wiedemann syndrome. Although
major diseases caused by loss of heterozygo-
sity or UPD, such as Prader-Willi syndrome
and Angelman syndrome, can be clinically
suspected by their characteristic features

Commentary

and UPD, most chromosomes show no
phenotypic effects.’ Physicians should know
the limitations of each microarray in order
to prevent the misdiagnosis of unfamiliar but
important UPD disorders, such as maternal
or paternal UPD chromosome 14.7

G-banded cytogenetic analysis still has the
advantage over microarrays in terms of cost
and ability to identify balanced rearrange-
ments. Recognizable chromosomal syn-
dromes, such as Down syndrome, trisomy
13, Turner syndrome, Klinefelter syndrome
and MCA/MR with a family history of recur-
rent miscarriage or reproductive loss, all of
which may be caused by balanced transloca-
tions, can be more efficiently diagnosed by
traditional karyotyping?

The application of microarrays to clinical
testing is widening the scope of genomic
medicine. Microarrays have accelerated the
discovery of new syndromes and the causative
genes of sporadic diseases, such as epileptic
syndromes®® and highly complex neuropsy-
chological diseases.!” However, the increasing
number of variant of uncertain dinical signif-
icance cases makes definitive diagnosis diffi-
cult. No matter how far the tools for genetic
analysis progress, clinical diagnosis based on
medical history and examinations will remain
pivotal. Future collaborations between basic
sclentists and trained clinicians, like the one
performed in the study by Hayashi et al.,! will
help to advance this new field.
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Acquired Opercular Epilepsy

With Oromotor Dysfunction:
Magnetoencephalographic Analysis
and Efficacy of Corticosteroid Therapy

Jun Tohyama, MD', Noriyuki Akasaka, MD',
Tsukasa Ohashi, MD, PhD', and Yu Kobayashi, MD'

Abstract

The authors describe herein the magnetoencephalographic findings and long-term outcome of a girl with acquired opercular
epilepsy with oromotor dysfunction. She presented with brief episodes of unconsciousness, tremulous movements of the
upper limbs, and negative myoclonus, in addition to convulsive seizures. She also had prolonged episodes of dysarthria and oral
motor dysfunction, a gradual decrease in speech output, impairment of finger movements, and deterioration in cognitive perfor-
mance over several years. Her electroencephalography (EEG) recordings showed notable continuous sharp or sharp-slow dis-
charges during sleep. Brain magnetic resonance images revealed no structural anomalies. Magnetoencephalographic analysis
showed broadly distributed epileptic foci around the sylvian fissure, including a secondary source, explaining the specific pro-
longed neurological dysfunction. Antiepileptic drugs could control her seizures; however, they did not improve the other neu-
rological symptoms or epileptiform discharge on EEG. Administration of low-dose prednisolone over a long period was

effective for improving the neurological impairments of this patient.

Keywords

acquired opercular epilepsy, oromotor dysfunction, magnetoencephalograpy, corticosteroid, Landau-Kleffner syndrome
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Electrical status epilepticus during sleep is characterized by the
presence of spike-and-wave discharges in at least 85% of non-
rapid eye movement sleep.'” A variety of neurocognitive
impairments and regressions have been associated with this
electroencephalography (EEG) pattern. including Landau-
Kleffner syndrome and epilepsy with continuous spikes and
waves during sleep.®> A spike-wave index of 85% to 100% is
considered too stringent as an EEG measure of electrical status
epilepticus during sleep, and the definition of EEG showing
“significant activation of epileptiform discharges by sleep™
is widely accepted.? Acquired epileptiform opercular syndrome
is a newly proposed epileptic syndrome that was first reported
by Shafrir and Prensky in 1995.% This condition is character-
ized by acquired and prolonged oro-facial-lingual dysfunction
with dysarthria. which resembles opercular syndrome, in asso-
ciation with electrical status epilepticus during sleep. Laiidau-
Kleffner syndrome is characterized by acquired cpileptiform
aphasia during childhood. whereas acquired epileptiform oper-
cular syndrome manifests as acquired motor impairment during
childhood. Shafrir and Prensky speculated that this peculiar
type of epilepsy is a distinct epileptic syndrome. equivalent
to the Landau-Kleffner syndrome.* The pathophysiological

mechanism of acquired opercular epilepsy is still not well
understood. In Landau-Kleffner syndrome. various treatments
have been used. including the administration of antiepileptics.
corticosteroid. or intravenous immunoglobulin, and multiple
subpial intracortical transections.? In contrast. only antiepilep-
tics and ketogenic diet have been reported for the treatment of
acquired opercular epilepsy.*”’

We report on magnetoencephalographic findings for evalu-
ating the pathophysiology of acquired opercular epilepsy. and
the long-term outcome of a girl with this condition who was
successfully treated with corticosteroid.

' Department of Pediatrics, Epilepsy Center, Nishi-Niigata Chuo National
Hospital, Niigata, Japan
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Figure 1. (A) Electroencephalography (EEG) recordings at the age of 9 years 9 months showed frequent and continuous sharp or sharp-slow
discharges during sleep. The sharp wave amplitude exceeded 500 V. (B) EEG at 16 years showed few sharp waves over the bilateral front polar

and occipital regions during sleep.

Case Report

A girl, the first child of healthy nonconsanguineous parents,
was born at 38 weeks gestation by normal vaginal delivery fol-
lowing an uneventful pregnancy. Her mother had suffered from
epilepsy during childhood and had received antiepileptic med-
ication for several years. Her birth weight was 3280 g. length
was 50 c¢m. and occipitofrontal head circumference was 33
cm; her 3 younger brothers are healthy. She achieved normal
developmental milestones during infancy. eg. she started to
speak in single words at the age of 12 months and was able
to walk alone at the age of 14 months. At the age of 5 years,
she experienced her first episode of generalized convulsions
during sleep. Soon after the first episode, she had another sei-
zure. She was diagnosed with benign childhood epilepsy with
centrotemporal spikes based on electroencephalographic find-
ings at the referring hospital. Despite starting carbamazepine,
she experienced several focal motor seizures involving the
right arm and leg. At age 7 years | month, she developed tre-
mulous movements of the right arm, causing difficulty in draw-
ing and writing. Clonazepam was accordingly started and
convulsive seizures improved thereafter. At age 7 years 3
months, she developed difficulty in handling a spoon or tooth-
brush. Around the same time. her parents noticed a gradual
decrease in speech output, poor pronunciation. and deteriora-
tion in calculating performance. At age 7 years 4 months:“she
was referred to our hospital for an evaluation of her symptoms.

General physical examination revealed no abnormalities.
We observed negative myoclonus in addition to tremulous
movements of the upper limbs during action. Diadochokinesia
was poor. but the cerebellar sign was not evident. Her facial
appearance. eye movements, hearing. and gag reflex were nor-
mal. She could not follow any command or imitate movements

involving her mouth and tongue, but no focal paresis was
observed. At this point, the negative myoclonus and oral motor
dysfunction increased. At age 7 years 6 months, she also devel-
oped brief episodes of unconsciousness with upward ocular
deviation for a few seconds and was accordingly admitted to
our hospital.

On admission, she had a slightly ataxic gait and slurred
speech. She could not eat meals unaided. She experienced drool-
ing and tended to retain food in her mouth. Brain magnetic reso-
nance imaging (MRI) was normal. In terms of laboratory
investigations. results of blood, serum, plasma, and urine studies
were normal with respect to amino acids, organic acids, lactate,
pyruvate, and ammonia. Cerebrospinal fluid proteins and glu-
cose concentrations were also normal. Chromosome G-band
analysis revealed a normal karyotype. Her intelligent quotient
was 64 on the Wechsler Intelligence Scale for Children-Third
Edition. After starting ethosuximide, the negative myoclonus
and brief seizures involving loss of consciousness disappeared.
Oral prednisolone therapy (2 mg/kg/d) was started at age 7 years
9 months. Ier symptoms improved slightly, and prednisolone
was quickly tapered. Atage 9 years 6 months. she again showed
a decrease in speech output. dysarthria, drooling, worsening of
fine finger movements, and continuous drooling. EEG revealed
an increase in frequency of the sharp and sharp-slow discharges
during sleep. indicating electrical status (Figure 1A). The ampli-
tude of sharp waves exceeded 500 pV. At age 9 years 9 months.
she was trcated with high-dose intravenous corticosteroid ther-
apy (20 mg/kg methylprednisolone sodium succinate daily for
3 consecutive days). Prednisolone (1 mg/kg/d) was then given
orally for 2 weeks before being gradually tapered. As the dose
of prednisolone was tapered. the symptoms fluctuated: they
sometimes increased when the dose was minimally reduced
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Table I. Chronological Summary of Electroencephalographic Findings and Antiepileptic Drug Treatment

Age, y, mo EEG AED Efficacy

Sy Rolandic spike CBZ No effect

6y 10 mo C4, P4, O2 spike, SWC CBZ, VPA No effect

7yl mo- CBZ, VPA, CZP CZP effective
7y4mo DS, SWC, predominantly left CBZ, CZP, ZNS, PHT ZNS, PHT not effective
7yé6émo DS, SWC, predominantly left CZP, ESM ESM effective

7y9 mo DS, SWC, both hemispheres CZP, ESM, PSL PSL partially effective
8y DS, SWC, both hemispheres CZP, ESM, CLB CLB not effective
8y 4 mo ESES CZP, ESM, CLB, ACTH ACTH not effective
9y 9 mo ESES CZP, ESM, PSL PSL effective

9y l0mo CZP, ESM, PSL, DZP DZP inconclusive
16y | mo Fpl, Fp2 sharp CZP, ESM, DZP

Abbreviations: EEG, electroencephalogram; SWC, spike and wave complex; DS, diffuse sharp; ESES, electrical status epileptics during sleep; AED, antiepileptic
drug; CBZ, carbamazepine; VPA, valproic acid; CZP, clonazepam; ZNS, zonisamide; PHT, phenytoin; ESM, ethosuximide; PSL, prednisolone; CLB, clobazam;

ACTH, adrenocorticotrophic hormonal; DZP, diazepam.

(to 0.12 mg/kg/d), and sometimes improved when the dose was
increased. Low-dose prednisolone (0.12 ~ 0.5 mg/kg/d) was
accordingly continued and adjusted for more than 5 years,
corresponding to her neurological impairment. No serious side
effects were observed. Atage 16 years she demonstrated no dys-
arthria or oral motor deficit, and prednisolone was stopped. An
EEG at this point showed a few sharp waves over the bilateral
front polar and occipital region during sleep (Figure 1B). After
terminating corticosteroid therapy, she experienced no relapse
of neurological symptoms. Her electroencephalographic
findings and antiepileptic drug treatment are summarized in
chronological order in Table 1.

Magnetoencephalographic Analysis

Magnetoencephalography recording was performed using a
helmet-shaped whole-scalp neuromagnetometer (Neuromag
204; Elekta-Neuromag, Oy, Finland) comprising 204 planar-
type gradiometers in a magnetically shielded room at Nishi-
Niigata-Chuo National Hospital. Before recording. the positions
of 3 anatomical fiducial points (corresponding to the nasion and
bilateral preauricular points) and 4 indicator coils on the scalp
were digitized using a 3-dimensional electromagnetic digitizer
(Polhems, Colchester, Vermont, USA). Magnetoencephalo-
graphic data were recorded for >20 minutes, then analyzed using
a band-pass filter of 3 to 45 Hz. In magnetoencephalographic
analysis, an equivalent current dipole was calculated for the initial
peak of each interictal spike discharge in a spherical model.
Equivalent current dipoles with a goodness of fit >80% and
physiologically realistic current magnitude (Q < 500 nA) were
accepted and superimposed onto Tl-weighted 3-dimensional
brain MRIs of the patient’s brain using a 1.5-Tesla system
(MAGNEX EPIOS 15; Shimadzu. Kyoto, Japan). EEG was
simultaneously recorded.

The first magnetoencephalographic recordings were
obtained at age 7 years 7 months, before the introduction of etho-
suximide. Epileptic discharges were found in both hemispheres
independently. or synchronously in the bilateral hemispheres,

predominantly the left. Current dipoles of the left hemisphere
were localized in the prerolandic area, presumably indicating
the premotor cortex. Current dipoles of the right hemisphere
were localized around the central sulcus and sylvian fissure (Fig-
ure 2A-2C). The second magnetoencephalographic recording
was obtained at age 8§ years 8 months, before starting the second
course of corticosteroid therapy. High-amplitude epileptic dis-
charges were observed bilaterally and synchronously. and some
spikes were found independently in both hemispheres, predomi-
nantly the left. Current sources of left-sided discharges and
right-sided discharges were distributed in a broad region sur-
rounding the sylvian fissure, particularly in the superior tem-
poral gyri and sensory cortex (Figure 2D-2F). Many
equivalent current dipoles had a current magnitude exceeding
500 nA and were excluded in these analyses.

Discussion

The present patient was initially diagnosed with benign child-
hood epilepsy with centrotemporal spikes: however, she later
developed brief episodes of unconsciousness, tremulous
movements of the upper limbs, and negative myoclonus. She
also demonstrated prolonged episodes of dysarthria and oral
motor dysfunction, a gradual decrease in speech output,
impairment of finger movements, and deterioration in school
performance. Although her clinical seizures were well con-
trolled, the neurological abnormalities fluctuated for several
years. EEG showed continuous epileptiform activities for
many years, despite anticonvulsant therapy. We considered that
her diagnosis was acquired opercular epilepsy with oromotor dys-
function. This epileptic disorder was first proposed by Shafrir and
Prensky® as a condition equivalent to the Landau-Kleffner syn-
drome. The opercular syndrome in children is usually caused
by bilateral structural lesions in the anterior opercular area.® Sha-
frir and Prensky postulated that the epileptic opercular syndrome
in children without any structural abnormality could be classified
into ictal and nonictal (paraictal) phenomena.® Their patient
presented with a paraictal syndrome. and they stated that the
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Figure 2. Figure shows magnetoencephalography i m1ges All magnetic resonance imaging (MRI) is T1 weighted. Solid circles and tails represent
locations-and orientations of equivalent current dipoles for spike discharges. (A-C) Magnetic soutce images at age 7 years 7 months reveal
clustering equivalent current: dipoles of sp ike discharges in the prerolandic area of the left hemisphere, and around the central sulcus and syiv;an,
fissure in the right hemisphere. (D-F)’ Magnetic source images at age 8 years 8 momhs reyeal scattered equivalent current dipoles of spike
discharges broadly surrounding the sylvian fissure; particularly on superior temporal gyriand'sensory cortex of the left hemlsphere, and superior
temporal gyri and posterior temporal area of the right hemisphere. Abbreviations: Lt, left; Re, right,

neurological deficit was not related to an ictal manifestation of
epileptic seizures, but instead to epileptiform activity on EEG.

They referred to paraictal cases presenting with opercular syn-
drome as having acquired opercular epxlepsy The present patient
fits these criteria.

Landau-Kleffner syndrome is a rare epﬂe&ptic disorder that is
characterized by anacquired childhood aphasia associated with
pmoxysm'xl bi-temporal EEG abnormalities and auditory agno-
sia.® The reported EEG abnormalities in’ Landau-Kleffner syn-
dromie are variable and heterogeneous. Several recent repoits
of magnetoencephalographic findings in Landau-Kleffner syn-
drome showed that the earliest spike activities were located in
the superior temporal gyrus in the mna&ylvmn cortex. These
results prompted the hypothesis. that epileptiform. activities
cause dysfunction of the central auditory pathwaya and a deficit
in the activation of the audztory cortical areas.” % In contrast,
acquired opercular epilepsy is a peculiar type of motor
impairment associated with EEG abnormalities. The pathophy-
siological mechanism of this condition remains poorly under-
stood. Shafrir and Prensky speculated that long-standing
electrical dysfunction of perisylvian neurons causes bilateral
neuronal dysfunction.” Tachikawa et al reported the results of

computer-assisted electroencephalographic analysis in a
patient with acquired opercular epilepsy, which demonstrated
that all EEG foci were located in the left sylvian fissure and
pmduced secondary bilateral synchronous sharmp-stow com=
plems In previous magnetoencephalographic studies regard-
ing typical benign rolandic epilepsy with centmtemporai"
spikes, the dipoles of rolandic spikes were tightly clustered in
the %ensonmomr cortex with constant anterior positivity in
direction.'"'* Kubota et al reported that magnetoencephalo-
graphic analysis ina patient with rolandic epilepsy and oromotor

“deficits demonstrated that current sources of r@laﬁdicdiécharges

were broadly distributed in the secondary sensory cortex, super-
ior temporal gyrus, and parietal association area in addition to
the hand and orofacial divisions of the primary- somatosensary
cortex."* Qur first magnetoencephalographic. study ‘demon-
strated that the current sour¢es of rolandic dxscharges were loca-
lized around the premotor area. This is compatible with the
typu,ai findings for.atypical benign partial epilepsy with nega-
tive myoclonus.'* On the second magnetoencephalographic
study, the current sources of bilateral epileptic discharges were
broadly distributed around the sylvian fissure, superior temporal
gyrus, and sensory cortex. Iri addition, many of the current
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discharges showed larger current magnitude than would be
expected physiologically for a single spike, suggesting the
simultaneous activation of a second source across a wide area.
The present data and previous results indicated that the
broadly distributed epileptic foci around the sylvian fissure
including a secondary source cause specific prolonged neuro-
logical dysfunction observed in patients with acquired oper-
cular epilepsy.

Although acquired opercular epilepsy is characterized by
few epileptic seizures, proper treatment directed toward EEG
abnormalities is likely to be necessary to improve neuropsy-
chological impairment and motor deterioration. There is no
standardized treatment for patients with epilepsy with a contin-
uous spike and wave pattern, and several antiepileptics can be
used. Benzodiazepines. such as clonazepam’ and clobazam.®
have resulted in dramatic improvements of clinical symptoms
in patients with acquired opercular epilepsy. Moreover, combi-
nations of various antiepileptic drugs and ketogenic diet were
effective in a patient reported by Shafrir and Prensky.* In the
present patient, epileptic seizures completely disappeared after
* clonazepam and ethosuximide were administered; however,
neurocognitive and oromotor function deteriorated. and there
was no electroencephalographic improvement. After initiating
oral prednisolone, the symptoms improved dramatically, and
EEG showed gradual improvement. Symptoms fluctuated as
we tried to withdraw the prednisolone, so we continued low-
dose prednisolone for more than 5 years without serious side
effects. The effectiveness of oral corticosteroid therapy'>'®
and high-dose intravenous corticosteroid therapy'’ has been
reported for language disorder in children with Landau-
Kleffner syndrome. The possible mechanisms of action for
corticosteroid remain unclear in electrical status epilepticus
during sleep, but 1 hypothesis is an autoimmune reaction to
central myelin in Landau-Kleffner syndrome.'® On this basis,
steroid and intravenous immunoglobulin have been used for
the treatment of Landau-Kleffner syndrome.'® The present
case history suggests that prednisolone was also useful in the
treatment of patients with intractable acquired opercular epi-
lepsy without structural abnormalities.

The preferred mode of steroid administration is not yet
clearly established, and we do not yet know the optimum dose
and duration of prednisolone treatment for patients with
Landau-Kleffner syndrome and acquired opercular epilepsy.
Electrical status epilepticus during sleep is a heterogeneous dis-
order. To establish the appropriate treatments for the compo-
nent disorders, further studies under appropriate epileptic
conditions in the form of multicenter randomized controlled
trails are necessary, because suitable cases are very rare.
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We report on a female patient with Dandy-Walker malforma-
tion possibly caused by heterozygous loss of ZICI and ZIC4. The
patient presented with mental retardation, epilepsy, and mult-
ple congenital malformations including spina bifida, mild dys-
morphic facial features including, thick eyebrows, broad nose,
full lips, macroglossia, and hypoplasia of the cerebellar vermis
with enlargement of the fourth ventricle on brain magnetic
resonance imaging, which is consistent with Dandy-Walker
malformation. A chromosome analysis showed interstitial dele-
tion of chromosome 3q23-g25.1. Fluorescence in situ hybridiza-
tion (FISH) and microarray-based genomic analysis revealed
the heterozygous deletion of ZICI and ZIC4 loci on 3q24.
Her facial features were not consistent with those observed
in blepharophimosis—ptosis—epicanthus inversus syndrome
(BPES) involving FOXL2 abnormality, Other deleted genes at
3q23-25.1 might contribute to the dysmorphic facial appearance.
A milder phenotype as the Dandy—Walker malformation in our
patient supports the idea that modifying loci/genes can influence
the development of cerebellar malformation. © 2010 Wiley-Liss, Inc.

Key words: Dandy-Walker malformation; interstitial deletion
3q; ZICH; ZIC

INTRODUCTION

Dandy-Walker malformation (DWM) is an abnormality in the
development of the central nervous system that is defined by
hypoplasia and upward rotation of the cerebellar vermis and cystic
dilatation of the fourth ventricle [Hart et al., 1972; Parisi and
Dobyns, 2003]. DWM is etiologically heterogeneous in association
with a wide variety of chromosomal anomalies, various Mendelian
disorders, multifactorial disorders, and environmental factors
[Murray et al., 1985; Chitayat et al., 1994].
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Grinberg et al. [2004] described seven nonrelated patients of
DWM with de novo interstitial deletions of chromosome 3q.
Cytogenetic investigation of these patients showed the first critical
region involved in DWM, which encompasses genes ZICI and
ZIC4. There are five Zic genes encoding zinc finger proteins in
humans and mice [Grinberg and Millen, 2005]. ZICI and ZIC4 are
tightly linked on human chromosome 3 and mouse chromosome
9 [Grinbergetal., 2004; Grinbergand Millen, 2005]. A heterozygous
deletion of these two linked genes in mice resulted in a phenotype
that closely resembles DWM [Grinberg et al., 2004], strongly
suggesting that heterozygous deletion of both ZICI and ZIC4 is
the cause of DWM in humans. This is the second report on a new
patient of DWM with heterozygous ZICI and ZIC4 deletion.
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CLINICAL REPORT

A girl, the third child of healthy nonconsanguineous parents, was
born at 41 weeks gestation by normal vaginal delivery following an
uneventful pregnancy. Her elder brother has had epilepsy since age

10, however, his mental development was normal. Her birth weight
was 2,880 g, length was 48 cm, and occipitofrontal circumference
was 33 cm. A sacral dimple associated with occult spine bifida was
found at birth. Computed tomography (CT) of the brain showed no
sign of hydrocephalus. Follow-up CT at the age of 3 years showed
mild dilatation oflateral ventricles. No treatment including surgical
intervention was required at that time. Dislocation of both hip
joints was also noted. After delivery, the patient received tube
feeding for 3 months because of feeding difficulties and poor body
weight gain. Her development was severely delayed: she could
crawl by herself at age 1 year, and walk alone at 8 years. Hip joint
dislocation was surgically repaired at 3 years. At 11 years, she
developed generalized seizures, which were uncontrollable by
various anti-epileptic drugs. On admission at 11 years, she showed
dysmorphic features including thick eyebrows, a broad nose, full
lips, and macroglossia, but no blepharophimosis/ptosis (Fig. 1).
Mild scoliosis was also noted. Neurological examination revealed
she had left hemiparesis with contracture of the lower and upper
limbs. Both lower limbs were atrophic. Myoclonic movements on
the left limbs were observed. Signs of cranial nerve impairment or
cerebellar ataxia were evident. Electroencephalography identified a
right-sided delta activity in the frontal lobe. Radiogram of facial
bone showed no abnormal findings. Magnetic resonance imaging
(MRI) of the brain showed hypoplasia and upward rotation of the
cerebellar vermis and enlargement of the fourth ventricle, indicat-
ing DWM (Fig. 2A,B). The lateral ventricles were also enlarged. At
19 years, she could not speak. She could not walk alone because of
deteriorating left hemiparesis with frequent seizures. She showed
regular menstruation after menarche at 15 years.
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Cytogenetic and Genomic Analysis

Chromosomal analysis of her peripheral blood lymphocytes re-
vealed that her karyotype was 46,XX,del(3)(q23q25.1) (Fig. 2C).
Normal karyotype was confirmed in her parents. Her elder brother
was not examined because abnormal features were not observed. To
define chromosome 3q deletion, we performed genomic copy
number analysis by GeneChip 250K Nsp Array (Affymetrix, Santa
Clara, CA) and CNAG 2.0 software [Nannya et al., 2005] using the
DNA of the patient’s peripheral blood leukocytes. Copy number
analysis clearly demonstrated the 14-Mb interstitial deletion:
arr 3q23q25.31 (142,479,100-156,504,521) x 1 (Fig. 2D). Accord-
ing to the UCSC Genome Browser Human February 2009 Assem-
bly, the deletion contains 67 RefSeq genes including following
OMIM genes, ATR, PLOD2, ZIC4, ZICl, AGTRI, HPS3, CP,
CLRNI, P2RY12, and MME. Fluorescence in situ hybridization
(FISH) using three BAC clones, RP11-108M 16 (covering ZIC4 and
ZIC1), RP11-1001A3, and RP11-7IN10 at 3q24, confirmed the
deletion (Fig. 2E).

DISCUSSION

This patient presented with multiple congenital malformations,
including occult spina bifida, dysmorphic facial features, and
hypoplasia, and upward rotation of the cerebellar vermis with
enlargement of the fourth ventricle on brain MRI, which were
consistent with DWM. A cytogenetic analysis showed interstitial
deletion of chromosome 3g23 to 3q25.1, and her FISH study
confirmed the heterozygous deletion of ZICI and ZIC4 on 3q24.
Recently, Grinberg et al. [2004] reported that locus 3q24 is the first
critical region involved in DWM, encompassing genes ZICI and
ZIC4. The human ZIC gene family encoding zinc-finger transcrip-
tion factors is comprised of five members [Grinberg and Millen,
2005]. The ZIC gene family is expressed in central nervous systems,
including the cerebellum, and Zic genes are found to be expressed
in the adult mouse cerebellum in a highly restricted manner [Aruga
et al., 1994, 1996, 2002]. Zicl plays essential roles in cerebellar
development, and the Zicl gene deletion could cause the extra-
cerebellar phenotype as those reported in the Zicl knockout mice
[Aruga et al., 1998; Ogura et al., 2001]. Human ZICI and ZIC4 are
both mapped to 3p24. A mouse model for only Zicl ™/~ or Zic4™~
showed a slightly hypoplastic cerebellum, however, 15% of these
double heterozygotes have severe cerebellar hypoplasia [Grinberg
et al., 2004]. The authors conclude that heterozygous loss of ZICI
and ZIC4 is the cause of DWM in individuals with deletion of 3q2.
In our patient, we also demonstrated the heterozygous deletion of
both ZICI and ZIC4 by FISH and SNP array. After the original
report of seven cases, this is the second report dealing with the
eighth case of DWM with heterozygous ZICI and ZIC4 deletion.

The original seven patients showed various phenotypes such as
DWM. A wide variety of deletion in size was noted. The cerebellar
hypoplasia in our patient is moderately severe as compared with
those in the original seven cases. Chromosomal deletion in our
patient ranges from 3q23 to 3q25.1. Grinberg et al. [2004] stated
that the severity of DWM does not correlate with the size of
chromosomal deletion. In the ZicI'/™ Zic4™" mice, 85% had a
mild cerebellar phenotype whereas 15% were severely affected. The

authors speculated that the variable expressivity observed in hu-
mans and mice might support theidea of modifyingloci influencing
the development of cerebellar malformation.

Three of the seven individuals in the report of Grinberg et al.
[2004] have facial changes observed in the blepharophimosis—
ptosis—epicanthus inversus syndrome (BPES), representing a rec-
ognizable contiguous gene syndrome [Smith et al., 1989; Ishikir-
iyama and Goto, 1993]. BPES is also an autosomal dominant
inheritance and maps to 3q23 [Amati et al, 1995]. Crisponi
et al. [2001] identified the forkhead transcription factor gene 2
(FOXL2) gene as responsible for BPES, which islocated 3q22.3-q23.
The facial dysmorphology of our patient is not consistent with
BPES. To define her deletion, we performed a SNP array-based
genomic copy number analysis and found that her interstitial
deletion did not involve FOXL2. Only one of the five patients with
3q23-q25 deletion in the earlier reports showed no clinical features
resembling BPES [Franceschini et al., 1983; Alvarado et al., 1987].
Dysmorphic facial features of this patient included synophrys of the
eyebrows, broad nose, and full lips [Franceschini et al., 1983],
partially resembling those of our case. Other deleted genes may
affect the dysmorphic facial features in our patient.

DWM is a relatively common malformation of the central
nervous system, but this condition has etiologic heterogeneity.
After finding the first critical region of DWM, DeScipio et al.
[2005] identified six children with subtelomeric deletions of
6p25, which is the second locus of DWM, and Aldinger et al.
[2009] reported that the alteration of FOXCI at 6p25.3 contributed
to DWM. In addition, Jalali et al. [2008] reported on a male patient
with a heterozygous deletion of distal 2q, and identified a candidate
locus for DWM with occipital cephalocele at 2q36.1 by linkage
analysis. Their family showed an autosomal dominant mode of
inheritance.

The recurrence risk for DWM is also heterogeneous, depending
on the etiology, which is not yet fully explained despite intensive
cytogenetic investigations of many cases. Empiric recurrence risk
for DWM in the absence of a known disorder is relatively low
[Murray et al., 1985]. High-resolution chromosomal analysis of
patients may provide critical information necessary for genetic
counseling related to DWM.
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Hemiconvulsion-hemiplegia-epilepsy syndrome involves sudden and prolonged unilateral seizures,
followed by transient or permanent hemiplegia and epilepsy during infancy or early childhood. Some
patients with familial hemiplegic migraine and demonstrating the S218L mutation in CACNAIA experi-
ence severe attacks with unilateral cerebral edema after trivial head trauma. We report on a 5-year-old
Japanese girl presenting with hemiconvulsion-hemiplegia-epilepsy syndrome after infection with
parvovirus B19. Magnetic resonance imaging performed 2 days after admission revealed cerebellar
atrophy and marked hyperintensity in the left hemisphere on Ty-weighted and diffusion-weighted
imaging. Magnetic resonance angiography performed 7 days after admission demonstrated oblitera-
tion of the left proximal middle cerebral artery in the acute phase. However, this finding was not evident
on brain angiography performed 25 hours after magnetic resonance angiography. Genetic analysis of
familial hemiplegic migraine revealed a heterozygous S218L mutation in CACNA1A. Taken together, these
results suggest that vasospasms of cerebral vascular smooth muscle, with possible cortical spreading
depression, may have caused the hemiconvulsions and hemiplegia in the left hemisphere. This case
report is the first, to the best of our knowledge, to associate CACNA1A with hemiconvulsion-hemiplegia-
epilepsy syndrome and familial hemiplegic migraine, and to suggest that similar pathogenic mechanisms
may underlie these two disorders.

© 2011 Elsevier Inc. All rights reserved.

Introduction encodes proteins involved in ion transportation [4,5]. Some
patients with familial hemiplegic migraine and manifesting the
S218L mutation in CACNAIA were reported to experience severe
attacks with unilateral cerebral edema after trivial head trauma [6-

8]. This mutation tends to cause severe and specific phenotypes,

Hemiconvulsion-hemiplegia-epilepsy syndrome is a rare
condition involving sudden and prolonged unilateral seizures in
infancy and early childhood, followed by transient or permanent

hemiplegia. Eighty percent of patients subsequently develop focal
epilepsy. The clinical features, natural history, and neuroradiologic
findings were studied extensively [1,2], but the pathogenesis
remains poorly understood.

Familial hemiplegic migraine is a rare autosomal dominant
subtype of migraine with aura in which attacks are associated with
hemiparesis and, in some families, cerebellar atrophy [3,4]. Three
genes, CACNAIA at chromosome 19p13, ATPIA2 at 1q23, and
SCNAIA at 2q24, were identified to cause type 1, type 2, and type 3
familial hemiplegic migraine, respectively. Each of these genes
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Japan.
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such as familial hemiplegic migraine [9].

We report on a 5-year-old Japanese girl with hemiconvulsion-
hemiplegia-epilepsy syndrome after infection with parvovirus
B19, who manifested the S218L mutation in CACNAIA.

Case Report

A 5-year-old Japanese girl had been born without asphyxia. She presented with
a documented history of delayed motor and mental development and cerebellar
ataxia from infancy. No other members of her immediate family reported a history of
severe headache. Cranial magnetic resonance imaging at age 11 months indicated no
abnormalities. At both 3 years and 6 months and 4 years and 5 months of age, she
experienced episodes of unconsciousness for more than 2 hours after vomiting.
Interictal electroencephalography revealed no abnormal findings. At age 5 years and
3 months, she developed erythema infectiosum. Ten days after the onset of infec-
tion, vomiting and complex partial seizures began, accompanied by right
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Figure 1. Cranial magnetic resonance imaging 2 days after onset of infection, at age 5
years and 3 months. Axial diffusion-weighted imaging indicates hyperintensity of the
white matter in the left cerebral hemisphere, predominantly involving subcortical
white matter. Lt = left; Rt = right.

hemiconvulsions for more than 1 hour. When she arrived at our hospital, her
seizures continued. An intravenous injection of midazolam was administered, and
she recovered from the complex partial status epilepticus. Six hours after admission,
she manifested a high fever. The day after admission, she was incapable of speech
and of voluntary movements in the right limbs. Serum amino acid analysis, urine
organic acid analysis, and cerebrospinal fluid examination yielded normal results.
Her level of serum anti-parvovirus B19 immunoglobulin M antibody was elevated,
and a polymerase chain reaction analysis of serum detected parvovirus B19 DNA.
Cranial magnetic resonance imaging performed 2 days after admission revealed
cerebellar atrophy and widespread areas of mild hyperintensity on T-weighted
images and marked hyperintensity on diffusion-weighted images, revealing lesions
(Fig 1) in the cortex and subcortical white matter of the left frontal, temporal, and
parietal lobes. Follow-up magnetic resonance imaging performed 7 days after
admission demonstrated an expansion of brain edema in the left cerebral hemi-
sphere, compared with T-weighted imaging from the previous magnetic resonance
image. Magnetic resonance angiography performed 7 days after admission
demonstrated an obliteration of the left proximal middle cerebral artery (Fig 2A), but
no such obliteration was evident on brain angiography performed 8 days after
admission (Fig 2B). Five days after admission, she manifested several episodes of
right hemiconvulsions lasting for 5-6 minutes. Oral administration of carbamaze-
pine and clobazam was initiated, and her seizures were controlled. She was dis-
charged 45 days after admission, with right hemiparesis and mild dysarthria. A third
cranial magnetic resonance image performed 90 days after the onset of infection
indicated diffuse atrophy of the left cerebral hemisphere (Fig 3).

Clinically, hemiconvulsion-hemiplegia-epilepsy syndrome associated with
parvovirus B19 infection was diagnosed. Suspecting a relationship between
hemiconvulsion-hemiplegia-epilepsy syndrome and familial hemiplegic migraine,
we used the polymerase chain reaction direct sequencing method to sequence exons
4,5,6,17,26,27,28, and 32 of CACNATA, and exons 17 and 19 of ATP1A2, where many
mutations have accumulated. DNA was extracted from peripheral blood using
a standard protocol. We identified the heterozygous S218L mutation in exon 5 of
CACNATA.

Discussion

Our patient developed prolonged complex partial seizures with
right hemiconvulsions, high fever, and right hemiparesis after
infection with parvovirus B19. Cranial magnetic resonance imaging
revealed marked hyperintensity in the left hemisphere on

diffusion-weighted imaging during the acute stage. Right hemi-
convulsions were later evident, and severe atrophy of the left
cerebral hemisphere was apparent on magnetic resonance imaging
during the chronic phase. Hemiconvulsion-hemiplegia-epilepsy
syndrome after infection with parvovirus B19 was thus diag-
nosed. The clinical picture of this patient did not present the usual
signs of familial hemiplegic migraine attacks. However, because of
her history of cerebellar ataxia and episodic unconsciousness with
vomiting, we hypothesized that her signs may have been related to
hemiplegic migraine, and we performed genetic testing for familial
hemiplegic migraine. We were then able to identify the S218L
mutation in CACNAIA. To the best of our knowledge, this report is
the first to associate the mutation in CACNAIA with
hemiconvulsion-hemiplegia-epilepsy syndrome.

The pathogenesis of hemiconvulsion-hemiplegia-epilepsy
syndrome has been widely discussed, but has yet to be fully
explained [1,2,10]. Involvement of a primary viral infection with
human herpesvirus 7, Varicella zoster virus, and the other viruses
were reported [11,12]. These data cannot explain why unilateral
lesions resulted. Kawada et al. suggested that a cerebrovascular
disorder attributable to human herpesvirus 7 infection may
constitute the cause of hemiconvulsion-hemiplegia-epilepsy
syndrome [11]. The lesions of hemiconvulsion-hemiplegia-
epilepsy syndrome may also represent a direct consequence of
prolonged, unilateral febrile convulsions [1,13]. Results from our
patient could provide important insights into the pathogenesis of
hemiconvulsion-hemiplegia-epilepsy syndrome.

Kors et al. [6] first reported the S218L mutation in CACNAIA in
association with familial hemiplegic migraine. The S218L mutation
is one of the more common in familial hemiplegic migraine type 1,
and patients with this mutation are known to suffer from partic-
ularly severe attacks, accompanied by cerebral edema [6-8]. Stem
et al. [8] summarized the clinical spectrum in 13 patients with the
S218L mutation. They reported that 12 patients (92%) manifested
ataxia or cerebellar signs, and nine patients (69%) manifested
hemiplegic migraine that may have triggered by trivial head
trauma. In addition, nine patients (69%) exhibited severe attacks
with coma. In our patient, because no head trauma was recognized
before her attack, hemiconvulsions with impaired consciousness
may have been triggered by infection with parvovirus B19, and she
demonstrated unilateral effects of her infection in the brain. These
results strongly suggest that the pathogenesis of hemiconvulsion-
hemiplegia-epilepsy syndrome may partially overlap those of
familial hemiplegic migraine. The mechanism of the migraine aura
is considered to be associated with the cortical spreading depres-
sion induced by a dysfunction of neuronal voltage-dependent
P/Q-type calcium channels. Accompanying the S218L mutation,
P/Q-type calcium channels exhibit an unusually low threshold of
activation, a very slow rate of inactivation, and a fast rate of
recovery from inactivation [4,5,9]. This effect of the S218L mutation
may contribute to hemiconvulsion-hemiplegia-epilepsy syndrome.

We performed cerebral angiography during the acute stage. In
a previous report, severe episodes in patients with familial hemi-
plegic migraine were triggered by cerebral angiography [14]. In our
patient, no worsening of signs was evident after angiography. Some
reports described cranial angiography in addition to the findings of
magnetic resonance angiography in cases of familial hemiplegic
migraine attacks. Our patient demonstrated an obliteration of the
left proximal middle cerebral artery on magnetic resonance angi-
ography just after her attack, but this finding was not evident on
brain angiography the next day. We postulated that the obliteration
of the left proximal middle cerebral artery on magnetic resonance
angiography did not indicate mechanical obstruction, but vaso-
spasms of this artery instead. Involvement of the entire left hemi-
sphere in our patient could not be explained only by ischemic
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Figure 2. Findings of angiography. (A) Cranial magnetic resonance angiography 7 days after onset of infection, at age 5 years and 3 months, demonstrates obliteration of the left
proximal middle cerebral artery (arrows). (B) Cranial angiography of the right carotid artery (left) and left carotid artery (right) at 8 days after onset of infection indicates a patent

left middle cerebral artery.

changes in the middle cerebral artery area. We think that vaso-
spasms of the cerebral vascular smooth muscle, attributable to
channel impairment with cortical spreading depression, may have
caused the hemiconvulsions and hemiplegia.

Figure 3. Cranial magnetic resonance imaging at 90 days after onset of infection. Axial
fluid-attenuated inversion recovery image indicates diffuse atrophy of the left cerebral
hemisphere. Lt = left; Rt = right.

In conclusion, this report is the first, to the best of our knowl-
edge, of a CACNAIA S218L mutation in a patient with
hemiconvulsion-hemiplegia-epilepsy syndrome. Further analyses
of the CACNAIA gene in a larger number of patients with
hemiconvulsion-hemiplegia-epilepsy syndrome may provide more
evidence of relationships between hemiconvulsion-hemiplegia-
epilepsy syndrome and familial hemiplegic migraine, and confirm
whether similar pathogenic mechanisms underlie these two
disorders, and how often this gene may be involved.

The authors thank the doctors of neurosurgery and the staff at the Department of
Radiology of Niigata City General Hospital for performing emergency brain angi-
ography, and the doctors of radiology and neurclogy at Niigata City General Hospital
for helpful suggestions.

References

[1] Freeman JL, Coleman LT, Smith LJ, Shield LK. Hemiconvulsion-hemiplegia-
epilepsy syndrome: Characteristic early magnetic resonance imaging findings.
J Child Neurol 2002;17:10-6.

[2] Mirsattari SM, Wilde NJ, Pigott SE. Long-term cognitive outcome of

hemiconvulsion-hemiplegia-epilepsy syndrome affecting the left cerebral

hemisphere. Epilepsy Behav 2008;13:678—80.

Headache Classification Committee of the International Headache Society. The

international classification of headache disorders, 2nd edition. Cephalalgia

2004;24(Suppl. 1):1-160.

Pietrobon D. Familial hemiplegic migraine. Neurotherapeutics 2007;4:274-84.

Ophoff RA, Terwindt GM, Vergouwe MN, et al. Familial hemiplegic migraine

and episodic ataxia type-2 are caused by mutations in the Ca®* channel gene

CACNL1A4. Cell 1996;87:543~52.

©



196 S. Yamazaki et al. / Pediatric Neurology 45 (2011) 193—196

[6] Kors EE, Terwindt GM, Vermeulen FLMG, et al. Delayed cerebral edema and

fatal coma after minor head trauma: Role of the CACNA1A calcium channel

subunit gene and relationship with familial hemiplegic migraine. Ann Neurol

2001;49:753-60.

Curtain RP, Smith RL, Ovcaric M, Griffiths LR. Minor head trauma-induced

sporadic  hemiplegic  migraine coma. Pediatr Neurol 2006;34:

329-32,

[8] Stam AH, Luijckx GJ, Poll-Thé BT, et al. Farly seizures and cerebral oedema

after trivial head trauma associated with the CACNAIA S218L mutation.

J Neurol Neurosurg Psychiatry 2009;80:1125-9.

Debiais S, Hommet C, Bonnaud I, et al. The FHM1 mutation S218L: A severe

clinical phenotype? A case report and review of the literature. Cephalalgia

2009;29:1337-9.

[10] Toldo 1, Calderone M, Boniver C, Dravet C, Guerrini R, Laverda AM. Hemi-
convulsion-hemiplegia-epilepsy syndrome: Early magnetic resonance

3

[9

(11

[12]

[13

[14]

imaging findings and neuroradiological follow-up. Brain Dev 2007;29:
10911,

Kawada J, Kimura H, Yoshikawa T, et al. Hemiconvulsion-hemiplegia-epilepsy
syndrome and primary human herpesvirus 7 infection. Brain Dev
2004;26:412—4.

Wakamoto H, Ohta M, Nakano N. Hypercytokinemia in hemiconvulsions-
hemiplegia-epilepsy syndrome associated with dual infection with Vari-
cella zoster viruses and Epstein-Barr virus. Neuropediatrics 2002;33:
262-5.

Hisano T, Ohno M, Egawa T, Takano T, Shimada M. Changes in
diffusion-weighted MRI after status epilepticus. Pediatr Neurol 2000;22:
327-9.

Ducros A, Denier C, Joutel A, et al. The clinical spectrum of familial hemiplegic
migraine associated with mutations in a neuronal calcium channel. N Engl ]
Med 2001;345:17—-24.



‘Key words

© atrophy

caused by the
1 proliferation
gential neuro-
eminence. The
neration of the

received ] The older sister, the first |

accepted 28 : ents, was born after 38 we estation by spon-
taneous delivery followin ormal pregnancy.

Bibliegraphy ring fetal ultrasono-

DOI http://dx.do
10.1055/s-0031-128
Neuropediatrics 2011

graphic examination 1e last trimester. The
patient’s birth weig

42: 163-166 length 45.0cm (-1 D), and OFC 30cm (-2.2
© Georg Thieme Verlag Kt cephaly with simplifie ) owed clonic seizure activ-
Stuttgart - New York beller hypoplasia and dmission at the age of 1
ISSN 0174-304X [1]. One of these, ' aly with sim- condition was unremarkable

lified gyri and é%ﬁ* 1 space is clini- ephaly and feeding difficulties.
Correspondence Iy:. characteriz developmental ~ Dysmorphic features including a sloping fore-

Kazuhiro Haginoya, MD, PhD
Department of Pediatric

d and thick eyebrows, blephalophi-

Neurology and dy saddle nose, triangular mouth, and
Takuto Rehabilitation Center for ~ growth failu ccipital frontal circumferen ognathia were observed. She began having
Children (OFC) below ). MRI findi i h complex partial seizures with right facial clonic
20 shikaoto microcephaly, simpli %}dg ) Xtraa: seizures at 2 months of age. The seizures were
Akiu Yumoto space and relatively preserved pontocerebeller  controlled with valproic acid. The patient had
;Z:’;:”g‘; ooa1 structures [1]. In this case study, we describe 2  spastic quadriplegia without obvious spontane-
Japan Japanese sisters with microcephaly with simpli-  ous movements and gastroesophageal reflux dis-
Tel.: +81[22/398 2221 fied gyri and enlarged extraaxial space. In one of  ease (GERD) beginning at 3 months of age. She
Fax: +81/22/397 2697 the sisters, repeat MRI findings showed progres-  died suddenly at 4 years and 8 months of age.
khaginoya@silk.ocn.ne.jp sive atrophy of the cerebral hemispheres.

Hirose M et al. Progressive Atrophy of the ... Neuropediatrics 2011; 42: 163-166
— 79 —

This is a copy of the author’s personal reprint



