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Fig. 5. Detection of the EWS/FLI wranscript in the MP-ASKIN-SA cell
line by RT-PCR. The MP-ASKIN-SA cells had an EWS/FLI1 wranscript of
approximately 420 bp. The neurcblastoma KP-N-RT cell line was used
as a negative control. The amplification of [-actin was observed in each
sample, confirming the RNA quality.

3.5. c-myc mRNA expression

The e-mye mRNA of the MP-ASKIN-SA cell line and
the HL60 cell line was highly expressed (Fig. 7). In contrast,
c-nmyc mRNA from the peripheral lymphocytes of a healthy
volunteer was not highly expressed.

3.6. FAK mRNA expression

Expression of FAK mRNA was 12-fold higher in the
MP-ASKIN-SA cell line than in the fibroblasts of a healthy
volunteer. Expression of FAK mRNA was also high in other

EWS Exon7

Patient

FLI1 Exon 6

EWS Exon 7

il "W y\

ESFT cell lines, ranging between 5 and 28 times the expres-
sion level! in the negative control (Fig. 8; Table 2). Neither
the neuroblastoma cell line SJ-N-KP nor the undifferentiated
sarcoma cell line A204 expressed high levels of FAK.

4. Discussion

Only a few Askin tumor cell lines have been well docu-
mented [18,19]. We established a new Askin tumor cell line,
MP-ASKIN-SA, from the thoracic metastatic tissue of a 13-
year-old Japanese boy, who presented with a relapsed tumor.

Differentiating ESFT from other small round tumors by
morphology alone is difficult. In these cases, immunohisto-
chemical and genetic studies can lead to an accurate diag-
nosis. Immunohistochemical studies have demonstrated
that HBA71 has a striking specificity for ESFT. The
t(11;22)(q24;q12) is identified at the karyotypic Ievel in
approximately 80% of the cases of ESFT {23,24]. Conventional
chromosomal analysis, however, did not demonstrate this
characteristic translocation in the MP-ASKIN-SA cells.

This translocation generates an EWS/FLI] chimeric tran-
script that is comprised of the 5 EWS region and the 3" FL11
region [2]. This chimeric transcript has been molecularly
identified in approximately 90% of ESFT cases [2,3,25].
Using RT-PCR, the chimeric transcript was detected in the
MP-ASKIN-SA cells, indicating that detection of this chim-
eric gene is a more sensitive diagnostic method. The exis-
tence of the chimeric EWS/FLII transcript identified this cell
line as ESFT. At least 18 EWS/FLII transcript types have
been identified on the basis of the exact fusion exon sites
between EWS and FLIL. The fusion of exon 7 of EWS with
exon 6 of FLI1, which was revealed to occur in this cell
line, is called an EWS/FLII type 1 transcript and accounts
for approximately 65% of the cases of EWS/FLII fusion
[26). The resulting chimeric protein probably functions as
a constitutive transcriptional activator and is likely to cause
the initiation of ESFT tumorigenesis [4]. Only a few studies,
however, have investigated the genetic aberrations that cause

GGGCAGCAGAGTTCATTCCGA

GGGCAGCAGAACCCTTCTTAT

GTCAAAGAAGACCCTTCTTAT

FLI1 Exon 6

Fandiil

Fig. 6. Nucleotide sequence of EWS/FLII junctions in the MP-ASKIN-SA cell line. Sequencing of the amplified cDNA confirmed that EWS exon 7 fused

to FLI1 exon 6.
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the malignant progression of ESFT. These studies have im-
plicated mutations of the 7P53 gene [14]. INK4A deletions
[27], and increased serum intracellular adhesion molecule-
1 levels [28] in the malignant progression of ESFT.

ESFT is a systemic disease. Even though the majority of
patients have no clinical evidence of metastatic disease
upon diagnosis, it must be assumed that every patient has
microscopic metastasis. To elucidate the molecular biologic
mechanism of spreading and malignant progression in ESFT,
we investigated the expression degree of two genes in the
MP-ASKIN-SA cell line. One gene is c-mye, which is known
to be related to the malignant progression of various cancers
[6]. Sollazo et al. [5] suggested that c-myc is related to
malignant progression in Ewing sarcoma clinical samples.
In our experiment, a high level of ¢-myc mRNA was detected
by Northern blot analysis, although the possibility that this
occurred during in vitro culture cannot be excluded. Taken
together, these findings suggest that ¢-myc overexpression is
strongly associated with poor prognosis in ESFT.

The other gene that we investigated is FAK. Increased FAK
activity correlates with focal adbesion formation and cell
migration. FAK-null fibroblasts are defective in cell migra-
tion {8]. Taken together, these findings indicate that FAK is
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Fig. 7. ¢c-myc expression. c-myc mRNA of the MP-ASKIN-SA cell line a signaling component that plays a central role in cell migra-

was greatly overexpressed, as compared with the negative control. The - tion. A high level of FAK mRNA was detected in the
tin pene was used for an internal control. ) . .

acti Ben e initernat conto MP-ASKIN-SA cell line by Northern blot analysis. To our

knowledge, this is the first report of a possible relationship
between the FAK gene and poor prognosis in ESFT. We also
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Fig. 8. Focal adhesion kinase (FAK) expression. FAK mRNA of the MP-ASKIN-SA cell line was highly expressed, as compared with the negative control.
FAK mRNA was also highly expressed in each of the nine other ESFT cell lines.
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Table 2

Quantitative comparison of FAK expression among the RD cell tine as a
positive control, 10 ESFT cell lines, and fibroblasts of a healthy volunteer
as a negative condrol

Material Ratio of FAK expression

RD cell line (positive control) 100
The ESFT cell lines (mean, n = 10) 322 (range: 109-617)
Ewing sarcoma cell lines (mean, # = 6) 258 (runge: 109-617)
PNET cell line {(n = 1) 420
Askin tumor cell lines (mean, n = 3) 416 (range: 272-506)
Fibroblasts from a healthy volunteer 22
(negative control)

found that FAK mRNA was highly expressed in nine other
ESFT cell lines. Since the FAK mRNA was not highly ex-
pressed in other representative malignant tumor cell lines,
neurcblastoma, and undifferentiated sarcoma, the possibility
that this occurred during in vitro colture can be excluded,

FAK is a normal gene with detectable levels of mRNA
in all adult tissues [29], and there is no evidence of mutations
that would render it a transforming gene (30]. In normal
cells, FAK might be a sensor of cell adhesion, limiting growth
in an anchorage-dependent manner, whereas in transformed
cells, overexpression of FAK may override this regulation
and allow anchorage-independent growth in the absence of
cell adhesion. The EWS/FLI! fusion protein acts as a trans-
activator of the c-myc gene promoter, suggesting that the
EWS/FLII fusion gene affects upregulation of ¢-myc expres-
sion [31]. In the future, it is important to elucidate whether
FAK expression in ESET is the resalt of EWS/FLII action,
the result of some other alteration in the tumors, or a basic
expression feature of the cellular environment.

Both the ¢c-myc and FAK genes are located on chromo-
some 8. The most frequent secondary change is trisomy &,
followed by +12, +2, +5, +9, +15, and gain of matenal
from the long and short arms of chromosome 1 [25]. Trisomy
8 has been detected in more than half of ESFT cases [26]. It
is possible that these additional copies of the chromosomes
increase the function of particular genes located on this chro-
mosome. FAK may be an ideal target for therapeutic selection
of ESFT. First, in vitro introduction of FAK antisense oligo-
nucleotides results in attenuation of FAK transcription, loss
of cell adherence, and ultimate apoptosis [32]. Second,
normal cells treated with FAK antisense oligonucleotides
are not as sensitive to apoptosis as tumor cells {32]. Further
investigation of FAK as a therapeutic target and as a clinical
tumor marker appears to be warranted.
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Abstract

We report on the electroclinical findings and the results of a molecular genetic study of a patient with typical severe myoclonic epilepsy in
infancy (TSME) and three with borderline SME (BSME) who showed paroxysmal movement disorders, such as choreoathetosis. dystonia
and ballismus, during their clinical course. BSME was defined as a clinical entity that shares common characteristics with TSME but lacks
myoclonic seizures associated with ictal EEG changes. When the paroxysmal movement disorders were first observed. all the patients in this
study were being treated with polytherapy including phenytoin (PHT), and these abnormal movements disappeared when PHT was
discontinued or reduced. However, on other occasions, two of our cases also showed the same abnormal movements even when not being
treated with PHT. One patient with TSME and two of the three patients with BSME had SCN/A gene mutations that lead to truncation of the
associated protein. We conclude that paroxysmal movement disorders seen in SME patients were closely related 1o their AED therapy,
especially the use of PHT. It is thought that patients with both TSME and BSME have some predisposition toward paroxysmal movement
disorders. and that this predisposition is partly related to sodium channel dysfunction, although some other factors might influence the
occurrence of this phenomenon,
© 2003 Elsevier Science B.V. All rights reserved.

Kevwords; Severe myoctonic epilepsy in infancy: Paroxysmal movement disorder: Phenytoin: Antiepileptic drug: SCNIA mutation: Sodium channel

1. Introduction performed on patients with SME, and a high rate of
mutations in the voltage-gated sodium channel ai-subunit
Severe myoclonic epilepsy in infancy (SME) is an (SCNIA) gene has been reported [6,7]. We also performed a

epileptic syndrome that is characterized by prolonged genetic study on patients with SME, which included TSME
generalized or alternating hemiconvulsions beginning in and BSME, and found a high rate of mutations in the SCN/A
infancy [1]. Later on, patients begin to suffer myoclonic gene (8]

seizures and/or atypical absences with eyelid myoclonias. Recently, Saito et al. reported phenytoin-induced chor-
Some researchers, ourselves included, have noted the eoathetosis in patients with SME [9]. We also observed
existence of patients who appear to have SME but lack similar movement disorders in one patient with TSME and
myoclonic seizures - associated with ictal EEG changes threc patients with BSME. We report herein on the
[1-5). Since most of these atypical cases have erratic and electroclinical findings on these patients, as well as the
segmental myoclonias that are not associated with ictal EEG results of a molecular genetic study we performed on these
changes, many other researchers do not differentiate these patients. Finally, we discuss.the possible causes of their

atypical cases from typical SME cases and diagnose all of involuntary movements.

them as having SME. In this paper, we refer to typical SME
cases as typical SME (TSME) and the above-mentioned
atypical cases as borderline SME (BSME). The relationship ~ 2- Case reports
between TSME and BSME has not yet been fully

elucidated. Recently, molecular genetic studies have been 2.1 Case I
* Corvesponding author. Tel.: +81-86-235-7372: fax: +81-86-235-7377. This patient is a male with BSME, 14 years and 2 months
E-nail addvess: ohtsuka@md.okayama-u.acip (Y. Ohtsuka). old. At 11 years, 6 months of age (August 9, 1999}, he was

0387-7604/03/3 - see front matter © 2003 Elsevier Science B.V. All rights reserved.
doiz [0.1016/S0387-7604(03)00025- |
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admitted to our hospital because of an increase in
convulsive seizures and segmental myoclonias without
ictal EEG changes. On admission, he was being treated
with 1200 mg/day of valproate (VPA) and 1500 mg/day of
potassium bromide (KBr). Although he did not have definite
hemiparesis, he had tended to avoid using his left hand since
he was about 8 years old. Phenytoin (PHT) therapy was
started on August 24, 1999. On September 3, 1999, 3 days
after we had increased the dosage to 200 mg/day (serum
level: 9.5 pg/mi), he suddenly started to exhibit involuntary
movements in the left upper and lower limbs. At this time,
he was placed on 200 mg/day of PHT, 1000 mg/day of VPA
and 1300 mg/day of KBr. During episodes of involuntary
movements lasting from about 20 min to several hours, his
left upper and lower limbs became tonic and his left arm was
flexed at the elbow, accompanied by choreoathetosis
involving his left fingers and left toes. He became agitated,
and hyperhidrosis was observed. These episodes occurred
every several days, mainly in the afternoon or evening.
EEGs during these episodes of involuntary movements
showed no significant ictal changes. A thorough investi-
gation into the cause of these involuntary movements
revealed a close relationship between the appearance of the
movements and PHT serum levels. After many trials, it was
found that he was free from involuntary movements at PHT
serum levels of less than 7.5 pg/ml. PHT was discontinued
and carbamazepine (CBZ) was started on October 15, 1999.
On November 4, 7 days after the dosage of CBZ was
increased to 500 mg/day, he showed the same type of
involuntary movements again from one to several times a
day for 3 days. At this time he was placed on 500 mg/day of
CBZ (serum level: 10.5 pg/ml), 1600 mg/day of VPA
(serum level: 113.2 pg/ml) and 0.6 mg/day of ethyl
loflazepate. Each episode lasted for about 30 min. When
CBZ was discontinued his involuntary movements rapidly
disappeared. He is now being treated with 800 mg/day of
KBr, 1300 mg/day of VPA, 90 mg/day of phencbarbital
(PB) and 350 mg/day of zonisamide (ZNS), and his
choreoathetosis has not recurred during the 2-year-4-
month follow-up period. However, the patient often keeps
his left arm in an abnormally flexed position and it does not
move naturally while he is walking. Although he can walk
without help, his gait is very ataxic. He speaks only some
simple sentences.

2.2. Case 2

This patient is a 7-year-11-month-old male with BSME.
It was noticed that he did not move his right arm naturally
while he was running since he was 3 years of age. He was
admitted to our hospital at 5 years, 9 months of age (January
20, 2000) because of frequent hemiconvulsions and
generalized clonic or tonic—clonic convulsions, which
occurred mainly during sleep, clustered into several
occurrences a day. On admission, he was treated with
1000 mg/day of VPA, 1100 mg/day of KBr, 120 mg/day of

primidone and 50 mg/day of PHT. Because of frequent
convulsive seizures, we increased the dosage of PHT to 200
mg/day. On February 2, 2000, 10 days after this increase,
choreoathetosis appeared in his right upper arm. At this
time, he was being treated with 200 mg/day of PHT, 900
mg/day of VPA and 1000 mg/day of KBr. These involuntary
movements were often observed just after throwing a ball
with his right hand or while he was handling a toy with his
right hand. These episodes occurred suddenly and lasted for
about 1 h, especially in the evening before bedtime. EEGs
during these involuntary movements showed no significant
changes. The sudden appearance of involuntary movements
seemed to be related to the increased PHT dosage. An
analysis of the relationship between choreoathetosis and
PHT serum levels revealed that choreoathetosis occurred
only at levels of 17.6 pg/ml or higher. After reducing the
PHT dosage (serum level: < 16 1g/ml}, choreoathetosis has
not recurred during the 2-year-1-month follow-up period,
However, he still does not move his right arm naturally
while he was running and tends to avoid using his right
hand. Although he can walk without help, his gait is ataxic.
He speaks only single words.

2.3. Case 3

This patient is a 22-year-9-month-old male with BSME.
At 10 years of age, the patient’s mother noticed that, about
once a month, the boy assumed a strange posture that lasted
from about | h to almost an entire day. During these
episodes, his body stooped to the left, with the left arm
flexed and the left fingers overextended, and he repeatedly
twisted his body to the left. Although he could stand, walk
and move his left arm during these episodes, all his
movements were slow and awkward. He looked vacant and
unusvally quiet. Upon examination, he was found to have
mydriasis, tachycardia and hyperhidrosis. He underwent an
EEG, which showed no significant ictal changes. At this
time, he was being treated with 200 mg/day of PHT, 1200
mgfday of VPA and 100 mg/day of CBZ. The PHT serum
level was 17.1 pg/ml. Although he had been taking PHT
(dosage: 130-200 mg/day; serum level: 4.3-26.6 pg/ml,
mostly less than 10 pg/mi) since 3 years of age, the dosage
of PHT had been increased from 175 to 200 mg/day at 9
years, 7 months of age, about 4 months before the onset of
these episodes. The dosage of PHT was not changed until 10
years, 7 months of age. Then it was stopped at the age of 11
years, 3 months. He sometimes manifested these episodes
until 10 years, 6 months of age. Five years later, when he
was 15 years, 11 months old, he again showed the similar
stooping posture to the left, lasting for several days without
any precipitating factors. At this time, he was placed on
1400 mg/day of VPA, 280 mg/day of ZNS, 7 mg/day of
diazepam and 4000 mg/day of vigabatrin. This episode
spontaneously disappeared and he has had no recurrences
during the 6-year-10-month follow-up period. Although he
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Table |
Clinical findings of four patients

Case Age at onset  Generalized  Alternating Complex Myoclonic seizures Status Precipitation  Segmental

(gender/diagnosis)  of seizures  seizures hemiconvulsions  partial seizures  and atypical absences  epilepticus by fever myaclonias
(months} with eyelid myoclonias

1 (male/BSME) 5 (+) (+)L>R (+) (=) (+) (+) (+)

2 (male/BSME) 7 (+) (+)R>L (+) (=) (+) (+) (+)

3 (male/BSME) 4 (+) (+)L>R {+) (-) +) (+) (+)

4 (female/TSME) 3 (+) {(+) (+} (+) (+) (+) (+}

BSME, borderline severe myoclonic epilepsy in infancy: TSME. typical severe myoclonic epilepsy in infancy: R, right side of the body: L, left side of the
body. Myoclonic seizures were associated with ictal EEC changes, Segmental myoclonias were erratic myoclonias which were not associated with ictal EEG

changes,

can walk without help, his gait is ataxic. He speaks only a
few simple sentences.

2.4. Case 4

This patient is a 37-year-old woman with TSME. At 18
years, 7 months of age, she began to have strange episodes
of irregular and violent writhing or flinging movements
involving the right upper and lower limbs. These episodes
occutred every several days and lasted for several hours,
sometimes almost all day. During these episodes, she looked
agitated, or was drowsy but unable to sleep. She could
neither eat nor drink, and hyperhidrosis was observed.
Although these involuntary movements occurred solely on
the right side of her body on most occasions, they
sometimes spread over her entire body. They rarely
occurred mainly on the left side of her body. These episodes
have occurred once every several days, mainly in the late
afternoon to evening, until the time of writing.

Based on our experiences with our other cases, we
suspected that her involuntary movements were related to
PHT. However, she had been taking PHT in addition to
other antiepileptic drugs (AEDs) without any involuntary
movements since 15 years, 8 months of age. Before the
involuntary movements appeared, there was no change in
her AED regimen, which was a polytherapy, consisting of
100 mg/day of PHT (serum level: 2.4 ug/ml), 50 mg/day of
PB. 400 mg/day of CBZ and 900 mg/day of VPA. She has
continued to take PHT (dosage: 100-200 mg/day} until the
time of writing. During the past 10 years, her serum levels of

Table 2
Electrical and neuroimaging findings of four patieats

PHT have ranged from 3.3 to 17.0 pg/ml, mostly less than 7
wg/ml. Because we suspected that her invotuntary move-
ments might be caused by PHT, we reduced the dosage of
PHT from 150 to 100 mg/day when the patient was 36 years,
4 months of age. After the reduction of PHT, her episodes of
involuntary movements completely disappeared for 3
weeks. However, because generalized tonic seizures during
sleep increased markedly, we had to increase the dosage of
PHT to 150 mg/day, and her episodes of involuntary
movements recurred, Although she could speak some
meaningful words and walk during childhood, she cannot
speak any words and cannot walk without help at present.
Tables | and 2 summarize the electreclinical and
neuroimaging findings of the four patients discussed
above. Table 3 summarizes paroxysmal movement dis-
orders seen in these patients and their AED therapy.

3. Molecular genetic study

Written consent was obtained from all participants for
the molecular genetic study. Genomic DNA was extracted
from peripheral blood leukocytes by the standard method.
All coding exons of the SCNIA gene were amplified with
the intronic primers. Al PCR products were reacted with the
Big Dye Terminator FS Ready-Reaction Kit (Applied
Biosystems, Foster City, CA), and analyzed on an ABI
3100 automated sequencer (Applied Biosystems, Foster
City, CA). Table 3 shows the SCNJA gene mutations found
in these patients. Two out of the three patients with BSME

Case Diffuse Multifocal Photosensitivity Multifocal spikes al Neuroimaging
spike-waves spikes appearance of PMD (MRI/CT)

1 (+) rarely {+) (=) Mainly R. F Slight cortical atrophy

2 (-} (-+} (~) Mainly B. F Normal

3 (+) rarely +) (=) Mainly B. F Normal

4 (+) {+) (+) Mainty B. F Normal

PMD, paroxysmal movement disorders; R.F., right frontal: B.F.. bilateral frontal. Diffuse spike-waves and photosensitivity had disappeared by the time of

appearance of paroxysmal movement disorders. In all patients, interictal EE

mutifocal spikes.

Gs at the time of appearance of paroxysmal movement disorders showed only
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Tuble 3
SCNIA mutations, paroxysmal movement disorders and AED therapy

Case SCNIA Age at follow-up Age at appearance of Nature of PMD AEDs at appearance of PMD PHT therupy
mutations PMD
| RSO fsX543 4 years 2 months 11 years 7 months Choreoathetosis PHT, VPA, KBr Il years 6 months -
Il years 7 months
Il years 9 months Choreouathetosis CBZ. VPA, ethyl
loflazepate
2 K547t5sX570 7 years 11 months § years 10 months Choreoathetosis PHT,VPA, KBr 3 years |0 months*
3 (- 22 years 9 months 10 years ) months - Dystonia PHT. VPA, CBZ 3 years 7 months~
10 years 6 months 11 years 3 months
15 years |1 months Dystonia VPA, ZNS, DZP,
vigabatrin
4 R854X 37 years 0 months 18 years 7 months- Choreoathelosis, PHT. PB, CBZ. VPA 15 years 8 months*

present

ballismus

* PHT therapy has continued until the time of writing in cases 2 and 4.

and one patient with SME had SCN/A gene mutations.
These mutations lead to truncation of the associated protein.

4. Discussion

Patients with TSME and BSME share some character-
istic symptoms in addition to epileptic seizures, such as
erratic and segmental myoclonias without ictal EEG
changes, ataxia and appearance of psychomotor retardation
after early normal development [1]. The patients discussed
here can be clinically characterized as suffering from TSME
(case 4) and BSME (cases 1-3). Thus, it appears that
paroxysmal movement disorders are another common
characteristic shared by both TSME and BSME. Other
researchers also reported involuntary movements during the
clinical course of TSME [9] and BSME [10], and theorized
that they were induced by PHT. Our patients also showed
paroxysmal movernent disorders that seemed to be related to
PHT. However, CBZ also induced these types of move-
ments in our case 1. The same type of movement disorder
was also observed in our case 3 while he was not being
treated with PHT .or CBZ. In cases 2—4, the movement
disorders did not appear for many years even while they
were being treated with PHT, but when they did appear, they
disappeared after a discontinuation or reduction of PHT.
Furthermore, the serum levels of PHT that induced the
movement disorders were relatively low in our cases and
other symptoms of acute PHT toxicity were not observed in
any of our cases. Therefore, these movement disorders are
not merely a symptom of PHT overdose.

Although it has been reported that PHT and CBZ can
induce involuntary movements in patients with epilepsy
[11-13], the precise frequency of this occurrence is not
clear. Tt is thought that patients with TSME and BSME
manifest involuntary movements much more often than
those with other types of epilepsies. The four patients
discussed herein were all patients who suffered paroxysmal
movement disorders while undergoing AED therapy drawn

from among all the epilepsy patients seen in our hospital to
date, except for some patients with paroxysmal kinesigenic
choreoathetosis and epilepsy. It is very likely that patients
with TSME and BSME have a predisposition for parox-
ysmal movement disorders, and it appears that these
movement disorders are mainly induced by PHT and
sometimes by other AEDs or other factors.

Mutations in the SCNIA gene have often been detected in
patients with SME [6-8]. In this study, three of the four
patients had mutations in the SCN/A gene. Recently, the
relationship between paroxysmal movement disorders and
epilepsy has attracted attention, and it has been proposed
that ion channel dysfunction may be the basis of the
association between seizures and paroxysmal movement
disorders [14,15]. Thus, mutations in the SCN/A gene might
be linked to the occurrence of involuntary movements in
SME. It has also been reported that this type of sodium
channe! subunit isoform occurs not only in the cerebral
cortex but also in the brainstem, substantia nigra and
caudate in mammals [{6]. It is thought that some AEDs act
by modulating the jon channels (Na* , Ca®*, K*) [17]. The
principal pharmacological action of PHT, CBZ and ZNS
involves modulation of voltage-dependent ion channels,
such as sodium channel. Thus, these AEDs might induce
paroxysmal movement disorders through their action on ion
channels. However, all TSME and BSME patients with
mutations in the SCNIA gene did not necessarily show
involuntary movements while they were being treated with
this class of AEDs. Moreover, one of our patients with
BSME did not have any SCNIA gene mutations. Therefore,
some other factors might also influence the occurrence of
these movement disorders.

Regarding the nature of paroxysmal movement dis-
orders, cases |, 2 and 4 mainly had chorecathetosis, but case
4 showed more violent flinging movements, which
resembled ballismus, Case 3 manifested dystonia. In all
our cases, movement disorders appeared unilaterally on
most occasions. Before the appearance of their paroxysmal
movement disorders, cases | and 2 had shown persistent
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slight motor disturbances on the same side of the upper limb
as that which suffered the involuntary movements, without
focal MRI abnormalities. These motor disturbances con-
tinued after the disappearance of the paroxysmal movement
disorders. They appeared to be an extrapyramidal sign,
namely, abnormal muscle tone or a disturbance of
coordination. Additionally, in cases 1-3, seizures were
seen more often on the same side of the body. Accordingly,
it is thought that the motor circuit involving the cortex
(including the supplementary motor area, the primary motor
area, and the precentral motor area) and the basal ganglia
has some functional disturbance in these patients [18,19].
The fact that interictat EEGs of all four of our patients
showed frontal spikes at the time of appearance of
paroxysmal movement disorders might support this
hypothesis.

_ The causes of paroxysmal movement disorders in TSME
and BSME are still poorly understood. However, at the very
least, the physician should carefully monitor the appearance
of this symptom during patients’ clinical courses. At the first
appearance of involuntary movements, precipitating factors,
especially the AED therapy, should be thoroughly investi-
gated. Furthermore, the frequent appearance of this
symptom in TSME and BSME might shed some light on
the pathophysiological and genetic mechanisms of these
disorders.
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Abstract

We classified 28 patients with severe myoclonic epilepsy in infancy {SME) according to the presence or absence of myoclonic seizures
and/or atypical absences. Eleven of the patients had myoclonic seizures and/or atypical absences, and we refer to this condition as ‘typical
SME (TSME)'. Seventeen of the patients had only segmental myoclonias, and we refer to this condition as ‘borderline SME (BSME)". We
then analyzed the electroclinical and genetic characteristics of these two groups. Ten of the 11 TSME patients had a photoparoxysmal
response at some time during their clinical course, while none of the BSME patients showed this response. TSME and BSME showed a
significant difference in regard to gender ratio: female dominance in TSME and male dominance in BSME (P = 0.008). The detection rate of
the voltage-gated sodium channel al-subunit (SCN1A) gene mutations was 72.7 and 88.2% in TSME and BSME, respectively. There was no
difference in the type or rate of mutation between TSME and BSME. We conclude that TSME and BSME show distinct differences in
photoparoxysmal response and gender, which might be caused by some genetic mechanism(s) other than the SCN1A gene mutation.

© 2003 Elsevier Science B.V. All rights reserved.

Kevwords: Severe myoclonic epilepsy in infancy; Generalized epilepsy with febrile seizures plus; SCNIA; Phenotype

1. Introduction

Severe myoclonic epilepsy in infancy (SME) was first
described by Dravet in 1978 [1]. This epileptic syndrome is
characterized by generalized or unilateral prolonged
seizures in the Lst year of life, often associated with fever.
Between the ages of 1 and 4 years, patients begin to have
myoclonic seizures and/or atypical absences. These myo-
clonic seizures and atypical absences disappear by around
10 years of age in most patients, while convulsive seizures
persist throughout the clinical course,

Some investigators, ourselves included, have noticed
cases which have some of the typical characteristics of SME
but have neither distinct myoclonic seizures nor atypical

Abbreviations: SME, severe myoclonic epilepsy in infancy; GEFS +,
generalized epilepsy with febrile seizures plus; TSME, typical SME;
BSME, borderline SME.

* Corresponding author. Tel.: +81-86-235-7372; fax: +81-86-235-7377.

E-mail address: iori@md.okayama-u.ac.jp {I. Ohmori).

absences. Although these atypical cases do not have
myoclonic seizures which are associated with ictal electro-
encephalograph (EEG) changes, they have segmental
myoclonias without ictal EEG changes. Therefore, there
are many researchers who do not differentiate these atypical
cases from typical SME cases. It has been long debated
whether myoclonic seizures associated with epileptic
discharges on ictal EEGs are essential feature for the
diagnosis of SME.

Based on our previous study of SCN1A mutations in
patients with SME [2), we decided to investigate the
correlation between the electroclinical and genetic ¢harac-
teristics of SME.

2. Patients and methods

Twenty-eight patients with SME, 12 males and 16
femnales, were recruited from patients with epilepsy who

0387-7604/03/$ - see front matter © 2003 Elsevier Science B.V. All rights reserved.
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were seen at Okayama University Hospital from 1969 to
2001, All patients with SME satisfied the diagnostic criteria
of the International League Against Epilepsy classification
[3]. The age at the inittal examination ranged from 4 months
to 5 years, 4 months. The age at the last visit ranged from 4
" to 36 years. The follow-up period ranged from 13 months to
34 years (average: 10 years, 6 months). All patients were
admitted, and ictal EEGs, including EEGs at the time of
segmental myoclonias, were repeatedly performed. Seizure
manifestations were intensively observed by child neurol-
ogists and/or EEG technologists at the time of EEG
examinations before 1981. Since 1981, simultaneous
video-EEG-electromyography (EMG) monitoring was per-
formed as well. During follow-up, EEG was basically
performed once a year on an outpatient basis. Whenever
new types of seizures were noticed, we made every effort to
record ictal EEGs by means of long-term simultaneous
EEG-EMG recordings. Myoclonic seizures were distin-
guished from segmental myoclonias without epileptic
discharges on ictal EEG by means of ictal simultaneous
EEG-EMG recordings.

We divided the patients into two groups, according to the
presence or absence of myoclonic seizures and/or atypical
absences, which were confirmed by ictal EEG-EMG
recordings. In this study, we refer to cases having myoclonic
seizures andfor atypical absences with myoclonic com-
ponents as ‘typical SME (TSME)’ and cases having only
segmental myoclonias as ‘borderline SME (BSME)'. When
the patients had doubtful history of myoclonic seizures, we
classified them into the group of BSME, if we could not
confirmed myoclonic seizures by repeated ictal EEG-EMG
recordings.

The methods of the molecular genetic study were
described in our previous study [2].

Fisher’s exact test was used for statistical analysis.

3. Results
3.1, Electroclinical study

Among 11 patients with TSME, four had both myoclonic
seizures (Fig. 1a) and atypical absences, five had only
myoclonic seizures and the remaining two had only atypical
absences (Table 1). These atypical absences were associated
with eyelid myoclonias (Fig. 1b) and/or myoclonic
components of the shoulders and the neck. In addition,
myoclonic seizures and atypical absences were associated
with spike-and-wave complexes on ictal EEGs. The other
17 patients with BSME had only segmental myoclonias
without epileptic discharges on ictal EEGs (Fig. 2). Both
groups shared the same clinical features except for the
presence or absence of myoclonic seizures and atypical
absences, as shown in Table 1. Ali patients with TSME also
had segmental myoclonias. Moreover, all 28 patients had
mental retardation and frequent generalized or hemiconvul-
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sive status epilepticus during infancy, often associated with
fever. In addition, all but four patients (patients 8, 16, 20,
and 26) had various degrees of ataxia.

Interestingly, TSME and BSME showed a significant
difference with regard to gender: females tended to suffer
from TSME, while males tended to suffer from BSME
(P = 0.008) (Table 1). Regarding EEG characteristics, ten
of the 11 patients with TSME (90.9%} had photoparoxysmal
response (PPR) (Fig. 1b) transiently during their clinical
course, while no patients with BSME showed PPR.
However, all patients in both groups shared the other
common EEG characteristics of SME, such as rare or no
epileptic discharges in the Ist year of life, followed by the
appearance of focal spikes and diffuse epileptic discharges
later in life. A positive family history of convulsive
disorders, mainly febrile seizures, was observed at almost
the same rate in both groups (Table 1).

3.2. Genotype-phenotype correlation

In a previous paper, we reported on a mutation analysis
of the SCNIA gene in patients with SME [2], including the
patients in the present study. Mutations of the SCN/A gene
were detected in 23 of the 28 patients (82.1%) with SME.
The patients with TSME had two nonsense mutations, one
frameshift mutation, and five missense mutations in the
SCNIA gene. The patients with BSME had three nonsense
mutations, seven frameshift mutations, four missense
mutations and one an amino acid deletion. The detection
rate of SCN1A mutation was 72.7 and 88.2% in TSME and
BSME, respectively. There was no statistically significant
difference in the type, location or rate of mutation between
TSME and BSME.

4. Discussion

Generalized epilepsy with febrile seizure plus (GEFS + )
has recently been described and has been attracting much
attention. It is a common childhood genetic epilepsy
syndrome- characterized by febrile seizures that persist
beyond 6 years of age and by the appearance of other types
of afebrile seizures [4,5). GEFS + shows marked pheno-
type heterogeneity. It is thought that SME might be located
in the extended spectrum of GEFS + [6].

Although SME is a well-defined epileptic syndrome,
some nosological issues still remain to be resolved. In the
1980s, some researchers, particularly Japanese ones, started
reporting cases of BSME [7-10]. Although patients with
BSME have neither myoclonic seizures nor atypical
absences, they have erratic and segmental myoclonias
which are not associated with spike-wave discharges on
ictal EEGs. Most typical SME patients also have a similar
type of segmental myoclonias. Since myoclonic seizures
associated with ictal EEG changes are very minor and
transient phenomena in some cases, it is necessary to repeat
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Fig. 1. (a) An ictal EEG of a myoclonic seizure associated with spike-and-wave complexes (patient 5). (b} Atypical absence with eyelid myoclonias provoked

by 20 f/s photic stimulation (patient 9).

long-term simuitaneous EEG-EMG-video recordings for the
detection of myoclonic seizures and to differentiate between
myoclonic seizures and segmental myoclonias. Although
Dravet et al. reported that 21% of the patients in their series
of patients with SME had only segmental myoclonias, they
did not clearly describe the significance of the presence of
these atypical cases [11]. Based on the current viewpoint, in
which SME is located in the extended spectrum of
GEFS, the presence of BSME is intriguing. It is thought
that BSME is also located in the extended spectrum of
GEFS + . There may be some other cases in this spectrum
which share some of the same electroclinical and genetic
characteristics with TSME and BSME.

In previous papers [8,12,13], we reported that the
presence or absence of myoclonic seizures and atypical
absences, and PPR on EEGs, were the main electroclinical
differences between TSME and BSME. The present study
confirms these findings and reveals a clear gender difference
between-the two types: female dominance in TSME, and
male dominance in BSME. In general, PPR and photosen-
sitive epilepsy are more often observed in females. There-
fore, the female dominance in TSME must be meaningful.
Regarding the gender of patients with SME, Darvet et al.
reported that males are slightly more affected (57%) [11].
We do not know whether this discrepancy is caused by

differences in selection criteria of patients or by racial
differences.

Based on molecular/genetic analysis, mutations of the
voltage-gated sodium channel B1-subunit SCNIB gene [14],
the ol-subunit SCNIA gene [15-19], the a2-subunit
SCN2A gene [20] and the GABRG2 gene [21-23] were
detected in patients with GEFS + and localization-related
epilepsy. Escayg et al. reported that the rate of SCNIA
mutations in GEFS +, including mainly juvenile myoclo-
nic epilepsy and childhood absence epilepsy, was 5.6% {24].
As for SME, SCNIA mutations have been detected at a high
rate in two studies [25,26] and most of these were nonsense
or frameshift mutations which lead to truncation of the
associated protein. The authors of these papers indicated
that a truncation mutation of the SCNIA gene is related to a
severe phenotype in the extended spectrum of GEFS +,
since all SCNJA mutations in GEFS 4+ were missense

~mutations. -In our-previous study, we detected 24 novel
mutations (83%) in the SCNIA gene of the 29 patients with
SME [2]. This was the largest group of SME patients to be
studied for genetic mutations until that point, and not only
truncation mutations (13 cases) but also missense mutations
(nine cases) were detected. The present study showed that
both TSME and BSME are highly correlated with mutations
of the SCNIA-gene and-that -there are no significant
differences between the two groups in terms of mutation
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Fig. 2. An EEG at the time of segmental myoclonias without epileptic discharges (patient 22). These segmental myoclonias are not associated with epileptic

discharges.

type, location or prevalence. Our findings indicate that both
TSME and BSME share common genetic mechanisms. One
of the commen clinical features is the frequent occurrence
of convulsions associated with fever, which sometimes
develop into status epilepticus. Since SCNIA mutations
were detected equally in the both groups, SCN/A may be
related to a dysfunction of brain neurons exacerbated by
high bedy temperature.

We conclude that TSME -and BSME are closely related
from an electroclinical and molecular genetic point of view.
We believe that it is appropriate that both TSME and BSME
are categorized under the term ‘Dravet syndrome’ {1]. The
electroclinical differences between TSME and BSME might
be caused by some as-yet-undiscovered molecular genetic
differences. Further studies are needed to elucidate the
relationship between the phenotypes and the molecular
genetic mechanisms underlying these two syrdromes.
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