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assumed for the 11pl15.5 imprinted regions including the
IGF2~H19 domain on the basis of SRS or Beckwith—Wiedemann
syndrome (BWS) phenotype in patients with multilocus hypo-
methylation'® and BWS-like phenotype in patients with a upid
(AC)pat cell lineage,"” a mirror image of a upid(AC)mat cell
lineage), (4) expression levels of imprinted genes in upid(AC)mat
cells (although SNRPN expression of this patient was consistent
with upid(AC)mat cells being predominant in leukocytes,
complicated expression patterns have been identified for several
imprinted genes in androgenetic and parthenogenetic fetal mice,
probably because of perturbed cis- and trans-acting regulatory
mechanisms)® and (5) unmasking of possible maternally
inherited recessive mutation(s) in upid(AC)mat cells.*® Collec-
tively, it appears that the extent of overall (epi)genetic aberrations
exceeded the threshold level for the development of SRS pheno-
type and horseshoe kidney characteristic of T$* but remained
below the threshold level for the occurrence of other imprinting
disorders or recessive Mendelian disorders.

In summary, we identified a upid(AC)mat 46,XX cell lineage
in a woman with an SRS-like phenotype and a 45,X cell lineage
accompanied by autosomal haploid sets of biparental origin.
This report will facilitate further identification of patients with
a upid(AC)mat cell lineage and better clarification of the clinical
phenotypes in such patients.
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SUMMARY

Purpose: To elucidate the abnormality of interictal regio-
nal cerebral blood flow (rCBF) of West syndrome at the
onset.

aua;;'adiography method using N-isopropyl-('*I) p-icdo-
amphetamine single photon emission computed tomog-
raphy (SPECT) was performed on 4 infants with
cryptogenic West syndrome. Regions of interest (ROIls)
for rCBF were placed automatically using an automated
ROI analysis software (three-dimensional stereotactic
ROI template), and were grouped into 12 segments: cal-
losomarginal, precentral, central, parietal, angular, tem-
poral, posterior cerebral, pericallosal, lenticular nucleus,
thalamus, hippocampus, and cerebellum. We compared
rCBF between the patients and seven age-matched
infants with cryptogenic focal epilepsy as a control group.
The patients were divided into two groups according to
the duration from onset to SPECT, to compare rCBF.

fusion in cryptogenic West syndrome with normal SPECT

images under visual inspection. In bilateral central, pos-
terior cerebral, pericallosal, lenticular nucleus, and hippo-
campus, and in the left parietal, temporal, and
cerebellum, and in the right angular and thalamus seg-
ments there were statistical differences (p < 0.05). Com-
pared with the duration from onset to SPECT, there were
no significant differences of rCBF in all segments.
predominance involving the hippocampus and lenticular
nucleus implies that even cryptogenic West syndrome
has a widespread cerebral dysfunction at least transiently,
which would correspond to clinical manifestations of
hypsarrhythmia and epileptic spasms. Hippocampal
hypoperfusion suggests the dysfunction of hippocampal
circuitry in the brain adrenal axis, and may contribute to
subsequent cognitive impairment of cryptogenic West
syndrome.

KEY WORDS: '23I-iodoamphetamine, Cerebral metabo-
lism, Development, Hypsarrhythmia, Infantile spasms,
Three-dimensional stereotactic ROI template.

West syndrome is severe epileptic encephalopathy of
infancy consisting of epileptic spasms and the characteristic
electroencephalographic pattern called hypsarrhythmia, and
is classified into symptomatic and cryptogenic types. Cryp-
togenic West syndrome shows normal development before
onset, and also displays no brain abnormality according to
structural neuroimaging examination. However, even in the
patients with the cryptogenic type, almost half demonstrate
moderate to severe mental retardation during long-term
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follow-up (Koo et al., 1993; Tto et al., 2002; Hamano-et al.,
2003).

Neurofunctional imaging studies have revealed that a
subset of patients with West syndrome had focal abnormali-
ties of the cerebral cortex (Chugani et al., 1990, 1992:
Maeda et al., 1994; Haginoya et al., 1998, 2000; Munakata
et al., 2004; Kakisaka et al., 2009). These studies proposed
an important role of those focal abnormalities of the cerebral
cortex in the pathophysiology and the development of West
syndrome. Focal cortical abnormalities of neurofunctional
imaging indicated subtle focal brain lesions, which probably
provoke epileptic spasms through cortical-subcortical inter-
action (Chugani et al., 1990; Haginoya et al., 2000). Some
of the localized cerebral dysfunction seems Lo contribute
to mental retardation (Maeda et al., 1994). These authors
demonstrated that the localized cortical abnormalities were
transient and changed with the clinical symptoms, by visual
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inspections of positron emission tomography (PET), and
concluded that these functional abnormalities of the cere-
bral cortex may be associated with the development of the
clinical manifestations of West syndrome.

We previously studied the alteration of the regional cere-
bral blood flow (CBF) by adrenocorticotropic hormone
(ACTH) therapy using single photon emission computed
tomography (SPECT) (Hamano et al., 2007). Our quantita-
tive analysis could not reveal the differences of the rCBF
between the patients with cryptogenic West syndrome
before ACTH therapy and the controls. Manual determina-
. tion of regions of interest (ROIs) and unmeasured broad
regions outside of ROIs might be disadvantages of the pre-
vious study. Therefore, our present study of the rCBF of 14
patients with cryptogenic West syndrome used N-isopro-
pyl-( 1231y p-iodoamphetamine (IMP)-SPECT and fully
automated ROI analysis software instead of manual deter-
mination of ROIs to reveal quantitatively the abnormality
of rCBF associated with the clinical symptoms of West
syndrome and the duration of the appearance of epileptic
spasms and hypsarrhythmia.

METHODS

The subjects of the present study were 14 infants (cight
male and six female) with cryptogenic West syndrome.
Cryptogenic West syndrome in this study was defined
according Lo the following criteria: (1) clusters of epileptic
spasms with onset <3 years; (2) hypsarrthythmia on electro-
encephalography (EEG); (3) normal pregnancy, normal
development, and no eventful past history, including no
other type of seizures before onset of spasms; (4) no focal
abnormality on neurologic examinations; (5) normal brain
images on computed tomography (CT) and magnetic reso-
nance imaging (MRI); and (6) no focal abnormality and
asymmetry of IMP-SPECT images. The mean onset age of
the epileptic spasms of the 14 patients was 6.4 = 2.5
[mean + standard deviation (SD)] months, ranging from
3.0-10.0 months (information of seizure onset was obtained
from the patients’ parents). Investigations were performed
on every patient to detect the etiologic factors of West syn-
drome. These included neurologic examinations, ophthal-
mologic examinations, EEG, brain CT and MR,
biochemical and metabolic tests including urine amino
acids and organic acids, and chromosomal analysis.

SPECT examinations were performed before ACTH ther-
apy or antiepileptic medications except pyridoxal phosphate.
The age of patients at SPECT study was 9.3 = 3.3 (mean =

SD), ranging {rom 3.7-16.5 months, and the duration from
the onset to SPECT was 3.0 = 3.2 (mean + SD), ranging
from 0.4-11.8 months. Quantitative measurement of rCBF
was conducted with the autoradiography (ARG) method
developed by Tida-et al. (Tida et al., 1994). A triple-head
gamma camera (Siemens Multispect 3, Siemens Medical
Systems Inc., Hoffman Estates, IL, U.S.A.) was equipped
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with a fan beam collimator, and data were acquired with a
128 % 128 matrix for 120 degrees and 24 min in five-degree
steps of 60 s per frame. In data processing, Siemens Icon-P
was used for reconstruction of SPECT images, and a
Butterworth filter and absorption correction (Chang,
1= 0.1 cm™) were used to produce scanning images with
an OM line and 256 x 256 matrix (1.2 muny/pixel). For all
patients 'ZL-IMP was injected intravenously at a dose of
55.5 megabecquerel (MBq) during their interictal periods
230 min after their last seizures. On all patients SPECT
scanning was performed during sleep, and triclofos sodium,
chloral hydrate, or pentobarbital calcium was used as a seda-
tive. A 24-min scan was performed at 40 and 180 min (early
image center time and late image center time, respectively).
Approximately 10 min after intravenous injection of
'ZL-IMP, arterial blood was collected from the opposite side
of the "**I-IMP infusion, and whole-blood radioactivity con-
centration was measured using a well-type scintillation
counter. Obtained cross-calibration factors were input to
determine quantitative measurements of rCBF. Thyroid
block for radioactivity was performed by oral administration
of Lugol’s solution in a dose of two drops for 4 days, from
2 days before the SPECT examination.

We adopted fully automated ROI analysis software
developed by Takeuchi et al., named three-dimensional
stereotactic ROI template (3DSRT) (Takeuchi et al., 2003,
2004, 2006). This software is available free on Windows at
any facility and is used by many clinicians to investigate
rCBF quantitatively for adults and children (Ito et al., 2005;
Kobayashi et al., 2008; Tateno et al., 2008; Kimura et al.,
2009; Nagasawa et al., 2009). The SPECT images were ana-
tomically standardized using statistical parametric mapping
99 followed by quantification of 318 ROIs unilaterally,
grouped into 12 segments: callosomarginal, precentral, cen-
tral, parietal, angular, temporal, posterior cerebral, perical-
losal, lenticular nucleus, thalamus, hippocampus, and
cerebellum (Fig. 1).

The SPECT data of seven age-matched epileptic infants
with focal seizures were used as a control for comparison
with the infants with cryptogenic West syndrome. They had
a diagnosis of focal epilepsy; however, their interictal
SPECT images were visually symmetric in distribution of
CBF, their brain MRIs were normal, they had no focal neu-
rologic deficits, and their development at the age of 3 years
was normal. The seven infants comprised four boys and
three girls, and their mean age at SPECT study was
10.1 £ 5.6 (mean + SD), ranging from 3.1-17.7 months.
Those variables were not significantly different from the
values of the 14 patients with cryptogenic West syndrome.
The SPECT procedure was similar to that described earlier.

Furthermore, to reveal the influences on cerebral blood
flow by lasting epileptic spasms and hypsarrhythmia, the
patients with West syndrome were divided into two groups
by the duration from the onset to SPECT examination (<2 or
22 months). Demographic variables of the two groups were
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Figure 1. .

The delineation of each segment of three-dimensional stereotactic region of interest template on the ' ~iodoamphetamine single
photon emission computed tomography (SPECT) image (A) callosomarginal segment, (B) precentral segment, (C) central segment,
(D) parietal segment, (E) angular segment, (F) temporal segment, (G) posterior cerebral segment, (H) pericallosal segment, (1) len-

Epilepsia © ILAE

ticufar nucleus segment, (J) thalamus segment, (K) hippocampus segment, (L) cerebellum segment.

not significantly different from each other except with
regard to duration from the onset to SPECT (Table 1).

All SPECT examinations were performed in accordance
with the policies of the Saitama Children’s Medical Center
Institutional Steering Committee, and informed consent was
obtained from the parents.

The Mann-Whitney U test or Fisher's exact probability
test was used for statistical analysis. Differences were con-
sidered statistically significant with a p-value of 0.05 or
less.

REsuLTs

The rCBF values of the patients with cryptogenic West
syndrome were lower than those of the control group in each
corresponding segment (Table 2). In bilateral central,
posterior cerebral, pericallosal, lenticular nucleus, and
hippocampus segments; in the left parietal, temporal, and

cerebellum segments; and in the right angular, and thalamus
segments, there were statistically significant differences of
the rCBF values (p < 0.05). The mean values of rCBF of
West syndrome ranged from 35.6 (the right hippocampus
segment) to 46.6 (the left thalamus segment) ml/100 g/min,
and those of the control group ranged from 41.1 (the left hip-
pocampus segment) to 54.6 (both sides of the lenticular
nucleus segments) ml/100 g/min. The rCBF distribution
patterns of the cryptogenic West syndrome group were simi-
lar to those of the control group, which indicated that the
rCBF values in the central, angular, posterior cerebral, len-
ticular nucleus, and thalamus segments were higher than
those in other regions in both groups, which ranged from
40-47 ml/100 g/min (West syndrome) and 48-55 ml/
100 g/min (control). There were no statistically significant
differences between the right and the left sides in each
segment in the patients with West syndrome, and also in the
control group.

" Table I. Demographic vari

Duration from onset to SPECT

<2 months (n = 7) 22 months (n = 7) p-value
Boy : girl 3:4 5:2 n.s.
Onsetage of spasms in months, mean * SD (range) 6.9 +2.9(3.0-104) 5.9 +£2.2(3.6-10.0) n.s.
Age at SPECT inmonths, mean + SD (range) 7.7 £29(37-11.6) 10.9 + 3.0 (6.9-16.5) n.s.
Duration from onset to SPECT in months, mean * SD (range) 0.9 + 0.5(0.4-1.97) 50+ 3424-11.8) i

*rp < 0.01.

n.s., not significant statistically between two groups; SPECT, single photon emission computed tomography.
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able 2. Regiona
West syndrome (n = 14) Control{n = 7)
rCBFin ml/100 g/min rCBF in ml/ {00 g/min

Segment Side {mean + SD) {mean + SD) p-value
A Callosomarginal - R 368 + 82 43.6 + B2 n.s.
L 366 +79 437 £ 92 n.s
B . Precentral R 39583 47.0 £ 9.3 n.s
L 385+ 85 47.0 £ 8.9 n.s.
C Central R 404 + 8.0 489 £ 9.2 *
L 402 £ 8.6 49.6 + 9.8 #
D Parietal R 396 %79 48.1 £ 11.3 n.s.
L 386+ 76 479 £ 119 *
E Angular R 408 + B.6 509+ 115 *
L 40.4 £ 8.5 51.0% {19 n.s.
F Temporal R 372172 453492 n.s.
L 359478 44.6 £ 9.0 *
G Posterior cerebral R 423+ 83 52.0 + 89 ¥
L 419 £ 8.1 51.5+87 *
H Pericallosal R 402 + 8.1 490 + 8.8 *
L 39.7 £ 80 49.0 £ 9.9 *
| Lenticular nucleus R 449 + 85 546 % 103 *
L 453 1+ 80 54.6 £ 9.7 *
J Thalamus R 440+ 76 535 114 *
i L 46.6 + 8.8 53.7 £ 83 n.s.
K Hippocampus R 356+ 6.6 41.7 £ 5.1 *
L 357 %79 IREY Y *
L Cerebellum R 370 + 6.6 435+ 69 : n.s.
L 373+ 64 444+69 *

#p < 0.05.
n.s., not significant statistically between two groups; R, right; L, left: SD, standard deviation.

To reveal the influences on cerebral blood flow by lasting
epileptic spasms and hypsarrhythmia, rCBFs were com-
pared between the two groups of patients with cryptogenic
West syndrome divided by the duration from the onset to
SPECT examination (<2 or 22 months). There were no sig-
nificant differences of rCBF between the two groups in all
segments (Table 3).

Discussion

This quantitative study revealed a decrease of rCBF by
15-20% in the patients with cryptogenic West syndrome, in
broad regions from central to occipital regions involving the
lenticular nucleus and hippocampus, compared with the
patients with cryptogenic focal epilepsy. To the best of our
knowledge, this is the first report that has revealed hippo-
campal hypoperfusion in the early period of West syndrome
by quantitative cerebral blood flow analysis using SPECT.
Baram and Hatalski (1998) proposed the brain adrenal axis
hypothesis concerning the pathophysiology of West syn-
drome. They suggested that corticotropin releasing hormone
(CRH)-expressing y-aminobutyric acid (GABA)ergic
interneurons of the hippocampus might be influenced by
stress-cvoked excessive release of CRH from the amygdala

Epilepsia, S1(7):1259-1265, 2010
doiz 10.11114.1528-1167.2009.02495.x -

via the entorhinal cortex. Hippocampal hypoperfusion may
indicate hippocampal dysfunction associated with excessive
CRH, and will be concordant with the brain adrenal axis
hypothesis. Steroids normally exert a negative feedback on
the production of CRH in the hypothalamus directly and via
the hippocampus. Hippocampal dysfunction can cause an
inappropriate negative feedback on CRH and may lead to a
vicious spiral. Riikonen and Amnell (1981) demonstrated
frequent comorbidity of autism in West syndrome, and they
suggested a close association between the limbic system
and autism. Hippocampal hypoperfusion in the early period
of West syndrome may be associated with autism as a com-
orbidity of West syndrome.

Electrophysiologic study revealed the important role of
pre- and/or posicentral gyri in the pathophysiology of
epileptic spasms (Asano et al., 2005). It was found that the
pre- and/or postcentral gyri mvolvemem of the fast wave
bursts were associated with the severity of limb movement
of epileptic spasms (Asano et al., 2005). Hypoperfusion of
the bilateral central segments in our study may be a con-
sequence of frequent epileptic spasms, with which the fast
wave bursts were associated.

Our study showed significant rCBF dccnease in the
bilateral occipital regions, and the left temporal and parietal

— 285 —
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Table 3 Reglonal cerebral b!ood flow (rCBF) af the cr ptogemc West syndrome ompared bythe duratmn from
° & the onse(: to SPECT ~ :
Duration from onset to SPECT
<2 months (n = 7) 22 months (n = 7)
rCBF in ml/ 100 g/min rCBF in mi/100 g/min
Segment Side {mean £ SD) (mean % SD) p
A Callosomarginal R 369+ 102 36.6 £ 6.5 n.s.
L 365+ 98 367 £6.2 n.s.
B Precentral R 39.6 £ 109 394 £ 5.6 n.s.
L 390 110 381 6.1 n.s.
C Central R 408 £ 95 399 £ 6.9 n.s.
L 409 £ 108 394 + 6.6 ns.
D Parietal R 394 £ 100 39.8+5.8 n.s.
L 38699 387 + 5.1 ns.
E Angular R 402 107 415 + 68 ns.
L 399+ (1.1 409 £ 5.8 n.s.
F Temporal R 370183 373+ 6.6 ns.
L 36296 355+ 6.2 n.s.
G Posterior cerebral R 41.8+ 102 428 £ 6.7 ns.
L 414 £ 103 423+ 5.9 n.s.
H Pericallosal R 404 + 102 399+ 62 n.s.
L 39.6 = 10.1 39.7 £ 6.0 ns.
I Lenticular nucleus R 457+ 114 44.1 £ 5.0 . ns.
L 45.7 £ 99 448 £ 6.3 ns.
} Thalamus R 443 £ 10.1 437 £ 48 n.s.
L 465+ 11.8 46.7 £ 54 n.s.
K Hippocampus R 361476 351 £ 6.1 fn.s.
L 364 % 10.2 349 £ 56 n.s.
L Cerebellum R 369+75 374 £ 6.1 n.s.
L 367+ 74 38.0 59 n.s.
n.s., not significant statistically between two groups: R, right; L, left; SD, standard deviation; SPECT, single photon emission computed tomography.

segments in the patients with cryptogenic West syndrome
with normal SPECT images under visual inspection. PET
studies frequently detected hypometabolism in the parie-
tooccipital-temporal regions, and the dysfunction of those
cortical regions is considered to be associated with the devel-
opmcm of West syndrome (Chugani et al., 1990; Chiron et

. 1993; Maeda et al., 1994). Elcuﬂocomc%mphv showed
that the fast wave burstb associated with epileptic spasms
involved cortical regions extensively and rapidly, at least in
two lobes (Asano et al., 2005). The normal brain develop-
ment proceeds from the sensorimotor cortex to parietooceipi-
tal cortices, and eventually attains frontal cortex (Yakovlev
& Lecours, 1967; Chugani et al., 1987; Chiron et al., 1992:
Kato & Okuyama, 1993; Yoshinari et al., 2006). The fast
wave bursts associated with epileptic spasms may propagate
casily (0 cerebral cortices, which develop earlier during
infancy. The hypometabolism and the hypoperfusion in
parietooccipital temporal regions may be the consequence of
cerebral dysfunction by the propagation of the fast wave
bursts, although we should consider an undetectable lesion
such as microscopic cortical dysplasia, which shows normal
MRI and abnormal findings in PET (Chugani et.al., 1990).
Transient hypometabolism in posterior cerebral cortices dur-
ing the carly period of West syndrome was not associated

with developmental delay (Maeda ct al,, 1994). However,
when patients with intractable epileptic spasms such as
candidates for resective surgery showed bitemporal hypome-
tabolism, their outcomes were particularly poor (Chugani
etal,, 1996). These findings seem to correspond to the con-
cept that the hypometabolism and the hypoperfusion in the
posterior regions are the consequence of cerebral dysfunc-
tion by the repetitive propagation of fast wave bursts.
Concerning subcortical structures, our study showed hyp-
operfusion in the bilateral lenticular nucleus and hippocam-
pus also. Hippocampal hypometabolism was detected in the
patients with intractable West syndrome and poor develop-
mental outcome (Chugani et al., 1996). Influence to hippo-
campus by repetitive epileptic spasms may contribute to
developmental outcome. However, abnormality of lenticu-
lar nucleus is controversial. Hypermetabolism of lenticular
nucleus and brainstem in the patients with West syndrome
was reported (Chugani et al., 1992, 1996). Although there
would be differences in investigation such as cerebral blood
flow and cerebral metabolism, there is remarkably close
correlation. The opposite results may contribute to the
differences of examination timing. SPECT was performed
on the patients as soon as possible from their onset before
treatment except vitamin B6 in our study; however, PET

Epilepsia. 51(7):1259-1265, 2010
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was performed for the evaluation of resection surgery at var-
ious times in their study, when epileptic spasms had disap-
peared or changed to partial seizures in some patients. Other
fluorodeoxyglucose (FDG)-PET studies, which were per-
formed at the onset of spasms, showed cortical hypometabo-
lism frequently in parictolemporooccipital regions without
lenticular hypermetabolism (Maeda et al., 1994; Natsume et
al,, 1996). These results correspond to the results of our
cerebral perfusion study by SPECT. Cerebral perfusion was
examined qualitatively using SPECT on 40 patients with
West syndrome (Haginoya et al., 2000). Hyperperfusion in
the basal ganglia or in the brainstem was observed in only
one patient, We consider that lenticular nuclei would be
hypoperfused in cryptogenic West syndrome just after the
onset at least, and may be hypometabolized similarly.
‘Prolonged hypsarrhythmia is considered to lead to subse-
quent cognitive impairment (Koo et al., 1993; Kivity et al.,
2004). Some researchers consider hypsarrhythmia to be a
kind of nonconvulsive status epilepticus (Lux, 2007). The
duration of hypsarrhythmia and spasms probably affects
‘hypometabolism and hypoperfusion. We also analyzed the
differences of rCBF by the duration from onset to SPECT
examination; however, there were no significant differences
inany segments between the two groups divided by the dura-
tion, more than 2 months or less. One of the causes associ-
ated with absence of differences between the two groups
would be due to limitations in performing examinations and
in obtaining clinical information concerning onsct and sever-
ity of symptoms. We were unable to obtain the exact duration
of hypsarrhythmia. Electroencephalography could not be
performed before the patients visited hospitals. We were able
to obtain information about the onset of epileptic spasms
from the patients’ parents; however, it is difficult to obtain
accurate information of spasm frequency and intensity dur-
ing the first visit from the parents. Aggregate and expanse of
electrical propagation in cluster of spasms, which affect
seizure frequency and intensity, could change the severity of
interictal hypoperfusion. Not only the duration from the onsct
and continuity of hypsarrhythmia, but also the frequency
and intensity of epileptic spasms, may influence interictal
rCBF in cryptogenic West syndrome. It would be important
(o discriminate between the effect by spasms and the effect
by hypsarrhythmia, and further study needs to be done on
subject patients with infantile spasms without hypsar-
rhythmia and/or hypsarrhythmia withoutinfantile spasms,
~ Our study showed that widespread cerebral hypoperfu-
sion with posterior predominance involved the hippocam-
pus and lenticular nucleus in West syndrome. This result
implies that even cryptogenic West syndrome would have a
broad region of cerebral hypopertusion, at least transiently,
which would reflect widespread cerebral dysfunction.
Hypsarrhythmia or epileptic spasms themselves probably
contribute to developmental outcomes; however, where in
the brain they have effect remains obscure. Hippocampal
hypoperfusion suggests the dysfunction of hippocampal
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circuitry in the brain adrenal axis, and may lead to sub-
sequent cognitive impairment such as autism.

ACKNOWLEDGMENTS

This study was financially supported by the Kawano Masanori Memo-
rial Foundation for the Promotion of Pediatrics. We thank Emeritus Profes-
sor Erie Johnson (Jichi Medical University, Tochigi, Japan) for his
assistance with the preparation of the manuscript. We also thank Ms. E. Ha-
mano for her constant encouragement and helpful advice. Weé confirm that
we have read the Journal's position on ethical issues involved in publication
and affirm that this report is consistent with those guidelines.

DISCLOSURE

None of the authors has any conflict of interest to disclose.

REFERENCES

Asano E, Juhdsz C, Shah A, Muzik O, Chugani DC, Shah J, Sood 8, Chu-
gani HT. (2005) Origini and propagation of epileptic spasms delincated
on electrocorticography. Epilepsia 46:1086-1097.

Baram TZ, Hatalski CG. (1998) Neuropeptide-mediated excitability: a key
triggering mechanism for seizure generation in the developing brain.
Trends Newrosci 21:471-476.

Chiron C, Raynaud C, Maziere B, Zilbovicius M, Laflamme L, Masure
MC, Dulac O, Bourguignon M, Syrota A. (1992) Changes in regional
cerebral blood flow during brain maturation in children and adoles-
cents. J Nuel Med 33:696~703.

Chiron C, Dulac O, Bulteau C, Nuttin C, Depas G, Raynaud C. Syrota A,
(1993} Study of regional cerebral blood flow in West syndrome.
Epilepsia 34:707-713.

Chugani HT, Phelps ME, Mazziotta JC. (1987) Positron emission tomogra-
phy study of human brain functional development. Ann Newrol 22:487—
497.

Chugani HT, Shields WD, Shewmon DA, Olson DM, Phelps ME, Peacock
WU (1990) Infantile spasms: . PET identifies focal cortical dysgenesis
in cryptogenic cases for surgical treatment. Ann Newrol 27:406-413.

Chugani HT, Shewmon DA, Sankar R, Chen BC, Phelps ME. (1992) Infan-
tile spasms: 11. Lenticular nuclei and brain stem activation on positron
emission tomography. Ann Neurol 31:212-219.

Chugani HT, Da Silva E, Chugani DC. (1996) Infantile spasms: 111 Prog-
nostic implications of bitemporal hypometabolism on positron emission
tomaography. Ann Neurol 39:643-649.

Haginoya K, Kon K, Takayanagi M, Yoshihara Y, Kato R, Tanaka S,
Yokoyama H, Munakata M, Nagai M, Maruoka S, Yamazaki T. Abe Y,
linuma K. (1998) Heterogeneity of ictal SPECT findings in nine cases
of West syndrome. Epilepsia 39:26-29. .

Haginoya K, Kon K, Yokoyama H, Tanaka S, Kato R, Munakata M. Yagi
T, Takayanagi M. Yoshihara Y, Nagai M. Yamazaki T, Maruoka S,
linuma K. (2000) The perfusion defect seen with SPECT in West
syndrome is not correlated with seizure prognosis or developmental
outcome. Brain Dev 22:16-23.

Hamano S, Tanaka M, Mochizuki M, Sugiyama N, Eto Y. (2003) Long-
term follow-up study of West syndrome: differences of outcome among
symptomatic etiologies. J Pediatr 143:231-235.

Hamano S. Yoshinari S. Higurashi N. Tanaka M, Minamitani M. Fto Y.
(2007) Regional cerebral blood flow and developmental outcome in
cryptogenic West syndrome. Epilepsia 48:114-119.

lida H, Itoh H, Nakazawa M, Hatazawa J, Nishimura H, Onishi ¥, Uemura
K. (1994) Quantitative mapping of regional cerebral blood flow using
iodine-123-IMP and SPECT. J Nucl Med 35:2019-2030.

Ito M. Aiba H, Hashimoto K, Kuroki S, Tomiwa K. Okuno T, Hattori H, Go
T, Sejima H, Dejima S, Ikeda H, Yoshioka M, Kanazawa O, Kawamitsu
T, Ochi J, Miki N, Noma H, Oguro K, Ozaki N, Tamamoto A, Matsu-
bara T, Miyajima T. Fujii T, Konishi Y, Okuno T, Hojo H. (2002) Low-
dose ACTH therapy for West syndrome: initial effects and long-term
outcome. Neurology 58:110-114.



lto H, Mori K. Hashimoto T, Miyazaki M, Hori A, Kagami S, Kuroda Y.
(2005) Findings of brain 99mTe-ECD SPECT in high-lunctioning aut-
ism-3-dimensional stereotactic ROI template analysis of brain SPECT.
J Med Invest 52:49--56.

Kakisaka Y, Haginoya K. Ishitobi M, Togashi N. Kitamura T, Wakusawa
K, Sato 1, Hino-Fukuyo N, Uematsu M, Munakata M, Yokoyama H,
Tinume K, Kaneta T, Higano S, Tsuchiya S. (2009} Utility of subtraction
ictal SPECT images in detecting focal leading activity and understand-
ing the pathophysiology of spasms in patients with West syndrome.
Epilepsy Res 83:177-183.

Kato T, Okuyama K. (1993) Assessment of maturation and impairment of
the brain by I-123 iodoamphetamine SPECT and MR imaging in chil-
dren. Showa Univ J Med Sci 5:99-114.

Kimura N, Komamoto T, Masuda T, Nomura Y, Hanaoka T, Hazama Y,
Okazaki T, Arakawa R. (2009) Evaluation of the effect of thyrotropin
releasing hormone (TRH) on regional cerebral blood flow in spinocere-
bellar degeneration using 3DSRT. J Newrol Sci 281:93-98.

Kivity S, Lerman P, Arie]l R, Danziger Y, Mimouni M, Shinnar S. (2004)
Long-term cognitive outcomes of a cohort of children with cryptogenic
infantile spasms treated with high-dose adrenccorticotropic hormone.
Epilepsia 45:255-262.

Kobayashi S, Tateno M. Utsumi K, Takahashi A. Saitoh M, Morii H, Fujii
K, Teraoka M. (2008) Quantitative analysis of brain perfusion SPECT
in Alzheimer's disease using a fully automated regional cerebral blood
flow quantification software, 3DSRT. J Newrol Sci 264:27-33.

Koo B, Hwang PA, Logan WJ. (1993) Infantile spasms: outcome and prog-
nostic factors of cryptogenic and symptomatic groups. Neurology
43:2322-2327.

Lux AL. (2007) Is hypsarrhythmia a form of non-convulsive status epilepti-
cus in infant? Acta Neurol Scand 115(suppl 186):37-44.

Maeda N, Watanabe K. Negoro T, Aso K, Obki T, Ito K, Kato T. (1994)
Evolutional changes of cortical hypometabolism in West's syndrome.
Lancet 343:1620-1623,

Munakata M, Haginoya K, Ishitobi M. Sakamoto O. Sato 1. Kitamura
T, Hirose M. Yokoyama H. linuma K. (2004) Dynamic cortical activity

1265
Cer ‘Eb' al gloodF "’W " West S}""d" ome

during spasms in three patients with West syndrome: a multichannel
near-infrared  spectroscopic topography study. Epilepsia 45:1248~
1257.

Nagasawa N, Yamakado K. Yamada T, Nakanishi S, Ito M, Suzawa N,
Kitano T. Takeda K. (20093 Three-dimensional stereotactic ROI
template for measuring regional cerebral blood flow i 99mTe-ECD
SPECT: comparison with the manual tracing method. Nucl Med
Commun 30:155-159.

Natsume J. Watanabe K, Maeda N, Kasai K, Negoro T, Aso K, Nakashima
8. Tadokoro M. (1996) Cortical hypometabolism and delayed myelina-
tion in West syndrome. Epifepsia 37:1180-1184,

Riikonen R, Ammnell G. (1981) Psychiatric disorders in children with earlier
infantile spasms. Dev Med Child Newrol 23:747-760.

Takeuchi R, Yonckura Y, Takeda SK. Fujita K, Konishi J. (2003) Fully
automated quantification of regional cerebral blood flow with three-
dimensional stereotaxic region of interest template: validation using
magnetic resonance imaging ~ technical note. Newrot Med Chir (Tokvo)
43:153-162.

Takeuchi R, Matsuda H, Yoshioka K, Yonekura Y. (2004) Cercbral blood
flow SPECT in transient global amnesia with automated ROI analysis
by 3DSRT. Eur J Nucl Med Mol Imaging 31:578-3589.

Takeuchi R. Sengoku T. Matsumura K. (2006) Usefulness of fully auto-
mated constant RO analysis software for the brain: 3DSRT and FineS-
RT. Radiar Med 24:538-544.

"ateno M. Kobayashi S, Utsumi K. Morit I, Fujii K.(2008) Quantitative
analysis of the effects of donepezil on regional cerebral blood tlow in
Alzheimer’s disease by using an automated program, 3DSRT. Nenrora-
divlogy 50:723~727.

Yakovley PI. Lecours AR. (1967) The myelogenetic cycles of regio-
nal maturation of the brain: an overview. In Minkowski A (Ed.) Regio-
nal development of the brain in early life. Davis Co, Philadelphia, pp.
3-70. :

Yoshinari 8. Hamano 8, Eda N, Sukamdto M, Takahashi Y. (2006) Devel-
opment of Regional Cerebral Blood Flow during Childhood Studied
with Iodine-123-IMP SPECT. Jikeikai Med J 53:87-92.

Epilepsia. 51(7):1259-1265, 2010
doi: 10.1111/.1528-1167.2009.02495 .x

288



LSI

Gaucher Disease
Patient With
Myoclonus Epilepsy
and a Novel Mutation
Asako Tajima, MD¥*,
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The NI188S mutation in Gaucher disease is associated
with myoclonus epilepsy. We performed genetic analy-
sis on a patient with progressive myoclonus epilepsy,
who had received antiepileptic drugs for over 10 years.
We detected N188S/G199D on the gene encoding gluco-

cerebrosidase. Mutant proteins carrying each mutation

were expressed in COS-1 cells (a commonly used cell
line which derives from kidney cells of the African
green monkey). Measurements of enzymatic activity
and Western blotting analysis were performed. When
residual activities were measured, glucocerebrosidase
with the NI188S mutation exhibited 50% activity of
the wild type, and with G199D, 7.4%. Neither mutation
influenced the stability of the enzyme protein. These
data suggested a diagnosis of Gaucher disease for this
patient, and indicated that G199D is a novel muta-
tion. © 2010 by Elsevier Inc. All rights reserved.

Tajima A, Ohashi T, Hamano S, Higurashi N, Ida H.
Gaucher disease patient with myoclonus epilepsy and
a novel mutation. Pediatr Neurol 2010;42:65-68.

Introducﬁon

Gaucher disease is the most prevalent lysosomal storage
disease, and is caused by more than 200 mutations that pro-
duce abnormal glucocerebrosidase. Gaucher disease ex-

hibits a wide range of phenotypes, most of which cannot
be explained by a correlation with a specific genotype.
Types 2 and 3 of Gaucher disease comprise the neurono-
pathic forms of the disease, and present various central ner-
vous system manifestations. One of these manifestations is
myoclonus epilepsy, and although it is rare, more Gaucher

_patients presenting with myoclonus epilepsy are found.

The myoclonus epilepsy evident in Gaucher disease and
its relationship to the N188S mutation were discussed pre-
viously. The first report of N/88S from Kim et al. suggested
that this mutation might be a protective gene for neurono-
pathic forms of Gaucher disease such as the N370S muta-
tion [1]. However, considering the results of other studies,
N188S carriers retain the possibility to develop myoclonic
seizures [2-4], although the exact correlation remains
unknown.

We report on a 16-year-old girl with intractable epileptic
seizures, including myoclonus, who was finally diagnosed
as manifesting Gaucher disease. We detected NI88S/
G199D by sequencing and restriction fragment length poly-
morphism analysis. G/99D is a novel mutation, and this
study describes the genetic and functional analyses of these
mutations. ,

Case Report
Patient

A 16-year-old girl with epileptic seizures and a diagnosis of Gaucher
disease was referred to our institution for genetic analysis. She first pre-
sented with generalized seizures at age 1 year. An electroencephalogram
and computed tomography of the brain produced normal results, and she
was diagnosed as manifesting epilepsy. She did not exhibit other neuro-
logic signs until age 5 years, when she presented with absence epilepsy.
Developmental delay had become apparent by the time she entered primary
school. Valproic acid was not effective for treating the absence seizures,
and other anticonvulsants were used. Her seizures improved with valproic-
acid, ethosuximide, and clonazepam for a few years. At age 11 years, she
began to manifest generalized tonic-clonic seizures that occurred more and
more frequently. Action tremors had also appeared, followed by motor
ataxia, myoclonus, and supranuclear gaze palsy, which together suggested
progressive myoclonus epilepsy. Vertical supranuclear gaze palsy was ini-
tially evident. Horizontal ocular movement also becamie restricted at age 18
years. Myoclonus was easily induced by mere contact, which made it very
difficult for her to walk, and the antiepileptic drugs no longer controlled her
seizures: Phenobarbital was added, but the seizures continued. However,
after the administration of piracetam, she could walk again. Upon her
admission to the hospital at age 16 years for further examination and to
establish a diagnosis, she could sit alone and was able to walk, using
a wide-based gait, with support. On admission, hepatosplenomegaly and
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anemia were not evident. However, her platelet counts were low, at 9.9 x
10%uL. The level of angiotensin-converting enzyme was 20.0 U/L
(normal, 7.0-25.0 U/L), and her level of acid phosphatase was 10.6 U/L
(normal, 5.9-14.0 U/L). No abnormal si gnal was evident according to mag-
netic resonance imaging of the brain. An electroencephalogram revealed
mainly a-waves with diffuse polyspike bursts, The differential diagnosis
for progressive cerebellar ataxia and myoclonus includes lysosomal dis-
case. Therefore, pathologic observations of the bone marrow were essen-
tial. Bone marrow aspiration using light microscopy revealed cells with
a “sandpaper” appearance that resembled Gaucher cells (Fig 1). Because
these observations suggested a lysosomal disease, we acquired informed
consent {rom the parents, and analyzed the activities of various enzymes
related to lysosome. Glucocerebrosidase activity was reduced iri fibro-
blasts, to about 26% of normal control levels. However, this residual activ-
ity was relatively high compared with that of a known patient with Gaucher
disease. Usually, patients with Gaucher disease demonstrate less than 10%
enzyme activity (Table 1). Gaucher disease was suspected, and a genetic
analysis was performed to confirm the diagnosis, after receiving informed
consent from the parents. Serum glucosylceramide and chitotriosidase
measurements were not performed because they were not commercially
available in Japan.

Genetic Analysis

We extracted DNA from white blood cells of the patient, Initially, eight
common mutations in Gaucher disease (N370S, L444P, F2131, 84GG,
{VS2+1, D409H, R463C, and RecNeil) were tested as described by Ida
et al. [5-7]. However, because none of these mutations were identified,
all exonic regions were amplified by polymerase chain reaction using
Takara PCR Thermal Cycler (Takara Bio Inc., Otsu, Shiga, Japan),
followed by single-strand conformation polymorphism analysis. Single-
strand conformation polymorphism analysis revealed a shifted band in
exon 6, and ‘direct sequencing was performed using ABI Prism Model

3700 (Applied Biosystems, Foster City, CA). We identified NI188S and’

G199D mutations in the same exon. Restriction fragment length polymor-
phism analysis was performed, and the polymerase chain reaction fragment
. was digested with TspRI or Mbol to confirm the genotype. We also
analyzed the parents’ glucocerebrosidase gene, and learned that the parents
carried both mutations heteroallelically. :

Expression Analysis

To demonstrate that the two detected mutations caused reductions in
glucocerebrosidase activity, mutant proteins carrying each of the mutations
were produced. Each mutation was geperated into glucocerebrosidase
complementary DNA by using a QuikChange II Site-Directed Mutagenesis
Kit (Stratagene, La Jolla, CA). The primers for exon 6 consisted of 5'-
ATACCCCTGATTCACCGAGC-3' (sense) and 5'-ACCCGGTCTAT
GAAACACTT-3' (antisense). After inserting the mutant complementary
DNAs into pCDN6 plasmid, plasmids were transfected into COS-1,
using Lipofectamine 2000 (Invitrogen, Carlsbad, CA).

After 48 hours, COS-1 cells were harvested, and glucocerebrosidase ac-
tivities in the cells were measured using 4-methylumbelliferyl-8-gluco-
pyranoside as a substrate, as described elsewhere [6]. The reactiont was halted
by adding 0.17 M glycine carbonate buffer (pH 10.4), and enzyme activity
was measured by a spectrofluorophotometer, using RF-3300PC (Shi-
madzu, Tokyo, Japan). Residual glucocerebrosidase activities are de-
scribed in Fig 2. Glucocerebrosidase activity was reduced in both
mutants, and especially in the protein with G199D. The N188S mutant glu-
cocerebrosidase demonstrated about 50% activity of the normal control,
consistent with a previous report [8]. On the other hand, the G/99D-bear-
ing allele produced an enzyme with no significant activity. These results
proved that GI99D is a novel mutation that causes Gaucher disease, and
the diagnosis of our patient was confirmed.

To determine whether glucocerebrosidase carrying the NI88S or
G199D mutation influenced protein stability, Western blotting analysis
was performed. Proteins were subjected to sodium dodecyl sulfate poly-
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Figure 1. Light microscopy of a bone marrow aspiration (original mag-
nification x100). A cell with a “sandpaper”’ appearance was evident.

acrylamide gel electrophoresis (10% polyacrylamide), and electrophoreti-
cally transferred onto nitrocellulose membranes. The membrane was
blocked with 3% gelatin in Tris-buffered saline for 30 minutes, and
washed with Tris-buffered saline containing 0.05% Tween-20. The mem-
brane was then incubated with a polyclonal rabbit anti-glucocerebrosidase
antibody for 1-hour at room temperature, and washed with Tris-buffered
saline containing 0.05% Tween-20 (the antibody was produced by Toya
Ohashi, MD, PhD, Department of Gene Therapy, Institute of DNA Med-
icine, Jikei University School of Medicine, Tokyo, Japan). After incubation
with a goat anti-rabbit immunoglobulin G(H + L) alkaliphosphatase anti-
body (BioRad, Hercules, CA) for 1 hour, the membrane was washed
with Tris-buffered saline containing 0.05% Tween-20 and Tris-buffered
saline. The immunoreactive bands were detected using an AP Conjugate
Substrate Kit (BioRad). The amounts of expressed proteins did not differ
significantly (data not shown).

Discussion

In this study, we detected NI88S/G199D in a glucocere-
brosidase gene from a patient with myoclonus epilepsy.
G199D was an unknown missense mutation, and therefore,
to clarify its function and confirm that this mutation
profoundly influences enzymatic activity, we performed
Western blotting analysis and enzymatic analysis. Both
experiments proved that G/99D reduces glucocerebrosi-
dase activity (7% of the wild type in this study) and leads
to the onset of Gaucher disease. Moreover, the very low
activity suggests that G/99D is a null mutation. Although
more cases are needed for confirmation, GI99D is one of
the mutations to be considered when evaluating a patient
with Gaucher disease. On the other hand, N188S was pre-
viously demonstrated to exert a mild effect on glucocere-
brosidase activity. Moreover, when N188S was expressed
in COS-1 cells, enzymatic activity was only decreased to
50% of the wild type. Because of this relatively highly re-
stored activity, we wondered whether NI88S is really
responsible for Gaucher disease. However, as we have
mentioned, some patients with Gaucher disease and myoc-
lonus epilepsy possess this mutation. Furthermore, we
found cells resembling Gaucher cells in the bone marrow,
indicating glucocerebroside accumulation in these cells.



Table 1. Residual activities of lysosomal enzymes (nqurlmg)

White Blood Cells

Patient Control (n =3)
glucocerebrosidase 74 49.1+£22
beta-galactosidase 210.1 234 £25
hexosaminidase 6085.0 7032.3 +£901.3

Abbreviation:
GD = Gaucher disease

Fibroblast
Patient Control (n =3) GD* Patient
470.0 1757 + 653 53
1135.0 1213 + 529 ) 1120
33757.0 32760 + ]7225 20360

In view of these observations, NI88S may be a gene re-
sponsible for Gaucher disease. However, to reach a final
conclusion, we should confirm glucocerebroside accumula-
tion in tissues biochemically, as well as morphologic
changes. '

At least seven groups have reported on the N/88S muta-
tion in Gaucher disease, involving 16 patients in total.
Among these 16 patients, four were free of neurologic
signs. The N188S mutation was first suggested as a possible
neuroprotective factor in Gaucher disease by Kim et al., in
the way that the N370S mutation works in Caucasians [1].
Kim et al. [1] studied three patients with Gaucher disease:
one NI88S homozygote, and two siblings with N788S/
LA44P. At the time of that report, the three patients did
not exhibit neurologic signs, and were diagnosed as mani-
festing type 1 Gaucher disease. Another Chinese patient
with a diagnosis of type 1 Gaucher disease also manifested
N188S/L444P [9]. However, more recent studies described
N188S carriers who developed neurologic signs, including
myoclonus [2,3,8-10]. For example, 4 of 16 patients with
myoclonus carried N188S in a study by Park et al. [3]. Their
genotypes were NI88S/RecNcil (two patients), NI88S/
84GG (one patient), and N/88S/recombinant allele (one pa-
tient). Another patient with myoclonus carrying N188S was
reported by Filcamo et al. [4]; that patient was heterozygous
with §107L [4]. All five patients presented general seizures
as well as myoclonus, and four patients exhibited abnormal-
ities in their electroencephalograms. Other reports de-
scribed three patients whose seizures had not been
specified [6,7]. Although the numbers of patients are too
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Figure 2. Glucocerebrosidase activity of the mutant proteins (nmolfhri
mg).

low to prove that N188S leads to myoclonus, the possibility
should not be ignored. One speculation, based on docu-
mented cases, contends that when N/88S is paired with
a null mutation such as D409H or RecNcil, the phenotypes

* become severe, and this finding is not dependent on éthnic-
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ity. This correlation was also seen in our patient, who
deteriorated progressively. She carries NI88S/GI99D, -
and GI99D is a null mutation which has almost no enzyme
activity. However, to support this speculation, it is neces-
sary to follow the clinical courses of heterozygotes with
NI88S and null mutations, or NI188S and mutations with
a mild effect.

Montfort et al. suggested that the N/88S mutation is
a modifier variant {8]. They found three Spanish patients
with a double mutant allele of N/88S and E326K. In their
in vitro study using a baculovirus expression system, the re-
sidual activity of NI188S+E326K bearing glucocerebrosi-
dase was lower than that of the E326K-bearing enzyme.
The same effect was evident regarding E326K toward
NI88S. It is well-known that residual enzyme activity
does not predict the severity of a phenotype in patients
with Gaucher disease. However, the function of each muta-
tion, and not residual activity, may affect the phenotypes of
Gaucher disease. Therefore, more careful genetic analysis is
important in detecting accurate genotypes of patients with
Gaucher disease.

Our patient had manifested repeated exacerbations and
remission of high fever without any clear signs of infection
since age 18 years. Supranuclear gaze palsy was more dis-
tinct in the vertical position than in the horizontal position
in this patient. The patient’s cognitive ability may have
been compromised. However, we think that the supranu-
clear gaze palsy had occurred horizontally and vertically.
It would have been more informative if a biopsy had
been available to detect any pathologic changes, as sug-
gested by Conradi et al. [11]. The patient’s central nervous
system involvement progressed slowly, and her general-
ized convulsions increased. Unfortunately, she was unable
to walk and became bedridden until her death at age 19
years. .

In conclusion, we detected a novel mutation, G199D,
with significantly low glucocerebrosidase activity. Al-
though a correlation between NI/88S and myoclonus epi-
lepsy cannot be established yet, it is strongly conceivable,
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in light of our patient as well as previous reports. Moreover,
the N188S mutation should be closely studied as a modifier
gene that could affect the phenotype of a patient.
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We presented an 11‘~mbnthaold-girl with
subcortical band heterotopia who had focal
epilepsy detected by subtraction single photon
emission computed tomography (SPECT) co-
registered to magnetic resonance (MR) imag-
ing (SISCOM) and .ictal electroencephalo-

gram. She manifested claster of partial sei-
zures composed of asyminetric tonic posturing
accompanied by head rotation to the right side.
Ictal electroencephalogram showed that par-
oxysmal discharges were generated from the
right parieto-occipital area and spread to sur-
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rounding areas. SISCOM revealed hyperper-
fusion in the overlying cortex of the right su-
perior temporal gyrus, which corresponded to
the onset area of ictal epileptiform discharges.
These neurofunctional findings corresponded
to her clinical seizures. Her seizures were
controlled by high-dose phenobarbital ther-
apy. We considered that the patient had focal
epilepsy and that the epileptic focus might be
in the overlying cortex, but not in the subcor-
tical band.

Introduction

Subcortical band heterotopia (SBH) is a
rare neuronal migration disorder, which shows
ectopic gray matter separated from the over-
lying cortex by white matter. Patients with
SBH have been reported to have intractable
epilepsies and mental retardations [1, 2].
These patients may present with either gener-
alized epilepsies or focal epilepsies [2]. The
epilepsies are usually evaluated by ictal and/or
interictal electroencephalogram (EEG), and
are rarely diagnosed by ictal single photon
emission computed tomography (SPECT) or
subtraction ictal SPECT coregistered to mag-
netic resonance (MR) imaging (SISCOM). To
our knowledge, there are no reports on SIS-
COM evaluation of SBH during infancy. Here
we report an 1 1-month-old girl with SBH who
was diagnosed with focal epilepsy by SIS-
COM and ictal EEG.

Case report

An 11-month-old girl was admitted to our

Epileptic focus in subcortical band heterotopia

hospital because of intractable seizures per-
sisting for 2 weeks. The perinatal and familial
histories of the patient were unremarkable.
Neurological examinations showed hypotonia
in her lower extremities. She was able to sit by

' herself at 10 months, but could not crawl or
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stand up by herself at that time. Her seizures
were characterized by asymimetric tonic pos-
turing for 30 seconds accompanied by head
rotation to the right side, which occurred 4 o 6
times per day.

Interictal EEG = demonstrated irregular
spike-and-waves and 3-4 Hz high-voltage
slow waves (HVS) in the left centro-parieto-
occipital area. As background EEG activities,
low amplitude (20-30 pV) fast waves (30 Hz)
were found in the right hemisphere. Brain
MRI revealed a thin overiying cortex and an
excessive band of subcortical gray matter,
which was split by white matter from the
frontal to the occipital region (Fig. 1). Bilat-
eral occipital cortical surfaces were smooth
and agyri. These abnormal findings were
compatible with diffuse subcortical band het-
erotopia. Mutation in the DCX gene
(178A>G) was found in exon 2. ;

Her seizure frequencies increased from 4-6
times per day to 4-5 times per hour, despite
treatment with valproate. Ictal EEG demon-
strated 3-4 Hz high-voltage slow (HVS)
waves and sharp waves in the left centro-
parieto-temporal area, which subsided and

then 14-15 Hz fast activities with 90 gV am- -

plitude appeared in the right mid-temporal
area (Fig. 2A). These fast discharges propa-
gated to surrounding areas and their amplitude
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increased (Fig. 2B). They were followed by 5-
6 Hz high voltage polymorphic discharge
burst for about 20 seconds (Fig. 2C), and then
1-2 Hz HVS waves in the right hemisphere for
40 seconds (Fig. 2D). Finally these 1-2 Hz
HVS discharges terminated and sharp waves
reappeared in left centro-temporal area, simi-

lar to the interictal EEG findings mentioned ’

above (Fig. 2E). The total duration of ictal
activities was 75 seconds. Clinical manifesta-
tion of her seizures was recognized 30 seconds
after the 14-15 Hz fast activities appeared.
Technetium-99m-ethyl cysteinate dimmer
(ECD) was used for ictal SPECT. The patient
was injected with 185 MBq 99m-T¢-ECD
immediately after clinical seizure began, and
the seizures lasted for 45 seconds after ECD
injection. After ictal SPECT examination,‘she
was given high-ddsé phenobarbital (PB) ther-

- Epilepsy & Seizure Vol.3 No.1 2010

apy by rectal suppository at an initial dose of
30 mg/kg/day for the first two days, followed
by a dose of 20 mg/kg/day for 2 days, 10 mg/
kg/day for 2 days, then 10 mg/kg/day by oral
administration for the sequentialy consecutive
days. Her seizures disappeared after PB ther-
apy.

Interictal ECD-SPECT was performed after
the disappearance of seizures. To elucidate the
ictal hyperperfusion regions, we used the
SISCOM analysis. The SISCOM images

demonstrated hyperperfusion in the overlying ;

cortex of the right superior temporal gyrus
(Fig. 3). which corresponded to ictal EEG
findings. ,

The patient had no seizures for more than 3
months after high-dose PB therapy, and was
able to crawl and stand up by herself at the last
follow-up. '

Fig. 1. Axial Ti-iweigh%ed magnetic resonance (MR) imaging (
Axial Tl-weighted images show diffuse subcortical heterotopic gray matter and mild pachygyria.
A. At the level of cerebral peduncle.
B. At the level of body of the lateral ventricle.

194

— 295 —



Kenjiro Kikuchi, et al.

Discussion

We performed SISCOM and ictal EEG on
an Infant with SBH. Ictal EEG indicated that
the ictal paroxysmal discharges originated
from the right temporal region. SISCOM
showed that the hyperperfusion area corre-
sponded to the site of onset of ictal paroxys-
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mal discharges, and that this hyperperfusion
area seemed to be corresponded to the overly-
ing cortex of the right superior temporal gyrus.
To our knowledge, this is the first report of
SISCOM analysis in infant with SBH.

Some experimental studies in SBH rat
models reported the correlation between

st oo

"
ARl

Pk
R ol o
m‘.&’w@’;’w&wﬁgm"fg”f»‘&‘:
PR S KRR

g et L e e wi a3 m;;w’}w

SR

- 2. Ictal electroencephalogram at the age of 11 months
3-4 Hz high-voltage slow (HVS) waves and sharp waves are found in the left centro-parieto-temporal area.
The HVS disappeared and burst of 14-15 Hz fast waves is observed in the right mid-temporal area.
At 10 seconds after onset, fast waves have generalized and the amplitude increases.

At 15 seconds after onset, 5-6 Hz high voltage polymorphic discharges burst for about 20 seconds.
From 35 seconds after onset, 1-2 Hz HVS waves in the right hemisphere persist for 40 seconds.
At 75 seconds after onset, HVS waves terminate and sharp waves remain in the left centro-temporal area.



overlying cortex and subcortical band. Chen et
al. [3] concluded that normotopic neurons
were respoﬁsible for initiating seizures in the
dysplastic neocortex, because normotopic
neurons were more likely to exhibit epilepti-
form activity than heterotopic neurons, and
heterotopic neurons were recruited into spik-
ing by activity initiated in normotopic neu-
rons. These observations are consistent with
our findings.

Ictal SPECT has the potential to localize
the ictal onset zone accurately in a noninva-

Epilepsy & Seizure Vol.3 No.1 2010

sive manner, and is particularly useful in MRI-
negative localized epilepsy and focal cortical
dysplasias [4]. Furthermore, SISCOM is use-
ful to define the onset site of seizure [5, 6]. To
our knowledge, this is the first réport of SIS-
COM finding of SBH in infant. SISCOM im-
ages showed that the hyperperfusion area cor-
responded to the onset region of the ictal EEG
discharges, and that this region was located in
the overlying cortex. These results show that

the overlying cortex may be the epileptic fo-
cus in our SBH patient.

Fig 3. Subtraction ictal single-photon emission computed tomograpghy (SPECT)
coregistered to magnetic resonance (MR) imaging (SISCOM)
(A) In axial view, hyperperfusion is observed in the right frontotemporal area and right medial occipi-

totemporal area. (B) Coronal view. (C) Sagittal view. (D) Right lateral view. (B)-(D) show that hyper-
perfusion is located in the right superior temporal gyrus.
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Surgical treatment has been performed on
focal epilepsy patients with SBH. Bernasconi
et al. [7] reported that five of eight patients
had no significant’ improvement by surgical
treatment and that temporal resection resulted
in especially poor outcome. They suggested
that SBH might have a multifocal generator
due to widespread structural abnormality,
even though clinical and neurofunctional
studies proved the existence of focal epilepto-
genic lesions. Mai et al. {8] reported that one
patient with SBH had good outcome by re-
section of the posterior third of the middle and
inferior temporal gyri and part of the fusiform
gyrus. However, both groups could not ex-
plain the mechanism of seizure generation re-
lated to the normal overlying cortex and the
subcortical band. Our findings suggest that
surgical treatment including corticectomy will
be a therapeutic option for patients with SBH.

We demonstrated symptomatic focal epi-
lepsy using SISCOM and ictal EEG in a pedi-
atric patient with SBH, and speculated that the
overlying cortex may be the epileptic focus.
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ARTICLE

Dominant-Negative Mutations in a-ll Spectrin Cause
West Syndrome with Severe Cerebral Hypomyelination,
Spastic Quadriplegia, and Developmental Delay

Hirotomo Saitsu,l* Jun Tohyama,? Tatsuro Kumada,3 Kiyoshi Egawa,? Keisuke Hamada,* Ippei Okada,!
Takeshi Mizuguchi, 17 Hitoshi Osaka, Rie Miyata,6 Tomonori Furukawa,® Kazuhiro Haginoya,”
Hideki Hoshino,8 Tomohide Goto,® Yasuo Hachiya,1¢ Takanori Yamagata,'! Shinji Saitoh,!?

Toshiro Nagai,'? Kiyomi Nishiyama,! Akira Nishimura,! Noriko Miyake,! Masayuki Komada,1#

Kenji Hayashi,!s Syu-ichi Hirai,!S Kazuhiro Ogata,* Mitsuhiro Kato,'® Atsuo Fukuda,3

and Naomichi Matsumotol*

A de novo 9933.3-q34.11 microdeletion involving STXBPI has been found in one of four individuals (group A) with early-onset West
syndrome, severe hypomyelination, poor visual attention, and developmental delay. Although haploinsufficiency of STXBPI was
involved in early infantile epileptic encephalopathy in a previous different cohort study (group B}, no mutations of STXBP were found
in two of the remaining three subjects of group A (one was unavailable). We assumed that another gene within the deletion might
contribute to the phenotype of group A. SPTANI encoding o-II spectrin, which is essential for proper myelination in zebrafish, turned
out to be deleted. In two subjects, an in-frame 3 bp deletion and a 6 bp duplication in SPTAN1 were found at the initial nucleation site of
the «/B spectrin heterodimer. SPTANT was further screened in six unrelated individuals with WS and hypomyelination, but no mutations
were found. Recombinant mutant (mut) and wild-type (WT) a-II spectrin could assemble heterodimers with 8-II spectrin, but «-II (mut)/
B-II spectrin heterodimers were thermolabile compared with the «-II (WT)/B-II heterodimers. Transient expression in mouse cortical
neurons revealed aggregation of ¢-II (mut)/B-II and o-II (mut)/B-I1I spectrin heterodimers, which was also observed in lymphoblastoid
cells from two subjects with in-frame mutations. Clustering of ankyrinG and voltage-gated sodium channels at axon initial segment
(AIS) was disturbed in relation to the aggregates, together with an elevated action potential threshold. These findings suggest that path-
ological aggregation of «/B spectrin heterodimers and abnormal AIS integrity resulting from SPTANI mutations were involved in path-
ogenesis of infantile epilepsy.
Introduction occurs in 75% of individuals with EIEE, suggesting
a common pathological mechanism between these two

West syndrome (WS) is a common infantile epileptic
syndrome characterized by brief tonic spasms, an electro-
encephalogram pattern called hypsarthythmia, and
mental retardation.’ Brain malformations and metabolic
disorders can be underlying causes of WS, but many cases
remain etiologically unexplained.! Only two causative
genes, ARX (MIM *300382) and CDKLS (MIM *300203),
are mutated in a subset of familial and sporadic X-linked
WS cases (ISSX1 and ISSX2 [MIM #308350 and
#300672]).* Early infantile epileptic encephalopathy
with suppression-burst (EIEE) is the earliest form of infan-
tile epileptic syndrome.>® The transition from EIEE to WS

syndromes.>® We have recently reported that de novo
mutations of STXBPI (MIM *602926) cause EIEE.”
Spectrins are submembranous scaffolding proteins
involved in the stabilization of membrane proteins.®° Spec-
trins are flexible and long molecules consisting of o and
B subunits, which are assembled in an antiparallel side-by-

‘side manner into heterodimers. Heterodimers form by

end-to-end tetramers integrating into the membrane cytos-
kelton.?? The spectrin repertoire in humans includes two
o subunits and five B subunits. Defects of erythroid o-I
and B-I spectrins and neuronal B-III spectrin are associated
with hereditary spherocytosis (SPH3 and SPH2 [MIM
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