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OCM, and LMTK2and we considered LMTK2 worthy of attention.
LMTK? is a transmembrane protein which possesses serine/threo-
nine kinase activity [Wang and Brautigan, 2002]. It is expressed
predominantly in skeletal muscle [Wangand Brautigan, 2002]. The
knockout mouse showed no limb abnormalities but azoospermia
[Kawa et al., 2006]. As no LMTKZ mutations were observed in 29
SHFM patients without hearing loss, it may be interesting to
investigate LMTK2 mutations particularly in SHFM1D.

The 4.6-Mb deletion at 15q21.1-q21.2 encompassed 21 RefSeq
genes. We could not exclude the possibility that the deletion of these
genes may contribute to the patient’s phenotype including SHFM,
though any known SHEM loci are not associated with 15g21.1t
should be noted that FBNI was completely deleted. Haploinsuffi-
ciency of FBNI could be involved in pathogenesis: of Marfan
syndrome [Mizuguchi and Matsumoto, 20071, but the patient did
not show any Marfan syndrome features.

In conclusion; the complex 7q21.3 rearrangement in the
SHFMID patient was intensively analyzed. Microarray analysis
may potentially add novel findings leading to full understanding
of SHEM1D and/or SHFM.
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Pantothenate kinase-associated. neurodegerieration. (PKAN), formerly known as Hallervorden-Spatz
syndrome (HSS), is an autosomal recessive neurodegenerative disorder characterized by iron acctimulation
in the brain; Mutations in the pantothenate kinase 2-(PANK2) gene are known to be responsible for PKAN.
Several studies have revealed correlations between clinical phenotypes and particular PANKZ mutations. The
adult-onset slowly progressive type of PKAN with PANK2 mutations is very rare. I this report, we describe
siblings with the adult-onset slowly progressive type of PKAN with a novel mutation, lle346Ser, in PANK2.
The siblings had the same mutation in PANK2 and had common clinical signs such as misalignment of tecth,
a high arched palate, hollow feet, a slight cognitive decline, and an apparent executive dysfinction; althotgh
they showed different patterns of movement disorders. Thus, even if PKAN patients have identical mutations,
it is likely that they will present with different types of movement disorders, Brain perfusion single photon
emission: computed tomography in both patients showed decreased regional cerebral blood flow in the
bilateral frontoparietal lobes, the globus pallidus, the striatum; and around the ventriculus quartus, Cardiac
uptake of ['2%I} meta-iodobenzylguanidine was normal in both patients. Analysis of genotype-phenotype
correlations and: the elucidation of mutational effects on pantothenate kinase 2 function, expression, and
structure are important:for understanding the mechanisms of PIKAN: ;

© 2009 Elsevier B.V. All rights reserved.
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1. Introduction and intellectual retardation or decline are also common in the early-

onset childhood type [1,3]. After mutations in the pantothenate kinase 2

Pantothenate kinase-associated neurodegeneration {PKAN); former=
Iy known as Hallervorden-Spatz syndrome (HSS), is an autosomal
recessive neurodegenerative disorder characterized by iron accumula-
tion in the globus pallidus and the substantia nigra, with axonal
swellings in nuclei of those brain regions and throughout the cortex
[1.2]. Patients with PKAN are classified into three groups: 1) an early-
onset childhood type (those with anevident diagnosis before 10 years of
age), whichincludes both rapidly and slowly progressive types, 2} a late-
onset slowly progressive type. (those: with an evident diagnosis after
10 years of age and before 18 years of age), and 3) an adult-onset sfowly
progressive type [3]. Clinical phenotypes include progressive extrapy-
ramidal dysfunction presenting as dystonia; rigidity, choreoathetosis,
dysarthria, and gait disturbance. Retinitis pigmentosa; optic atrophy,
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(PANKZ2) gene were found to be responsible for HSS [4], several studies
revealed significantcorrelations between clinical phenotypes and types
of PANK2 mutations [4-20). Among those studies, only four reports have
described the detailed clinical features of the adult-onset: siowly
progressive type of PKAN with PANK2 mutations [13,14,17,18}.

In this report, we describe two Japanese siblings with the adult-
onset slowly progressive type of PKAN who were found to have a
novel PANK2 mutation,

2. Patients

The family pedigree is shown in Fig, 1A. The patients were the first
and second of three children of a Japanese consanguineous couple.

2.1. Case 1

This right-handed man had an unremarkable birth and dévelop-
mental history. At 28 years of age, his right arm developed sensations
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Fig. 1. A. Pedigree of the family. PD: Parkinson disease, MR; mental retardation. B. Sequence analysis of PANKZ in the patients. A homozygous 10371 >G point mutation (arrows) and

the resulting lle342Ser amino acid substitution were found in both patients,

of freezing when he used a food chopper. At 32 years of ‘age, he
noticed the same feeling in his left arm, and he could not continte to
work as a cook: Around 40 years of age, he noticed: difficulty in
articulating: properly -and in. swallowing water in-one gulp. He
sometimes bit his tongue while eating because he could not chew
food -well ‘Around: the same time, he sometimes felt. awkward
walking. These symptoms gradually worsened, and he visited our
hospital at 57 years of age. A physical examination revealed
misalignment of teeth with an asymmetrical line, a high arched
palate, and hollow feet. He did not show psychiatric features such as
delusions. hallucinations, agitation, depression, apathy, anxiety, or
irritability. A neurological examination showed ‘a slight cognitive
decline; His mini-mental state examination (MMSE) score was 28/30.
The frontal assessment battery [21] (FAB) score:was 14/18, indicating
that he had slight frontal fobe dysfunction. The times required to
complete the Japanese version of the Trail Making Test Part A (TMT A)
and Part B (TMTB) [22] were 30 sand 905, respectively. Using the 48-
card procedure of the Wisconsin Card Sorting Test (WCST), this
patient made 33 errors, including eight perseverative errars of Nelson
type [23]. The number of category achieved (CA) was 0, indicating
that he had an apparent executive dysfunction.

He showed no signs of aphasia, apraxia, or agnosia; however, he
did show dysarthria; dysphagia, and mild rigidity in the extremities,
and resting tremor in his right fingers: His laboratory tests were
normal except: for acanthocytosis. An electrocardiogram (ECG)
showed abnormal findings consistent: with Wolff-parkinson=White
syndrome. An électroencephalogram (EEG) and a nerve conduction
study (NCS) were normal.

2.2 Case:2

This left-handed woman had an unremarkable birth history. She
had primary amenorrhea and was diagnosed with diabetes mellitus at
25 years of age. She underwent surgery [0 Temove a sigmoid colon
cancer at 33 years of age. At 35 years of age, she experienced
involuntary movement of her right arm, and she sometimes spilled
soup or drinks. At 43 years of age, she began to feel pain in her right

foot, and her second to. fifth toes were fixed in a flexed position. As
these symptoms gradually. worsened, she “visited ‘our hospital: at
53 years of age. Physical examination revealed misalignmentof teeth,
a high arched palate, and hollow feet. She did not show psychiatric
features such as delusions, - hallucinations, agitation, depression,
apathy, anxiety, or irritability. A neurological examination showed a
slight cognitive decline; Her MMSE score was 28/30. Her FAB score
was 12/18, indicating that she had slight frontal lobe dysfunction. The
times required to complete the TMT A and TMT B were 40sand 150's,
respectively. Using the WCST, this patient made 35 errors, including
12 perseverative errors of Nelson type. The CA was 0; indicating that
she had an apparent executive dysfunction.

She had no aphasia, apraxia; or agnosia. She:did not:show
dysarthria, -dysphagia, or: rigidity in the extremities, but she did
show facal dystonia in the right toes, chorea in the upper limbs, and
slight spasticity in the lower limbs. Her vibration sense in the lower
limbs was mildly decreased, probably due to diabetic neuropathy. Her
Jaboratory tests were normal except for acanthocytosis and a high
level of serum Hbaie An EEG was normal: An NCS showed a slight
decrease in motor and sensory nerve conduction velocity, consistent
with diabetic neuropathy.

The clinical features of the siblings are summarized in Table 1.

3. Radiological findings

Magnetic resonance imaging (MRI) revealed central hyperinten-
sity within the hypointense medial globus pallidus on T2 weighted
image (‘eye-of-the-tiger sign [24]) in both patients {Fig. 2A). Brain
perfusion single photon: emission computed tomography (SPECT)
using [*¥"Tc] ethyl cysteinate dimer (*”"Tc-ECD) in both patients
showed decreased regional cerebral blood flow (rCBF) in the bilateral
frontoparietal lobes, the globus pallidus, the striatum, and around
the ventriculus quartus: {Fig. 2B). To evaluate rCBF, we adopted an
easy. Z-score: imaging system (eZIS) with which changes in rCBE
during the early stages of neurodegenerative diseases. could be
assessed [25]. With the eZIS, each SPECT image of the patients was
anatomically standardized and compared to the mean and standard
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Table 1
Summary of clinical features of the patients.
Case 1 Case 2
Age of onset 28 35
Misalignment of the teeth + +
Hollow feet + ES
Cognitive decline and executive + +
dysfunction

Dysarthria + -
Dysphagia + -
Tremor + -
Chorea — +
Focal dystonia — +
Postural instability + -
Pyramidal sign — +
Acanthocytosis + +
‘Eye-of-the-tiger’ sign +

PANK2 mutation
Others

+

13468, homozygous
Diabetes mellitus
Colon cancer
Primary amenorrea

13468, homozygous
WPW syndrome

WPW: Wolff-Parkinson-White syndrome.

deviation (SD) of SPECT images of 30 age-matched healthy volunteers
from 40 to 59 years old, which had previously been incorporated into the
eZIS program as normal controls. Voxel-by-voxel Z-score analysis was
performed after voxel normalization to global mean values: Z-score =
(control mean ~individual value)/(control SD) [2526]. We also
performed ['*I] meta-iodobenzylguanidine ('**I-MIBG) myocardial
scintigraphy in both patients. The ratio of heart to mediastinum MIBG
accumulation (H/M) was determined at 20 min and 4 h after adminis-
tration of MIBG. The early and late H/M were 2,73 and 2.73 in case 1, and
231 and 240 in case 2, respectively, indicating that their cardiac
sympathetic nerve function was intact.

4. Analysis of PANK2

After informed consent was obtained, genomic DNA was extracted
from peripheral blood samples from these two patients, and we
screened the entire coding sequence for PANK2 mutations. We found
a previously unreported homozygous missense mutation, lle346Ser
(1037T>G), in PANK2 of both patients (Fig. 1B). Genomic DNA from
100 healthy Japanese controls was amplified using Genomiphi version
2 (GE healthcare). Mutation screening of exon 3 of PANK2 including
the novel mutation site was performed using high resolution melt
analysis on a LightCycler480 apparatus (version 1.5.0; Roche
Diagnostics). Two series of high resolution melt analyses were
performed with and without 50% spike-in reference DNA from
known homozygous alleles (wild type). The spike-in method allows
one to more easily and more clearly distinguish a rare homozygous
allele from a common homozygous allele than the standard method
(without spike-DNA). Because all control DNAs were mixed with an
equal amount of reference DNA, samples with rare homozygous
alleles showed a distinct heterozygous melting curve pattern. We
used the genomic DNA of case 2 as the positive control for
homozygous mutant alleles, and the mixture of genomic DNA of
case 2 and the reference DNA showed a clear heterozygous pattern.
We compared all melting curves of normal control samples to that of
the positive control. If samples showed any aberrant melting curve
patterns, the forward and reverse strands were sequenced. Our results
showed no {le346Ser mutation in 100 normal controls (200 alleles).

5. Discussion

We describe siblings with the adult-onset slowly progressive type
of PKAN with a novel mutation, lle346Ser, in PANK2, To date, 77 types

of PANK2 mutations have been reported as being responsible for
PKAN, including 47 types of missense mutations, nine types of
nonsense mutations, 13 frameshift mutations, six mutations causing
aberrant splicing, and two mutations causing an amino acid deletion
[4-20]. In an extensive study on correlations between HSS phenotype
and genotype in which an early-onset rapidly progressive childhood
type was classified as a classic form, and other types of HSS were
classified as an atypical form, it was shown that all patients with
classic HSS and one third of those with atypical HSS had PANK2
mutations [5]. PKAN patients can be distinguished from atypical HSS
patients without PANK2 mutations by examining an MRI image for the
‘eye-of-the-tiger’ sign, which is specific to patients with mutations in
PANK2 {5,24]. These studies indicate that patients who had been
previously diagnosed with atypical HSS without the ‘eye-of-the-tiger’
sign on MRI tests did not always have PANK2 mutations. However,
there is one case report describing a classic HSS case with a PANK2
mutation in which the ‘eye-of-the-tiger’ sign was initially present, but
vanished during the course of the disease, suggesting that there is not
a strict one to one correlation between the presence of the ‘eye-of-
the-tiger' sign and a PANK2 mutation [19]. Therefore, it is important
for clinicians to investigate patients with clinical features of atypical
extrapyramidal disorders, focusing on PANK2 mutations.

Among previous reports of PKAN cases, only four have described
clinical features of an adult-onset slowly progressive type of PKAN with
PANK2 mutations [13,14,17,18]. Those cases were initially recognized as
exhibiting essential tremor [ 13}, amyotrophic lateral sclerosis [ 14}, focal
dystonia [18], or psychiatric disorders [17]. These cases had compound
heterozygous missense mutations, homozygous missense mutations, or
compound heterozygous nonsense and missense mutations in PANK2.
Previous reports revealed that patients with the early-onset rapidly
progressive type of PKAN had various types of PANK2 mutations
including truncating mutations, and that most patients with the other
types of PKAN had missense mutations |5,16]. These results are in
agreement with our hypothesis that the homozygous PANK2 missense
mutation found in our cases is a causative factor of an adult-onset slowly
progressive type of PKAN. The siblings shared a common mutation in
PANK2 and had some common clinical features such as misalignment
of teeth, a high arched palate, and hollow feet. The siblings also had a
slight cognitive decline. As described above, scores of the TMTA and B in
case 1 and TMT A in case 2 were considered to be within the normal
range [27,28]. A difference between TMT A and TMT B (TMT B — A),
which reflect cognitive flexibility independent of motor function, were
considered abnormal in case 2 {29]. The WCST in both cases showed a
high ratio of errors compared to normal control [23,28]. Both cases
showed no apparent cognitive decline as measured by MMSE, but the
FAB and WCST tests revealed that their executive functions were
apparently impaired. On the other hand, the two patients showed
different patterns of movement disorders. While the case 1 patient
suffered from dysarthria, dysphasia, and gait disturbances, the case 2
patient did not show these symptoms. The prominent movement
disorder in the case 2 patient was chorea of the upper limbs. It has been
shown that pathologically corroborated HSS patients show diverse
symptoms [1], and that PKAN patients with various PANK2 mutations
show diverse symptoms [16]. Qur cases indicate that even when PKAN
patients have identical mutations, they can present with different types
of movement disorders. We conclude that there is no correlation
between the type of mutation and the presence of movement disorders.
On the other hand, neuroradiological findings showing the ‘eye-of-the-
tiger' sign on MRI were similar in both cases. Using **™T¢c-ECD brain
perfusion SPECT with the eZIS, which has been known to detect specific
changes in 1CBF in early stages of neurodegenerative diseases [25], we
showed a decrease in rCBF in the bilateral frontoparietal lobes, the
globus pallidus, the striatum, and around the ventriculus quartus. In
early-onset childhood HSS cases, cerebellar hypoperfusion as shown
with brain perfusion SPECT {30}, and striatal and pontocerebellar
hypoperfusion as shown with [®0]-water positron emission
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Fig. 2. Neuroradiological findings. A. MRI findings in the case 2 patient. An axial section of a T2 weighted image {left) and a coronal section of fluid attenuated inversion recovery
image (right) are shown. Note that the MRI shows no brain atrophy. B. 99w ECD SPECT in both cases. The Z-score maps displayed on an anatomically standardized MRI template are

shown.

tomography {31] have been reported. Our cases showed that the
decreased pattern of rCBF in adult-onset PKAN is different from that of
early-onset cases. Yamashita et al. reported that #*™Tc-ECD SPECT of an
adult-onset PKAN patient showed hypoperfusion in the bilateral globus
pallidus, the left side of the temporal lobe, and the brain stem [13].
Because they did not describe whether the decreased rCBF in the lesions
was evaluated with voxel-by-voxel analysis or whether the changes
were statistically significant, we cannot make a simple comparison
between our cases and their case. Examination of further cases is
necessary to confinm whether a decrease in rCBF in the frontoparietal
lobes is common in adult-onset PKAN patients. In patients with juvenile
and adult-onset HSS, which is probably the same disease as PKAN, «-

synuclein-positive Lewy bodies were observed in diseased brain {32,331,
Because cardiac uptake of MIBG is often impaired in Parkinson disease
and dementia with Lewy bodies [34], we conducted '**I-MIBG
myocardial scintigraphy in both patients. Our results showed normal
cardiac uptake of MIBG in both cases. Our findings indicated that cardiac
sympathetic nerve function was normal in PKAN patients. These brain
perfusion SPECT with voxel-by-voxel analyses and MIBG scintigraphy
results in adult-onset PKAN patients have not been previously reported.

Pantothenate kinase catalyzes the first and rate-controlling step in
the biosynthesis of CoA [35]. A deficiency in pantothenate kinase 2
may cause cysteine accumulation in the globus pallidus, leading to
neuronal death from oxidative stress [4]. Although diverse PANK2
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mutations have been reported as being responsible for PKAN, the
detailed mechanisms that cause iron accumulation are still unknown.
Moreover, a therapeutic strategy for PKAN has not been established.
The analysis of genotype-phenotype correlations and the elucidation
of effects of mutations on pantothenate kinase 2 function, expression,
and structure are essential for understanding the mechanisms of
PKKAN.
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Interstitial 1q deletions have been classified into three groups:
proximal deletion (1q21-22q25), intermediate {1g24-25q32), and
distal (1q42-43gter) [Taysi et al,, 1982]. To our knowledge, only
seven deletions have been characterized by molecular methods
{Franco et al.,, 1991; Takano et al., 1997; Melis et al., 1998; Pallotta
et al,, 2001; Hoglund et al., 2003; Chaabouni et al., 2006; Descartes
et al., 2008]. We report on a patient with 1q24.3-q31.2 deletion,
which was thoroughly analyzed by high density SNP array as well as
junctional cloning.

The propositus is a 31/s-year-old boy. He was born at 35 weeks of
gestation by cesarean due to fetal distress of nonconsanguineous
39-year-old mother and 37-year-old father. Intrauterine growth
retardation was suspected at 27 weeks of gestation. Birth length was
36 cm (—3.7 SD), weight 1,324 g (—3.8 SD), and head circumfer-
ence (OFC)29 cm (—1.5SD). Atage of 31/3 years, hislength is 65 cm
(—8.5SD), weight 5,890 g (—4.5 SD), and OFC 41.6 cm (—5.5 SD),
indicating obvious pre- and postnatal growth retardation. Multiple
anomalies were recognized: prominent forehead, sparse, and fine
hair, decreased expression of the face, deep-set eyes, prominent
cupid bow, left ptosis, left exotropia and strabismus, short phil-
trum, downturned corners of the mouth, high-arched palate, low-
set ears, small hands and feet, bilateral simian creases, bilateral fifth
clinodactyly, bilateral inguinal hernia, cryptorchidism, and small
penis.

Radiographs showed the following findings. The upper thorax is
asymmetrically narrow as a result of unequally short upper ribs. The
ribs were 12 in number. Incomplete congruence of the hip joints was
noted together with deep acetabular angles. The distal ulnae were
relatively elongated, and they were somewhat displaced ulnarly.
The distal radial articular surfaces were unusually tilted radially. In
the hands, the middle phalanges, particularly of the index and little
fingers, were short and bullet-shaped. The terminal tufts of the
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distal phalanges, particularly of the second, were somewhat hypo-
plastic. The fifth metacarpals were broad and short. Carpal ossifi-
cation was significantly delayed. In feet, he middle and distal
phanageal ossification was incomplete.

Bilateral low-tone hearing loss (mixed-type) and otitis media were
observed. He was barely able to walk at 3 years. Head magnetic
resonance imaging showed no abnormality, Serum TSH, fT3, and T4
were normal. IGF-1 and IGFBP-3 were low [4.0 ng/ml (normal range:
11-172ng/ml) and 0.34 pg/ml (normal range: 1.02—2.50 yg/ml),
respectively] and GH stimulation test by clonidine and L-DOPA
indicated GH deficiency [0.76 ng/ml and 0.49 ng/ml at maximum,
respectively (pathological range: <6 ng/ml)]. Serum antithrombin II1
(AT TII) was also at a low leve] [13.7 mg/dl (normal range: 23.6-
33.5mg/dl), 48% in activity (normal range: 79—-121%)].

GTG-binding chromosome analysis of the patient’s blood lym-
phocytes demonstrated 46,XY,del(1)(q23q25),t(4;11)(q31.3;921)
(Fig. 1a). Parental karyotype was all normal. Affymetrix GeneChip
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Human SNP array 6.0 (Affymetrix, Santa Clara, CA) was used for
further analysis. Genomic DNA was isolated from peripheral blood
lymphocytes of the patient using QuickGene-610L (Fujifilm, To-
kyo, Japan). DNA (250 ng) were digested with Nspl and Sty ligated
with adaptor, PCR-amplified, purified by using magnetic
beads, fragmented, labeled, and hybridized to the array. Data
analysis was done by Genotyping Console 3.0.1 (Affymetrix). SNP
array clearly demonstrated 1q24.3-q31.2 deletion (Fig. 1b), but
could not reveal any other fortuitous copy number changes
associated with t(4;11). The deletion junction was successfully
amplified by PCR using primers (F: 5-CCTTCTCCCTAG-
GCCAGCTTCATTC-3, R: 5-ATGAGCAGCTGGGAAGGCT-
TAATTG-3') and sequenced. The deleted region spanned from
169,548,050—189,045,005 (19,496,955 bp according to the UCSC
genome browser, 2006 Mar version, hgl8) with two nucleotides
insertion of unknown origin (TT) (Fig. 1c). Primers designed to
amplify normal chromosomal fragment (with primers Cand B) and
abnormal fragment (with primers A and B) showed the deletion
occurred de novo (Fig. 1d) (primer information is available on
request). FISH analysis of chromosomes of the patient and- his
parents using two BACs mapped within the deletion (RP11-81H19
and RP11-463]7) and two other BACs adjacent to the deletion
(but outside) (RP11-79E17 and RP11-184F4) confirmed the de
novo deletion in one of chromosomes (data not shown). Micro-
satellite analysis of the trio’s DNA using DI1S218 and D1S238
revealed the deleted chromosome was of paternal origin (data not
shown).

The t(4;11) was analyzed by BAC-FISH. RP11-745A4 and RP11-
580E13 spanned the 4q32.1 breakpoint (Fig. 1e). Overlapped region
between the two BACs was localized to the position of
159,325,668-159,422,337 (chr 4) according to the UCSC genome
browser. Regarding the 1121 breakpoint, RP11-45C5 spanned the
breakpoint while RP11-714B8 was mapped distal to the breakpoint
(Fig. 1f). These suggest the 11q breakpoint was positioned to the
~100-kb region of 100,145,397—-100,233,747 (chr 11).

Although seven cases of 1q interstitial deletions defined with
molecular techniques have been reported, resolution of the map-
pings was low [Franco et al., 1991; Takano et al., 1997; Melis et al.,

1998; Pallotta et al., 2001; Hoglund et al., 2003; Chaabouni et al.,
2006; Descartes et al., 2008]. We could precisely map the deletion
and clone the deletion junction for the first time.
Phenotype—genotype correlations of the eight above cases pro-
vides interesting information (Fig. 2). Growth retardation may be
associated with heterozygous LHX4 (LIM homeobox gene 4)
deletion. LHX4 plays an important role in pituitary development
involving GH secretion {Machinis et al., 2001]. As dominant and
fully penetrant effects of a splice mutation of LHX4 was clearly
shown [Machinis et al,, 2001], the negative effect of its heterozygous
deletion on GH secretion is obvious. Regarding psychomotor
retardation, no particular genes within deletions are found to be
related, but the impact of a large deletion like our case may not be
small. It is clear that SERPINCI (serpin peptidase inhibitor, clade C
member 1 gene) deletion results in AT III deficiency (OMIM
+107300). Biallelic PRG4 (Proteoglycan 4 gene) mutations causes
camptodactyly-arthropathy-coxa vara-pericarditis syndrome
[Marcelino et al., 1999]. Heterozygous PRG4 deletion might be
partially related to some skeletal abnormalities. It should be noted
that t(4;11) may alter expression of genes, TMEM 44 at 4q32.1 and
FLJ32810at 11g21, though their precise functions are yet unknown.
In conclusion, we clone the 1q24.3-q31.2 deletion junction and
precisely mapped the balanced translocation of t(4;11). Pathologi-
cal chromosomal changes should be investigated at the nucleotide
level, then gene dosage effects associated with chromosomal
changes may help in explaining complex disease phenotypes.

We would like to thank the patient and his parents for their
participation in this study. This work is supported by Grant-in
Aid for Japan Society for the Promotion of Science (JSPS) Fellow
(A.N.), Research Grants from the Ministry of Health, Labour and
Welfare (N.M.), Grant-in-Aid for Scientific Research on Priority
Areas (Research on Pathomechanisms of Brain disorder) from the
Ministry of Education, Culture, Sports, Science and Technology of
Japan (N.M.), and Grant-in-Aid for Scientific Research from JSPS
(N.M.).



NISHIMURA ET AL.

Chaabouni M, Martinovic ], Sanlaville D, Attie-Bittach T, Caillat S, Turleau
C, Vekemans M, Morichon N. 2006. Prenatal diagnosis and molecular
characterization of an interstitial 1q24.2q25.2 deletion. Eur ] Med Genet
49:487-493.

Descartes M, Hain JZ, Conklin M, Franklin J, Mikhail FM, Lachman
RS, Nolet S, Messiaen LM. 2008, Molecular characterization of a
patient with an interstitial 1q deletion [del(1)(q24.1q25.3)] and dis-
tinctive skeletal abnormalities. Am | Med Genet Part A 146A:2937—
2943.

Franco B, Lai LW, Patterson D, Ledbetter DH, Trask BJ, van den Engh G,
Tannaccone S, Frances S, Patel PI, Lupski JR. 1991. Molecular characteri-
zation of a patient with del(1)(q23-q25). Hum Genet 87:269-277.

Hoglund P, Jalkanen R, Marttinen E, Alitalo T. 2003, Interstitial 1g25.3-
q31.3 deletion ina boy with mild manifestations. Am ] Med Genet Part A
123A:290-295.

Machinis K, Pantel ], Netchine I, Leger J, Camand O], Sobrier ML, Dastot-
Le Moal F, Duquesnoy P, Abitbol M, Czernichow P, Amselem S. 2001.
Syndromic short stature in patients with a germline mutation in the LIM
homeobox LHX4. Am ] Hum Genet 69:961-968.

1325

Marcelino J, Carpten JD, Suwairi WM, Gutierrez OM, Schwartz S, Robbins
C, Sood R, Makalowska 1, Baxevanis A, Johnstone B, Laxer RM, Zemel L,
Kim CA, Herd JK, Thle ], Williams C, Johnson M, Raman V, Alonso LG,
Brunoni D, Gerstein A, Papadopoulos N, Bahabri SA, Trent JM, Warman
ML. 1999. CACP, encoding a secreted proteoglycan, is mutated in
camptodactyly-arthropathy-coxa vara-pericarditis syndrome. Nat Genet
23:319-322.

Melis D, Perone L, Sperandeo MP, Sabbatino MS, Tuzzi MR, Romano A,
Parenti G, Andria G. 1998. Mild phenotype associated with an interstitial
deletion of the long arm of chromosome 1. ] Med Genet 35:1047—1049.

Pallotta R, Dalpra L, Miozzo M, Ehresmann T, Fusilli P. 2001. A patient
defines the interstitial 1q deletion syndrome characterized by antithrom-
bin I deficiency. Am J Med Genet 104:282-286.

Takano T, Yamanouchi Y, Mori Y, Kudo S, Nakayama T, Sugiura M,
Hashira S, Abe T. 1997. Interstitial deletion of chromosome 1q
[del(1)(q24q25.3)} identified by fluorescence in situ hybridization and
gene dosage analysis of apolipoprotein A-11, coagulation factor V, and
antithrombin L. Am ] Med Genet 68:207-210.

Taysi K, Sekhon GS, Hillman RE. 1982. A new syndrome of proximal
deletion of the long arm of chromosome 1: 1q21-23 leads to 1q25. Am ]
Med Genet 13:423—430.



Neurogenetics
DOI 10.1007/s10048-010-0245-6

ORIGINAL-ARTICLE

Analysis of an insertion mutation in a cohort of 94 patients
with spinocerebellar ataxia type 31 from Nagano, Japan

Haruya Sakai - Kunihire Yoshida - Yusaku Shimizu
Hiroshi Morita « Shu-ichi Ikeda - Naomichi Matsumoto

Received: 11 February 2010 /Accepted: 13 April 2010

© The Author(s) 2010. This article is published with open access at Springerlink.com

Abstract Spinocerebellar ataxia type 31 (SCA31) is a
recently defined subtype of autosomal dominant cerebellar
ataxia (ADCA) characterized by adult-onset, pure cerebellar
ataxia. The C/T substitution in the 5-untranslated region of
the puratrophin-1 gene (PLEKHG4) or a disease-specific
haplotype within the 900-kb SCA31 critical region just
upstream of PLEKHG4 has been used for the diagnosis of
SCA31. Very recently, a disease-specific insertion contain-
ing penta-nucleotide (TGGAA), repeats has been found in
this critical region in SCA3] patients. SCA31 was highly
prevalent in Nagano, Japan, where SCA31 accounts for
approximately 42% of ADCA families. We screened the
insertion in 94 SCA31 patients from 71 families in Nagano.
All patients had a 2.6- to 3.7-kb insertion. The size of the
insertion was inversely correlated with the age at onset but
not associated with the progression rate after onset.
(TAGAA), repeats at the 5-end of the insertion were
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variable in number, ranging from 0 (without TAGAA
sequence) to 4. The number of (TAGAA), repeats was
inversely correlated to the total size of the insertion. The
number of (TAGAA), repeats was comparatively uniform
within patients from the three endemic foci in Nagano.
Only one patient, heterozygous for the C/T substitution in
PLEKHG4, had the insertions in both alleles; they were
approximately 3.0 and 4.3 kb in size. Sequencing and
Southern hybridization using biotin-labeled (TGGAA)4
probe strongly indicated that the 3.0-kb insertion, but not
the 4.3-kb insertion, contained (TGGAA), stretch. We also
found that 3 of 405 control individuals (0.7%) had the
insertions from 1.0 to 3.5 kb in length. They were negative
for the C/T substitution in PLEKHG4, and neither of the
insertions contained (TGGAA), stretch at their 5'-end by
sequencing. The insertions in normal controls were clearly
detected by Southern hybridization using (TAAAA)s probe,
while they were not labeled with (TGGAA)s or (TAGAA)s
probe. These data indicate that control alleles very rarely
have a nonpathogenic large insertion in the SCA31 critical
region and that not only the presence of the insertion but
also its size is not sufficient evidence for a disease-causing
allele. We approve of the view that (TGGAA), repeats in
the insertion are indeed related to the pathogenesis of
SCA31, but it remains undetermined whether a large
insertion lacking (TGGAA), is nonpathogenic.

Keywords SCA31 - 16q-ADCA - Puratrophin-1 -
Penta-nucleotide repeats - Insertion
Introduction

Spinocerebellar ataxia type 31 (SCA31), formerly known as
16q22.1-linked autosomal dominant cerebellar ataxia (16g-

@ Springer
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ADCA), is a recently established subtype of ADCA charac-
terized by adult-onset, pure cerebellar ataxia [1-6]. SCA31
accounts for 8-17% of ADCA families and is the third most
predominant ADCA subtype after SCA6 and MJD/SCA3 in
Japan [7-11]. A single nucleotide substitution (~16C>T) in
the 5'-untranslated region (UTR) of the gene encoding
puratrophin-1 (PLEKHG4) has been shown to be a
disease-specific marker for 16g-ADCA {4, 5]. However, this
specific substitution has been found exclusively in the
Japanese population [12]; thus, it is still unclear whether
SCA3] exists in countries other than Japan.

Two patients with SCA31 have been found not to carry this
substitution in PLEKHG4 5, 13], indicating that it is not a
disease-causing mutation for SCA31. Thereafter, Amino et
al. [5] narrowed the SCA31 critical region to 900 kb
between 511640843 (SNP04) and PLEKHG4 by fine single
nucleotide polymorphism (SNP) typing. Sato et al. [6]
identified an inserted sequence in this region, which was
confirmed in all SCA31 patients, without exception. The
insertion consists of complex penta-nucleotide repeats con-
taining (TGGAA),, and the size of the insertion is variable,
ranging from 2.5 to 3.8 kb in length, among patients [6].

We have shown that SCA31 is the most predominant
subtype of ADCA in Nagano, which is located in the
central, mountainous district of the main island of Japan
[13-15], see Fig. 2]. To date, we have analyzed 168 ADCA
families from Nagano and diagnosed 71 families (42%)
with SCA31. Thus, the frequency of SCA31 in Nagano is
much higher than in other areas of Japan [7-11]. We have
found that SCA31 families are highly prevalent in
particular areas of Nagano, named as Kiso, Ina, and Saku
[13-15], see Fig. 2]. The ratio of SCA31 families to total
ADCA families in these areas was 14/16 (88%, Kiso area),
12/18 (67%, Ina area), and 17/25 (68%, Saku area).

Here, we have screened an insertion mutation for SCA31
in 94 patients from 71 families in Nagano.

Materials and methods
Subjects and clinical evaluation

We recruited 94 patients from 71 families with SCA31, and
these families most probably originated from Nagano. The
diagnosis of SCA31 was based on the presence of the C/T
substitution in PLEKHG4 (92 patients from 70 families).
Two patients (from two families) without the C/T substitu-
tion in PLEKHG4 were also included in this study because
they had a disease-specific haplotype in the 900-kb SCA31
critical region {13]. Forty-four of 71 families (62%)
originated from the three endemic foci described above.
Detailed medical interviews and routine neurological exami-
nations were performed by expert neurologists. Age at onset
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was determined on the basis of the information provided by
the patients or their close relatives. Scales for the assessment
and rating of ataxia (SARA) were used for the assessment of
cerebellar ataxia. To minimize the interrater variability,
SARA was performed by either of two expert neurologists
(KY and YS) for 57 patients (67 times).

This research protocol was approved independently by
the Ethical Committee of Shinshu University Schoo! of
Medicine and by the Commiitee for Ethical lssues at
Yokohama City University Graduate School of Medicine.

Molecular analysis

The insertion sequence was amplified by PCR according to
the methods described by Sato et al. [6]. PCR products
were purified using a PCR purification kit (QIAGEN),
digested with Haelll, and then separated on a 0.8% agarose
gel (25 V, 15 h). The size of the Haelll fragment containing
the insertion was calculated with a DNA size marker
simultancously electrophoresed as a reference. Haelll-
undigested PCR products were separated in a 0.8% low-
melting agarose gel, and fragments of approximately 3.0 kb
were cut out and extracted using a QIA quick® Gel
Extraction Kit (QIAGEN). They were then directly se-
quenced by a standard protocol using BigDye terminator
(Applied Biosystems, Foster City, CA) on an ABI PRISM
3100 Genetic analyzer or an ABI PRISM 3500xL. Genetic
analyzer (Applied Biosystems). Haelll-undigested PCR
products were also separated in a 1% agarose gel, blotted
to a nylon membrane (HybondTM- N, Amersham Interna-
tional plc, Buckinghamshire, UK) using 10x SSC, and
subjected to Southern hybridization using biotin-labeled
(TGGAA)s, (TAGAA)s, or (TAAAA)s as a probe. Detec-
tion was done with BrightStarTM BioDetect™ Nonisotopic
Detection Kit (Ambion Inc., Austin, TX) according to the
manufacturer’s instructions.

Statistics

The relationship between the size of the insert and the age
at onset was analyzed using Spearman’s correlation
coefficient by rank test. Regression analysis for SARA
data was also performed. Analysis of the differences in the
insert size among the groups was carried out using analysis
of variance and the post hoc test of Scheffé. The level of
significance was set at p<0.01.

Results

All of the patients recruited in this study had an insertion
ranging from 2.6 to 3.7 kb in length. Direct sequencing
confirmed that the insertion contained (TGGAA), stretch in
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all of the patients. The average length of the insertions was
approximately 3,130 bp (SD, 199 bp) (#=94). The
correlation between the size of the insertion and the age at
onset is shown in Fig. 1. The length of the insertion was
inversely correlated with the age at onset (n=89). We
observed six intergenerational transmission of a disease-
causing allele in five families in our cohort. There was no
conspicuous expansion of the insertion size.

The average size of the insertion was obviously different
between patients from the three endemic foci (Fig. 2a, b).
The insertion of patients from Kiso area was significantly
shorter in length (2,866+132 bp, n=18) than those from the
other two areas (3,263%101 bp, n=27, Ina area; 3,111+
109 bp, n=18, Saku area).

We found the number of penta-nucleotide (TAGAA),
repeats at the 5'-end of the insertion was variable, as well as
the subsequent (TGGAA), repeats. The number of

# 3 i i 1 H i b 3
2&’100 2600 2800 3000 3200 3400 3600 3800 4000

ingertion size {bp)

(TAGAA), repeats ranged from 0 to 4 (Fig. 3); the most
predominant number was 1 (50/94, 53%), followed by 2
(20/94, 21%), 3 (14/94, 15%), and 4 (8/94, 9%). There
were two patients without (TAGAA) sequence just up-
stream of (TGGAA), repeats. The number of (TAGAA),
repeats, if present, was inversely correlated with the size of
the insertion (Fig. 4). The repeat size of (TAGAA), was
comparatively uniform within the endemic foci. Seventeen
of 18 patients (94%) in Kiso area had three or four
(TAGAA), repeats. Twenty-five of 27 (93%) in Ina area
had one repeat, and all 18 patients (100%) in Saku area had
one or two repeats. Two patients without (TAGAA)
sequence originated from areas outside the three endemic
foci. We had 12 families, in which more than two affected
members were recrutted in this cohort. Intrafamilial
variation in (TAGAA), repeat number was observed only
in one family (family ID 166); the sister had four

Fig. 2 Distribution of the inser- a b
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Nagano. The location of the N alttude R LA -
three endemic foci (Kiso, Ina, /1 st i
and Saku) in Nagano prefecture T Nagano ™ - S T
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the average size (horizontal @ '.' ..
bar), and the standard deviation B L »
of the size of insertion (shaded S 50000 " u L
square) in all the patiefslts (n= 2 - g L
94) are shown in left. "'p<0.01 %&li?;m $ ?;;;?-La%c Tokyo" :S;
A P a
Nagoya® B P &7s0 22
Ina /? *
b 2.500 L L . :
Total Kiso Ina Saku
n=94 n=18 n=27 n=18
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Fig. 3 Sequence of the 5'-end of the insertion. The number of (TAGAA), repeats (underlined in red) is variable, ranging from 0 to 4

(TAGAA), repeats and her younger brother had three, but
the number of (TAGAA), repeats was consistent among the
family members in the other 11 families.

In our cohort, 93 patients were heterozygous for the
insertion, but only one patient aged 87 (patient ID 254)
carried the insertions in both alleles (Fig. 5). This patient
originated from one of three endemic foci, Kiso area, and
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Fig. 4 Correlation between the sizes of (TAGAA), repeats preceding

(TGGAA), repeats and the insertion size. ##p<0.01; #p < 0.05. n.s.
not significant
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developed cerebellar ataxia at age 76. He was still able to
walk with a cane, and his SARA score was 15.5 at age 87.
The size of the insertions was calculated as approximately
3,040 and 4,280 bp. Direct sequencing showed that only
the 3.0-kb insertion, but not the 4.3-kb insertion, contained
(TGGAA), stretch. By Southern hybridization, the 3.0-kb
insertion, but not the 4.3-kb insertion, was detected by
(TGGAA)s probe (Fig. 6¢). The 4.3-kb insertion was faintly
labeled with (TAGAA)s probe, and the signal intensity was
much weaker than the 3.0-kb insertion (Fig. 6d). On the

Haelli (-)

Haellt (+)

bp
5,000

4.000\

\

3500

300077

25007 -
/
/

2,000

3.500/

§ ,GD(}/

Fig. 5 PCR amplification for the insertion. The patient (ID 256, lane
5) had insertions on both alleles, instead of lacking a wild-type 1.5-kb
band without the insertion. The 4.3-kb band is indicated by the arrow
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Fig. 6 Southern hybridization for the insertion. Huelll-undigested
PCR products were separated in a 1% agarose gel, stained with
ethidium bromide (a), and then blotted to a nylon membrane. The
membrane was hybridized with biotin-labeled (TAAAA)s probe (b),
(TGGAA)s probe (¢), or (TAGAA)s probe (d). The insertions in
SCA3I patients (lanes 1-3) were clearly detected by (TGGAA)s or
(TAGAA)s probe (¢ and d) . In patient ID 254 (lane 3), the 3.0-kb
insertion (arrow), but not the 4.3-kb insertion (arrowhead), was
clearly labeled with (TGGAA)s probe (c¢). In contrast, the 4.3-kb

other hand, the 4.3-kb insertion was more intensively
labeled with (TAAAA)s probe than the 3.0-kb insertion
(Fig. 6b).

Furthermore, we found that 3 of 405 healthy control
individuals (0.7%) had the insertions (Fig. 6a, Table 1).
Neither of the insertions contained (TGGAA), stretch at
their 5'-end by sequencing. By Southern hybridization, the
insertions in control individuals were not detected by
(TGGAA)s, or (TAGAA);s probe (Fig. 6c¢, d), but were
more clearly labeled with (TAAAA)s probe than the
insertions in SCA31 patients (Fig. 6b).

To see the effect of the insertion size on disease
progression, we tentatively divided the patients into three
groups based on the size of the insertion; groups I (insertion
size>3,300 bp, n=11), 11 (3,000~3,300 bp, #=27), and 111

Table 1 The haplotypes of SCA31 patients and control subjects

Biotin-{TGGAA)4 probe Biotin-(TAGAA); probe

insertion (arrowhead), as well as the insertions in normal controls
({anes 4-6), was more intensively labeled with (TAAAA); probe than
the insertions in SCA31 patients (b). The 1.5-kb fragments derived
from a normal allele were visualized by (TAAAA)s probe (b) because
(TAAAA), repeats are included in the original genomic sequence.
Lanes 1-3 ,SCA31 patients (lane 3, patient ID 254); lanes 4-6,
control individuals with the insertion (lane 4: control 1; lane 5: control
2; lane 6: control 3 in Table 1); lanes 7 and 8, control individuals
without the insertion

(<3,000 bp, n = 17). The correlation between SARA scores
and age at examination or duration of illness is shown in
Fig. 7. There was no significant difference in the disease
progression rate after onset between the groups.

Discussion

In the present study, we confirmed that all of the SCA3]
patients in our cohort had the insertions of the penta-
nucleotide repeats found by Sato et al. [6]. The insertions
ranged from 2.6 to 3.7 kb in length, and contained
(TGGAA), stretch at their 5'-end, without exception. We
also verified that the size of the insertion was inversely
correlated to the age at disease onset in our large cohort.

Polymorphic marker AB473220 Complex penta-nucleotide repeat insertion AB473217 ~16C/T puratrophin-1
(site on NCBI Build 36.3)  (65,049,291)  [insertion size] (65,081,803) (65,114,245)  (65,871,433)
Reference sequence G - G C
Frequencies in controls® G 99.2% G 100% C 100%

A 0.8% C 0.0% T 0.0%
Homozygous patient® A 5' TCAC (TGGAA)n (TAAAA TAGAA)N- C T
Patient (1D 254)° A 5" TCAC TAAAA (TAGAA)4 (TGGAA)n - [3,040 bp] G/C C/T

5" TCAC TAACA (TAAAA)n - [4,280 bp]

Control 1° G/A 5" TCAC TAACA (TAAAAM — [3,520 bp) G C
Control 2° G 5" (TAAAA)n — [2,540 bp] G C
Control 3" G 5" (TAAAA)n - [1,070 bp] G C

“Sato ct al (2009)
® This study
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Fig. 7 Correlation between SARA and age at examination (a) or
duration of disease (b) in SCA31 patients. The patients were divided
into three groups based ou the size of insertion; groups 1 (insertion
size >3,300 bp, closed square), 11 (3,000-3,300 bp, open circle), and
11 (<3,000 bp, open triangle). SARA was performed 14 times in 11
patients from group I, 34 times in 29 patients from group 11, and 19
times in 17 patients from group Ill. Broken, solid, and dotted lines
indicate linear regression lines for groups 1, 11, and 11, respectively

However, the size of the insertion seemed not to be
associated with the disease progression rate after onset.
We found that the penta-nucleotide (TAGAA), repeats at
the 5'-end of the insertion were variable in number, as were
the subsequent (TGGAA), repeats. Interestingly, the num-
ber of (TAGAA), repeats, if present, was inversely
correlated with the total size of the insertion. Furthermore,
the repeat size of (TAGAA), is comparatively uniform
within the endemic foci. From the geographical viewpoint,
we previously supposed that there were two major focl in
the southwest (Ina—Kiso) and east (Saku) areas in Nagano
[15], but patients in Ina and Kiso areas are likely to be
different from the viewpoint of population genetics because
the number of (TAGAA), repeats and the size of the
insertion were obviously different between the two groups.
In our cohort, only one patient (patient ID 254) was
homozygous for the insertion in the SCA31 critical region
as determined by PCR analysis (Fig. 5, Table 1). Contrary
to our expectation, sequencing showed that only the smaller
3.0-kb insertion had (TGGAA), stretch. This was also
confirmed by Southern hybridization using biotin-labeled
(TGGAA)s probe. The patient developed gait ataxia at
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approximately age 76 and showed pure cerebellar ataxia by
neurological examination at age 87. His clinical features
were typical for SCA31 [7-11, 13, 15]. As his parents died
a long time ago, we could not obtain reliable information
on his parents or their genomic DNA. It is confusing that he
was heterozygous for the C/T substitution in PLEKHG4 but
was homozygous for a disease-specific G/A substitution at
AB473220 (Table 1).

Moreover, three control individuals had the insertions
ranging from 1.0 to 3.5 kb in length. Sequencing and
Southern hybridization indicated that these insertions did
not contain (TGGAA), or (TAGAA), repeats. Information
on the family history of cerebellar ataxia was not available
for these control individuals because they voluntarily
participated in this study as anonymous healthy controls.
Neither of them carried the C/T substitution in PLEKHGA,
but one control individual (control 1 in Table 1) had G/A
substitution at AB473220 and a large insertion (3,520 bp)
indistinguishable from SCA31 patients. Sato et al. [6] have
shown that the insertion in the SCA31 critical region is
rarely observed in control individuals but that the insertion
in control individuals is shorter in length than SCA31
patients and lacks (TGGAA), stretch. At present, however,
we do not completely exclude the possibility that the 4.3-kb
insertion in patient ID 254 and the 3.5-kb insertion in
control 1 have some pathogenic effects, although these
insertions are likely to lack (TGGAA), stretch.

In summary, our data clearly indicate that not only the
presence of the insertion but also the size of the insertion in
the SCA31 critical region is insufficient evidence for the
disease-causing allele. They may support the hypothesis by
Sato et al. that the presence of (TGGAA), repeats is
important for the pathogenesis of SCA31. However, it is
possible that a large insertion without (TGGAA), repeats
may have a pathological significance, requiring further
investigation. The control individual with such insertion in
this study may potentially develop cerebellar ataxia in the
future, considering that SCA31 is a late-onset disease. The
insertion sequences in SCA31 patients consist of
(TAGAA), (TGGAA), and (TAAAA) penta-nucleotide
repeats of variable numbers [6], but the precise pathogen-
esis by the penta-nucleotide repeat insertion remains
unclear in SCA31. Further detailed characterization of the
inserted sequence and data on genotype—phenotype corre-
lation will be needed.
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Summary To compare the incidence of West syndrome (WS) and early infantile epileptic
encephalopathy (EIEE) in Miyagi Prefecture, Japan, we studied retrospectively the medical
records of cases involving WS or EIEE for the period 2000—2005. During this period, 45 children
developed WS and one child was diagnosed with E{EE. The estimated incidence rates of WS and
EIEE were 4.2 per 10,000 live births (95% Cl, 3.0-5.5) and 0.1 per 10,000 live births (95% Cl,
0-0.3), respectively. The occurrence of EIEE was one-fortieth that of WS,
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Introduction

West syndrome (WS) and early infantile epileptic
encephalopathy (EIEE) are both age-dependent catas-
trophic forms of epileptic encephalopathy. WS is an
epileptic encephalopathy with variable etiology that con-
sists of the triad of infantile spasms, arrest or regression
of psychomotor development, and a specific electroen-
cephalogram (EEG) pattern of hypsarrhythmia. EIEE is
a specific epileptic syndrome with its onset mainly in
the neonatal period, and it has many clinico-electrical
characteristics, of which age dependency and progressive
change are specific.

0920-1211/$ — see front matter © 2009 Elsevier B.V, All rights reserved.
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Table 1 Reported incidence rates of West syndrome.
Authors Published year Country Population Rate (per 1000)
Riikonen and Donner 1979 Finland 260,777 0.42 (1960—1966) (live births)
0.38 (19671971} (live births)
0.42 (1973—1976) (live births)
Hauser et al. 1991 USA 0.11 (1940—-1980) (live births)
Ludvigsson et al. 1994 iceland 43,097 0.3 (1981—1990) (live births)
Sidenvall and Eeg-Olofsson 1995 Sweden 125,364 0.45 (1987—1991) (—1 year)
Rantala and Putkonen 1999 Finland 0.41 {(1976-1993) (live births)
Trevathan et al. 1999 USA 69,199 0.29 (1975-1977) (live births)
Matsuo et al. 2001 Japan 148,999 0.31 (1989-1998) (live births)
Lee and Ong 2001 Singapore 43,664 0.31 (1998-1999) (live births)
Hwang 2001 Korea 600,000 0.25 (1997-2000) (live births)
Brna et al. 2001 Canada 0.307 (1978—1998) (live births)
Primec et al. 2002 Slovenia 0.026 (1985-1995) (live births)
Chen et al. 2004 Taiwan 33,363 0.06 (1985—1997) (live births)
Present report 2009 Japan 105,335 0.42 (2000-2005) (live births)

Population-based surveys of WS have been undertaken
repeatedly in Japan (Oka et al., 2001; Matsuo et al., 2001)
and in other countries, but no study has examined the inci-
dence of EIEE. This prompted us to compare the incidence
of WS and EIEE in Miyagi Prefecture, Japan.

Method

We studied patients with WS and EIEE who lived in Miyagi Prefec-
ture when their illness began between 1 November 2000 and 30
September 2005. First, in February 2006, we sent inquiry forms
to one university hospital (our hospital), 24 hospitals with a pedi-
atrics department, four pediatric clinics, and three institutions for
physically disabled children located in Miyagi Prefecture. These
hospitals and clinics covered all of the pediatric neurology prac-
tice in Miyagi Prefecture. Then, we identified eligible cases from
medical records. We used the cumulative incidence rather than
rate to indicate the occurrence of WS among children in the birth
cohort (Commission on Epidemiology and Prognosis, International
League Against Epilepsy, 1993). The diagnostic criteria for WS fol-
lowed Ohtsuka (1998) and included: (a) infantile spasms; (b) arrest
or regression of psychomotor development; (c} a characteristic EEG
pattern called hypsarrhythmia; (d) onset of seizures in early infancy,
frequent association with partial seizures and atypical hypsarrhyth-
mia; and (e) spasms in series after age 2 years (late-onset WS). We

Table 2 Reported prevalence rates of West syndrome,

defined EIEE using the following criteria by Ohtahara and Yamatogi
(2006): (a) onset of seizures within 1 month of birth, {b) tonic spasms
with or without clustering while both awake and asleep, (c) contin-
uous suppression bursts while both awake and asleep, and (d) a
poor outcome with severe psychomotor retardation. We obtained a
100% response to our inquiry forms. Between 1 November 2000 and
30 September 2005, 105,335 babies were born according to Miyagi
Prefecture demographic statistics.

Results

in Miyagi Prefecture, 45 children (18 boys and 27 girls) devel-
oped WS and one child was diagnosed with EIEE between 1
November 2000 and 30 September 2005. The late-onset WS
was not found in the present study. The estimated incidence
rates of WS and EIEE were 4.2 per 10,000 live births (95%
Cl, 3.0-5.5) and 0.1 per 10,000 live births (95% Cl, 0—0.3),
respectively.

Discussion

The main purpose of this population-based epidemiologicat
study on WS and EIEE was to clarify the incidence rates of

Authors Published year Country Poputation Age distribution (year) Rate (per 1000)
Doose and Sitepu 1983 Germany 37,691 0-8 0.47
tshida 1985 Japan 61,872 0-2 0.16
Wendt et al. 1985 Finland 12,058 0-14 0.6
Joensen 1986 Denmark 43,609 All ages 0.09
Doerfer and Wasser 1987 Germany 20,132 0-14 0.15
Tsuboi 1988 Japan 17,044 At age 3 years 0.17
Cowan et al. 1989 USA 246,047 019 0.19
Bobo et al. 1994 usa 216,000 0-2 0.1
Oka et al. 1997 Japan 37,085 0-2 0.16
Trevathan et al. 1999 USA 89,534 At age 10 years 0.2
Chen et al. 2004 Taiwan 3,064,804 0-9 0.046




