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single slide experiment, using the ratio of means
formula (F635 Mean—B635Median/F532 Mean—
B532 Median) according to GenePix Pro. 4.0. The
standard deviation of each clone was calculated. We
regarded the signal ratio as “abnormal” if it ranged
out of +3 SD in both CGH1 and CGH2 based on
data of the study using the normal control and the
positive control [46,XX,inv dup del(8)(qter — p23.1::
p23.1— p11.23)], and used the criterion for further
FISH analyses (Fig. 1A).

RESULTS

We analyzed 30 idiopathic MR patients and found a
total of 66 clones indicating genomic dosage changes
(12 deletions and 54 duplications) in 25 cases
(Figs. 1B and 2). Of the 30 MR patients, 5 (17%)
had submicroscopic chromosome abnormalities
(Table D), including 2 interstitial deletions (MR88
and MR126), a terminal deletion (MR96), an inter-
stitial duplication (MR135), and an unbalanced
reciprocal translocation (MR118). The unbalanced
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Fic. 1. Results of BAC array CGH. A: Hybridization of normal control male
DNA (Cy3) and another normal control male DNA (Cy5) (upper panel), and
normal control female DNA (Cy5) and DNA of 46XX, inv dup
del(®)(qter — p23.1:p23.1 — p11.23) (Cy3) (lower). Cy5/Cy3 ratios are
indicated. Ratios of clones mapped to chromosomal 8p are shown. Note that
ratios of deleted or duplicated clones range outside +3 SD from the mean.
B: Hybridization of MR135 DNA (Cy3) and normal control female DNA (Cy3).
Ratios of all chromosome-21 clones are displayed. Two clones were found
duplicated (RP11-316L10 and RP11-90NG). Each clone’s ratio was shown as two
dots because it was spotted twice in the array.
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segments in the five patients ranged in size from 0.7
to 9.1 Mb. G-banded chromosomal analysis (550-
band leveD) could afterward confirm subtle changes
in MR96 and MR118 (Fig. 3A) but failed to identify the
aberrations in MR88, MR126, and MR135 (data not
shown).

46XY, del(15)(q11.2q12)mat in MRSS

BAC aCGH detected deletion at RP11-171C8 in
MRS88. RP11-171C8 corresponds to the UBE3A4 gene
that is paternally imprinted. This deletion was also
identified in his mother and his maternal grandfather.
Maternal deletion of UBE3A4 leads to Angelman
syndrome (AS, OMIM #105830). MR88 was diag-
nosed as AS retrospectively, as presenting with
severe MR, epilepsy, ataxic gait, happy disposition,
characteristic facial features, and disrupted sleep
(Table D. Paternal UBE3A deletion in the healthy
mother did not cause any abnormal symptoms.

46,XX,del(1)(1q43) in MR96

The deletion spanning the 9.1-Mb genomic region
from RP11-201D24 to RP11-152M6 was confirmed
(UCSC coordinates, chromosome 1 nucleotide
235232983-244275234). As her parental samples
were unavailable, it remains unanswered as to
whether this deletion truly causes MR. However, in
the literature, a similar deletion, del(1)(g43qter)
showed a consistent pattern of anomalies including
heart defects, agenesis of the corpus callosum, and
cleft palate as well as MR [Schinzel, 2001], suggesting
that the deletion may contribute to MR in the patient.
Intrauterine growth retardation, growth abnormal-
ities, and dysmorphic facial features were also
recognized (Table D, but detailed clinical informa-
tion was not available in this patient.

46XY,der(22)1(19;22)(p13.3;q13.31)pat in MR118

An unbalanced chromosomal translocation was
identified in MR118 (Fig. 3B), which was derived
from the father who possessed a balanced transloca-
tion, t(19;22)(p13.3;q13.31) (Fig. 3C). The remark-
able phenotype is female (Table I). Normal male sex
chromosomes (XY) and normal SRY sequence were
confirmed in this patient (data not shown).

Thetrisomicregion at 19p13.3 is almost 6 Mb in size
(UCSC coordinates, chromosome 19 nucleotide 1—
5893448). In reported patients presenting with
dup(19)(pterp13.2), growth retardation, develop-
mental delay, hyper muscle tonus, deafness, heart
anomaly, and hydronephrosis have been recog-
nized, but sex reversal has never been described
[Schinzel, 2001].

The deleted region at 22q13.31 was almost 3 Mb in
size (UCSC coordinates, chromosome 22 nucleotide
46600003—49554710). A total of eight patients with



American Journal of Medical Genetics: DOI 10.1002/ajmg.a

208 MIYAKE ET AL.

o iabiehniae

AL

AR L L

St AR L e

Fie. 2. Summary of BAC array CGH and FISH studies on MR patients. Top yellow row indicates MR patients (male in black, and female in red). Left green columns
show information of clone IDs and their chromosomes. Duplications are shown as in red (homozygous), orange (heterozygous), and pink (hemizygous). Heterozygous
deletions are in sky blue. Parental origin of changes is indicated as P (paternal) and M (maternal); dn, de novo. Y in right column (pale blue) indicates clone/locus
registered as copy number polymorphism (CPN) in the Database of Genomic Variants (http://projects.tcag.ca/variation/). N clone/locus not registered in the database.

del(22)(q13.31qter) have been reported, and their
clinical manifestations included MR, muscular hypo-
tonia, midface hypoplasia with prominent mandible,
high palate, prominent and dysplastic ears, sacral
dimple, simple palmar crease and syndactyly, but sex
reversal has never been recognized [Schinzel, 2001].
Interestingly, duplication of chromosome 22 asso-
ciated with sex reversal or hermaphroditism has
beenreported[Aleck etal., 1999; Seeherunvongetal.,
2004]. Itis notable thata smallest duplication found in

an SRY-negative patient with sex reversal [Seeher-
unvong et al., 2004] overlapped with the 3-Mb
deleted region found in this study.

46XY, del (3)(p21p21) de novo in MR126

This interstitial deletion spans a 1-Mb region from
RP11-804HS to RP11-89F17 (UCSC coordinates,
chromosome 3 nucleotide 50533657-51559095).
Neither of his parents had the deletion. Among

TABLE I. Clinical Manifestations of MR Patients With Submicroscopic Chromosomal Abnormalities

Size (Mb) of
imbalance MR

Case Karyotype Sex Age

Clinical manifestation besides mental
retardation

MRS88 46XY,del(15)(q11.2q12)mat M 3

MR96 46,XX,del(1)(1q43qter) F 3

MR118  46XY,der(22) ((19;22)(p13.3;q13.3)pat  F 4

MR126

46XY,del (3)(p21p2Dde novo M 5

MR135  46XY,dup(22)(q1l)de novo M 7

5.8/2.9

0.7 Severe Angelman syndrome (epilepsy, ataxic gait,
happy disposition, characteristic facial
features, disrupted sleep)

IUGR, growth abnormalities, dysmorphic
facial features, but detailed information
unavailable

Sex reversal (uterus present, no detectable
gonad), IUGR, severe growth and
developmental delay, facial dysmorphology,
patent ductus arteriosus, duodenal atresia

Postnatal growth retardation, hypotonia, facial
dysmorphology, left Sprengel deformity,
short fingers, single palmar crease of left
hand, micropenis

Learning disability, motor delay, brachydactyly,
right cryptorchidism

9.1 n.d.

Severe

1.0 Moderate

2.2 Mild
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Fic. 3. Abnormal partial karyotypes of MR96 and MR118 which were Jater confirmed by G-banded chromosomal analysis (550 bands) (A) and FISH analysis using
RP11-241K5 (SpectrumOrange, red) at 19p13.3 and RP11-125K3 (SpectrumGreen, green) at 22q13.31 on metaphase chromosomes of MR118 (B) with
46XY,der(22)t(19;22)(p13.3;q13.31)pat and father of MR118 (C) with 46XY,1(19;22)(p13.3;q13.31). In MR135 (D), FISH signals of RP11-316L10 (SpectrumOrange,
red) at 22q11.2 on metaphase chromosomes and interphase nuclei. Heterozygous duplication is clearly demonstrated.

26 genes mapped to the deleted region, DOCK3 and
GRM?2 are expressed in the neuronal system.

de Silva et al. [2003] reported a pedigree with
attention deficit hyperactivity disorder (ADHD) asso-
ciated with inv(3)(p14:q21). These inversion break-
points destroyed the DOCK3 at 3pl4 as well as
SLCOLY at 3q21. The average 1Q score of the family
member with this inversion is significantly lower
(IQ =76.6) than without inversion (IQ=93.7) (P==
0.03) [de Silva et al., 2003], indicating that DOCK3
haploinsufficiency may be related to MR in MR126.
DOCK3 is expressed mainly in human brain and
testis (but not in sperm), and in mice, Dock3 expres-
sion was observed predominantly in adult brain.

46XY,dup(22)(q11.2q11.2)de novo in MR135

The duplication spanned a 2.2-Mb region from
RP11-1151A3 to RP11-505B16 (UCSC coordinates,
chromosome 22 nucleotide 17440503-19667441)
similar to the previously reported duplication that
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complements the velocardiofacial 22q11 microdele-
tion (Figs. 1B and 3D) [Ensenauer et al., 2003; Hassed
etal., 2004; Yobb et al., 2005]. Clinical manifestations
in MR135 include mild MR including learning
disability, motor delay, brachydactyly, and right
cryptorchidism, most of which are compatible to
those reported (Table I) [Ensenauer et al., 2003;
Hassed et al., 2004; Yobb et al., 2005]. Parental
chromosomes did not harbor the duplication.

Copy Number Polymorphisins

Among 43 loci showing copy number changes in
patients, 9 were observed in either of parents, and 16
were also observed in another series of patients with
Kabuki make-up syndrome [Miyake et al., 2005],
implying that they are likely CPNs as these loci
were not only observed in individuals with different
phenotypes butalso in normal controls. Actually nine
of them were registered in the database of genomic
variants (http://projects.tcag.ca/variation/). Other
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nine clones remains inconclusive as parental sam-
ples were not obtained.

DISCUSSION

In order to set up a high-quality BAC aCGH system,
it was critical to collect appropriate BAC clones
showing a single signal on the expected chromoso-
mal region by FISH analysis. Surprisingly, our FISH
analysis indicated that almost 13% of “FISHed”
clones were not suitable for aCGH as they gave
another/other cross-hybridized signal(s) on an
unexpected chromosome(s) (especially on the
centromere region) as well as an appropriate signal
(multiple signals) or an aberrant signal on a different
chromosomal location probably due to contamina-
tion. Elimination of these clones is a time-consuming
and arduous process, but is very important to
increase reliability and minimize errors and mis-
interpretations. According to the study using DNAs
from a normal control and a complex chromosomal
abnormality, [46,XX,inv dup del(8)(qter — p23.1::
p23.1 — p11.23:)], a cut-off value was set to £3 SD
where sensitivity was 100%, specificity 99.3%, false
positive rate 0.66%, and false negative rate 0%.

We detected 5 chromosome aberrations in 5 out of
30 MR patients (17%), the frequency being similar
to previous data. [Vissers et al., 2003; Shaw-Smith
et al., 2004]. Two of five chromosomal abnormalities
involved subtelomeric regions, supporting that the
subtelomere-specific microarray would be the first
choice for genomic analysis of idiopathic MR in terms
of cost-effectiveness. The detection-rate of interstitial
microdeletion/duplication in our MR series is 10%
(3/30), comparative to that of subtelomeric changes
(7%, 2/30) in our series.

Recent studies indicate CPNs are fairy common
even in normal human genomes [lafrate et al., 2004;
Sebat et al., 2004; Buckley et al., 2005). Assuming that
CPNs found in this study and the database are
hundreds kb or more in size, their potential effects on
human phenotypes could be more significant than
those of single nucleotide polymorphisms. Accumu-
lation of CPN data is obviously important to
differentiate pathological changes in relation to
human diseases from mere CPNs without any
significant phenotypic effects.

In conclusion, our BAC aCGH with a resolution of
1.5 Mb for the whole genome successfully identified
five disease-causing submicroscopic chromosomal
aberrations as well as 22 or more CPNs in MR
patients. Higher resolution array such as whole
genome tiling array could provide a detailed list of
MR-related genes as well as CPNs.
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Narrowing Candidate Region for Monosomy 9p
Syndrome to a 4.7-Mb Segment at 9p22.2-p23
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A 2-year-old boy with clinical manifestations of monosomy
9p syndrome and brown hair is described. G-banding and
chromosome FISH studies demonstrated complex rearrange-
ments involving seven breakpoints in chromosomes 2 and 9,
which included a 6.6-Mb deletion at 9p22.2-p23. This,
together with previous studies in the literature, narrowed
the shortest region of overlap (SRO) for the syndrome to a

4.7-Mb interval. Candidate genes for trigonocephaly, mental
retardation, and brown hair are discussed.
© 2006 Wiley-Liss, Inc.

Key words: monosomy 9p syndrome; shortest region of
overlap; trigonocephaly; mental retardation; brown hair

INTRODUCTION

Trigonocephaly is a type of craniosynostosis char-
acterized by a triangular shape of the skull, caused by
premature closure of the metopic suture, with its
prevalence estimated at one in 10,000—15,000 births
[Lajeunie et al., 1998]. It is seen in a number of genetic
disorders and chromosome abnormalities with several
different genetic conditions including autosomal
dominant, autosomal recessive, and X-linked recessive
forms; monosomy 9p syndrome, partial 11q monos-
omy syndrome (also known as Jacobsen syndrome),
and Opitz C syndrome. Monosomy 9p syndrome is
caused by a deletion spanning 9p22-p24. Its clinical
manifestations include mental retardation, trigonoce-
phaly, midface hypoplasia, upward-running paipebral
fissures, and long philtrum [Christ et al., 1999]. Its
critical region is at an 8-Mb interval between D9S286
and D95285 [Christ et al., 1999; Jehee et al., 2005].

We here describe a boy with clinical manifestations
of monosomy 9p syndrome and complex rearrange-
ments involving chromosomes 2 and 9. Evidence will
be presented that the candidate region for the
syndrome is in a 4.7-Mb interval at 9p22.2-p23.

CLINICAL REPORT

The proband, a boy, was born at 41 weeks of
gestation as the first child of a 35-year-old, G1P1
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mother and a 31-year-old non-consanguineous father.
Birth weight was 3,256 g (4-0.1 SD), length 48.9 cm
(+0.4 SD), and OFC 34.5 cm (4-0.7 SD). Transient heart
murmurs were audible. When referred to us at age 12
months for developmental delay, he weighed 7,720 kg
(—1.78 SD), measured 75 cm (mean), and had OFC of
43.4 cm (=2 SD). He could neither sit alone or turmn
over. Abnormalities noted included trigonocephaly,
microcephaly, brown hair; characteristic face with
upslanting palpebral fissures, telecanthus, flat nasal
bridge, small and malformed ears, anteverted nostrils,
long philtrum; and mild hypospadias (Fig. 1A). Skin
color was relatively light. His DQ was estimated to be
38. Brain MRI showed agenesis of the corpus callosum.
Hearing was not impaired. The metopic suture was
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Fig. 1. A The patic

surgically separated at age 14 months. He sat alone at
18 months. At age 2 years, his development was
moderately delayed: he neither walked nor spoke any
word.

CYTOGENETIC ANALYSIS

G-banding analysis of cultured peripheral blood
lymphocytes from the patient indicated a three-way
translocation involving the 2p24-pter, 2q36-qter and
9p22-pter segments; and an intrachromosomal shift
of a 2q13-g23 segment to a position next to band
2p25.1, as well as an inverted 2q23-2q36 segment
attached next to band 2q13. The chromosomes of his
parents were normal. Spectral karyotyping of the
patient’s chromosomes (performed by SRL, Hachioji,
Japan) indicated involvement of the 2p and 9p
regions, but was otherwise non-contributory (data
not shown). FISH analysis of the 9p and 2p25.1
regions, using a series of RPCI-11 BAC clones as
probes, disclosed an insertion of a 9p21.3-p22.2
segment into band 2q13 and a 9p22.2-p23 deletion,
both undetectable by G-band analysis (Figs. 1B
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and 2A). Further FISH studies refined the breakpoints
of these rearrangements (Figs. 2 and 3). The 9p22.2-
p23 deletion spanned a 6.6-Mb segment ranging
from RP11-933C16 to RP11-711J1 (UCSC coordinate,
chromosome 9 nucleotides 11355596-17941657).
The rearrangements thus involved seven break-
points (2p25.1, 2q13, 2q23, 2q36, 9p23, 9p22.2,
and 9p21.3) and included a submicroscopic dele-
tion at 9p21.3-p23. The patient’s karyotype accord-
ing to ISCN 2005 was thus interpreted as 46,XY,
der(2)(Opter — 9p23::2q13 — 2q23::2p25.1— 2q13::
9p22.2 — 9p21.3::2q36 — 2q23::2p25.1 — 2pter),
der(9(qter — 2q36::9p21.3 — 9qter)de novo.

DISCUSSION

The 2-year-old boy we have described had clinical
manifestations typical of the monosomy 9p syn-
drome, including mental retardation (presentin 100%
of patients with this syndrome), trigonocephaly
(84%), upward running palpebral fissures (66%),
epicanthal folds (74%), flat nasal bridge (85%),
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anteverted nostrils (84%6), long philtrum (90%), small
and malformed ears (84%), hypospadias (cryptorch-
idism or malformed genitalia, 45%), and heart
murmurs (cardiopathy or hear murmurs, 48%) [Huret
et al., 1988; Jehee et al., 2005]. The boy had a 6.6-Mb
deletion at 9p22.2-p23. Previous studies on patients
with the monosomy 9p syndrome have defined a
shortest region of overlap (SRO) at an 8.0-Mb
segment, spanning D95286 and DS285 loci (UCSC
coordinate, chromosome 9 nucleotides 8043378-
16068221) [Christ et al., 1999; jehee et al., 2005].
Adding the data from the boy we described, the SRO
may be narrowed to a 4.7-Mb segment from RP11-
933C16 to D9S285 (Fig. 2A).

The 4.7-Mb interval contains at least 10 known
genes. Among them, a deletion of CERI may cause
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trigonocephaly (Fig. 2A). CER1, encoding a Cerrerus-
related protein, may play a role in the anterior neural
induction and somite formation during embryogen-
esis, in part through a BMP-inhibitory mechanism
[Biben et al., 1998; Shawlot et al., 1998]. Deletion of
ZDHHC21 (the zinc finger, DHHC domain contain-
ing 21 gene) may contribute to mental retardation.
Loss of expression of ZDHHC15, a homolog of
ZDHHCZ21, was shown to result in severe mental
retardation in a woman with a balanced t(X;15)
translocation [Mansouri et al., 2005]. Deletion of
TYRP1 (the tyrosinase-related protein 1 gene) may
have caused the brown hair in the boy we have
described. Homozygous or compound heterozy-
gous mutations of TYRPI may result in Rufous oculo-
cutaneous albinism and oculocutaneous albinism
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Fic. 3. A~C: FISH analysis of the 9p22-p23 deletion segment region using clones, RP11-915H1 (A), RP11-933C16 (B), and RP11-1026F9 (C). Arrow indicates a
positive signal, and arrowhead an absent signal. Signals for RP11-915H1 and RP11-1026F9 are translocated to der(2), while those for RP11-933C16 are missing from
der(9). D: FISH analysis of the 2p25.1 breakpoint region of der(2). Arrows show signals of RP11-734K21 and globule for RP11-634M21 serving as a marker at 2p16. Split

signals for RP11-734K21 were seen on der(2).

type 3 [Boissy et al., 1996; Manga et al., 1997]. Analo-
gy may be drawn from the light skin color in the
patient with Prader—Willi and Angelman syndromes
with 15q11-q13 deletion including the Pgene, whose
homozygous or compound heterozygous mutations
cause autosomal recessive oculocutaneous albinism
type 2 [Lossie et al., 20011,

Opitz “C” trigonocephaly-like syndrome has been
described in patients with terminal deletion 2p and
partial duplication of 17q [Czako et al., 2004]. In view
of the presence of 2p25.1 breakpoint in the der(2)
chromosome in the boy we described, the possibi-
lities was explored of disruption or dysfunction of a
gene spanning or situated close to the breakpoint,
which in turn may cause trigonocephaly (Fig. 2B).
Two genes, DDEF2 and OACTZ2 are mapped close to
the breakpoint, but there is no obvious link of their
function to trigonocephaly.
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Abstract Sotos syndrome (SoS, OMIM#117550) is an
overgrowth disorder characterized by excessive
growth—especially in the first years of childhood—dis-
tinctive craniofacial features, and various degrees of
mental retardation. Haploinsufficiency of the nuclear
receptor binding SET domain containing protein 1
(NSDI) gene, due to either intragenic mutations or
whole-gene microdeletions, is found in the majority of
patients with SoS. However, in approximately 10-40%
of patients with a typical SoS phenotype, no abnor-
malities are detected. In this study, hemizygous hyper-
methylation or genomic sequence abnormalities of the
promoter region of NSDI were hypothesized to be the
underlying cause in patients with a SoS phenotype, but
without confirmed NSDI alterations. In 18 patients,
including one patient with a reported hepatocellular
carcinoma, the promoter region of NSDI was analyzed.
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However, no hypermethylation or sequence abnormali-
ties in the promoter region could be detected. It there-
fore seems unlikely that such abnormalities of NSDI are
a major culprit in patients with phenotypical SoS.
Additional methods are necessary for detection of other
genetic or epigenetic causes of SoS.

Keywords Epimutation - Methylation - NSD/ -
Promoter - Sotos syndrome

Abbreviations BWS: Beckwith—-Wiedemann syndrome -
NSDI: Nuclear receptor binding SET domain
containing protein 1 - NSD2: Nuclear receptor binding
SET domain containing protein 2 - NSD3: Nuclear
receptor binding SET domain containing protein 3 -
SNP: Single nucleotide polymorphism - SoS: Sotos
syndrome

Introduction

Sotos syndrome (SoS, OMIM#117550) is a congenital
overgrowth syndrome with characteristic craniofacial
features and variable degrees of developmental delay
(Cole and Hughes 1994). Aberrations of the nuclear
receptor binding SET domain containing protein 1
(NSDI) gene at 5g35 include intragenic mutations and
submicroscopic whole-gene deletions (Kurotaki et al.
2002, 2003; Douglas et al. 2003; Nagai et al. 2003; Rio
et al. 2003; Turkmen et al. 2003; de Boer et al. 2004;
Tatton-Brown et al. 2005). In approximately 10-40% of
typical SoS patients without a detected NSDI abnor-
mality, different aberrations of NSDI or locus hetero-
geneity should be considered [see review by Visser and
Matsumoto (2003)]. In two SoS patients, abnormalities
were detected in the imprinted region of 11p15, which is
a common cause of Beckwith—~Wiedemann syndrome
(BWS, OMIM#130850) (Baujat et al. 2004). However,
to date, no new cases are reported. Furthermore, a
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screening of the NSD-gene family in patients with a SoS
phenotype, but without NSDI aberrations, excluded
involvement of NSD2 and NSD3 (Douglas et al. 2005).

In cancer genetics, epigenetic changes in tumors, such
as promoter methylation of tumor repressor genes, are
well known to result in transcriptional silencing of genes
(Baylin and Herman 2000). Recently, in two individuals
with multiple colorectal tumors, germline hypermethy-
lation of the DNA mismatch repair gene MLHI was
identified (Suter et al. 2004). Similar epimutations of the
promoter region of NSDI were hypothesized to be
responsible for transcriptional silencing of NSDI and
would subsequently lead to SoS. In this study, 18 pa-
tients with a typical SoS phenotype but without aber-
rations of NSDI were screened for epimutations.
Furthermore, the promoter regions were sequenced in
all patients to exclude possible genomic mutations.

Materials and methods
Patients

The study population comprised of 18 patients with
characteristic SoS features, in whom NSD/ abnormali-
ties were excluded. Seventeen patients were reported
previously (Kurotaki et al. 2002, 2003; Kamimura et al.
2003) and one was newly added. The clinical inclusion
criteria and the methods for NSD! analysis, consisting
of gene sequencing and FISH analysis, have been re-
ported elsewhere (Kamimura et al. 2003; Kurotaki et al.
2003). After informed consent, genomic DNA was ob-
tained from peripheral blood cells. Experimental pro-
tocols were approved by the Committee for Ethical
Issues at Yokohama City University School of Medi-
cine, and by the Committee for Ethical Issues on Human
Genome and Gene Analysis at Nagasaki University.

NSDI promoter region

A 7.2-kb sequence was downloaded from the National
Center for Biotechnology Information (NCBI) build 35
database (May 2004) available on the UCSC Genome
Bioinformatics web site (http://genome.ucsc.edu/). This
sequence includes the starting sites of the two known
transcripts of NSDI: the shorter variant 1 (GenBank
accession number NM_172349) and the longer variant 2
(GenBank accession number NM_022455). Further-
more, it extends 5 kb upstream from the most proximal
transcript (variant 2). The following programs were used
for predictions of promoter locations and CpG-islands:
CpG-promoter  (http://rulai.cshl.org/tools/CpG_pro-
moter/) (Ioshikhes and Zhang 2000), FirstEF (http://
rulai.cshi.org/tools/FirstEF/) (Davuluri et al. 2001), and
CpGProD (http://pbil.univ-lyonl.fr/software/cpg-
prod_query.html) (Ponger and Mouchiroud 2002). If
masking of repeats was deemed necessary (Bajic et al.
2004), the RepeatMasker webserver was used (http://

www.repeatmasker.org/). Only promoter predictions
coinciding with a correct prediction of the first exon
(according to transcript variants 1 and 2) were kept in
analysis. Transcription factor-binding sites were identi-
fied using the DNASIS Pro software (Hitachi Software
Engineering Co., Tokyo, Japan).

Evaluation of the methylation status of the NSDI
promoter region

The DNA was treated with sodium bisulfite according to
the manufacturer’s guidelines (CpGenome™ DNA
Modification Kit, Chemicon International, Temecula,
CA, USA). Polymerase chain reaction (PCR) was per-
formed in a 25 ul mixture containing 0.8 pM of each
primer, 1 unit of JumpStart™ REDTaq™ DNA poly-
merase (Sigma, St. Louis, MO, USA), 0.2 mM of each
dNTP and 1x PCR buffer. Conditions included initial
denaturation at 94°C for 2 min, 45 cycles of 94°C
for 30s, 60°C for 30s, 72°C for 40 s, and a final
extension of 72°C for 7 min. Primers for bisulfite PCR
(degenerate and non-degenerate primers) were designed
with Methprimer (http://www.urogene.org/methprimer/
indexl.html) (Li and Dahiya 2002) and Primer3
(http://frodo.wi.mit.edu/cgi-bin/primer3/primer3_www.cgi)
(Rozen and Skaletsky 2000). Degenerate primers were
designed if primers contained a CpG nucleotide. Primers
are forward 5-GAGTTGTTGTTTTTATTTTGTT-
TTTTGT-3' and reverse 5-CCCTTCTCTCACTCT-
TCRAAATTC-3. This PCR product was subsequently
subjected to nested PCR with the following primers:
forward 5-GGTGGTGGTGTGGGTTTG-3" and re-
verse 5'-CTCTCACTCTTCRAAATTCAAAAC-3, The
product was cloned with the Topo-TA kit (Invitrogen,
Carlsbad, CA, USA). DNA was obtained after
overnight cultures, and sequencing was performed as
described previously (Visser et al. 2005).

Genomic analysis of the NSDI promoter region

Primers were designed with the online version of Pri-
mer3 (Rozen and Skaletsky 2000). A ~2.3 kb product
was amplified with primers forward 5-TGCCTCCA-
TTTTGTTTCCTG-3" and reverse 5-CATGGAGGC-
CAAATCCTGTA-3" using LaTaq (Takara Bio, Otsu,
Shiga, Japan) with the provided 2x GC buffer. Nested
primers were used for sequencing. All primers and
conditions are available upon request.

Results

The identified CpG-islands by CpGProD and CpG-
promoter and the prediction of promoter locations by
FirstEF are shown in Fig. 1. The region for methylation
analysis was selected based on overlapping predictions
and on proximity to the starting site of transcript variant
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Fig. 1 Computational analysis of the promoter region of NSDI.
NSDI and its 5 region (5 kb) are shown schematically. The
starting sites of transcript variant 1 and variant 2 are depicted by
vertical arrows. The first nucleotide of variant 2 (position) is used as
a starting point for numbering of the nucleotides. The names of the
promoter and CpG-islands prediction programs are shown on the

2. Bisulfite PCR and subsequent nested PCR produced a
product of 587 bp containing a total of 60 CpGs. Se-
quence information was obtained with a single reverse
primer for a total of 46 most proximally located CpGs.
For each patient, at least 18 clones were analyzed to
ensure an accurate distribution of possible methylated
and non-methylated clones. A total number of 18 SoS
patients were analyzed, including one patient with a
confirmed well-differentiated hepatocellular carcinoma.
In all patients with SoS, no hypermethylation of the
analyzed region was detected (Fig. 2). In some patients
(SoS 58, SoS 62, and SoS 113), single hypermethylated
cytosine-nucleotides were found. In SoS 113, a putative
AP-2 transcription factor-binding site was identified to
be co-localizing with such a hypermethylated CpG
nucleotide (Fig. 2).

A ~2.3 kb product was amplified containing the
genomic region of ~0.9 kb proximal of exon 1 until
within exon 2 (Fig. 1). None of the 18 patients showed
any mutations within this region. In the NCBI
SNP database build 124 (http://www.ncbi.nlm.nih.gov/
SNP/), only a C/T polymorphism was deposited for this
region (refSNP ID, rs3733873). Ten patients were
homozygous C/C, five homozygous T/T, and three
patients were heterozygous for this SNP.

Discussion

Mutations and deletions of NSDI/ account for the
majority of patients with SoS (Kurotaki et al. 2002,
2003; Douglas et al. 2003; Nagai et al. 2003; Rio et al.
2003; Turkmen et al. 2003; de Boer et al. 2004; Tatton-
Brown et al. 2005). However, in a considerable group
of patients with characteristic SoS features, no abnor-
malities of NSDI can be detected. In this study, we
hypothesized that heterozygous hypermethylation or
sequence abnormalities of the promoter region of
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left and their predicted promoter regions and CpG-islands are
shown under the 5-region of NSDI. The region amplified after
bisulfite conversion is the gray-shaded area between the vertical
lines. A horizontal bidirectional arrow depicts ~2.3 kb PCR product
used for genomic sequencing. bp base-pair, ORF open reading
frame

NSDI would lead to impairment of the gene expres-
sion. However, the 18 patients analyzed did not show

"methylation changes of this region, nor did sequence

analysis of the promoter region reveal any mutations.
In SoS 113, a hypermethylated CpG nucleotide was
found to co-localize with a putative AP-2 transcription
factor-binding site. Site-specific methylation of the AP-
2 transcription factor-binding site was detected in
tumors in neurofibromatosis type 1, but was also found
in 4/20 controls (Harder et al. 2004). However,
repeated analysis of a different DNA sampie of SoS
113 could not confirm this hypermethylation, favoring
possible bias due to incomplete conversion during the
bisulfite reaction (data not shown). Although we
cannot completely exclude the influence of site-specific
methylation in the repression of NSDI, it seems
unlikely that this plays a major role in SoS patients.
Intragenic microdeletions, altered splicing due to
mutations in introns, aberrations affecting the yet un-
known expression regulatory mechanisms of NSDI, or
abnormalities in one of the components in the
NSDI-related signaling pathway could be responsible
for the SoS patients without confirmed NSD! hap-
loinsufficiency.

In this study, in silico analysis was used for promoter
prediction. It is known, however, that the individual
programs do not always achieve a good correlation of
the sensitivity and positive predictive value (Bajic et al.
2004). Although we used different programs in combi-
nation with knowledge of the starting sites of tran-
scription, it would therefore be possible that the actual
promoter region is located outside the analyzed regions
and/or not related to a CpG-island. Enhancement of the
computational programs is necessary for the correct
promoter location.

The frequency of neoplasia in SoS is estimated to
be ~2-3.9% (Cohen 1999; Rahman 2005); however, a
direct involvement of NSDI in tumor growth in SoS is
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Fig. 2 Methylation status of CpGs per individual SoS patient.  methylated CpGs, respectively. Missing circles indicate nucleotides
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single clone are shown horizontally and the clones are ordered 113 indicates the position of the CpG nucleotide which co-localizes
vertically. Open and closed circles indicate non-methylated and  with a AP-2 transcription factor-binding site
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not confirmed (Visser and Matsumoto 2003; Rahman
2005). Since the identification of NSDI, to our
knowledge only a few SoS patients with neoplasia have
been confirmed to harbor a NSDI alteration. This
included three neuroblastomas (Nagai et al. 2003;
Turkmen et al. 2003; Tatton-Brown and Rahman
2004), a ganglioglioma (Deardorff et al. 2004), a pre-
sacral ganglioneuroma, three sacrococcygeal teratomas,
a small cell lung carcinoma, T-cell lymphoma, and
acute lymphocytic leukaemia (Tatton-Brown and
Rahman 2004; Rahman 2005). Our analysis of the
methylation status of the NSDI promoter region could
easily be applied to tumor tissues in Sotos patients
with a NSDI alteration. Subsequently, differentiation
would be possible between a primary NSD1 aberration
(loss or mutation) or a combination with secondary
hypermethylation, considering the Jones’s newly-re-
vised Knudson two-hit hypothesis (Knudson 1971;
Jones and Laird 1999). Our patient with a hepatocel-
lular carcinoma exhibited a specific SoS phenotype,
but no alterations of NSDI coding regions were
identified. Unfortunately, tumor tissue was not avail-
able for analysis. Further investigations in other SoS
patients, with and without NSDI! alterations, who
developed neoplasia are necessary for elucidation of
the possible relation between NSDI abnormality and
neoplasia development.

In conclusion, it is unlikely that epimutations or ge-
netic abnormalities of the NSDI promoter region are the
main culprit for phenotypical SoS patients without yet-
detected NSDI alterations. Future research might shed
light on other genetic or epigenetic causes leading to
SoS.
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Abstract The molecular bases of autosomal dominant
cerebellar ataxia (ADCA) have been increasingly eluci-
dated, but 17-50% of ADCA families still remain
genetically undefined in Japan. In this study we investi-
gated 67 genetically undefined ADCA families from the
Nagano prefecture, and found that 63 patients from 51
families possessed the —16C>T change in the puratro-
phin-1 gene, which was recently found to be pathogenic
for 16q22-linked ADCA. Most patients shared a
common haplotype around the puratrophin-1 gene. All
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patients with the —16C >T change had pure cerebellar
ataxia with middle-aged or later onset. Only one patient
in a large, —16C>T positive family did not have this
change, but still shared a narrowed haplotype with, and
was clinically indistinguishable from, the other affected
family members. In Nagano, 16q22-linked ADCA ap-
pears to be much more prevalent than either SCA6 or
dentatorubral-pallidoluysian atrophy (DRPLA), and
may explain the high frequency of spinocerebellar ataxia.

Keywords Autosomal dominant cerebellar ataxia -
16q22-linked ADCA - puratrophin-1 - Nagano

Introduction

Autosomal dominant cerebellar ataxia (ADCA) is
genetically heterogeneous (Margolis 2003; Schols et al.
2004). The most updated GeneTests (8 November 2005)
and HUGO Gene Nomenclature Committee (25
November 2005) cover at least 27 different ADCA
subtypes including SCA28. Among these, a coding CAG
{or CAA, both coding glutamine) repeat expansion has
been found in seven subtypes: SCAIL, 2, 3/Machado-
Joseph disease (MJD), 6, 7, and 17, and dentatorubral-
pallidoluysian atrophy (DRPLA) (Banfi et al. 1994;
Kawaguchi et al. 1994; Nagafuchi et al. 1994; Imbert
et al. 1996; Pulst et al. 1996; Sanpei et al. 1996; David
et al. 1997; Zhuchenko et al. 1997; Koide et al. 1999;
Nakamura et al. 2001). A non-coding repeat expansion
occurs in three subtypes: SCAS8, 10, and 12 (Holmes
et al. 1999; Koob et al. 1999; Matsuura et al. 2000;
Fujigasaki et al. 2001), and a missense mutation in two
of them: SCA14 and 27 (Chen et al. 2003; van Swieten
et al. 2003). Several reports regarding 16q22-linked
ADCA have been released (Nagaoka et al. 2000; Taka-
shima et al. 2001; Li et al. 2003; Hirano et al. 2004), and
a single nucleotide substitution (—16C>T) in the 5
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UTR in the puratrophin-1 gene was recently identified in
all patients from 52 unrelated Japanese families sharing
a common haplotype at 16q22.1 (Ishikawa et al. 2005).

In Japan, the incidence of spinocerebellar degenera-
tion/ataxia (SCD/SCA) including multiple-system atro-
phy (MSA) is 15.68 in 100,000. Although SCA6, SCA3/
MIJD, and DRPLA are the three most prevalent sub-
types, their frequencies quite differ from region to region
(Maruyama et al. 2002; Sasaki et al. 2003). We previously
showed that the incidence of SCA, excluding MSA, was
higher (22 in 100,000) in Nagano than in other parts of
Japan. In 86 unrelated ADCA families from Nagano,
SCA6 (19%) and DRPLA (10%) were common, while
SCA3/MJID (3%), SCA1 (2%), and SCA2 (1%) were
infrequent (Shimizu et al. 2004). More importantly, the
majority of families (65%) were genetically undefined;
such families make up 17-50% of the ADCA families in
other parts of Japan (Maruyama et al. 2002; Sasaki et al.
2003; Shimizu et al. 2004). A common haplotype of
16q22-linked ADCA reported by Li et al. (2003) was not
confirmed in our series (Shimizu et al. 2004).

We hypothesized that there may be distinct ADCA
subtypes in Nagano because it is relatively isolated by
steep mountains. A genome-wide linkage study was
performed in undefined ADCA families to identify
possibly new ADCA loci. The ~16C >T substitution in
puratrophin-1 was also investigated.

Materials and methods
Subjects

A total of 105 individuals (83 affected and 22 unaffected)
from 67 ADCA families originating from the Nagano
prefecture were recruited to this study. All affected
individuals were examined by at least one experienced
neurologist according to the standard clinical criteria.
Dominant inheritance was presumed when affected
individuals were recognized in at least two generations.
Three families (SCAF9, SCAF25, and SCAF41) with
several affected members were used for linkage studies.
Genomic DNA was isolated from peripheral leukocytes
using a PUREGENE DNA purification kit (Gentra
Systems, Minneapolis, MN, USA). SCA 1, 2, 3/MID, 6,
7, 12, and 17, and DRPLA were ruled out after con-
firming the (CAG)n length by PCR as previously de-
scribed (Shimizu et al. 2004). This research protocol was
approved independently by the Ethical Committee of
Shinshu University School of Medicine and by the
Committee for Ethical Issues at Yokohama City
University School of Medicine.

Linkage analysis
A large family, SCAF41, consisting of 7 affected and 15

unaffected members, was analyzed using 400 polymor-
phic markers (ABI PRISM Linkage Mapping Set
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version 2.5-MDI10; Applied Biosystems, Foster City,
CA, USA). Furthermore, an additional 21 polymorphic
markers mapped to 16q21-16q23.1 (D16S3111,
DI1653050, D165S3021, D16S3043, D16S3019, TAGAO2,
TTCCO0I, Di16S3086, GATAO0I, Di16S421, TAO00I,
GA001, TTTAQ0I, CATGO03, I17msm, DI16S3085,
DI1683025, CTTT01, D16S3067, G101, and DI16S3018)
were used for the study of three families, SCAF9,
SCAF25, and SCAF41. Primer sequences are described
elsewhere (Hirano et al. 2004; Ishikawa et al. 2005).
PCR was cycled 40 times at 94°C for 30 s, 55°C for 30 s,
and 72°C for 30 s in a 10-pl mixture containing 10 ng
genomic DNA, 0.5 uM of each primer, 0.2 mM each of
dNTP, 10x PCR buffer (TaKaRa, Ohtsu, Japan), and
0.25 U of Takara Ex Taq DNA polymerase (TaKaRa).
PCR products were analyzed by an ABI 3100 Genetic
analyzer (Applied Biosystems), and their product sizes
were determined using the GeneMapper Software ver-
sion 3.5 (Applied Biosystems). Two-point linkage anal-
ysis was carried out using the LINKAGE Program
Package (FASTLINK software, version 5.1). The allele
frequencies of the markers were set as equal when they
were unknown. The disease gene frequency was assumed
to be 0.00001. The possibly affected individuals were
scored as unknown. LOD scores were corrected by age-
dependent penetrance established based on the cumu-
lative age at onset (penetrance 0 for persons aged
39 years and younger, 0.08 for those aged 4049 years,
0.37 for those aged 50-59 years, 0.79 for those aged 60—
69 years, and 0.99 for those aged 70 years or older).

Analysis of a single nucleotide substitution
(-16C>T) in the 5" UTR of puratrophin-1

Primer sequences have been described elsewhere (Ishik-
awa et al. 2005). PCR was cycled 35 times at 94°C for
30 s, 65°C for 30 s, and 72°C for 30 s in a 20-pl mixture
containing 30 ng genomic DNA, 0.5 uM of each primer,
0.2 mM each of ANTP, 10x PCR buffer (TaKaRa), and
0.25 U of Takara Ex Taq DNA polymerase (TaKaRa).
PCR products were purified with ExoSAP-IT (USB,
Cleveland, OH, USA) and sequenced by a standard
protocol using BigDye terminator (Applied Biosystems)
on an ABI PRISM 3100 Genetic analyzer (Applied
Biosystems). Nucleotide substitution was . confirmed
using the SeqScape software version 2.0 (Applied Bio-
systems), and by EcoNI RFLP designed by Ishikawa
et al. (2005). All patients were genotyped for at least nine
markers: 1653086, GATAQ1, D165421, TA001, GAOOI,
TTTA001, CATGO003, I17msm, and DI16S3085, to
confirm haplotypes.

Results

Genome-wide linkage analysis using 400 markers in
SCAF41 did not give any locations of maximum LOD
scores of three or more. Although several locations with



relatively high scores were identified, including D1S52785
on 1g43 (LOD, 1.18 [6=0]), D8S549 on 8p22 (LOD,
1.43 [6=0]), DI6S515 on 16g23.1 (LOD, 1.03 [0=0));
thus, the initial screening failed to reveal a specific locus
for the disease.

During this study, the single nucleotide substitution
(—16C>T) in the 5" UTR of the puratrophin-1 gene was
identified as a possible pathological change for 16g22-
linked ADCA (Ishikawa et al. 2005). We found this
substitution in 11 out of 12 affected and 2 out of 22
unaffected individuals in SCAF9, SCAF25, SCAF41
(Fig. 1), and 16q22-focused linkage analysis in these
three families using additional 21 markers gave a max-
imum LOD score at TAGA02 of 2.42 (6=0). Haplotype
analysis demonstrated a common haplotype (1-3-2-T-1-
2-5-1-2-2 at D1653086 ~GATAOI —-D165421 - [-16C/T
of puratrophin-1 {Q9H7K4}] -TA00l -GA00]
—TTTA00I —CATG003 —17msm —DI1653085) in all af-
fected members except SCAF41-21 and two young
unaffected members, SCAF41-10 (40 years oid) and
SCAF25-5 (41 years old), who may be obligate carriers.
It is noteworthy that SCAF41-21 (59 years old) did not
have the —16C > T change, but shared only a narrowed
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haplotype (1-3-2 at D16S3086 ~GATA0I -D165421) as
it is assumed that a recombination happened between
D16542] and Q9H7K4. While her clinical symptoms
were still mild, a slowly progressive gait ataxia and
clumsiness in the hands were evident.

Further analysis of nine markers (DI1653086,
GATAO0I, DI168S421, TA00I, GA00I, TTTA00I,
CATGO003, 17msm, and DI16S3085), as well as the
—16C > T change, was performed in the other 71 patients
from 64 families (Fig. 2). We found that 53 patients
from 48 families carried the —16C > T substitution and
their phenotypes were compatible with pure cerebellar
ataxia. Their average age of disease onset was
60.2 £9.3 years (mean + 1 SD), while the average age
of onset for 18 patients from 16 families without the
substitution was 37.9+20.8 years and most of them
showed juvenile-onset cerebellar ataxia, or extracere-
bellar neurological symptoms such as parkinsonism,
dementia, and/or involuntary movements. Genetic
anticipation was observed in two families. Five out of 16
families without the —16C > T change showed late-onset,
pure cerebellar ataxia indistinguishable from that of
typical patients with the —16C > T change in the pura-

, , SCAF25 , SCAF9
[HO' [P0 FHO OMEe" e’ & B I 11,6 &0 B0
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Fig. 1 Haplotype analysis in three large ADCA families, SCAF41,
SCAF25, and SCAF9. Thirteen polymorphic markers mapped to
16q21-16g23 and the —16C>T substitution in puratrophin-1
(Q9K7H4) are shown. Twelve affected and two unaffected
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individuals had a common haplotype (1-3-2) at DI6S3086—-GA-
TA0I-DI16S421. The —16C > T substitution was found in 11 out of
12 affected and 2 out of 22 unaffected individuals
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A Patients with -16C>T substitution
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B: Patients without -16C>T substitution

patientID | 3 4 6 111319 20 28 34 42 46 52 53 54 58 62 65 66
family ID 1416 1919 34 47 43 60 68 78 19 88 §9 90 93 % 102103
DI6S3086 | 2 11t 11l BRI Mt n131Be
GATAO! U2 I NRBL L NBWWBBIWMBILIINM
DI6D42] W21 W2 My MY oW oMl
Q9HTK4 e ok ce ce oo e ol ol ol de ok de ek oo de e de de
TAGO! Va1 122 4116 2535 UB4 5 4 THM B
GADO! §63 3 ¥5 35 16355 ¥53 5 WS Y4
TTTA001 SRSMS 5 55 5 S4SHS S 5 Sn M5 SHISR
CATGO03 W1 BBw®me 1 BT UM 181 11
17msm VUSAB 253 4 4 B34S 455 41025 35 45 24 41t
DIGS308s | 12 1122 2 1 VAMAY M2 2 1112
ageofonset | R NN BN 871235 U1TITNNELM

BB 12 IBL 1R 211 11 IR WML 11 1 IRIRIMIAY
] 5 I 3 212 I il

Fig. 2 Genotype of 71 patients from the other 64 families. The
—16C>T substitutions in puratrophin-1 (Q9K7H4) was observed
in 53 patients from 48 families (A), but not in 18 patients from 16
families (B). A haplotype, 2-1-2-5-1-2-2 of seven markers (D165421

trophin-1 gene. Additionally, four negative controls,
SCAG6 patients, also did not have the —16C>T change
(data not shown). Among the 51 families with the
—16C>T change, 49 of them shared a common haplo-
type around the puratrophin-1 gene, 2-1-2-5-1-2-2 for
seven markers (D16S421 -TA001 —GA00I —TTTA001
—~CATG003 —17msm —D16S3085), and two families
showed a slightly different haplotype, 2-6/14-2-5-1-2-2.

Discussion

The —=16C>T change in the 5 UTR of puratrophin-1
was found in 51 out of 67 ADCA families (76%) from
the Nagano prefecture, in which SCA1, 2, 3/MJD, 6, 7,
12, 17, and DRPLA had been previously ruled out.
Among 106 ADCA families genetically analyzed to date
(unpublished observation), the frequency of 16q22-
linked ADCA (51 out of 106, 48%) is much higher than
that of either SCA6 (18 out of 106, 17%) or DRPLA (9
out of 106, 8%). Thus, an accumulation of 16q22-linked
ADCA families leads to a high prevalence of SCD in
Nagano. Almost all patients shared the haplotype 2-1-2-
5-1-2-2 for markers DI65421 -TA001 -GA00I
—TTTA00I —CATGO03 —17msm —-D16S3085. For five
of these markers, DI165421 ~TA001 ~GA00I —TTTA00!
~CATG003, our haplotype 2-1-2-5-1 was identical to the
haplotype 3-1-4-4-4 reported by Ishikawa et al. (2005),
based on the data of four patients from two families that
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~TA00I-GAO0I-TTTAO0I-CATG003~17msm—D1653085) was
shared by 50 patients with the —16C>T change and another
haplotype, 2-6/14-2-5-1-2-2 for the same markers was shared by
three patients (patient IDs, 45, 64, and 71). N unknown

were analyzed independently by both groups. Sixty-four
patients from 51 families with the —16C > T substitution
showed pure cerebellar ataxia with middle-aged or later
onset (Harding’s ADCAIIL;, Harding 1993), while most
of the patients without the substitution showed clinical
phenotypes characterized by juvenile-onset cerebellar
ataxia, additional extracerebellar neurological symp-
toms, and/or genetic anticipation. Previously, we could
not confirm the common haplotype of 16q22-linked
ataxia reported by Li et al. (2003; Shimizu et al. 2004),
being inconsistent with the current data. This is partly
explained by the fact that the focused region presented
here was much narrower than the previously haplotyped
region.

The —16C>T substitution in the 5 UTR of pura-
trophin-1, a region of the gene presumed to be regula-
tory, is unique as a disease-causing change for ADCA.
To date, pathological single nucleotide substitutions
have been found only in SCA14 or SCA27 (Chen et al.
2003; van Swieten et al. 2003), both of which are mis-
sense mutations. It has been speculated that the
—-16C>T change might decrease mRNA expression of
puratrophin-1, and cause aggregation of puratrophin-1
protein in Purkinje cells in affected cerebellum (Ishikawa
et al. 2005). .

Ishikawa et al. (2005) found the —16C > T substitution
in the puratrophin-1 gene in all affected individuals from
52 unrelated Japanese families. However, in this study
there was one exceptional patient without this substitu-



