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Less Frequent NSDI-Intragenic Deletions in Japanese Sotos Syndrome:
Analysis of 30 Patients by NSDI-Exon Array CGH, Quantitative Fluorescent
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Sotos syndrome (SoS, OMIM #117550) is an autosomal deminant overgrowth syndrome with pre- and postnatal excessive growth, charac-
teristic craniofacial features, and variable degrees of developmental delay. Haploinsufficiency of the nuclear receptor binding SET domain con-
taining protein 1 (NSD1) gene causes SoS, as two thirds of SoS patients had either a whole-gene microdeletion or an intragenic point mutation.
However, the etiology of other patients remains undetermined. In the present study, we analyzed 30 Japanese SoS patients on whether they
have NSD1 intragenic deletions by NSD1-specific exon microarray comparative genomic hybridization (array CGH). Although the analysis sug-
gested a deletion at the 5' region of NSD1 in 16 of the 30 patients, no such abnormalities were confirmed by subsequent guantitative fluores-
cent duplex PCR and fluorescence in situ hybridization. As no intragenic deletions have been identified in our series of SoS patients, other ge-

netic aberrations need to be identified.
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Introduction

Sotos syndrome (SoS, OMIM #117550) is an overgrowth disor-
der characterized by excessive growth in childhood, distinctive
craniofacial features, including macrocephaly, and mental retarda-
tion. SoS is caused by haploinsufficiency of the nuclear receptor
binding SET domain containing protein 1 gene (NSDI) located at
5¢35.2-q35.3.' Microdeletions encompassing the entire NSDJ and
intragenic point mutations account for about 50% and 10% of
Japanese patients, respectively.'” On the other hand, the point mu-
tations are the main disease-causing abnormalities in non-Japanese
patients (50% or more), and microdeletions occur in about 10% of
them.** The reason for the difference between Japanese and non-
Japanese patient groups remains unexplained. Partial, intragenic de-
letions of NSD1, comprising a single or multiple exons, were re-

cently found by multiplex ligation-dependent probe amplification
(MLPA) method in eight (6 %) of 124 SoS patients from UK." As
the etiology of about one third of Japanese SoS patients is undeter-
mined, we hypothesized that intragenic deletions could frequently
be associated with Japanese SoS patients. For analysis of such de-
letions, we developed an NSDI-specific exon microarray compara-
tive genome hybridization (array CGH) system.

Here we report the results of analysis of 30 Japanese patients
with SoS.

Materials and Methods
Subjects

The research was approved by the Committee for Ethical Issues
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on Human Genome and Gene Analysis at Nagasaki University. The
subjects studied included 30 patients (seven females and 23 males)
with typical SoS features (including macrocephaly, overgrowth,
and mental retardation), in whom a whole-NSD/ gene microdeletion
and NSDI point mutation were excluded. Clinical manifestations
of these cases were reported elsewhere.>” After obtaining informed
consent, DNA was isolated from patients' peripheral blood leuko-
cytes. We also used DNA samples from six other patients with SoS
who had been previously diagnosed to have a whole-gene deletion,
as positive controls in microarray conperative genomic hybridiza-
tion (CGH) and quantitative fluorescent duplex PCR experiments.

NSDI-specific exon array CGH

A total of 34 genomic regions were selected from the NSD! locus,
chromosome X, and from chromosome 13 as elements for NSD1-
specific exon array CGH: Five from an 18-kb segment upstream of
NSD1, 23 exons of NSDI, and three regions from each of chromo-
somes X and 13 (Figure 2). Sequences of all these regions are unique
according to RepeatMasker program (http://www.repeatmasker.
org/), and range from 355 bp to 2765 bp (primer sequences and
conditions for elements amplification available on request). PCR
products of the regions were cloned into pCR™2.1-TOPO™ vector
(Invitrogen, Carlsbad, CA), and used for transformation of DH5a-

T1™ (Invitrogen). Insert sequences were confirmed on ABI Genetic |

Analyzer 3100 (Applied Biosystems, Foster City, CA), and they were
then amplified from corresponding plasmids using universal 5'-amino-
linked primers (forward: TACCGAGCTCGGATCCACTAGTA,; re-
verse: CAGTGTGATGGATATCTGDCA) by PCR in a volume of
100 pL. PCR products were purified with a membrane filter,
Microcon YM-30 (Millipore, Badford, MA), dissolved in 0.25 M
phosphate buffer/0.00025% N-lauroyl sacrosine, and spotted in
quadruplicate on CodeLink™ aminosilane coated slides (Amersham
Bioscience, Piscataway, NJ) with a single pin spotter, Stampman
(Nippon Laser and Electronics Laboratory, Nagoya, Japan). The
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same set of probes was printed twice on one glass slide, forming
Block-1 and Block-2. The slides were finally treated as described
previously,” and stored at room temperature and low humidity until
use.

After complete digestion with EcoRlI, subject DNA (800 ng) was
labeled with Cy-3 dCTP (GE Healthcare Bio-Sciences, Piscataway,
NJ) and the same amount of reference DNA (with an opposite sex)
was labeled with Cy-5 dCTP using Bioprime DNA Labeling Kit
(Invitrogen) (Block-1). Dyes were swapped in Block-2 (subject
DNA labeled with Cy5 and reference DNA labeled with Cy3) to
confirm that signal patterns were opposite. Prehybridization and
hybridization procedures were carried out as described previously.”
Processed arrays were scanned with GenePix 4000B (Axon
Instruments, Union City, CA) and analyzed with GenePix Pro 4.0
software (Axon Instruments). Signal intensity ratios between sub-
ject and reference DNA were calculated from the data of the sin-
gle-slide experiment, using the ratio of means formula according to
GenePix Pro. 4.0

mean Cy5 intensity of feature-median Cy5
intensity of the background

Ratio Cy5/Cy3=
mean Cy3 intensity of feature-median Cy3
intensity of the background

Ratios of all array elements were normalized to the average of
elements from chromosome 13 as an internal normal control. The
signal ratio was regarded as "abnormal," when it was out of +3 SD
(standard deviation) range which was determined from three ele-
ments of chromosome 13.

Quantitative fluorescent duplex PCR (QFD-PCR)

With a QFD-PCR method described previously,''* we designed
test primers to amplify a 302-bp region "A" that is corresponding to
the 5'-5 region (Figure 1). Reverse primer was labeled at its 5' end
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Figure 1. Schematic representation of a 20-kb segment covered by microarray. Exons 1 and 2 of the NSD! gene are presented as grey boxes, open reading
frame (ORF) of NSD! starts from an arrow. Seven elements of the exon array are shown: five (5'-1, 5'-2, 5'-3, 5'4, and 5'-5) covering the NSD! upstream
region; two (1, 2) covering exons 1 and 2, and adjacent areas. Region A is a probe for QFD-PCR, and a, b and ¢ are probes for FISH analysis.
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with 6-FAM fluorophore (Applied Biosystems). Non-polymorphic
STS marker G06854 (330 bp) mapped at 10g25.3 was chosen as an
internal control, and control primers were designed according UCSC
Genome Bioinformatics web site (http://genome.ucsc.edu). Reverse
primer was labeled at its 5' end with HEX fluorophore (Applied
Biosystems). Test and control regions were amplified simultane-
ously in a single tube. Reaction was carried out in a volume of 20
nL, containing 100 ng of template DNA, 1 X ExTaq buffer, 200
1M of each ANTP, 1 U of ExTaq DNA polymerase (Takara, Otsu,
Japan), and 0.2 pM of test primers (forward: GTTGAGTCGAATT
GCCCAGAT; reverse: ACAGGCCCTTAGCACATGTCT), and
0.3 uM of control primers (forward: AGACAGGGTTGGGAAGG
ACT; reverse: CAGGAGAGCCTTGGTGAAAG). After an initial
step of denaturation at 95 °C for 3 min, PCR was cycled 27 times
at 95 °C for 30 sec, at 62 °C for 30 sec, and at 72 °C for 25 sec,
followed by the final extension at 72 °C for 4 min. An aliquot (2
uL) of PCR products was mixed with 16 pL formamide, and the
mixture (2 pl) was further combined with 2.5 pL loading buffer
containing 0.3 pL of GENESCAN™-500XL size standard (Applied
Biosystems). Samples were separated with ABI 377 automated
sequencer (Applied Biosystems), and results were analyzed using
GeneScan 3.1.2 and Genotyper 2.5 (Applied Biosystems).

We analyzed all but two SoS patients (SoS 151 and SoS 149)
whose DNA was used up, six patients confirmed to have a 5935
whole-gene deletion as positive controls, and six normal controls.
To determine an NSD/ intragenic deletion, we adopted a method
described by Yau et al.,” and calculated 6 dosage quotients (DQ)
for each SoS patient to be examined and each positive control pa-
tient using peak heights, according to the following formula:

test region (patient sample)/conirol region (patient sample)

test region (normal control sample)/control region
(normal control sample)

Average DQ was determined for each subject patient and each
positive control patient. Patients were considered as having an
intragenic deletion if their average DQ was within the DQ range for
deletion that was determined from average DQ of six positive con-
trols £2 SD.

Fluorescent in situ hybridization (FISH)

FISH was performed on metaphase chromosomes of a SoS pa-
tient (SoS 13). Plasmid DNA containing probe a, b, or ¢ was labeled
with biotin-16-dUTP (Roche Diagnostics, Mannheim, Germany) by
nick translation at 37 °C for two hrs. A BAC clone, RP11-465117,
labeled with SpectrumOrange™-11-dUTP (Vysis, Downers Grove,
IL) was used as a control. Probes a, b and c, and the control probe
were combined with human Cot-1 and salmon sperm DNAs in a
hybridization mixture, denatured at 70 °C for 10 min, applied on
the chromosomes, and incubated at 37 °C for 72 hrs. Slides were
washed, and solutions containing avidin D FITC, biotinilated anti-
avidin D antibody (Vector Laboratories, Burlingame, CA), and again
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avidin D FITC were serially mounted on slides at 37 °C each for
15 min, and washed again. Finally, slides were mounted with an
antifade solution (Vector Laboratories, Burlingame, CA) containing

" DAPL. Fluorescence photomicroscopy was performed as described

previously."”

Results
NSD1-specific exon array CGH

We hybridized Cy3-labeled male and Cy5-labeled female con-
trol DNAs to the NSD/]-specific microarray DNA. The Cy5/Cy3
signal ratios of all array elements of the NSD/ locus as well as of
three chromosome-13 elements were within the normal range, indi-
cating no difference in the copy-number between the two controls.
The Cy5/Cy3 ratios for three X-chromosome elements were higher
than the +3 SD value, clearly reflecting copy-number difference in
X chromosome (Figure 2 A). When hybridized with Cy3-labeled
DNA from a male patient (SoS 3) who has a confirmed 5935 whole-
gene microdeletion, and with CyS-labeled female control DNA, the
Cy5/Cy3 ratios for the NSD/ elements and X-chromosome elements
were higher than the +3 SD value, the result indicating a deletion
of the entire NSD1 region (Figure 2 B). The Cy5/Cy3 ratios for
chromosome-13 elements remained within the normal range, the
result corresponding to normal choromosome-13 karyotype in both
DNA samples.

Array CGH for DNA from the 30 patients without a whole-NSD/
gene microdeletion or an NSD/ intragenic mutation showed two
pattemns: A pattern of the normal ratio for all elements at the entire
NSDI locus in 14 patients (Figure 2 C), and a possible pattern of
deletion involving the 5' upstream region (elements 51, 5-2, 5'-3,
5'-4, and 5'-5) and exons 1 and 2 of NSD! in 16 patients (Figure 2
D).

QFD-PCR and FISH

To confirm the suspected copy-number changes of the 5' region
of NSD1 in 16 patients, QFD-PCR was performed (Figure 1). The
region "A" (about 1.8 kb upstream of exon 1) was chosen for the
analysis, because it showed high ratios in the microarray CGH analy-
sis in all the 16 patients. Dosage ratios of the region "A" to the
control region were evaluated in 28 patients (two patients were not
evaluated as DNA was used up), six normal controls, and six other
patients with confirmed 5q35 whole-gene microdeletions as posi-
tive controls. The DQ range for deletion determined from DQ values
among the six positive controls was 0.16- 0.50 with the mean (SD)
of 0.33 (0.08). In ali but one patient (SoS13) examined, DQ was
higher than 0.50 (Figure 3). These findings indicated that 15 of the
16 patients are uﬁlikely to possess a deletion. FISH using combined
probes a, b and ¢ (Figure 1) was performed on metaphase chromo-
somes of SoS 13. Signal was observed on the long arm of both
chromosomes 5 (Figure 4), indicating that SoS 13 did not have a
deletion.
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Figure 2. NSD1 exon array CGH. The Cy5/Cy3 ratios are indicated on the y-axis. Range of £3 SD is represented as gray area. A. Hybridization of normal
male control DNA (Cy3) and normal female control DNA (CyS5). Note that the CyS/Cy3 ratios of three elements of chromosome X are higher than the +3
SD value. B. Hybridization of SoS3 (with confirmed NSD/ deletion) DNA (Cy3) and normal female control DNA (CyS5). Note that the Cy5/Cy3 ratios for
all array elements except those of chromosome 13 are higher than the +3 SD value. C. Hybridization of S0S30 DNA (Cy5) and normal male DNA (Cy3).
This is an example of a "normal” pattern seen in 14 out of 30 SoS patients. D. Hybridization of SoS13 DNA (Cy3) and normal female control DNA (Cy5).
This is an example of a possible deletion pattern observed in 16 out of 30 SoS patients. Note that the Cy5/Cy3 ratios of 5-1, 52, 53, 5'-4, 5'-5, 1, and
2 elements are higher than the +3 SD value, suggesting an abnormality at the 5' region of NSD/.
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age quotients (DQs) for three groups of patients are shown: those with nor-

mal array CGH results (group A); those with suspected deletion (group B);
and those with confirmed whole-gene microdeletion by FISH (group C).
Possible deletion range (0.16-0.50) is shown by vertical bar. Note that av-
erage DQ in SoS13 (shown by arrow) is at the border of the deletion range.

Figure 4. FISH on rﬂctéphésé chromosomes of SoS 13. Arrowheads indi-
cate signals from the control probe (RP11-465117). Arrows show signals of
- combined probes. a, b and c, which are visible on both chromosomes 5.

Discussion

Results of NSD/-specific exon array CGH suggested that the 5' re-
gion of NSDI might be deleted in 16 of 30 SoS patients analyzed.
However, in none of them, the subsequent QFD-PCR confirmed
such an abnormality. Moreover, FISH analysis never proved a de-
letion in SoS 13. Therefore, intragenic deletions were ruled out as
a possible genetic cause in our series of 30 Jépanese SoS patients
without any NSD/ point mutations or whole-gene microdeletions.
Douglas et al. suggested that Alu mediated recombination leading
to partial deletions would be the likely cause in some of European
patients,” but we could not find such partial deletions in Japanese
patients.
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Exon-based array CGH has been successful in detecting copy-
number changes.'*"” Our NSD/!-specific microarray covered all 23
exons as well as five regions in an 18-kb segment upstream of exon
1, where two CpG islands are located (according to UCSC genome
browser). We cloned all probes necessary for PCR for the regions,
and the use of a single set of 5-amino-linked primers simplified
further amplification of inserts. Although our system worked well
in hybridization of normal and positive controls, seemingly posi-

" tive results recognized in 16 of 30 patients on probes of 5'-1, 5'-2,

5'-3, 5'4, 5'-5 and exons 1-2, were later denied by QFD-PCR and
FISH: anélyse_s, though either QFD-PCR or FISH system did not
cover all the areas with positive results in exon arrays. These false
positive data may be explained by different nucleotide contents
within the microarray elements used. The average CG content in the
elements of a proximal 20-kb region (51 to 2) of NSDJ (Figure 1)
is 54 % with the maximum of 74 % within exon 1, while it is only -
39 % in elements from exon 3 to exon 23. High CG contents could
affect efficiency -of hybridization and washing of labeled probes.
Also, as elements of the exon microarray are much smaller in size
than those of BAC-clone microarray and have much less DNA com-
plexity, they are likely to be more affected by sequence contents.
Since NSDI intragenic_deletions are less frequent in Japanese pa-
tients with SoS, other disease-causing mechanisms must be consid-
ered. A mutation screening of NSD2 and NSD3 that belong to the-
same family as NSD! failed to identify any aberrations in 78 pa-
tients with overgrowih syndromes, including 12 typical SoS pa-
tients without NSD! mutations,” therefore excluding NSD2 and
NSD3 as candidacy. In addition, epigenetic changes may be impor-
tant. Two SoS patients without NSD/ aberrations have been reported
to have abnormities in 11p15, the region which contains two imprint-

: . ing domains related to Beckwith-Wiedemann Syndrome (OMIM
"~ #130850)."” One case had paternal isodisomy for chromosome 11

and showed demethylation of KCNQIOT, and the other exhibited

‘partial KCNQ1OT demethylation. However, additional patients with

such imprinting defects have not been reported. Hypermethylation or
a mutation in the promoter region of NSD! as another possible cause

“was ruled out in 18 Japanese patients.”

In conclusion, intragenic deletion was not identified in our series
of 30 Japanese patients with SoS. Therefore, the cause in approxi-
mately one third of Japanese SoS patients still remains unexplained.
Other genetic aberrations that impair function of the components of
NSDI-related pathway could be associated with a subset of SoS pa-
tients. Finally, exon array CGH is potentially useful, but shorter
array elements may be easily affected by sequence contents, there-
fore data should carefully be evaluated.
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Abstract

This report describes a Japanese family. with vessel and craniofacial abnormalities. Although the clinical
findings of the patient’s father fulfilled the diagnostic criteria for Marfan syndrome, arterial tortuosity, aneu-
rysms, hypertelorism and a bifid uvula were noted in both the patient and his father. These findings were
‘compatible with the clinical manifestations that were previously reported in Loeys-Dietz syndrome. A mo-
lecular genetic analysis: demonstrated a heterozygous missense mutation of the transforming growth factor-
beta receptor 1I gene in both the patient and his father, which thus caused Loeys-Dietz syndrome. This is the -
first Japanese fami]y case report of typical Loeys-Dietz syndrome.

Key words: aortic aneurysm and dissection, arterial tortuosity, Loeys-Dletz syndrome, transforming growth

factor-beta receptor, Marfan syndrome
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Introduction

Marfan syndrome (MFS) is an autosomal dominant con-
nective tissue disorder. Classic MFS cli'nically presents car-
dinal features including skeletal, ocular.and cardiovascular
abnormalities, .and most cases of MFS -are caused by
fibrillin-1 gene (FBN1) mutations. Recently, transforming
growth factor-beta (TGF beta) receptor II. gene (TGFBR2)

mutations were 1dent1ﬁed in a- subset of patiénts with- MFS;
this syndrome was termed Marfan syndrome type 2 (MFS2)’

(1). A new dysmorphlc syndrome with mutations in either

transforming growth factor-beta receptor.I"gene’ (TGFBR1) .

or TGFBR2 was reported as Loeys-Dietz ‘syndrome (LDS)
(2), characterized by hypertelorism (widely spaced eyes),

cleft palate or bifid uvula, aortic root aneurysm,- arterial tor--

tuosity and aneurysms of other vessels. This report describes
a Japanese family who presented with the typical manifesta-
tions of LDS associated with a TGFBR2 mutation.

- Case Report

A 24-year-old man visited the hospital for e)'(:amin.ation of

his cardiovascular system because there was a history of
cardiovascular disease in his family. His father presented
with an acute as_ce‘riding -aortic aneurysm and dissection at
45 years of age in "spite of normotension and underwent
graft replacement of the ascending aorta and transverse aor-
tic arch. In the following year, he underwent elective surgi-
cal repair of the descending aorta because the false lumen
had dilated rapidly. His grandfather died suddenly in his
early 30s from an unknown cause. His uncle also died sud-
denly in. his early’ 20s from an acute aortic aneurysm and
dissection. These events suggested that he was a presymp-

" tomatic patient- of: MFS based of his" family history

(Fig. 1).
The. panent was a 176 cm tall and 75 kg man. He had a
past history of a right hemifacial spasm at 20 years of age.

A "detailed physical" examination revealed joint hypermobil-

ity, pectus excavatum, retrognathia and scoliosis. However,

‘no cardlovascular findings, ocular’ ﬁndmgs nor lumbosacral

dural. ectasm were observed. The diagnostic criteria for MFS
(the Ghént criteria) were not fulfilled clinically, although the
patient had hypertelorism and a bifid uvula (Fig. 2A,B). Ca-:
rotid ultrasonography and magnetic resonance angiography
(MRA) demonstrated a carotid aneurysm and arterial tortu-
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osity (Fig. 2C-F). These findings were consistent with the
clinical manifestations of LDS (Table 1).

The patient’s father was a 179 cm tall and 61 kg man. In
addition to the previous history of the aortic aneurysm and

Father (54y.0.)

Uncle

~~ r""l . ‘
\_} _I Mutation not detected __
OB Afrected

@ ES Ambiguous phenotype [
) Brother (20y.0.)

-1

” Patient (24y.0)

Figure 1. The pedigree of the family. The patient’s father
presented with an acute ascending aortic aneurysm and dis-
section at 45 years of age. His grandfather died suddenly in
early 30s from an unknown cause, and his uncle also died
suddenly in eaﬂy 20s from an aortic ancurysm and dissection. -

dissection, the patiént’s father presented with a left hemifa-
cial spasm at 43 years of age, cerebral infarction and diabe-
tes at 54 years of age. A physical examination revealed joint
hypermobility, retrognathia, scoliosis and striae atrophicae.
Computed tomography (CT) and echocardiography demon-
strated lumbosacral dural ectasia, apical blebs and Valsalva
sinus dilation, but no significant ocular findings were recog-
nized. In addition, his father also had hypertelorism and a
bifid uvula (Fig. 3A,B). Carotid ultrasonography and MRA
demonstrated carotid aneurysms and cerebral arterial tortuos-
ity (Fig. 3C-F). The findings of a physical examination and
imaging studies were indicative of LDS, whereas MFS was

- also considered to be a possibility (Table 1).

These clinical manifestations and the family history sug-
gested that they had LDS. After obtaining informed consent
from the family members, DNA sequencing of the TGFBR1
and TGFBR2 loci was conducted to identify mutations
linked to LDS. A heterozygous missense mutation of
TGFBR2 (1438C>T, Arg49SStop, Ex6) was detected in both
the patient and his father (Fig. 4). This mutation has been
previously described in LDS (3). Both the patient and his
father were subsequently diagnosed to have LDS with a
TGFBR2 mutation.

Figure 2.

The clinical findings of the patient. A: Hypertélorism. B: Bifid uvula (arrow). C: Ca-
rotid ultrasonography showing a left common carotid artery loop. D: A carotid aneurysm and arte-
rial tortuosity visual_ized by carotid ultrasonography (arrows). The left common carotid ariery
formed a loop. E: Carotid MRA showing a right carotid aneurysm and a left common carotid ar-
tery loop (arrows). F: Cerebral MRA showing cerebral arterial tortuosity. '
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Table 1.

Clinical Manifestations of Loeys-Dietz Syndrome in the Patient and

His Father with the Same TGFBR2 Mutation

*Reported by Locys et al. (2)

The patiént His father Frequency of LDS* Marfan syndrome® .

Hypertelorism ] +
Cleft palate or bifid uvula +
Aortic root aneurysm -
Arterial tortuosity
Aneurysm of other vessels +
Craniosynostosis -
Malar hypoplasia -
Blue sclerae -
Ectopia lentis -
Arachnodactomy ’ -
Dolichostenofnelia -
Pectus deformity -
Scoliosis +
" Talipes equinovarus -
Camptodactyly
Joint laxity +
Patent ductus arteriosus . -
Aterial septal defect -
Chiari type 1 -
Developmental delay . -

+ 93% Not associated
+ 100% - Not associated
+ 100% Typical

+ 100% Not associated
+ 92% Rare

- 36% Not associated
- 85% Associated

- 62% Not associated
. 0% Typical

- 57% Typical

- 29% Typical

- - 64% Typical

+ 7% Typical

- 29% Not associated
+ 43% Associated
+ - 86% Typical

- 54% Not associated
- : 31% Not associated
- 20% Not associated
- _ 21% Not associated

- 15% Not associated

Hydrocephalus -

Discussion

- MFS is an autosomal dominant connective tissue disorder
with a reported incidence of 1 in 5000 to 10000 individuals.
About 25% of MFS cases are sporadic due to de-novo mu-
tations (4). Classic features include skeletal manifestations
(pectus carinatum, scoliosis, dolichostenomelia, arachnodac-
tyly, joint hypermobility and a high arched palate), ocular
complications (ectopia lentis, flat cornea, hypoplastic iris
and hypoplastic ciliary muscle) and cardiovascular defects
(ascending aortic aneurysms, aortic dissections and mitral
valve abnormalities). Its diagnosis is usually made according
to the Ghent criteria revised in 1996 3).

The mutation of FBNI1, encoding the matrix protein
fibrillin-1, was identified in classic MFS in 1991 (6). FBN1
mutations are detected in 91-93% of MFS cases fulfilling
the Ghent criteria (7). In 2004, TGFBR2 mutations were
identified in patients with a second type of MFS not linked
to FBN1 mutations, which was called Marfan syndrome
type 2 (MFS2) (1). From a recent report, TGFBR mutations
may account for approximately 5-10% of patients with MFS
(8). In 2005, a new dysmorphic syndrome caused by muta-
tions in either TGFBR1 or TGFBR2 was reported as Loeys-
Dietz syndrome (LDS) (2). LDS is characterized by hyperte-
lorism, cleft palate or bifid uvula, aortic root aneurysm, arte-
rial tortuosity and aneurysms of other vessels. TGFBR mu-

tations were also detected in patients with familial thoracic
aortic aneurysms and dissections (9) and vascular type
Ehlers-Danlos syndrome without the characteristic .type 1II
collagen abnormalities (3). Various phenotypes of cardiovas-
cular syndrome with systemic involvement have been docu-
mented to be closely associated with TGFBR mutations.

The patient. and his father were diagnosed to have LDS
based on their clinical findings (Table 1) and the presence of
a TGFBR2 mutation. This is the first Japanese family case
report of LDS with typical clinical manifestations, alihough,
several Japanese cases with MFS and MFS-related disorders
caused by TGFBR mutations, including LDS, were previ-
ously reported (1, 8, 10). Some clinical features of MFS,
MFS2 and LDS are markedly overlapped, but it is important
that no significant ocular findings are observed in MFS2 and
LDS caused by TGFBR mutations, as.was observed in this
patient’s family. It is highly debatable whether MFS2 with
TGFBR mutations can be clearly distinguished from LDS.
Loeys et al have argued that some characteristic features of
LDS such as bifid uvula, skin findings and arterial tortuosity
might be overlooked on examination of a suspected MFS
family. A comprehensive clinical evaluation including DNA
analysis for TGFBR mutations is critical for the diagnosis of
LDS (3).

It is notable that the present patient and his father had
suffered from hemifacial spasms. Vascular abnormalities of
LDS may be causally related to' this facial nerve disorder
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Figure 3. The clinical firidings of the ‘patient’é father. A: Hypertelorism. B: Bifid uvula (arrow).

C: Carotid ultrasonography showing a right carotid. aneurysm. D: Bilateral carotid aneurysms
visualized by carotid nlt_ra._sonography (long arrows). Atherosclerotic plaques were detected in the
aneurysms (short arrows). E: Carotid MRA showing bilateral carotid aneurysms (arrows). F: Cere-

bral MRA showing cerebral arterial tortuosity.

because tortuous-.arteries might. be ‘compressing the facial
nerve. Furthermore, his father hdd repeated-episodes of cere-
bral infarction, which might be: also caused by -blood clots
_presumably from' carotid aneurysms and tortuous arteries.

These ncuro]bgiéai-,ﬁndings mziy: be helpful signs of vascular -

abnormalities of the head and neck in LDS-patients.

The histopathological findings in MFS are accounted for
by the FBN1 mutations. In addition to the structural role of
fibrillin-1, it may also have-a-critical role in the regulation
of TGF-beta signaling (4).. Support for this hypothesis is
seen in mouse models of MFS. Transgenic mice with FBN1
mutations display several MFS features with variable sever-
ity (11-13) and increased TGF-beta signaling is observed in
at least four organs (i.e. lung, mitral valve, aortic and dural
tissues) (14-17). Administration of anti-TGF-beta neutraliz-
ing antibody (NADb) rescued these tissue phenotypes (14, 16,
17). Mice homozygous for a hypomorphic FBN1 allele have
impaired pulmonary alveolar septation associated with in-
creased TGF-beta signaling, that can be prevented by the ad-
ministration of TGF-beta NAb (16). Sinlilarly; myxomatous
thickening of the mitral valve and aortic root dilation in
mice harboring FBN1 mutations are also attenuated by the
administration of TGF-beta NAb (14, 17). Furthermore, aor-
tic aneurysm was prevented with the use of losartan, an an-
giotensin IT type 1 receptor blocker, that reduces increased

TGF-beta signaling (14). In addition, mutation analysis in
Camurati-Engelmann disease (CED), characterized by mar-
fanoid skeletal abnormalities, identified TGF-beta 1 gene

-mutations. Increased TGF-beta 1 activity, which is seen in

CED patients, is expected to inhibit muscle and fat develop-
ment (18). TGF-beta signaling may play an important role
in the formation' of cardiovascular system and skeletal struc-
tures. The TGFBR mutations identified in MES and MFS-
related disorders including LDS probably increase TGF-beta
signaling, which causes multiple organ connective tissue dis-
orders. _ o

The TGF-beta superfamily is composed of many multi-
functional cytokines, including TGF-betas, bone morphoge-
netic proteins (BMPs), activins, inhibins, and mycostatin.
They participate in-a wide range of processes, from tissue
differentiation during development through to. regulation of
mésenchymal and immune cell functions. They' are ex-
pressed by cells in the vessel wall and are capable of modu-
lating vascular development and remodeling by altering cell
differentiatibn, proliferation, migration, extracellular matrix
produétion, and the activities of immune cells (19). Subse-
quently, the effects of TGF-beta signaling on the cardiovas-
cular system has become increasingly clear, which may elu-
cidate the pathophysiological processes of LDS with '
TGFBR mutations and provide likely avenues for future re-
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Figure 4. TGFBR2. The heterozygous missense mutation of TGFBR2 was detected in both the
patient and his father. This mutation was not detected in his brother who also demonstrated no

clinical manifestations of LDS.

search that may lead to novel pharmacological therapies for
the treatment or prevention of critical vascular disorders.

In patients with the classic MFS, the life span of un-
treated patients was about 32 years in 1972 and improved
therapy has resulted in a marked increase in life expectancy
to 41 years in 1993 and to 61 years in 1995 (20, 21). On
the other hand, MFS and MFS-related disorders caused by
TGFBR mutations, including LDS, are predisposed to severe
vascular consequences at a young age (22). Since the natural
histories of LDS are considerably distinct from those of
MES caused by FBN1 mutations, Loeys et al emphasize the
importance of comprehensive diagnostic clinical evaluation
and the efficacy of genetic analysis for TGFBR mutations to
identify the LDS patients (3). The affected patients have a
high risk for arterial dissection without marked arterial dila-
tation, so that aggressive surgical repair of arterial aneu-
rysms may be considered independent of age because the
very low intraoperative mortality rate (3, 23-25). Although

the patient is asymptomatic and ‘maintains good health, clini-
cal assessment with periodic physical examination and car-
diovascular imaging procedures (e.g. ultrasonography, CT
scans and MRI) is required to prevent serious cardiovascular
events in the future. :

This article describes a Japanese family who presented
with typical manifestations of LDS with a TGFBR2 muta-
tion. Some clinical features are markedly overlapped in
MFS and LDS. Patients with marfan-like symptoms who
present with craniofacial features of hypertelorism and bifid
uvula, and vascular abnormalities characterized by arterial
tortuosity and aneurysms, should be considered as those
with the Loeys-Dietz syndrome. Since there are very few
LDS cases reported to date in Japan, epidemiologic surveil-

“lance of Japanese LDS families is urgently required in order

to clarify the optimal management of vascular complica-
tions.
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Abstract Paroxysmal kinesigenic choreoathetosis
(PKC) is a paroxysmal movement disorder of unknown
cause. Although the PKC-critical region (PKCCR) has
been assigned to the pericentromeric region of chro-
mosome 16 by several studies of families from various
ethnic backgrounds, the causative gene has not yet
been identified. In the present study, we performed
linkage and haplotype analysis in four new families
with PKC, as well as an intensive polymerase chain
reaction (PCR) based mutation analysis in seven fam-
ilies for a total of 1,563 exons from 157 genes mapped
around the PKCCR. Consequently, the linkage/haplo-
type analysis revealed that PKC was assigned to a
24-cM segment between D16S3131 and D165408, the
result confirming the previously defined PKCCR,
but being unable to narrow it down. Although the
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mutation analysis of the 157 genes was unsuccessful at
identifying any mutations that were shared by patients
from the seven families, two nonsynonymous substi-
tutions, i.e., 6186C>A in exon 3 of SCNNIG and
45842A>G in exon 29 of ITGAL, which were segre-
gated with the disease in Families C and F, respec-
tively, were not observed in more than 400 normal
controls. Thus, one of the two genes, SCNNIG and
ITGAL, could be causative for PKC, but we were not
able to find any other mutations that explain the PKC
phenotype.
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Introduction

- Paroxysmal kinesigenic choreoathetosis (PKC; MIM
128200) is a paroxysmal movement disorder charac-
terized by recurrent and brief attacks of unilateral or
bilateral involuntary movements, including dystonic
posturing, chorea, athetosis, and ballism, which are
precipitated by the sudden onset of movements (Kato
et al. 2006). The attacks can last as long as a few sec-
onds to a few minutes, occur up to 100 times daily, but
usually manifest in childhood or early adolescents, and
commonly decrease with age. There is no loss of con-
sciousness during these attacks. The attacks are
responsive to anticonvulsants such as carbamazepine
or phenytoin. Electroencephalogram (EEG) analysis
demonstrates normal or nonspecific abnormalities.
Neuroimaging and neuropathological studies resulted
in unremarkable findings (Sadamatsu et al. 1999; Na-
gamitsu et al. 1999). The etiology and pathophysiology
of PKC still remain unclear. Some neurologists con-
sider PKC as a form of reflex epilepsy, whereas others
believe that basal ganglia dysfunction may play a role
in its cause (Kato et al. 2006). Most (40-70%) were
familial cases in which PKC was transmitted in an
autosomal dominant mode of inheritance with incom-
plete penetrance (Tomita et al. 1999; Valente et al.
2000). Males are affected more often than females,
with an estimated ratio of 3—4:1 (Bhatia 1999).

We previously performed a genome-wide linkage
and haplotype analysis in eight Japanese families with
PKC and defined the disease locus within a 12.4-cM
region between DI16S3093 and D165416 at 16pl11.2-
ql2.1 (Tomita et al. 1999). This PKC-critical region
(PKCCR) was confirmed by others (Bennett et al.
2000; Swoboda et al. 2000; Valente et al. 2000; Cuenca-
Leon et al. 2002). In addition, mapped regions for
other conditions probably allelic to PKC, such as
infantile convulsions and paroxysmal choreoathetosis
(ICCA; MIM 602066) and benign familial infantile
convulsions (BFIC2; MIM 605751), shared with that
for PKC (Lee et al. 1998; Hattori et al. 2000; Swoboda

Fig. 1 Pedigree of the five
families (Families A-E) with
paroxysmal kinesigenic
choreoathetosis (PKC). The
closed squares and circles
denote individuals affected
with PKC. Although not
shown here, Families F and G
correspond to Families 1 and

et al. 2000; Caraballo et al. 2001; Weber et al. 2004),
Nevertheless, mutations in any genes within the
PKCCR have remained uncovered.

Here, we describe the results of the mutation
analyses of seven PKC families for a total of 157 genes
located at or around the PKCCR, together with
linkage/haplotype analysis of four newly identified
families.

Materials and methods
Subjects

The subjects studied included seven families (Families
A-G) with PKC. Two of them (Families F and G)
corresponded respectively to Families 1 and 3 in our
previous report (Tomita et al. 1999), and five other
families (Families A-E, Fig. 1) were those which were
newly collected. A total of 21 members, including 16
PKC patients from four of the five families (Families
A-D), underwent a linkage and haplotype analysis. In
addition, one of each affected individual (we further
call them representative patients) chosen from all
seven families was subjected to mutation analysis.
Blood samples were collected from all participants
after obtaining written informed consent, and the study
protocol was approved by the Committee for Ethical
Issues on Human Genome and Gene Analysis at
Nagasaki University.

Genotyping and linkage analysis

Genomic DNA was isolated from the blood lysate of
the 21 participants by phenol-chloroform extraction,
followed by ethanol precipitation. To try to narrow
down the PKCCR, we performed genotyping and
haplotype analysis in the four newly collected PKC
families, using 13 microsatellite markers (Table 1)
located to a 36-cM region at 16p12-q21 to which PKC
has been shown to be linked, as well as using three

—
[
~n

3 reported previously (Tomita
et al. 1999)
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Table 1 Primer sequences of the 12 microsatellite markers used for genotyping and linkage analysxs

Markers Forward primer (5'-3") Reverse primer (5'-3")

D16S403 CAAGACTAACGCTGATGGCT GACAGTGAGGTGGGAATCAAA
D165417 CTGTCCAACATGCAGCC TGAAGTCAATCCCACTTGAA
D16S3131 CTGCTTCCATCTTGCC CTAGCCCCCAAATGTG
D16S3093 CAAGGGCAAAACTCCAT CCAAAAGGTTGATTCTCTG
AC007353-M1 GCTTAACTACATTTITATTCAAGGTTG TCTGTGGTAGAGAGGCAAAGA
AC092368-M1 GTTITACCAGCCATTTTTAATCAACA TGAATAAGTGTGTCTTTCAACAAAATT
AC092721-M3 GCCCTGTAATATAATTTGAAGTTG GGGTTCAAGTGATTCTCCTG
D16S3136 CTCACCTATTGCCCTCAAGAA CAGAATCTITATGCCATTATT
D16S416 CATAGGACCCTCAGATGTATA CTGCCTATGGCTAAGAGGACA
D16S408 TGTAACCTTGTGTGCATCCT CACTCTTATCCCAGGAACCC
D16S514 CAATTCCTTGATGCTACCAT CTTGTCTAGTGGCTGGAATA
D1683143 GCTACTGAGGAAACCTTATCC GGCCATTACAGGAAGTGC

Primers of D16S3068 were purchased from the ABI PRISM Linkage Mapping Sets LMS (Applied Biosystems, Foster City, CA)

additional markers (AC007353-M1, AC092368-M1,
and AC092721-M3) that were designed by us
according to the human genome sequence (http:/
genome.cse.ucsc.edu/). Sample DNA was polymerase
chain reaction (PCR) amplified for each marker locus
with  fluorescence-labeled primers. PCR  was
performed on DNA Thermal Cycler Model 9700
(Applied Biosystems, Foster City, CA) in a 10-pl
reaction mixture containing 1xPCR buffer (Takara
Bio, Otsu, Japan), 200 uM each of dNTP, 0.5 uM
each of primer, 10 ng DNA, and 0.25 units ExTaq
DNA polymerase HS-version (Takara Bio, Otsu,
Japan) under the conditions of denaturation at 94°C
for 2 min, 35 cycles of 94°C for 30 s, 58°C for 30,
and 72°C for 1 min, and final extension at 72°C for
7 min. PCR products were run on an auto-sequencer
Model 3100 (Applied Biosystems, Foster City, CA).
Allele sizes were analyzed by GeneScan and Geno-
typer software (Applied Biosystems, Foster City, CA)
to determine the genotypes.

Mutation analysis

We performed PCR-based mutation analysis of the
seven representative patients with typical features of
_ PKC. Sequences examined for mutations among the
seven patients included those of 1,371 coding exons,
excluding the 3’-UTR and 5-UTR in 117 genes,
located at the PKCCR between DI16S53093 and
D16S416 (Table 1). The analysis in five families
(Families A and C-F) was expanded to an additional
192 exons of 40 other genes, whereas because of
depletion of genomic DNA, an expanded analysis was
not done in the remaining two families. Thus, a total of
1,563 -exons in 157 genes were analyzed for mutation
(primer sequences are available on request).

Q_) Springer

Real-time quantitative PCR

We performed real-time quantitative PCR in six rep-
resentative patients from Families A and C-G. Six
pairs of primers and TagMan probes were designed for
exons 1, 6, and 13 of SCNNIG, and for exons 1, 16, and
30 of ITGAL. PCR was carried out in a 10-pl reaction
mixture containing 5 pl of 2xTagMan Universal PCR
Master mix (Applied Biosystems, Foster City, CA),
0.4 pM each of primer, a 0.2-uM probe, and 10 ng
DNA under the conditions of 2 min at 50°C, 10 min at
95°C, 40 cycles of 15 s at 95°C, and 1 min at 60°C, with
a 7900HT Sequence Detection System (Applied
Biosystems, Foster City, CA).

Results

The haplotype analysis showed that all affected indi-
viduals in the four new families share an allele at each
locus examined between DI16S3131 and D16S408
(Fig. 2). One end of the shared region was defined by a
recombination between DI16S3131 and D16S3093 in
individual III-3 in Family A, and the other end by a
recombination between DI16S5I4 and D16S408 in
individual II1-1 in the same family. These results
defined a minimum PKCCR in the four new families
within an approximately 24-cM segment between
D16S3131 and D16S408. Therefore, the present link-
age/haplotype analysis did not contribute to narrow
down the previously defined PKCCR.

Among a total of 1,563 exons of 157 genes analyzed,
we detected 243 base alterations in the seven
representative patients (Fig. 3), 36 of which were base
substitutions in coding regions and have not been re-
ported in the dbSNP database (http://www.ncbi.nlm.-
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Fig. 2 Haplotype analysis of the four new PKC families (Families A-D). The numbers in boxes represent putative disease haplotypes.

The heavy short lines indicate recombination sites

nih.gov/SNP/). Seven of the alterations in six genes were
nonsynonymous substitutions resulting in amino-acid
substitutions (Table 2). Five of such nonsynonymous
~ substitutions in four genes were observed both in some
patients and among 100 normal control individuals. The
remaining two, i.e., 6186C>A in exon 3 of SCNNIG (the
gene for sodium channel, nonvoltage-gated 1, gamma)
and 45842 A>G in exon 29 of ITGAL (the integrin alpha
L precursor gene), observed in Families C and F,
respectively, were not observed among more than 400

Fig. 3 Classification of 243
base alterations in 157
candidate genes. Information
of the newly found single
nucleotide polymorphisms
(SNPs) is shown in Table 2.
None of the novel intronic
SNPs are located at any of the
acceptor or donor splice sites

243

Base alterations —

normal controls. The real-time quantitative PCR anal-
ysis did not detect a duplication or a deletion within the

_ two genes. Of the 35 intronic base changes we identified

in the seven patients, none were located at the acceptor
or donor splice sites (Fig. 3).

G-banding chromosome analysis at the 400-band
level and C-banding analysis revealed that all five
patients from Families B-D, F, and G had a normal-
sized heterochromatin block on chromosome 16 with-
out an inversion (data not shown).

SNPs reported in
the dbSNP database -
— Exonic changes Nonsynonymous substitutions
129 7
ovel SNPs Synonymous substitutions
29
Substitutions in 5-3' UTR
4
SNPs reported in
the dbSNP database
79
L Intronic changes.
114
Novel SNPs
35
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Table 2 List of genes for mutation analysis in the PKC patients, and novel SNPs identified, their positions, nucleotide changes, and
amino acid changes

Gene E/1 SNP definition AA Gene E/1 SNP definition AA Gene E/1 SNP definition AA
HS3ST2* ASPHD1 El1 515insTGG ITGAX*
SCNN1G* E3 6185G>T Y241Y KCTD13* )vi INV2-74A>T ITGAD* 55U 5'U-13G>C*
E3 6186C>A © P242T LOC124446 E2 943CT G33G
SCNN1B* TAQOK2* 17 INV7+38C>T
UBPH* HIRIP3* E8 14188A>G R246R
NDUFAB1* CCDC95 E8 14253A>G Y268C
PRKCB1* El 79C>A R27R DOC2A* 9 INV1043G>A
115 INV15+85G>T FAMS7B 12 INV2+66G>T E16 19819A>G S644G
CACNG3* ALDOA* 117 INV17+139G>A
TNRC6A* El SU-12079T>A PPP4C* El1 5U-355-347del{(CGG)3 119 INV19+71C>T
E21 33511C>T H1551H TBX6* 127 INV27+487G>A
SLCSA11* n 5U-12193T>C YPEL3* ARMCS* .
2 INV2+6C>G GDPD3 TGFB111* Es 753C>T P119S
IS INV5-30G>A MAPK3* SLC5A2*
15 INV5465T>C CORO1A* Cl6orfs8* IS INVS5+53G>A
LCMT1* SULT1A3* ERAF* 33U 3U+S70T>C
ILAR* 3 INV3+72T>A CD2BBP2* 11 INV1+493C>T MGC3020*
E11 22448T>C LA33L TBC1D10B* ZNF720*
IL21R* 14 INV4+51C>T MYLPF IS INV5+27G>A ZNF267
GTF3C1* SEPT1* TPS3TG3* E3 1232insG
KIAA0556* 116 INV16+44T>C ZNF553 E2 2434G>A T326T  FLJ4385S
E18 204044A>G Q1198Q ZNF771 POL3S
GSGIL* . XTP3TPA* FLJ46121
XPO6* 19 INV9+31insT SEPHS2* FLJ43980 El S'U-15C>G
115 INV15+23G>C ITGAL* El 5U-86C>T SHCBP1* E5 12986C>T N204N
E16 69120T>C N740N E29 45842A>G K1063R VPS35*
SBK-1 ZNE768 ORC6L E6 6328A>G V193V
LOC440350 ZNF747 MLCK*
LOC440348 ZNF764 LOC388272*
CLN3* 112 INV12+36C>T ZNF688 GPT2*
E15 14138A>G H404R  ZNF785 DNAJA2*
APOB48R* : ZNF689 NETO2# 13 INV3.-34G>A
1L27* 5 INV5-12C>T PRR14 ITFG1 *
NUPRI1* FBS1* PHKB* 128 INV28+37C>T
CCDC101* SRCAP* ABCC12*
SULTIA2* PHKG2* ABCC11*
SULT1A1* LOC90835 LONPL*
EIF3S8* E16 20499C>T P725P RNF40* SIAH1
ATXN2L* 113 INV13+55G>A BCL7C* N4BP1*
TUFM* CTF1* CBLN1*
SH2B* LOC283932 FLJ44674 El 3'U+905C>G -
ATP2A1* FBXL19* Cl60rf78* El 45G>A K15K
RABEP2* 3 INV4-56C>T TMEM142C . 13 INV3+27A>G ’
CD19* E4 1379G>T P206P SETD1A* ZNF423 *
SPIN1* E7 6897C>T S3198 HSD3B7* Cl6orf69
17 INV74278Cdel STX1B2* HEATR3 * 111 INVI11-44A>G
) 33U  3'U+9285C>A* STX4A* 18 INVE+55C>A PAPDS* |
LAT E7 1259G>A Al120A 18 INV8+65C>T ADCY7* E22 24951T>C Y875Y
BOLA2 ZNF668 BRD7* 19 INV9-26insT
GDYD1* ZNF646* 11 5'U-108T>G El16 48481G>A T570T
SPN* E2 2722G>C G907A NKD1*
QPRT* VKORCI1* U 3U+3730G>C? SLIC1*
Cl6orf54 BCKDK* CARDI15*
" KIF22* 112 INV12+70A>G MYST1* CYLD* E17 43909C>T D80SD
MAZ* PRSS8* E3 2163C>T V46V SALLI1*
PRRT2 PRSS36 ' FTS*
MVP* E10 11504C>T D525D FUS* CAPNS2*
Cl6o0rf53 - "TRIM72 SLC6A2*
CDIPT* PYCARD* GNAO1*
PSK-1* PYDCI* CNGB1* E22 51134C>T N725N
ITGAM* 12 INV2+11T>C

A total of 75 SNPs not reported in the dbSNP database were found in this study
Four SNPs found in 5-UTR or 3-UTR happened to be included in the sequenced regions
*Analyzed in seven representative patients: E/I=exon or intron; A A=inferred amino acid change from nonsynonymous SNP; U=sUTR
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Fig. 4 The PKC-critical M Markers
region (PKCCR) summarized
by five mapping studies 05 T D163403
(Tomita et al. 1999; Bennett
et al. 2000; Swoboda et al. 23
2000; Cuenca-Leon et al. 1.4 —T—D168401
2002, present study), as well " —D1653068 D1653133 Swoboda
as a seemingly second PKC 16p_ Tomita et al. etal. [2000]
N [1999) Bennet et al Cuenca-Leon
locus (EKD?2) by Valente present study nnet etal. et al. [2002]
et al. (2000). The location of 12 —1—D1683131 (20c0] _—
markers and intermarker ——D16S3093
distances are from the '
Généthon map (Dib et al.
1996) 54
—+—D1653100 D1683145
—— AC007353 - M1
cen
05 L Ac092368 - M1
—— AC092721 - M3
1.4 —]—D16S517 D16S3081
——D16S3105 D16S411
22
——D1653080
—D1653136
32 —1— D1653396 —
—1—D165416 —_
2.4
13 —T—D168415
16q
66 —— D16S7T1 E—
—4—D168408 — |
55
—1—D16S3143
28
01 T D680
25 1 __ GATA140E3 Valente et al. (2000} _ 1

Table 3 List of exons that
have not been sequenced in
the mutation analysis

Gene Exon

COX6A2 Exon?2, Exon3

MAZ Exon 1, Exon 2,
Exon 3

VPS35 Exon 9, Exon 10,
Exon 11

SULTIAI Exon 7

SALLI1 Exon 2

MGC2474 Exon 2
FLJ43855 Exon 5, Exon 7,
Exon 9

Discussion

The PKCCR was assigned to a segment between
D1653093 and DI16S416 in eight Japanese families
(Tomita et al. 1999). It was also mapped between
D1653100 and D16S771 in an Afro-Caribbean family
(Bennett et al. 2000), between DI68S313]1 and

D1683396 in 11 families of diverse ethnicity (Swoboda
et al. 2000), between DI165S3145 and GATAI40E03 in
a Spanish family (Cuenca-Leon et al. 2002), and a 24-
cM segment between D1653131 and D165408 in the
present study (Fig. 4). Thus, the shortest region of
overlap (SRO) did not become narrower than a 12.4-
cM segment detected by Tomita et al. (1999). Valente
et al. (2000) assigned a form of PKC (a second PKC
locus, EKD?), in an Indian family, to a segment be-
tween D165S416 and D165503, the region distinct from
those mapped by Tomita et al. (1999) and by Swo-
boda et al. (2000). Furthermore, two other clinical
entities, ICCA and BFIC2, were assigned to a region
encompassing the centromere of chromosome 16 (Lee
et al. 1998; Hattori et al. 2000; Swoboda et al. 2000;
Caraballo et al. 2001; Weber et al. 2004). Since all of
these loci were confined to a relatively small region, it
is likely that all of these paroxysmal movement dis-
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orders actually belong to one disorder and are allelic,
as suggested previously (Tomita et al. 1999).

We searched for mutations in almost all protein-
coding genes mapped at the PKCCR. In addition, we
also analyzed four ion-channel-related genes
(CACNG3, SCNNI1B, SCNNI1G, and CNGBI), albeit
located outside the PKCCR, since many episodic
neurologic disorders, such as muscle diseases, epilepsy,
and movement disorders, are known as ion-channel

- abnormalities (Bhatia et al. 2000). However, 14 coding
exons in seven genes (Table 3) were not analyzed
because of difficulties in PCR-amplification.

In the present study on a total of 157 genes, we
failed to identify any causative mutations that can
explain PKC in all of the seven families examined.
However, two nonsynonymous substitutions, 6186C>A
in exon 3 of SCNNIG and 45842A>G in exon 29 of
ITGAL, which were co-segregated with PKC in Fam-
ilies C and F, respectively, which were not found in
normal control individuals, might be implicated in
PKC. In other words, they were not able to be totally
ruled out from the candidacy for PKC. It thus remains
to be investigated whether another mutation in either
gene is found in other PKC families.

Although the mapping of PKC was successful in at
least nine studies, causative mutations have been
uncovered. This may imply that PKC is caused by
aberrations other than exonic mutations, such as a
deletion or insertion, in the promoter regions, includ-
ing the 5-UTR or 3'-UTR. However, there is still a
possibility for usual exonic mutations in a novel gene
not annotated in public databases. As PKC itself is,
generally, a viable disorder with which patients may
show high reproductive fitness, such a mutated allele
may be transmitted through many generations. A
chromosomal rearrangement is another possibility.
The pericentromeric region of chromosome 16 has a
large heterochromatin (C-band) block that contains
several duplicated regions, through which, frequent
chromosomal rearrangements occur (Loftus et al.
1999). It remains also to be seen whether PKC patients
within a family share such a variant.
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