of autosomal recessive diseases that manifest in the offspring of
consanguineous relationships.

In conclusion, we rapidly identified a nonsense mutation in
MCT8 in a family with X-linked leucoencephalopathy using
only a single lane of exome sequencing. This method is powerful
for unbiased screening of disease-related mutations in X-linked
or recessive conditions.
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Hypomyelination with atrophy of the basal ganglia and
cerebellum in an infant with Down syndrome
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List of key features
Hypomyelination

Atrophy of the basal ganglia
Atrophy of the cerebellum

Introduction :

Hypomyelination with atrophy of the basal ganglia and
cerebellum (H-ABC) is a rare childhood-onset leuko-
encephalopathy and is diagnosed on the basis of MRI
findings including hypomyelination of the cerebral white
matter, atrophy of the basal ganglia, and cerebellum,
accompanied by progressive pyramidal/extrapyramidal
movement disorder and cognitive deficiency (Van der
Knaap ez 2/, 2002). So far, 19 H-ABC patients have been
reported in the literature (Matta and Ribas, 2007; Van der
Knapp ¢ a/., 2007). However, the genetic background of
H-ABC and its diagnostic index marker and treatment
regimen are not defined. We report the clinical, neuro-
logical, and genetic findings in the first case of Down
syndrome with H-ABC.

Clinical summary

The patient was a 21-month-old Japanese boy born at
40 weeks of gestation as the first child to healthy
nonconsanguineous parents. At 22 weeks of gestation, the
mother was administered valacyclovir hydrochloride
therapy for chicken pox. His birth weight, height, and
head circumference were 3534 g (90th percentile), 51 cm
(90th percentile), and 32.5cm (25th percentile), respec-
tively. He presented with hyperbilirubinemia, ventricular
septal defect, and muscular hypotonia. Cytogenetic
analysis showed a 47, XY, + 21 karyotype.

At the age of 5 months, he developed nystagmus and his
eyes were unable to follow a moving object. At the age of
8 months, he presented with truncal hypotonia accom-
panied by bouts of opisthotonus, and limb hypertonia.

0962-8827 © 2011 Wolters Kluwer Health | Lippincott Williams & Wilkins

41

Correspondence to Yoko Narumi, MD, PhD, Department of Medical Genetics,
Shinshu University School of Medicine, 3-1-1 Asahi, Matsumoto 390-8621,
Japan

Tel: +81 263 37 2618; fax: +81 263 37 2619;

e-mail: ynarumi@shinshu-u.ac.jp

Received 21 July 2010 Accepted 2 March 2011

A brain MRI carried out at the age of 8 months showed
hypoplasia of the cerebellar vermis and pons (Fig. 1a),
diffuse hypomyelination of the cerebral white matter,
a small caudate nucleus, and a barely visible putamen
(Fig. 1b). A second brain MRI at the age of 14 months
showed slightly advanced atrophy of the basal ganglia but
no progression of myelination. These findings were
consistent with the diagnosis of H-ABC.

The results of the routine hematological investigations
and cerebrospinal fluid analysis were normal. Serum
levels of neopterin and biopterin, amino acid analysis, and
the cerebrospinal fluid levels of neopterin and biopterin
were unremarkable.

Genetic analysis using a 385k oligonucleotide microarray
(Roche NimbleGen, Inc., Madison, Wisconsin, USA) was
carried out with DNA extracted from leukocytes. Apart

Fig. 1

(a) Mid-sagittal T1-weighted image at the age of 8 months shows that
the pons (arrow) and cerebellar vermis (arrow head) are somewhat

hypoplastic. (b) Axial T2-weighted image at the age of 8 months shows
that a mild dilatation of the lateral ventricles, the diffuse cerebral white
matter hypomyelination, no visible putamen (arrow), and small caudate
nucleus, almost lacking the normal low T2 signal intensity (arrow head).

DOI: 10.1097/MCD.0b013e32834659a8



from the duplication of chromosome 21, the array
comparative genomic hybridization (CGH) showed no
copy number abnormalities.

Administration of diazepam and levodopa/carbidopa hy-
drate at the age of 8 and 10 months, respectively, had
no favorable effect. After administration of dantrolene
(40 mg/day) at the age of 16 months, opisthotonus and limb
hypertonia improved gradually, however, the patient had
attained no head control even at the age of 21 months.

Discussion

We report a 21-month-old boy with Down syndrome and
H-ABC. MRI findings showed hypomyelination and
atrophy of the basal ganglia and cerebellum; truncal
hypotonia with bouts of opisthotonus and limb hypertonia
was also observed.

Down syndrome is characterized by various clinical
features, including hypotonia, cognitive deficiency, and
visceral malformations. However, neither leukoencepha-
lopathy nor atrophy of the basal ganglia and cerebellum
has been reported earlier in Down syndrome. Compared
with healthy individuals, patients with Down syndrome
have a reduced cerebellar volume, whereas their basal
ganglia are relatively normal (Lott and Dierssen, 2010).

The previously reported 19 patients with H-ABC showed
initial clinical manifestations between the ages of 2
months and 3 years. Of these 19 patients, seven could not
walk with or without support and one did not achieve
head control (Matta and Ribas, 2007). Our patient
showed initial clinical manifestations in middle infancy
and did not achieve head control at the age of 21 months.
He seemed to show characteristics of severe H-ABC.

The genetic background of H-ABC has not been
determined. All the previously reported patients were
sporadic cases and chromosome analyses and gene tests in
several disorders associated with diffuse hypomyelination
did not show genetic abnormalities. Van der Knapp ¢ &/.
(2007) hypothesized that the mode of inheritance in
H-ABC may be autosomal recessive or dominant manner
with de novo mutations. :
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Owing to its relatively high prevalence, Down syndrome
occasionally occurs in association with other syndromes
(Vis et al., 2009). Down syndrome and H-ABC might have
occurred by coincidence in our patient. The alternative
hypothesis is that submicroscopic copy number change,
especially in chromosome 21, might be associated with
H-ABC. Thus, we carried out array CGH analysis;
however, except for trisomy 21, no aberration was found.
Nevertheless, there is no denying that other genetic
factors that are undetectable in array CGH may be
associated with H-ABC. Further investigations involving
genetic analysis of disorders associated with diffuse
hypomyelination should be conducted. The observed
association between Down syndrome and H-ABC may be
a coincidence, which might be established with further
studies.

We report the first case of a patient with Down syndrome
and H-ABC. Down syndrome patients occasionally
develop brain abnormalities such as Alzheimer’s disease
(Lott and Dierssen, 2010). Although Down syndrome
patients usually show some degree of developmental
delay, atypical features such as opisthotonus or limb
hypertonia seen in our patient suggest that the further
investigations, such as brain MRI, are warranted.
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De novo mutations in epilepsy

Ohtahara syndrome and West syndrome are considered to be
a continuum of early-onset epileptic encephalopathies,
because the majority (75%) of Ohtahara syndrome cases
evolve into West syndrome. Brain malformations are fre-
quently associated with Ohtahara syndrome and West syn-
drome. The presence of cryptogenic cases suggests genetic
factors may also be involved. However, most cases of these
syndromes are sporadic, probably because of their poor clini-
cal outcomes with severe psychomotor impairment.

De novo copy number variations (CNVs) and mutations are
major causes of sporadic traits." Their occurrence has been
estimated to be 1.7 x 107° per locus and 2.2-4.0 x 1078 per
nucleotide in a diploid embryo respectively, suggesting that an
average newborn is expected to acquire approximately 0.86
amino acid altering mutations, and that de novo CNVs are
more frequent than de novo mutations.'” Increased availabil-
ity of genomic microarrays, such as array comparative geno-
mic hybridization, has facilitated the detection of de novo
CNVs in which disease-causative genes may reside.

We have recentdy identified two disease-causative genes
(STXBPI for Ohtahara syndrome and SPTANI for a type of
West syndrome) through identification of a de novo micro-
deletion at 9933.3-q34.11 in one of four individuals (partici-
pant 1) with early-onset West syndrome with severe cerebral
hypomyelination.*® Among more than 40 genes within the
deletion, we focused firstly on STXBPI, because it is involved
in synaptic vesicle release and has brain-specific expression in
both rodents and humans. Participant 1 was initially diagnosed
with Ohtahara syndrome, which progressed to West syn-
drome at 3 months of age. STXBPI screening in other
patients with Ohtahara syndrome with no brain anomalies led
to the identificaion of four missense mutations, indicating
that mutations in STXBPI cause cryptogenic Ohtahara syn-
drome.* To date, STXBPI abnormalities have been found in
19 out of 55 individuals (34.5%) with cryptogenic Ohtahara
syndrome (including unpublished data).” Seventeen out of 19
deletions or mutations were confirmed as de novo events. The
remaining two included an inherited mutation from the
somatic-mosaic father, and an unconfirmed mutation due to
unavailability of paternal DNA. Moreover, the clinical spec-
um of STXBPI mutations has been shown to be broader.
Aberrations of STXBPI were found in six out of 106 patients
with early-onset epileptic encephalopathies (five muta-
tions/deletions occured de novo).® Of note, the initial pheno-
type of five patients with STXBPI aberrations did not fit into
either Ohtahara syndrome or West syndrome.® Furthermore,

*North American usage: mental retardation.
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two de novo STXBP1 mutations were also found in two out of
95 individuals with learning disability* and non-syndromic
epilepsy.” These findings indicated that CNV and mutation
screening in STXBPI should be considered in children with
early-onset seizures.

Were there STXBPI mutations in the remaining three
participants with early-onset West syndrome with severe cere-
bral hypomyelination? We could not find any STXBP] abnor-
malities in two of the remaining three participants (one was
unavailable). While most patients with STXBPI mutations
showed normal myelination, participant 1 additionally showed
severe hypomyelination of the cerebral cortex and a thin cor-
pus callosum at 12 months of age.” Therefore we hypothe-
sized that another gene within the deletion may contribute to
severe hypomyelination in participant 1. The SPTANI gene
encoding o-IT spectrin appeared to be a primary candidate
because zebrafish «-II spectrin mutants showed impaired mye-
lination, and de novo in-frame mutations in SPTANI were
identified in the remaining two participants, suggesting that
mutauons in SPTANI cause early- -onset West syndrome with
severe hypomyehnauon Our 1denuﬁcat10n of two disease
genes from one de novo' deleuon in a single case may be a rare
event; however, it should be emphas1zed that careful evalua-
tion of clinical and molecular data in detail may reveal occult,
yet important, findings.

In addition to STXBPI and SPTANI, de novo mutations in
SCN1A, CDKLS, and ARX genes have been reported in early-
onset epileptic encephalopathies. Thus, it is likely that de novo
mutations of known and unknown causative genes are a com-
mon cause of early-onset epileptic encephalopathies, which
mostly occur sporadically. Recent progress in massively paral-
lel DNA sequencing enables us to rapidly detect point muta-
tons, and de novo mutations could be systemically identified
by family-based exome sequencing (using trios: one patient
and parents).'® Together with genomic microarray, exome
sequencing is likely to be provided as a clinical service in the
near future, and will undoubtedly demonstrate important roles
of de novo CNVs and mutations in early-onset epileptic
encephalopathies.

HIROTOMO SAITSU
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Department of Human Genetics, Graduate School of Medicine, Yokohama City
University, Yokohama, Japan.
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Exome sequencing of two patlents in a famﬂy
with atypical X- linked 1eukodystrophy

Tsurusaki Y, Okamoto N, Suzuki Y, Doi H, Saitsu H, Miyake N, :
Matsumoto N. Exome sequencing of two patients in a family w1th atyp1ca1
X-linked leukodystrophy. :

Clin Genet 2011: 80: 161-166. © John Wiley & Sons A/S, 2011

We encountered a family with two boys similarly showing brain atrophy ,
with reduced white matter, hypoplasia of the brain stem and corpus
callosum, spastic paralysis, and severe growth and mental retardation
without speaking a word. The phenotype of these patients was not
compatible with any known type of syndromic leukodystrophy Presummg
an X-linked disorder, we performed next-generation sequencing (NGS) of
the transcripts of the entire X chromosome. A single lane of exome NGS
in each patient was sufficient. Six potential mutations were found in both
affected boys. Two missense mutations, including ¢.92T>C (p.V31A) in
LICAM, were potentially pathogenic, but this remained inconclusive. The
other four could be excluded. Because the patients did not show adducted
thumbs or hydrocephalus, the LICAM change in this family can be
interpreted as different scenarios. Personal genome analysis using NGS is
certainly powerful, but interpretation of the data can be a substantial
challenge requiring a lot of tasks.
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Focused/selected gene and genomic characteriza-
tion has usually been carried out in clinically
homogeneous groups of multlple affected sam-
ples to make identification of genetic abnormalities
more efficient. Microarrays and next-generation
sequencing (NGS) have provided new avenues
for human genetic research (1-6). Using such
new technologies, researchers are able to ana-
lyze small numbers of patients on a genome-wide
scale. Even very rare cases (such as when only
a few compatlble patients are available or atypi-
cal patients showing no similar phenotypes) can
be realistic targets of genetic research, as the new
technologies can identify aberrations in a single
gene from within' virtually the whole genome;
this could not be achieved with convenuonal
techniques.

We encountered a family with two affected
males showing atypical leukodystrophy. The phe-
notype of these patients did not match any known
type of syndromic leukodystrophy. Because we
presumed that abnormality of an X-linked gene
caused the atypical leukodystrophy in this family,
we performed exome sequencing of most of the
X-chromosome transcripts and identified an unex-
pected gene mutdtion in these patients.

Materials and methods
A family with atypical X-linked leukodystrophy

Two brothers, II-1 currently ‘aged‘ 19 years and
[I-2 currently aged 17 years, who have unrelated
healthy parents, presented with similar clinical
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(a)
|
]

Fig. 1. Clinical features of the family. Familial pedigree (a).
Brain magnetic resonance imaging (MRI) (b: T1-weighted
image, c¢: T2-weighted image, d: Tl-weighted image) of
individual II-1 at 16 years old showing hypoplasia of the white
matter, the brain stem and the corpus callosum. Brain computed
tomographic (CT) images of individual II-1 at 19 years old
(e) indicating a thick calvarium with enlarged frontal sinus as
well as calcification of the choroid plexus in the atrophic brain.
Brain MRI (f: T2-weighted image, g: T1-weighted image) of
individual II-2 at 2 years old, also displaying hypoplasia of the
white matter. Brain CT image of individual II-2 at 5 years old
(h), also showing a thick calvarium.

features. Their mother did not show any neuro-
logical abnormalities (Fig. 1a).

Patient II-1

Patient II-1’s birth weight was 2840 g at 40 weeks
of gestational age. He had congenital nystagmus.
He sat unsupported at 7 months old but after this
his developmental milestones were delayed. He
could creep at 18 months old. Spastic paralysis,
especially in the lower extremities, became appar-
ent. He was unable to stand unsupported. His
mental development was severely delayed, and he
needed special education from elementary school.
He had suffered generalized epileptic seizures
since he was 10 years old. He was confined to a
wheelchair. He had severe mental retardation with-
out speaking a word. His developmental quotient
(DQ) at 9 years old was 19 by the Japanese stan-
dard method. Severe growth retardation [143 cm
(<3%), 24 kg (<3%), occipitofrontal head cir-
cumference 49 cm (<3%) at 19 years] was also
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noted. He did not have dysmorphic features. Blood
analysis revealed microcytic anemia [hemoglobin
(Hb) 13.4 g/dl, mean corpuscular volume (MCV)
(of red blood cell) 70.4 fl (normal: 89-99 f1), mean
corpuscular hemoglobin (MCH) (of red blood cell)
23.1 pg (normal: 29-35 pg)] without any evi-
dence of hemolysis or iron deficiency. Hormonal
examination indicated that the levels of luteiniz-
ing hormone, follicle-stimulating hormone, and
thyroid-stimulating hormone were all low [0.9
mlU/ml (normal: 1.2-8.0 mIU/ml), 2.5 mIU/ml
(normal: 2.3-15.1 mIU/ml), <0.01 uIU/ml (nor-
mal: 0.5-5.0 pIU/ml), respectively]. He showed
delayed puberty with small testes. Pubic hair only
appeared at 17 years old. His bone age at 18 years
old was 12.6 years (67%). Brain magnetic res-
onance imaging (MRI) at 16 years old revealed
brain atrophy associated with reduced white matter
and hypoplasia of the brain stem and the cor-
pus callosum (Fig. 1b—d). No hydrocephalus or
adducted thumb was observed. Brain computed
tomography (CT) at 19 years old showed a thick
calvarium with enlarged frontal sinus as well as
calcification of the cerebellar tentorium and the
choroid plexus (Fig. le).

Patient -2

Patient II-2’s birth weight was 2910 g at 37
weeks of gestational age. Developmental delay
was apparent since he was 10 months old. Spas-
tic paralysis (especially in the lower extremi-
ties), confinement to a wheelchair, severe men-
tal retardation without speaking a word (DQ =5
at 17 years old), and severe growth retardation
[130 cm (<3%) and 27 kg (<3%) at 17 years]
were phenotypes shared with his brother (II-1).
Blood analysis revealed microcytic anemia (Hb
12.0 g/dl, MCV 61.1 i, MCH 19.0 pg) without
any evidence of hemolysis or iron deficiency. Hor-
monal examination indicated that the levels of
luteinizing hormone, follicle-stimulating hormone,
and thyroid-stimulating hormone were relatively
low (1.9 mIU/ml, 4.2 mIU/ml, <0.23 plU/ml,
respectively). He also showed delayed puberty
with small testes. Pubic hair appeared only at
17 years old. His bone age at 17 years old was
11 years (65%). Brain MRI at 2 years old revealed
brain atrophy associated with reduced white matter
and hypoplasia of the brain stem and corpus cal-
losum (Fig. 1f,g). Brain CT at 5 years old showed
a thick calvarium (Fig. 1h). No hydrocephalus or
adducted thumb was observed. Most of the clinical
features were similar to those of his brother except
for the absence of nystagmus in patient II-2.



Genome-wide SNP genotyping

Genome-wide single-nucleotide polymorphism
(SNP) genotyping was performed on individuals
I-2, II-1, and II-2 using a GeneChip™ Human
Mapping 10K Array Xba 142 2.0 (Affymetrix,
Inc., Santa Clara, CA), according to the manu-
facturer’s protocols. Mendelian error in the pedi-
gree to exclude conflicted SNPs was checked
using Gcos 1.2 (GeneChip Operating Software;
Affymetrix) and batch analysis in GTYPE 4.0
(GeneChip Genotyping Analysis Software; Affy-
metrix), with the default setting for the mapping
algorithm. The linked region, with SNP geno-
types shared between individuals II-1 and II-2, was
checked manually.

Genomic partitioning, short-read sequencing,
and seqguence alignment '

Three micrograms of genomic DNA from the
affected brothers (II-1 and II-2) was processed
using a SureSelect X Chromosome test kit (1582
transcripts covering 3053 kb) (Agilent Technolo-
gies, Santa Clara, CA), according to the manufac-
turer’s instructions. Captured DNAs were analyzed
using an [llumina GAIIx (Illumina, Inc., San
Diego, CA). We used only one of the eight lanes
in the flow cell (Illumina) for paired-end, 76-bp
reads per sample. Image analysis and base-calling
were performed using sequence control software
(SCS) real-time analysis and off-line BASECALLER
software v1.8.0 (Illumina). Reads were aligned
to the human reference genome (UCSC hgl9,
NCBI build 37.1) using the ELANDv2 algo-
rithm in cASAVA_v1.7.0 (Illumina). The ELANDv2
algorithm can align 100-bp reads to a reference
sequence and split the reads into multiple seeds.

Mapping strategy and variant annotation

Approximately 57.5 million reads from individ-
ual II-1 and 71.1 million reads from individual
II-2 that passed the quality control (Path Filter)
were mapped to the human reference genome using
mapping and assembly with quality (MAQ) (7)
(Fig. 2). MAQ was able to align 51 720 952 and
65 990 660 reads to the whole genome for indi-
viduals II-1 and II-2, respectively; these were then
statistically analyzed for coverage using a script
created by BITS Co., Ltd. (Tokyo, Japan). SNPs
and insertions/deletions were extracted from the
alignment data using an original script created by
BITS Co., Ltd., along with information on the reg-
istered SNPs (dbSNP 131). A consensus quality
score of 40 or more was used for the SNP anal-
ysis in MAQ. SNPs in MAQ-passed reads were
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annotated using the SeattleSeq website (http://gvs.
gs.washington.edu/SeattleSeqAnnotation/).  Vari-
ants found by each informatics method were
selected in terms of location on chromosome X,
unregistered variants (excluding registered SNPs),
variants in known genes, variants in coding
regions, variants excluding synonymous changes,
and variants - with an allele frequency of at
least 90% (assuming a homozygous mutation).
NEXTGENE software v2.0 (SoftGenetics, State Col-
lege, PA) was also used to analyze the reads, with a
default setting. Variants found by both of the infor-
matics methods were selected. The variants found
in common between individuals II-1 and II-2 were
focused on, and confirmed as true positives by
Sanger sequencing of polymerase chain reaction
(PCR) products amplified from patient genomic
DNA, except for variants within genes at seg-
mental duplications. The pathological significance
of the variants was evaluated using four different
websites: POLYPHEN (Polymorphism Phenotyping;
http://genetics.bwh.harvard.edu/pph/index.html),
POLYPHEN-2 (http://genetics.bwh.harvard.edu/
pph2/index.shtml), sier (http://sift.jcvi.org/) (out-
put values less than 0.05 are deleterious), and
MUTATIONTASTER (http://neurocore.charite.de/
MutationTaster/).

Capillary sequencing

Possible pathological variants were confirmed
by Sanger sequencing using an ABI 3500x1
or ABI3100 autosequencer (Life Technologies,
Carlsbad, CA), following the manufacturer’s pro-
tocol. Sequencing data were analyzed. using
SEQUENCHER software (Gene Codes Corporation,
Ann Arbor, MI).

Expression studies

The relative mRNA levels of TMEMI87 in
cDNA of various fetal and adult human tissues
(Human MTC™ Panel I and Human Fetal MTC™
Panel; Clontech, Mountain View, CA) were deter-
mined by quantitative real-time reverse transcrip-
tion—polymerase chain reaction (RT-PCR) using
TagMan gene expression assays (Hs01920894_s1
for TMEM187 and Hs00357333_g1 for B-actin as
a control) (Life Technologies).

Results and discussion

Our coverage analysis indicated that for individu-
als II-1 and I1-2, 79.2% and 78.8%, respectively, of
the entire X-chromosome coding sequence (CDS)
were completely covered, and 88.5% and 88.5%,
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Fig. 2. Flow of informatics analysis. A MAQ-based method and NextGENe analysis were performed in individuals II-1 and
II-2. The selection methods employed included variants compared with the human genome. reference sequence, variants mapped
to chromosome X, unknown variants [excluding registered single-nucleotide polymorphisms (SNPs)], variants in known genes,
variants in coding regions, variants excluding synonymous changes, and variants common to the two informatics methods. Finally,
the nucleotide changes in common between individuals II-1 and II-2 were focused on as potentially pathogenic mutations. True
positive changes were confirmed by capillary sequencing of polymerase chain reaction (PCR) products amplified from genomic

DNA.

respectively, of the CDS were at least 90% cov-
ered by reads. Using a single lane of sequencing
per sample, -the coverage with 20 reads or more
comprised 89.6% and 89.7% of the CDS, and
that with 100 reads or more comprised 87.6%
and 89.7% of the CDS in individuals TI-1 and
II-2, respectively. SNP genotyping indicated that
the region from rs727240 to rs721003 (UCSC
genome browser hgl9 assembly, chromosome X
coordinates: 22131639-54454152; 32.2 Mb) was
unlinked to the phenotype. Exome sequencing
using two informatics methods successfully iden-
tified six potentially interesting changes as true
positives in the linked region: FAMI23B (Ref-
Seq Gene ID NM_152424): ¢.85G>A (p.A29T),
FRMD7 (NM_194277): c.875T>C (p.L292P),
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LICAM (NM_000425): ¢.92T>C (p.V31A), TME
M187 (NM_003492): ¢.334G>A (p.A112T), FLNA
(NM_001110556): c.1582G>A (p.V528M), and
LAGE3 (NM_006014): ¢.395G>A (p.R132Q).
The ¢.92T>C (p.V31A) variant in LICAM was
previously found in a patient with Hirschsprung
disease, acrocallosal syndrome, and congenital
hydrocephalus (8). LICAM mutations cause a
wide variety of clinical phenotypes: hydrocephalus
due to stenosis of the aqueduct of Sylvius (MIM
#307000), MASA syndrome (mental retardation,
aphasia, shuffling gait, adducted thumb; MIM
#303350), and X-linked agenesis of the corpus
callosum (MIM #217990). Phenotypic variability,
even within a family, has been noted, raising the
caution that definite clinical diagnosis in single
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Table 1. Characterization of nuclectide changes found by exome seqpencing

FAM123B FRMD7 ! FLNA LAGE3
Change c.85G>A c.875T>C c.15682G>A ¢.395G>A
(p.A29T) (p.L292P) (p.V528M) (p:R132Q)
POLYPHEN Benign Probably Possibly Benign
damaging damaging
POLYPHEN-2 Probably Probably Possibly Possibly
damaging damaging damaging damaging
SIFT 0.04 0.02 0.04 0.46
MuTaTIONTASTER ~ Polymorphism  Disease causing Polymorphism  Polymorphism
Normal female 8/5022 2/502 15/5028 4/502
Normal male © 17118 0/117 1/86
Note No nystagmus
in -2

2Including one homozygous female. Underlining means that this result é)iCiUdés the vériant ‘ésibbtentially oausativé.‘ Grayed shading
indicates the variants that could not be excluded; between these two, the L TCAM variant is more likely to be causative.

cases is often impossible (9). Phenotypic fea- Only 2 of 251 control females carried the
tures compatible with the LICAM mutation in  ¢.875T>C variant in FRMD7 heterozygously,
our patients include spastic paralysis, aphasia, and none of 117 male controls carried this
severe mental and growth retardation, but atypi-  variant; thus, the pathogenicity of the FMRD7
cal leukodystrophy and the absence of adducted  variant was inconclusive. Other FRMD7 muta-
thumbs were very rare or exceptional (9). A nor- tions cause X-linked congenital nystagmus 1 (MIM
mal control study found that 2 of 251 normal  #310700) (13). However, the nystagmus found in
females were heterozygous for this SNP, but none  individual II-1 was not observed in individual II-2,
of 117 normal males carried the variant allele.  indicating that the variant in common between

One of the four web-based analyses of pathologi-  two brothers did not consistently cause nystagmus.
cal significance (MutationTaster) indicated that this ~ Thus, it may not contribute to the phenotype in this
variant would be disease causing, while the oth-  family (Table 1).

ers indicated that it would be benign (Table 1). We also evaluated the ¢.334G>A variant in

X-linked hydrocephalus due to LICAM mutations TMEMI187. Only 2 of 251 female controls car-
occurs in approximately 1/30 000 male births (10).  ried this heterozygous change, and it was not
Considering that the LICAM mutation was found  found among 118 male controls. Two of the
in 2/618 control alleles (0.32%), the change may  four programs (POLYPHEN-2 and SHIFT) indicated
be a rare polymorphism, a mutation causing lethal-  that it would be pathogenic. By Tagman assay,
ity in the majority of affected males, or a mutation ~ TMEMI87 was ubiquitously expressed in various
with low penetrance. Because we were unable to  fetal and adult tissues, including the brain (data
exclude this LICAM change, its pathogenic status  not shown), leaving the effect of this mutation

remains inconclusive. on the phenotype in these patients inconclusive
We next examined ¢.85G>A in FAMI23B,  (Table 1).
c.875T>C in FRMD7, c.1582G>A in FLNA, In conclusion, we found two possible but

and ¢.395G>A in LAGE3 in normal controls.  inconclusive variants in this family with two
The FAM123B, FLNA, and LAGE3 variants were  boys affected by atypical leukodystrophy. High-
excluded as causative because a homozygous  throughput technologies are clearly powerful to
change was found in 1 of 251 female controls  detect genomic changes, but evaluation of the data
(FAMI123B and FLNA) or a hemizygous change  can be very difficult and should be performed
was found in 1 of 86 normal males (LAGE3).  cautiously. More knowledge of rare SNPs and
However, the thick calvarium in individuals II-1  mytations is absolutely necessary before any
and II-2 may be influenced by the FAMI23B  conclusions can be drawn.

change, because it is causative for osteopathia stri-

ata with cranial sclerosis, an X-linked dominant

disorder (MIM #300373) (11, 12). As the calvar- Acknowledgements
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We performed array comparative genomic hybridization utiliz-
ing a whole genome oligonucleotide microarray in a patient
with the autism spectrum disorders (ASDs) and persistent hy-
perplastic primary vitreous (PHPV). Submicroscopic deletions
in 7q31 encompassing CADPS2 (Ca®"-dependent activator pro-
tein for secretion 2) and TSPANI2 (one of the members of the
tetraspanin superfamily) were confirmed. The CADPS2 plays
important roles in the release of neurotrophin-3 and brain-
derived neurotrophic factor. Mutations in TSPANI2 are a
relatively frequent cause of familial exudative vitreoretino-
pathy. We speculate that haploinsufficiency of CADPS2 and
TSPANI12 contributes to ASDs and PHPYV, respectively.

© 2011 Wiley-Liss, Inc.
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INTRODUCTION

Autism spectrum disorders (ASDs OMIM %209850) are complex
neurodevelopmental conditions characterized by social communi-
cation disabilities, no or delayed language development, and ste-
reotyped and repetitive behaviors.. A number of studles have
confirmed that genetic factors play : an important role in ASDs.

About 10% of ASDs are assoc1ated Wlth a Mendelian syndrome
(e.g. fragile X syndrome, tuberous sclerosis and . ‘Timothy
syndrome). Cytogenetic approac evealed a hlgh frequency of
large chromosomal abnormaliti 9% of patients), including the
most frequently observed m: ernal 15qll -13 duphca‘aon (1-3% of
patients). Association studies and mutatlon analysis of candidate
genes - have imphcatecl the synapti enes NLGN3(Neuroligin3
OMIM*300336), NLGN4 (OMIM*300427) [Jamain et al.; 2003],
SHANK3 (OMIM*606230)[Durand et al., 2007; Moessner et al,,
2007], NRXNI(Neurexinl MIM + 600565) [Kim et al., 2008],
SHANK?2 (OMIM*603290) [Berkel et al 2010] and CNTNAP2
(MIM*604569) [Alarcén et al., 2008; Arkmg et al., 2008] in ASDs
There is increasing evidence that the SHANK3-NLGN4 -NRNX]I
postsynaptic density genes play important roles in the pathogenesis
of ASDs.

© 2011 Wiley-Liss, Inc.

How to Cite this Article:

Okamoto N, Hatsukawa Y, Shimojima K,
Yamamoto T. 2011. Submicroscopic deletion
in 7931 encompassing CADPS2 and
TSPANI2 in a child with autism spectrum
disorder and PHPV.

Am ] Med Genet Part A 155:1568—1573.

Recently, on association between de novo copy number variation
(CNV) and ASDs was revealed. Sebat et al. [2007] performed
comparative genomic hybridization (CGH) on the genomic DNA
from ASD patients and unaffected subjects to detect de novo
CNV. As a result, they identified CNV in 12 out of 118 (10%)
patients with sporadic ASD and confirmed de novo CNV were
significantly associated with ASDs. Marshall et al. [2008] performed
a genome-wide search for structural abnormalities in 427 unrelated
ASD patients using SNP microarray analysis and karyotyping. De
novo CNV were found in approximately 7% and approximately 2%
of idiopathic families with one ASD child, or two. or more ASD
siblings, respectively. These authors discovered a CNV at 16p11.2
with an approximate frequency of 1%. Glessner et al. [2009]
reported the results from a whole-genome CNV study of many
European ASD patients and controls and found several new sus-
ceptibility genes encoding neuronal cell-adhesion molecules, in-
cluding NLGN1 and ASTNZ, and genes involved in the ubiquitin
pathways, including UBE3A, PARK2, RFWD2, and FBX040. The
investigators suggested that two gene networks, neuronal cell-
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adhesion and ubiquitin degradation, that are expressed within the
central nervous system contribute to the genetic susceptibility of
ASDs.

The International Molecular Genetic Study of Autism Consor-
tium [1998] previously identified linkage loci on chromosomes 7
and 2, which were termed AUTS1 and AUTSS5, respectively. Further
genetic studies have provided evidence for AUTS1 being located on
chromosome 7q [The International Molecular Genetic Study of
Autism Consortium 2001]. Screening for mutations in six genes
mapping to 7q, CUTLI1, SRPK2, SYPL, LAMBI, NRCAM, and
PTPRZ] in 48 unrelated individuals with autism led to the identi-
fication of several new coding variants in the CUTLI, LAMBI, and
PTPRZIgenes [Bonora et al., 2005].

The human Ca®*-dependent activator protein for secretion 2
(CADPS2: OMIM*609978) is also located on chromosome 7q31,
which is within the AUTSI1 locus [Cisternas et al., 2003]. It is a
member of the CAPS/CADPS protein family that regulates the
secretion of dense-core vesicles, which are abundant in the parallel
fiber terminals of granule cells in the cerebellum and play important
roles in the release of neurotrophin-3 (NT-3) and brain-derived
neurotrophic factor (BDNF) [Sadakata et al., 2007a,b,c]. BDNF is
indispensable for brain development and function, including the
formation of synapses. Cisternas et al. [2003] studied CADPS2
mutations in 90 unrelated autistic individuals, but identified no
disease-specific variants. However, Sadakata et al. [2007a] reported
that an aberrant, alternatively spliced CADPS2 mRNA that lacks
exon 3 (CADPS2 Delta exon3) is detected in some patients with
ASD.

Persistent hyperplastic primary vitreous (PHPV) is an ocular
malformation caused by the presence of a retrolental fibrovascular
membrane and the persistence of the posterior portion of the tunica
vasculosa lentis and the hyaloid artery. It is often accompanied by
microphthalmos, cataracts, and glaucoma. NDP (OMIM *300658,
X-linked) and FZD4 (OMIM *604579, dominant) were found to be
mutated in unilateral and bilateral PHPV [Shastry, 2009]. These
genes also cause Norrie disease and familial exudative vitreoretin-
opathy (FEVR), which share some clinical features with PHPV.
FEVR is a genetically heterogeneous retinal disorder characterized
by abnormal vascularization of the peripheral retina, which is often
accompanied by retinal detachment. Mutations in the genes encod-
ing LRP5 (OMIM *603506, dominant and recessive) also cause
FEVR. Junge et al. [2009] showed that Tetraspanini2 (Tspanl2) is
expressed in the retinal vasculature, and loss of Tspanl2 pheno-
copies defects are seen in Fzd4, Lrp5, and Norrin mutant mice.
TSPANI2 is one of the members of the tetraspanin superfamily,
characterized by the presence of four transmembrane domains. It
constitutes large membrane complexes with other molecules. Ni-
kopoulos et al. [2010] applied next-generation sequencing and
found amutationin TSPANI2 (MIM*613168). Poulter etal. {2010]
described seven mutations that were identified in a cohort of 70
FEVR patients without mutations in three known genes. Mutations
in TSPANI12, which is at 7q31, are a relatively frequent cause of
FEVR.

We performed array comparative genomic hybridization (array-
CGH) utilizing a 44K whole genome oligonucleotide microarray in
a patient with the ASDs and PHPV. Submicroscopic deletions in
7931 encompassing CADPS2 and TSPANI2 were confirmed. We
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speculate that haploinsufficiency of CADPS2 and TSPANI2 con-
tributes to ASD and PHPYV, respectively.

CLINICAL REPORT

The patient, a 3-year-old boy, was born to nonconsanguineous
healthy Japanese parents. His family history was unremarkable. He
was born at 40 weeks’ of gestation, his birth weight was 3,100 g, and
his birth length was 50.0 cm. After birth, congenital nystagmus was
noted, and he did not pursuit objects. An ophthalmological exami-
nation revealed bilateral PHPV. Cataract, glaucoma, and FEVR
were not present. His gross motor development was normal, and his
verbal development was delayed. ;

At 3 years of age, he came to our hospital for evaluation because
of developmental delay. On examination dysmorphic features
included a round face, low-set ears, broad eyebrows, apparent
hypertelorism, blepharophimosis, hypoplastic alae nasi, a long
philtrum, and a small mouth. His visual acuity was low, but he
could perform daily activities with some support. In addition,
impairment of social interaction, poor social skills, and strict
adherence to routine behaviors were noted. He showed stereotypic
movements and hyperactivity in his day care room. He was diag-
nosed as having an ASD according to the DSM-VI criteria. His DQ
was 76 according to standard Japanese method. At 3 years and
8 months of age, his height, weight, and head circumference were
88.6cm (—2.4SD), 11.7kg (—1.8SD), and 46.8cm (—2.4S5.D),
respectively.

The results of routine laboratory tests were unremarkable.
G-banded karyotype analysis revealed the following karyotype:
46,XY,inv(4)(p14;q21). Electroencephalography (EEG) showed
occipital epileptic discharges. He was free from epileptic seizures.

Ultrasound evaluation revealed echogenic bands in the posterior
segments of both globes. Magnetic resonance brain imaging also
showed bilateral fibrous intraocular tissue (Fig. 1). However, no
specific findings were found in the CNS including the cerebellum.
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~ MATERIALS AND METHODS

After obtaining informed consent based on a permission approved
by the institution’s ethical committee, peripheral blood samples
were obtained from the patient and his parents. Genomic DNA was
extracted using the QIAquick DNA extraction kit (QIAgen, Va-
lencia, CA).

Array-CGH analysis was performed using the Human Genome
CGH Microarray 44K (Agilent Technologies, Santa Clara, CA), as
described previously [Shimojima et al., 2009].

Metaphase nuclei were prepared from peripheral blood
lymphocytes using standard methods and were used for FISH
analysis with human BAC clones selected from the UCSC
genome browser (http://www.genome.ucsc.edu), as described
elsewhere [Shimojima et al., 2009]. Physical positions refer to the
March 2006 human reference sequence (NCBI Build 36.1).

RESULTS

Using array-CGH analysis, genomic copy number loss was identi-
fied in the 7q31.31 region (Fig. 2). The deletion was 5.4 Mb in size
-and included CADPS2 and TSPANI2, but not FOXP2. There were
no copy number changes in chromosome 4. FISH analyses con-
firmed the above deletion (Fig. 3). There were no deletions in either
parent indicating de novo. occurrence.

DISCUSSION

We described a patient with an ASD and PHPV who demonstrated
submlcroscoplc deletion in chromosome 7q31 31. The deletion
resides in the AUTS1 locus on chromosome 7q. The deleted region
contamed about 20 genes 1nclud1ng CADPS2and TSPAN 12. Little
data are available about the association of other genes with devel-
opme tal and ophthalmologlcal dlsorders We posit that haplom-

mte]lectual dlsablhty, dysmorphlc features, and Ianguage delay who
had a deletion in the 7q31.1-7q31.31 region, which included the
FOXP2 gene. The patient demonstrated language impairment,
including developmental verbal dyspraxia, but did not meet the
criteria for autism. Cukier et al. [2009] reported a chromosomal
inversion spanning the region from approximately 7q22.1 to 7q31
in autistic siblings. They suggested that an autism susceptibility
gene is located in the chromosome 7q22-31 region. Dauwerse et al.
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[2010] characterized a de novo complex rearrangement of the long
arm of chromosome 7 in a female patient with moderate mental
retardation, anxiety disorder, and autistic features and suggested
that disruption of the C7o01f58 gene contributed to the anxiety
disorder, and autistic features of their patient. The C70rf58 gene was
also deleted in our patient. However, there have been no basic
studies on the association of the C70rf58 gene and brain function.
Further studies are necessary on the role of the C70rf58 gene.

Sadakata et al. [2007b] studied the behavior of Cadps2—/— mice.
They showed impaired social interaction, hyperactivity, decreased
exploratory behavior, and/or increased anxiety in a novel environ-
ment and deficits in intrinsic sleep—wake regulation and circadian
rhythmicity. In addition, maternal neglect of newborns was a
striking feature. They identified that Cadps2—/— mice show defi-
cient release of NT-3 and BDNF. Cerebellar development was
impaired in the mice. Sadakata et al. [2007a] found an aberrant
alternatively spliced CADPS2 mRNA that lacks exon 3 in some
autistic patients. Exon 3 was shown to encode the dynactin 1-
binding domain and affect axonal CADPS2 protein distribution.
Exon 3-skipped CADPS2 protein possesses almost normal BDNF
releasing activity but is not properly transported into the axons of
neocortical or cerebellar neurons. However, Eran et al. [2009]
observed no difference in prevalence of exon 3 skipping between
ASDs and control samples. They concluded that exon 3 skipping
represents a normal, minor isoform of CADPS2 in the cerebellum
and is likely not a mechanism underlying autism susceptibility or
pathogenesis. Our result may reinforce the evidence that CADPS2is
associated with ASDs.

Cisternas et al. [2003] studied CADPS2 gene mutations in 90
unrelated autistic individuals. However, they identified no disease-
specific variants. Their results indicate that CADPS2 mutations are
not a major cause of ASDs. However, although small deletions of
CADPS2asfound in the present patient, might be rare, they support
the idea that CADPS2 abnormalities are associated with autism
susceptibility.
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Nikopoulos et al. [2010] reported two missense mutations in five
of 11 FEVR families, indicating that mutations in TSPANI2 are a
relatively frequent cause of FEVR. Both residues are completely
conserved throughout vertebrate evolution. These authors sug-
gested that both haploinsufficiency and a dominant-negative effect
of the mutant TSPANI12 on the wild-type protein should be
considered as underlying disease mechanisms. Poulter et al.
[2010] described mutations in the TSPAN12 gene in FEVR patients
and suggested that haploinsufficiency of TSPANI2 causes FEVR
because at least four of the seven mutations are predicted to lead to
transcripts with premature-termination codons that are likely to be
targeted by nonsense-mediated decay.

Recently, the Norrin/Frizzled4 signaling pathway that acts on the
on the surface of developing endothelial cells and controls retinal
vascular development is highlighted [Ye et al., 2010]. This pathway
is composed of Norrin, its transmembrane receptor, Frizzledd,
coreceptor, Lrp5, and an auxiliary membrane protein, Tspanl2.
The resulting signal controls a transcriptional program that regu-
lates endothelial growth and maturation. PHPV and FEVR are
associated with their pathogenesis. Our findings indicate that
haploinsufficiency of TSPAN12is a plausible causative mechanism
for PHPV. It will be interesting to study TSPANI12 abnormalities in
PHPV without NDP and FZD4 mutations.

Singh et al. [2006] reported a voltage-gated potassium channel
gene mutation in a temporal lobe epilepsy patient, namely a Kv4.2
truncation mutation lacking the last 44 amino acids in the carboxyl
terminal. Kv4.2 channel is encoded by the KCND2 gene. We suggest
that the epileptic discharges on EEG reflect neuronal excitability
caused by haploinsufficiency of KCND2.

Shen et al. [2010] suggested that using chromosomal microarray
analysis to test for submicroscopic genomic deletions and dupli-
cations should be considered as part of the initial diagnostic
evaluation of patients with ASDs. Miller et al. [2010] suggested
that the use of chromosomal microarray is recommended as the
first-tier cytogenetic diagnostic test for patients with unexplained
developmental delay/intellectual disability, ASDs, or multiple con-
genital anomalies. In patients with ASDs and other anomalies,
chromosomal microarray may be the useful method to clarify the
underlying defect.
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Reduced expression by SETBP1 haploinsufficiency
causes developmental and expressive language delay
indicating a phenotype distinct from
Schinzel—Giedion syndrome
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ABSTRACT

Background Mutations of the SET binding protein 1 gene
(SETBP1) on 18q12.3 have recently been reported to
cause Schinzel—Giedion syndrome (SGS). As rare 18q
interstitial deletions affecting multiple genes including
SETBP1 correlate with a milder phenotype, including
minor physical anomalies and developmental and
expressive speech delay, mutations in SETBPT are
thought to result in a gain-of-function or a dominant-
negative effect. However, the consequence of the
SETBP1 loss-of-function has not yet been well described.
Methods Microarray-based comparative genomic
hybridisation {aCGH) analyses were performed to identify
genetic causes for developmental and expressive speech
delay in two patients. SETBP1 expression in fibroblasts
obtained from one of the patients was analysed by
real-time RT-PCR and western blotting. A cohort study to
identify nucleotide changes in SETBPT was performed in
142 Japanese patients with developmental delay.
Results aCGH analyses identified submicroscopic
deletions of less than 1 Mb exclusively containing
SETBP1. Both patients show global developmental,
expressive language delay and minor facial anomalies.
Decreased expression of SETBP1 was identified in the
patient’s skin ﬁbroblasts No pathogenic mutation of

~ SETBP1 was identified in the cohort study.

Conclusmn SETBP1 expression was reduced in
a patient with SETBP1 haplomsufﬁctency, indicating that

~the SETBP1 deletion phenotype is allele dose sensitive.
‘In correlation with the exclusive deletion of SETBP1, this

study delimits a milder phenotype distinct from SGS

. overlapping with the previously described phenotype of
-del(18)(q12:2g21.1) syndrome including global -
B developmental expressive language delay and distinctive

facial features. These findings support the hypothesw

: that mutations in SETBP7 causing SGS may have.

2 © a gain-of- function or a dominant- -negative effect,

sufficiency or loss-of-function mutatlons

whereas hapl

in SETBP7 causé‘a mllder phenotype. -

Mutations in the SET bmdmg protem 1 gene
(SETBP1) have recently been shown to cause

 Schinzel—Giedion syndrome (SGS, MIM #269150)."
* Whole-exomess sequencing for four patlents with SGS

identified- nudeoude alteratlons in the conserved
region’ of SETBP4 Further analyses by standard

~ Sanger sequencing for nine patlents with SGS were

performed, and eight of the nine patients showed
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SETBP1 mutations. All five identified mutations
were missense mutations, rather than nonsense
mutations or truncations. As previously reported,
rare chromosomal deletions in 18qincluding SETBP1
correlate with a milder phenotype, and the severe
SGS phenotype was proposed to be the consequence
of a gain-of-function or dominant-negative effect of
the mutations. However, the exact function of the
gene is not known, and the consequences of an
exclusive SETBP1 loss-of-function or haploinsuffi-
ciency are not well described.

We identified de novo heterozygous micro-
deletions containing exclusively SETBP1 in two
patients with developmental, expressive language
delay and distinctive facial features. The phenotypes
are milder and differ significantly from the severe
clinical appearance of SGS. Genotype—phenotype
correlations of SETBP1 haploinsufficiency are
demonstrated in this study and discussed.

PATIENTS AND METHODS

Patients

After informed consent based on permission from
the ethics committee of the institutions or individual

* written consent had been obtained, peripheral blood

samples were taken from patients with develop-
mental delay of unidentified aetiology to investigate
potential genomic copy number aberrations.

Patients’ reports

Patient 1 (DECIPHER #TWM?253969) is a 7-year
old boy, the second child of non-consanguineous
parents (https://decipher.sangerac.uk/). His 10-
year-old sister is healthy and normally developed.
He was born with a birth weight of 2504 g (3—10th
centile), length of 47 cm (10—25th centile), and
occipitofrontal circumference (OFC) of 33.5cm
(=50th centile). At the time of his birth, his father
and mother were 34 and 40 years old, respectively.
His development was moderately delayed with
crawling at 1 year, free walking at 2 years, and the
first word at 5 years. He suffered febrile seizures
several times, but EEG and brain MRI showed no
abnormal findings. At 7years, his height was
115cm (25—50th centile), weight was 15.0kg
(<3rd centile), and OFC was 49.3cm (3—10th
centile). He showed distinctive facial features with
an inverted triangle face, prominent forehead,
ptosis with periorbital fullness, epicanthus and
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pointed chin (figure 1A). He can walk by himself and can speak
only a few words. The Kyoto developmental scale measured his
developmental quotient as 40, which indicated moderate
developmental delay. Visual acuity examination showed
a refractive error of +8D in both eyes, indicating hyperopia.
Previously performed conventional chromosomal analysis
showed a normal male karyotype of 46,XY.

Patient 2, the 3rd child of non-consanguineous healthy
parents, was born at 38 weeks by caesarean section for breech
presentation after an uneventful pregnancy. In the neonatal
period, the boy was hypotonic, sleepy and passive and rarely
cried. He showed significantly delayed motor development, with
sitting at 14 months and walking at 2 years, as well as delayed
pincer grip. Initially, a discrete hemiparesis of the left part of his
body manifested only while running with a slight spastic
posture of his left hand and gait asymmetry suggested a peri-
natal or prenatal stroke. Cerebral MRI at the age of 4 years was
normal except an unspecific T2 hyperintense infratentorial
lesion in the right cranial paramedian cerebellum. The patient
still exhibits coordination deficits in fine motoricity. His growth
parameters are in the normal range (75th—90th centile), and
OFC is within the 10th—25th centile. Hearing was found to be
normal. Interestingly, the boy has not developed any expressive
speech at all to date, whereas receptive language abilities are
intact, He actively communicates using gestures illustrating his
demands and ideas, but well understands his interlocutor,
permitting a bidirectional exchange. He exhibits kind and social
behaviour but at the same time a restless search for interactive
communication. He has difficulty concentrating and has no
sense of danger or pain. Facial dysmorphisms include frontal
upsweep, a lighter blond hair corona in the front, hypertelorism,
ptosis of eyelids predominantly on the left, periorbital fullness,
straight and sparse eyebrows, flat nasal bridge, short nose, thin
upper lip, short fingers and broad distal phalanges (figure 1B—D).
No major malformations have been found. Microcytic hypo-
chrome anaemia remains unexplained; the search for HbH

Figure 1 Phenotypes of the patients.
(A) Patient 1; (B,C) frontal and lateral

views of patient 2; (D) both hands of

patient 2.
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inclusion bodies which would indicate X-linked a-thalassaemia/
mental retardation syndrome was negative.

Microarray-based comparative genomic hybridisation (aCGH)
aCGH analyses were performed using the Human Genome CGH
Microarray 44K (Agilent Technologies, Santa Clara, California,
USA) and the whole genome tiling NimbleGen CGH array
(Human CGH 2.1M WG-T v2.0; NimbleGen; Roche NimbleGen
Inc, Madison, Wisconsin, USA) for patient 1 and patient 2,
respectively, according to the manufacturer’s protocols.

Fluorescence in situ hybridisation

Identified aberrations were confirmed by fluorescence in situ
hybridisation (FISH) using locus-specific BAC clones as probes. In
patient 1, two clones, CTD-3236P11 on 18q12.3
(chr18:40779351—40864576) as a target and RP11-105C15 on
18p11.31 (chr18:5910725—6063460) as a marker, were selected
from the UCSC genome browser (http://www.genome.ucsc.edu).
In patient 2, the locus-specific probe RP11-24L5 (BlueGnome,
Cambridge, UK) in the region 18q12.3 (chrl18:40588784—
40776 858) was used on metaphase spreads. Physical positions refer
to the March 2006 human reference sequence (NCBI Build 36.1).

Expression analysis of SETBP1

Total RNAs were extracted from cultured skin fibroblasts from
patient 1 and the control individual using the ISOGEN RNA
extraction kit (Wako, Osaka, Japan), reverse-transcribed to
complementary DNA (cDNA) using the SuperScript VILO
cDNA Synthesis Kit (Life Technologies, Carlsbad, California,
USA) according to the manufacturer’s instructions, then used as
templates for real-time PCR using Power SYBR Green PCR
master mix (Life Technologies). Primers for SETBP1 mRNA were
designed in the coding region (SETBP1 nt374F; 5'-GTCCA
CCTGAGATCAAGATC-3" and SETBP1 nt663R; 5-GTCCATGT
GGTTCTGGCTGC-3"). Beta actin primers (5'-GGCACCCAGCA
CAATGAAGATC-3' and 5-AAGTCATAGTCCGCCTAGAAGC-3')
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