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of illness and has not obtained a job, suggesting deteriora-
tion of functioning. His younger sister (apparently without
the Y chromosome) has schizophrenia. Thus, contribution
of sex chromosomal abnormalities found in this study is less
likely.

Four microarray CGH studies of schizophrenia were
reported: 1,440 BAC microarray for 30 patients, 2,460
BAC microarray for 35 patients, a tiling-path microarray
consisting of ~36,000 BACs for 93 patients, and high-
resolution microarrays (85,000-2,100,000 oligos) for 150
patients (Kirov et al. 2008; Moon et al. 2006; Walsh et al.
2008; Wilson et al. 2006). We could not replicate any
similar abnormalities, though microarray platforms were
all different in terms of clones and genome coverage. In
this study, (sub)microscopic rearrangements were detected
in 10% of patients. Similarly, 15% of patients analyzed by
high-resolution microarrays were found to possess submi-
croscopic chromosomal changes (Walsh et al. 2008).
Various kinds of recurrent and unigue submicroscopic
changes were found in 10-17% of idiopathic mental
retardation and 7% of autism by microarray CGH analysis
(Miyake et al. 2006; Sebat et al. 2007; Zahir and Friedman
2007). Importantly, a 22q13 deletion (in autism) involving
Sh3 and multiple ankyrin repeat domains 3 (SHANK3),
whose point mutation was related to autism (Durand et al.
2007), strongly supports this approach as one of the most
powerful and straightforward strategies in neuropsychiatric
disorders.

In conclusion, microarray technologies could provide
good opportunity to identify chromosomal copy number
changes in relation to mental and psychiatric disorders, and
genome-wide copy number survey should be considered in
genetic studies of these disorders.
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We report on somatic mosaicism of a TGFBR2 missense
mutation, ¢.1336G > A (D446N). The affected son with the
heterozygous mutation was previously reported [Sakai et al.
(2006); Am ] Med Genet A 140A:1719-1725). Further
evaluation indicates his clinical condition is Loeys—Dietz
syndrome. Parental blood samples were smdied to confirm
whether the propositus’ mutation was a de novo change, and
suggested a trace of the mutation in the father. DNAs
extracted from blood leukocytes, buccal cells, hair root cells,

and nails in the father indicated 529, 25%, 0%, and 35%
of cells harbored the mutstion, respectively. This is the
first detailed repont of somatic mosaicism of a1 TGFBR2
mutation. © 2008 Wiley-Liss, Inc

Key words: mosaicism; TGFBR2, mutation; Marfan syn-
drome; Loeys—Dietz syndrome
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Paternal somatic mosaicism of a TGFBR2 mutation

to an affected son with

Loeys-Dietz syndrome. Am J Med Genet Part A 146A:3070-3074.

INTRODUCTION

Marfan syndrome (MFS, OMIM #154700) is an
autosomal dominant connective tissue disorder
characterized by involvement of skeletal, ocular,
and cardiovascular systems. FBNI abnormalities are
the major cause of MFS, but TGFBR2 aberrations
were also found in a subset of MFS [Dietz et al., 1991;
Mizuguchi etal., 2004; Boileau etal., 2005; Mizuguchi
and Matsumoto, 2007). Furthermore TGFBRZ2 and
TGFBR1 mutations were reported in Loeys—Dietz
syndrome (LDS, OMIM #610168), a new MFS-related
disorder [Loeys et al., 2005]. Abnormalities of TGF-f
signaling are now highlighted as an imporntant aspect
in pathogenesis of MFS and MFS-related conditions
[Boileau et al., 2005; Mizuguchi and Matsumoto,
2007].

Wide variability of phenotypes in connective tissue
disorders is well known, As for MFS, this may be
auributable parly to somatic mosaicism of FBN7
mutations. However somatic mosaicism was con-
firmed in only three families [Montgomery et al.,
1998; Collod-Beroud et al., 1999; Tekin et al., 2007]
and germline mosaicism was inferred in one family
[Rantamaki et al., 1999] among more than 600 FBN7
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mutations registered in the UMD-FBN1 database
(hup://www.umd.be:2030/) [Collod-Beroud et al,
2003). Somatic mosaicism could be very rare or could
be hardly detectable with regular methods in FBNI
analysis. A similar scenario could be expected in
LDS, and somatic mosaicism of a 7GFBR2 mutation
(R537G) in a father of the LDS patient was briefly
mentioned [Loeys et al., 2006].

We encountered a family with a propositus with
a TGFBR2 mutation, ¢.1336G > A (D446N), whose
father showed somatic mosaicism for the mutation.
The propositus was initially described as a MFS-
suspected disorder together with several LDS
features [Sakai et al., 2006], and is now revised as
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LDS with additional clinical findings in this report.
Detailed genetic evaluation will be presented,

MATERIALS AND METHODS

DNAs

The propositus (MFS55) of the family was reported
previously (Fig. 1A) [Sakai et al., 2006). Genomic
DNA was prepared from peripheral blood leuko-
cytes of the patient and his parents using DNA
extraction systems [Quick Gene-800 (Fujifilm,
Tokyo, Japan) and/or NA-3000 (Kurabo, Osaka,
Japan)], from nails and hair follicles of the father
using an ISOHAIR kit (Nippon Gene, Toyama,
Japan), and from buccal epithelial cells of the father
using a Puregene Buccal Cell DNA Isolation Kit
(Gentra, Minneapolis, MN). The institutional review
board approved experimental protocols in this
study.

Mosaic Assay

Exon 5 of TGFBR2 was amplified by PCR with
primers (F: 5-AATCCTCTGCACGTGTCAGG-3' and
R: 5-TGCTCGAAGCAACACATGATC-3") using the
patient’s leukocyte DNA as a template. PCR products
were then cloned using a TOPO-TA cloning kit
(Invitrogen, Carlsbad, CA). Wild type (wt) and
mutant (mp) [c.1336G > A (D446N)] clones were
verified by sequencing. DNA was extracied from a
wild type clone and a mutant using a QIAGEN
Plasmid Midi Kit (Qiagen, Tokyo, Japan) and used as
standard DNA to determine ratios of mosaicism. Wt
and mt clone DNAs were mixed in different ratios: 0,
0.2, 0.4, 0.6, 0.8, and 1.2 (wt/mp). Minisequencing
using a SNaPshot kit (Applied Biosystems, Foster
City, CA) was performed according to the manufac-
turer's instruction to quantify ratios of cells with a
heterozygous mutation and those without a muta-
tion. PCR was cycled 35 times at 94°C for 30 sec, at
65°C for 30 sec, and at 72°C for 30 sec in a 20 pl
mixture, containing 1x PCR buffer with 2.0 mM
MgCl;, 0.2 mM each dNTP, 0.5 uM each primer, 1.25U
Blend-Tag-Plus (Toyobo, Osaka, Japan) and a
template DNA (30 ng of genomic DNA or 3 ng of
clone DNA mixture), and treated with ExoSAP-IT
(USB, Cleveland, OH) to remove primers and
unincorporated deoxynucleotides, Reaction mixture
consisting of 2 pl of SNaPshot ready reaction mix,
0.2 M of extension [5'-NNNNNNNNNGTT-
GAGTCCTTCAAGCAGACC-3' (N: random sequen-
ces)] for each nucleotide change and 2 pl of purified
PCR product in a total volume of 10 pl was subjected
to 25 single base extension cycles of denaturation
at 96°C for 10 sec, annealing at 50°C for 5 sec and
extension at 60°C during 30 sec, and treated with
Calf Intestinal Phosphatase (CIP). One microliter of
diluted solution was mixed with 85 pul of HiDi

formamide (Applied Biosystems, Foster City, CA)
and 0.5 pl of Gene Scan 120 LIZ Size Standard
(Applied Biosystems), denatured at 95°C for 5 min,
and analyzed by ABI 3100 Genetic Analyzer using
GeneMapper ver 3.5 software (Applied Biosystems).
Based upon mixed ratios of standard DNAs and peak
areas at each SNaPshot experiment (Fig. 1D), refer-
ence curve (linear regression) was calculated
(Fig. 1E). Correlation coefficient of all reference
curves was larger than 0.99. Result from patient’s
genomic DNA from leukocytes was regarded as
internal standard for 1 (wi/mt). Mosaic ratios from
different sample DNAs were determined by a

area ratio on a reference curve (Fig. 1E). Triplicated
assays in one electrophoresis were repeated twice.

RESULTS AND DISCUSSION

The propositus (MFS55) with a heterozygous
TGFBR2 mutation [c.1336G > A (D446N)] was pre-
viously described as showing a MFS-suspected
disorder together with several LDS features [Sakai
et al, 2006). His birth weight was 3,146 g after
38 weeks of gestation. Pregnancy and delivery were
uneventful. He presented with broad and protruding
forehead, deep set eyes, hypertelorism, blue sclera,
bilateral strabismus, bifid uvula, malar hypoplasia,
micrognathia, scoliosis, bilateral thumb camptodac-
tyly, right talipes varus, bilateral planus, joint
laxity of wrist and elbow, umbilical hernia, ventric-
ular septal defect (VSD) (double committed type),
bicuspid aortic valve, progressive annuloaortic
ectasia and main pulmonary arery dilatation
(Fig. 1A). VSD was surgically corrected at 50 days
old. Craniosynostosis, high arched palate, ectopia
lentis, pectus deformity, and arachnodactyly was not
present. Angiography showed hypoplasia of left
subclavian and vertebral arteries associated with
some tortuosity, but the aorta was normal (Table 1).
The 3D MR angiography at age 5 years revealed
the following vascular abnormalities: tortuosity of
aortic arch, right brachiocephalic artery and bilateral
vertebral arteries; mild dilatation of ascending aora
and right brachiocephalic artery; narrowing of
bilateral vertebral arteries and bilateral subclavian
artery. Ascending and abdominal aora was normal
(Fig. 1B). He is now regarded as having LDS.

Direct sequencing of TGFBR2 in his genomic DNA
clearly showed a heterozygous mutation, €.1336G > A
(D446N) [Sakai et al., 2006]. Then his parental blood
samples were analyzed to confirn whether the
change was de novo or inherited. His mother was
normal, but his father’s result implied mosaicism for
the mutation (Fig. 1C). Mosaicism was investigated
by quantitative SNaPshot assay (Fig. 1D,E). DNA of
blood leukocytes, buccal cells, hair root cells, and
nails from the father indicated 52%, 259, 0%, and 35%
of cells harbored the heterozygous mutation, respec-
tively (Table I). A complete heterozygous pattern of
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observed in DNAs of all the father’s tissues examined to the mutation (.!.ﬂ,l_,il examination of the father
(leukocytes, buccal cells, hair root cells and nails) revealed that bifid uwula, narrow palate, mild
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TABLE L. Clinical Symptoms in MPSSS and His Father

Symptom MFS55

1

Hypertelorism
Enophthalmos

Cleft palate/bifid uvala
Malar

i oL T - I S S S |

i
s
;

j

tortuosity
Hypoplasia of aneries
Aneurysm of other vessels -
Patent ductus aneriosus
Atrial septal defect
V5D
Bicuspid aonic valve
Chiari type |
Hydrocephalus
Umbilical hemia
Developmental delay
MFS criteria
Others

I

+ 114

+ (bil.)
+ (bil. thumb)

+ (double committed type, operated)

Mot fulfilling

0 A 0 O 1 " S 1

il

+ (bil. subclavian and bil. vertebmal)

Not fulfilling
11-111 woes syndactyly, micrognathia,
retro thia, mild

3

Mubﬁe.nmm}:‘p:llmv

rotruding bite, micrognathia, retrognathia, but a
ﬁtarfanoid habitus and arachnodactyly were not
observed (Fig. 1A). Echocardiography indicated
normal diameter of aortic annulus and sinus of
valsalva. Electrocardiography and plain chest and
abdominal X-ray examination did not show any
abnormalities. Unfortunately further examination
was not i

In the literature describing somatic mosaicism of
FBN1 mutations, a propositus' mother with 43%
mutant cells in lympoblasts and 51% mutant cells of
fibroblasts showed joint hypermobolity, pes planus
and striae distensae over the abdomen and trunk, but
no other symptoms in ocular and cardiovascular
systems [Montgomery et al., 1998]. Another patient’s
father with somatic mosaicism in blood leukocytes

presented with only discreet dilataton of the
ascending aorta and minimal aortic regurgitation
[Collod-Beroud et al., 1999], In the third family, the
father with somatic mosaicism detected at least in his
blood, saliva and semen did not show any MFS
symptoms [Tekin et al., 2007]. All mosaic cases had
only trace of MFS features and were apparently
healthy regardless of their children with full MFS or
severe neonatal MFS due 1o an inherited germline
mutation. As for LDS, somatic mosaicism of a
TGFBR2 mutation (R537G) in a father was only
briefly mentioned [Loeys et al,, 2006]. The father
required aortic root replacement with no craniofacial
manifestations. His son showed typical LDS with the
heterozygous mutation. No details of the somatic
mosaicism were described, The father reported here

TABLE IL. Result of Mosaic Assay

Case Tissue AJ/G allele ratio (mean=5D)  Cells with a2 mutation (%)
MFS55 Blood leukocytes 1040032 100
Maother Blood leukocytes 0 0
Father Blood leukocytes 0350027 52
Buccal cells 0.14 0,010 25
Hair follicle cells 0 0
Nail tissues 0.21 £0.033 35

Ratio (%) of cells with a mutation is calculated by 200R/(1 4 B). B: mean of A/G ratio
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currently does not present with any obvious vascular
fearures of LDS, but may need careful medical
attention in the future.

In conclusion, this is the first clear description of
paternal somatic mosaicism of a TGFBR2 mutation.
No major symptoms were recognized in the father.
The information described was quite useful for the
counseling of this family including the father.
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Monosomy 1p36 is a common subtelomeric microdeletion
syndrome, characterized by craniofacial dysmorphisms,
developmental delay, mental retardation, hypotonia, epilepsy,
cardiovascular complications, and hearing impairment; delet-
ed regions have been mapped within 10.0 Mb from the
telomere in most documented cases. We report on a girl with a
10.5~11.1 Mb rerminal deletion of 1p36 shown by fluores-
cence in situ hybridization (FISH). She had three distinat
structural abnormalities: bilateral perisylvian polymicrogyria,
periventricular nodular heterotopia, and left ventricular non-
compaction. She died in early infancy with intractable
epilepsy, progressive congestive hean failure and pulmonary

hypertension. To date, this is the finst case with monosomy
1p36, complicated by this combination of manifestations; she
is also the first who had possibly a simple terminal deletion of
1p36 and died in early infancy. An atypically large deletion in
this patient might be the basis for the development of these
features and the severe clinical course. © 2008 Wiley-Liss, Inc.

Key words: monosomy 1p36; perisylvian polymicrogyria;
periventricular nodular heterotopia; left ventricular noncom-
paction; FISH; candidate gene
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INTRODUCTION

Monosomy 1p36 is a recently recognized disorder,
considered to be the most common subtelomeric
microdeletion syndrome, with an estimated in-
cidence of 1 in 5,000 [Heilstedt et al., 2003al to 1 in
10,000 newborns [Shapira et al., 1997, It is charac-
terized by craniofacial characteristics including large
anterior fontanel, microcephaly, brachycephaly,
thickened ear helices, deep-set eyes, straight eye-
brows, midface hypoplasia, flat nasal bridge, and
pointed chin; neurological abnormalities including
developmental delay, mental retardation, hypotonia,
and epilepsy; cardiovascular complications in-
cluding septal defects, patent ductus arteriosus,
and dilated cardiomyopathy. Additionally there is
hearing impairment, which is primarily high fre-
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quency sensorineural hearing loss [Slavotinek et al.,
1999; Baunaglia, 2005; Gajecka et al., 2007; Battaglia
et al,, 2008]. Chromosomal abnormalities in the
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syndrome include pure terminal deletions (52—
67.2%), interstitial deletions (9.7-29%), derivative
chromosomes (7-16.4%), and more complex rear-
rangements involving 1p36 (6.7-12%) [Heilstedt
etal,, 2003b; Gajecka et al., 2007]. Although deletion
sizes range widely from 0.5 to >10.5 Mb, breakpoints
cluster 3.0-5.0 Mb from the telomere (40%) and
are localized within 10.0 Mb in 80% of the cases
[Heilstedt et al., 2003b]. Haploinsufficiency of genes
in deleted regions is postulated to cause various
features of the disorder. To date, several candidate
genes have been suggested; KCNAB2 for epilepsy
[Heilstedt et al., 2001], SK7 for cleft lip/p:Ete
[Colmenares et al., 2002), MMP23 for cranial suture
closure [Gajecka et al, 2005], and GABRD for
neuropsychiatric and neurodevelopmental abnor-
malities [Windpassinger et al., 2002]. On the other
hand, the presence of a number of observed clinical
features has had no correlation to the deletion size
[Gajecka et al., 2007].

Here, we report on a girl with an atypically large
10.5 to 11.1 Mb terminal deletion of 1p36 demon-
strated by FISH analysis, who had distinct structural
abnormalities including bilateral perisylvian poly-
microgyria, periventricular nodular heterotopia, and
left ventricular noncompaction, and who died in
early infancy.

CLINICAL REPORT

The patient, a girl, was the second child of a healthy
33-year-old mother (gravida 2, para 1) and a healthy
33-year-old nonconsanguineous father. Her sister
was healthy. A fetal echocardiography showed an
enlargement of the right atrium and narrowing of the
right ventricle. She was delivered by spontaneous
vaginal delivery at 38 weeks and 2 days of gestation.
Birth weight was 2,140 g (—2.4 SD), length 48,5 cm
(—0.1 SD), and OFC 30.5 cm (—1.5 SD). Apgar score
was 8 both at 1 and 5 min. She showed hypotonia,
tachycardia, tachypnea, and feeding difficulty, and
was admitted to the neonatal intensive care unit.

Echocardiography detected two ventricular
defects (membranous and muscular), patent ductus
arteriosus, Ebstein anomaly with moderate tricuspid
valve regurgitation, and lel?l’ ventricular noncompac-
tion (Fig. 1B). She had congestive heart failure and
pulmonary hypertension. In spite of a treatment by

ide and potassium canrenoate, ventricular
function deteriorated gradually and pulmonary
hypertension progressed.

She developed clonic seizures at age 3 days.
Antiepileptic drugs (phenobarbital, valproate, car-
bamazepine, and lidocaine) could not control the
‘pilepticattacks. An electroencephalography did not
show significant spikes, bur the background activity
seemed premature for her age. A brain magnetic
resonance imaging (MRI) demonstrated bilateral
perisylvian polymicrogyria and periventricular

nodular heterotopia (Fig. 1C). She passed newborn
hearing screening (the threshold 35 dB),

When seen by us at age 27 days, she had a round
face with short palpebral fissures, a depressed nasal
bridge, a small mouth, 2 high arched palate, micro/
retrognathia, and low set ears (Fig. 1A). Al age
48 days, she expired with sudden cardiopulmonary
arrest after feeding. An iniensive resuscitation was
not effective. Postmortem examinations were not
performed,

MOLECULAR CYTOGENETIC INVESTIGATIONS

G-banding chromosome analysis on peripheral
blood lymphocytes of the patient showed a terminal
deletion of the short arm of chromosome 1,
designated as 46,XX.del(1)(p36.3) (Fig. 2A). The
deletion was confirmed by FISH analysis using a
subtelomeric probe for 1p (ToTelVysion probe)
(VYSIS, Downers Grove, IL) (data not shown).
Duplication of a subtelomeric region of 1qter or
other chromosomes at 1pter was excluded through
all subtelomere screening using the ToTelVysion
Multicolor FISH probe Panel (VYSIS) (data not
shown). The parents had normal karyotypes.

To determine the extent of deletion in the 1p36
region, FISH analysis was ormed using 10 BAC
clones mapped to 1p36.2-p36.3 (RP11-671C15,
RP11-33M12, RP11-60]11, RP11-476D13, RPI11-
19901, RP11-829B14, RP11-1144124, RP11-426M1,
RP11-90N5, RP11-169K16) (Fig. 3). The deletion
breakpoint was found to be localized between RP11-
19901 (10.5 Mb from the 1p telomere) and RP11-
829B14 (11.1 Mb) (Fig. 2B).

DISCUSSION

The patient we have described with monosomy
1p36, suffered from progressive congestive heart
failure and pulmonary h ion, and intractable
convulsions, resulting in early death. She had three
distinct structural abnormalities: bilateral perisylvian
polymicrogyria, periventricular nodular heterotopia,
and left ventricular noncompaction. Molecular cyto-
genetic  investigations excluded a subtelomeric
rearrangement involving 1p36, and demonstrated
that the deletion size was 10.5-11.1 Mb, larger than
most documented cases. Haploinsufficiency of
genes in this atypically large deleted segment might
cause her distinct clinical characteristics. Coexistence
of a non-subtelomeric complex chromosomal imbal-
ance could not be excluded because an array-CGH
analysis was not performed in the absence of a cell
line or genomic DNA.

Polymicrogyria is a malformation of cortical devel-
opmentin which the brain surface is irregular and the
normal gyral pattern replaced by multiple small,
partly fused gyri separated by shallow sulci. It is
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trabeculations and intertrabecular recesses in the apex and free wall

Fie. 1. A: Patient ut age 27 days. B: A four-chamber view ec

. Numerous pr
of the left ventricle indicare left ventricular noncompacion. Apical displacemem of the septal leafler of the micuspid valve from inseric
valve Indicate Ebstein’s snomaly. RA, right atrium; RV, right ventricie: LA lefi atrium: LY, lefi veniricle. €: A T2-weighted
n polymicrogyria is shown as irregularly small and fused gyri. scpanited by shallow sulci, and cortical thi
bes {armows). A periventricular nodular heterotopis is shown as a lesion protruding from the wall of the Jeft lateral ventricle with isointens

1 of the anterior leafiet of the
| magnetic resonance image. Bilateral
1) from the perisyivian regions 1o the
s gray maner (an

kness (5 m:

arrowhead), Bilateral ventricies are enlarged. [Color figure can be viewed in the online issue, which ls available at www.interscience wiley.com.

classified into malformations due to abnormal
cortical organization according to the revised classi-
fication for malformations of cortical development,
and the most common type is centered in the
perisylvian regions [Barkovich et al., 2005]. Various
causes of polymicrogyria have been proposed;
including extrinsic effects such as disruption of the
fetal vascular supply and genetic factors suggested
by familial cases (autosomal dominant, autosomal
recessive, or X-linked inheritance) and associated
chromosomal abnormalities (deletions of 1p36,
1q44, 9p24pter, 13q14.1q31.2, and 22q11.2; duplica-
tions of 11q12ql3 and 22q11.2) or congenital
malformation syndromes (Adams-Oliver syndrome,
Aicardi syndrome, Shprintzen-Goldberg syndrome,
MICRO syndrome, and oculo-cerebro-cutaneous
syndrome) [Robin et al., 2006]. Roll et al. [2006]
identified a missense mutation within the first sushi
domain of the SRPX2 gene (Xq28) in a male patient
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with rolandic seizures and bilaretal posterior
perisylvian polymicrogyria and his female relatives
with mild mental retardation or unaffected carrier
status. They also found another missense mutation in
SRPX2in affected members of a 3-generation French
family with rolandic seizures, oral and speech
dyspraxia, and mental retardation. Robin et al
[2006] reviewed 32 patients with deletion 22q11.2
and polymicrogyria, and found that the cormical
malformation consisted of perisylvian polymicrogy-
na with variable severity and frequent asymmetry
(predisposition for the right hemisphere). They
proposed that polymicrogyria in deletion 22q11.2
might be a sequela of abnormal embryonic
vascular development (due 1o haploinsufficiency of
a gene expressed in vascular tissue perfusing an
embryonic brain), rather than a primary brain
malformation (due to haploinsufficiency of a
gene expressed in an embryonic brain and regulating
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del(1)

development). Although polymicrogyria nor deletion mapping of se cases have been

seems 1o be an occasional malformation in monos- published. Ribeiro ¢ [2007] reported on a girl
omy 1p30 (4/9 in unpublished data by Dobyns with bilateral symmetrical perisylvian polymicro
[Robin et al., 2006]; 10/50 in a review by Gajecka gyria and a terminal deletion of 1p accompanied
et al. [2007]), neither detailed clinical reports by a terminal duplication of 1q designated as
Mb
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46,XX,der(1)(qter — r?;é.l}::qéz.j —qter) (Fig. 3).
She had a mild facial dysmorphism, macrocephaly,
and small muscular ventricular septal defects. She
also showed axial hypotonia, facial diplegia, visual
impairment with nystagmus, focal motor epilepsy
controlled by sodium valproate, and severe devel-
opmental delay. Recenty, Dobyns et al. [2008]
reported a large series of patients with polymicro-
gyria associated with structural chromosomal rear-
rangements, demonstrating 1p36.3, 2p16.1-p23,
4921.21-q22.1, 6q26-g27, and 21q21.3-q22.2 as
polymicrogyria loci with incomplete penetrance
and variable expressivity, The deletion sizes of 13
patients with monosomy 1p36 ranged from 4.8 (0
10.9 Mb (Fig. 3), and none of eight patents with
interstitial deletions retaining the distal 1 Mb had

lymicrogyria. Dobyns et al. [2008] hypothesized
g;is candidate gene might be localized between 1.0
and 4.8 Mb from the telomere. Also, they observed a
right-dominant asymmetry resembling polymicrogy-
ria associated with deletion 22q11.2, suggesting a
common pathology leading to polymicrogyria in
both disorders. i

Periventricular nodular heterotopia (PNH) is a
malformation of cortical development
by the ectopic localization of neuronal nodules
along the lateral ventricle, and is classified into
malformations due to abnormal neuronal migration
[Barkovich et al., 2005]. Mutations in FINA (Xq28)
cause X-linked periventricular nodular heterotopia
both in females and males [Fox et al., 1998; Sheen
et al,, 2001]. A rare recessive form of this malforma-
tion with microcephaly is caused by mutations in
the ARFGEF2 gene [Sheen et al., 2004). Recently,
Neal et al. [2006] reported the first patient with the
malformation and a 1p36.22pter deletion. The
patient was a 3-year-old female with mild facial
dysmorphism, a short 5th finger, overriding toes, and
scoliosis. She showed severe developmental delay,
hypotonia, Duane anomaly, and hearing loss. MRI
revealed several periventricular nodular heterotopia
along the left lateral ventricle, truncation of the
rostrum of the corpus callosum, mild ventricular
enlargement, and delayed myelination in the peri-
ventricular and subcortical white matter. A terminal
deletion of 1p was shown through FISH analysis
using a 1p subtelomeric probe (200 kb from the 1p
telomeric end) and a probe for D122 midi-satellite
repeats (2.3 Mb). A loss of heterozygosity observed
between microsatellite markers D1 (3.6 Mb) and
D15450 (9.6 Mb) suggested that the deleted region
spanned, at most, 9.6 Mb. Whole subtelomere
screening by FISH excluded subtelomeric chromo-
somal rearrangement involving 1p. Sequencing of
the FINA gene did not reveal any mutations in the
coding region. Our findings would support a
candidate gene for PNV localized within the deleted
region (from 1pter to 3.6-9.6 Mb) of the patient
reported by Neal et al. [2006] (Fig. 3).
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Left ventricular noncompaction is an cardiomy-
opathy characterized by the persistence of numerous
excessively prominent ventricular trabeculations
and deep intertrabecular recesses, and the etiology
is postulated 1o be caused by an arrest of the normal
process of intrauterine endomyocardial morpho-
genesis [Finsterer et al., 2006; Xing et al., 2006). This
disorder is genetically h . Mutations in
the genes encoding DTNA (18q12.1-q12.2), TAZ
(G4.5) (Xq28), and LDB3/Cypher/ZASP (10q22.2-
g23.3) have been identified in patients with this
condition [Ichida et al., 2001; Chen et al., 2002; Vatua
et al., 2003; Kenton et al., 2004; Xing et al., 2006]. It
has been described in association with various
neuromuscular disorders including dystrophinop-
athy (caused by mutations in DMD), dystrobrevin-
opathy (DTNA), laminopathy (LMNA), zaspopathy
(ZASP), myotonic dystrophy type 1 (DMPK), infan-
tile glycogenosis type Il (Pompe disease) (GAA),
myoadenylate-deaminase deficiency (AMPDI), sev-
eral mitochondrial disorders, Barth syndrome (TAZ),
Friedreich ataxia (Frataxin), and Charcot-Marie-
Tooth disease (PMP22) [Finsterer et al., 2006]. It has
also been described in association with non-neuro-
muscular genetic disorders including Ohtahara
syndrome, Roifman syndrome, Noonan syndrome,
Nail-Patella syndrome, Melnick needles syndrome,
MIDAS syndrome, congenital adrenal hyperplasia,
and several chromosomal abnormalities (Turner
syndrome; deletions of 22q11.2, Sq35qter, and
1g43; a deletion of 1g43qter with a duplication of
4q31qter, and tri 13) [Finsterer et al., 2006;
Kanemoto et al., . Mutations in TAZ [D'Adamo
et al., 1997] and LDB3 [Vatta et al., 2003) have also
been shown to cause dilated cardiomyopathy.
Dilated cardiomyopathy during infancy has been
observed in 23% of patients with monosomy 1p36
[Heilstedr etal., 2003b). In a report by Kurosawa et al.
[2005], two patients with a 3.5 Mb and a 2.7 Mb
deletion had dilated cardiomyopathy without
any congenital heart defects; whereas the other nine
E:jicnts with a 2.5 to >8 Mb deletion, six of whom

congenital heart defects, did not have dilated
cardiomyopathy. Shapira et al, [1997] and Heilstedt
etal. [2003b] reported on two patients with a 4.15 Mb
and a 7.26-7.50 Mb deletion respectively who each
had dilated cardiomyopathy. Thienpont et al. [2007]
reported the first patient with left ventricular non-
compaction and monosomy 1p36. She also had
multiple small muscular ventricular septal defects,
which closed spontaneously by age 5 months. In the
neonatal period, she showed mild hypocontractility
with a fractional shortening of 25%, which pro-
gressed at age 2 months with left ventricular
dilatation and a lower fractional shortening (13%).
Cardiac dysfunction improved with the administra-
tion of digoxin, diuretics, lisinopril, and carvedilol.
An array-CGH analysis at 1 Mb resolution showed a
deletion of the terminal 4.6-5.9 Mb of 1p36 (Fig. 3).
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Based on the data by Thienpont etal. and our patient
and considering only the patients with left ventricular
noncompaction, a candidate gene for this disorder
might be localized within a region from 1p36ter
to 4.6-5.9 Mb (Fig. 3). Hypothesizing that dilated
cardiomyopathy and left ventricular noncompaction
could have the same etiology in patients with
monosomy 1p36, the candidate gene might be
localized within 2.7 Mb from 1p36ter (Fig. 3). A
recent large series of monosomy 1p36 by Bataglia
et al. [2008] showed that 11/48 (23%) had non-
comapction cardiomyopathy and 2/48 (4%) had
dilated cardiomyopathy. To uncover the etiology
of cardiomyopathy in monosomy 1p36, it might
be meanin, to compare the two different
large patient series [Heilstedt et al,, 2003b; Bar-
taglia et al., 2008) with difference ratios of non
compaction-type and dilated type, in relation 1o ages
of detection, clinical courses, and extent of deleted
regions.

There have been few reports of patients with
monosomy 1p36 and early death. Out of 39 patients
reviewed by Slavotinek et al. [1999), there were three
deaths in early infancy. A boy, originally reported by
Howard and Porteus [1990), had an interstitial
deletion of 1p34.1p36.1. A girl and a boy, originally
reported by Hain et al. [1980], had both a deletion of
1p36pterand a deletion of 15pterq11, derived froma
maternzl balanced translocation. Structural heart
defects were detected in 43% of patients with
monosomy 1p36 in a series by Heilstedt et al.
[2003b). The most frequent defect was patent ductus
arteriosus (17%), and a complex defect (Epstein
anomaly) was detected only in one patient. Dilated
cardiomyopathy, detected in 23% in infancy, did not
worsen in any of the patients, although three of them
continued medication at the time of the evaluation.
Epilepsy, requiring regular anticonvulsant medica-
tions, was detected in 48% [Heilstedt et al., 2003b]. It
was usually well controlled by the medications
[Battaglia, 2005; Bauaglia er al., 2008], but could
frequently become intractable as reported in 2 series
by Kurosawa et al. (2005] (6/11 patients needed
combination therapy of anticonvulsant drugs). Feed-
ing problems were documented in 63% in infancy
(poor suck and swallow, reflux, and vomiting) and
72% had oropharyngeal dysphagia [Heilstedt et al.,
2003b]. In the present patient, progressive conges-
tive heart failure and pulmonary hypertension,
resulting from complex heant defects including
Epstein anomaly and left ventricular noncompac-
ton, and intractable epilepsy appear to be the
underlying factors that lead 1o the patent's death.
The direct cause of death (sudden cardiopulmonary
amrest after feeding) might be related to acute
worsening of pulmonary hypertension (pulmonary
hypertension crisis) or status epilepticus, triggered
by milk aspiration resulting from possible orophar-
yngeal dysfunction.

In conclusion, the present patient is the first case
with monosomy 1p36 complicated by three distinct
structural abnormalities: bilateral perisylvian poly-
microgyria, periventricular nodular heterotopia, and
left ventricular noncompaction and is also the first
that had a simple terminal deletion of 1p36 and died
in early infancy. A 10.5-11.1 Mb deletion, which was
detected through FISH analysis and larger than most
documented cases, would be related 1o development
of this combination of manifestations and the serious
clinical course.
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To the Editor:

Terminal and interstitial deletions encomp
4p16 result in Wolf—Hirschhorn syndrome ('WHS%
and the Pit-Rogers-Danks syndrome (PRDS) [Wright
et al., 1998]. A more imal, interstitial deletion
involving p16,1-p14 shows a distinct clinical entity
without overlapping features with WHS and/or
PRDS, and is characterized by long face, upslanting
palpebral fissures, epicanthal folds, large lax lips,
high-arched , micrognathia, prominent nose,
tall and thin body habitus, broad hands and feet,
and ing degrees of mental retardation [White
et al., 1995; Tonk et al., 2003). At least 22 cases of
4p16.1-p12 deletion have been reported [reviewed
by Tonk et al., 2003], 17 of whom had a 4p16.1-p14
deletion with a common clinical profile [Romain
et al., 1985; Fryns et al., 1989; Davies et al., 1990;
Ishikawa et al., 1990; Chitayat et al.,, 1995; White
et al., 1995; Innes et al., 1999; Tonk et al., 2003)
(Table I). Here we report a girl with mental
retardation, overgrowth and mild facial anomalies,
who has a de novo 46,XX,del(4)(p16.1p15.2). A
well-proportioned overgrowth pattern in our patient
seems distinctive in campanson to reported features
of patients with the proximal 4p deletion syndrome.

The patient, a 24-year-old female Han Chinese,
was bom at full-term to a 26-year-old G1P1 mother
who reported an unremarkable pregnancy and
nondiabetic history, Consanguinity of the parents
was denied. Family history was negative for tall
habitus: the body weight/height of her father, mother
and a sister was 67 kg/175 cm, 49 kg/165 cm, and
43 kg/160 cm, respectively. Birth weight of the
patient was 3,550 g (75th centile), length 61 cm
(>97th centile) and OFC 37 cm (>97th centile). She

has always been taller than the Chinese age-cohorts
since birth. She raised her head at age 6 months,
spoke at 15 months and walked at 3 years. She was
diagnosed in her early childhood to have mental
retardation by a local pediatrician and never
attended school except for kindergarten. She has
been able to care for herself since she was a teenager.
On physical examination at 23 years, her height
was 181 cm (>97th centile), weight 74 kg (>97th
centile) and OFC 58 cm, facial length 19 cm, and she
had the following facial abnormalities: square-jawed
face, epicanthal folds, prominent nose with over-
hanging tip, short philtrum, high-arched palate and
hypoplastic earlobes (Fig. 1a,b). She has a tall,
thickset and proportionate habitus withour broad
hands and feet. Her carpal bone age was advanced
during her childhood and adolescence, but the
recent radiographic findings at age 24 years were
normal. Her first menstruation appeared at age
12 years, then it came regularly, and her secondary
sexual characteristics developed normally. Psycho-
metric testing showed moderate mental retardation
with estimated IQ of 50, with poorer performance in
calculations. Clinical manifestations of the patient
including her facial gestalt did not fit to those for
any of generalized overgrowth syndromes, such
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as Weaver, Sotos, Simpson-Golabi-Behmel, Seip-
Berardinelli, Perlman, Nevo, MOMO, Marshall-
h, Beckwith-Wiedemann or Bannayan-Riley-
Ruvalcaba syndromes [Douglas et al., 2003]. Thus, it
is most likely that her overgrowth is constitutional
and associated with a chromosomal deletion below

High-resolution GTL-banding showed a 46,XX,
del(4)(p16.1p15.2) karyotype (Fig. 1c). Fluorescence
in situ hybridization (FISH) analysis with 11 H AC
clones mapped to -4p.r.r—-1p] i [Kondoh et al., 2003)
revealed h.a. G5-36p21, RP11-1150D2 (Fig. hii\
261G12 and 24K3 were retained but RP11-29N16
(Fig. 1e), 77N9, 46017, 79N22 and
106M4 were deleted. These results 'oulL ..:L'i.] that the
WHS critical region is not deleted and that the
pwx'.m;i] and distal deletion breakpoints are located
in the regions between | coordinate ch romo-
some 4 rulglul.utu 24,54 and 24,551,
between nucleotide 6,504,169 and 6,504,249, respec-
tively. Therefore, the deletion is assigned to an 18-Mb
region (nt. 6,504,169-24,551,523) at 4p16.1-p15.2
The karyotypes of her father, mother and sister were
normal

Chi t et al. [1995] reported three cases of the
imal 4p deletion syndrome and proposed

pro
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12, ghowing
interphase ce

4p15.33~-p15.2 as the minimal deleted segment for
:his svndm"n:_ which was later supported by Innes
al. [1999], However, our p;l'wm has tion
encompassing the 4p16.1-p15.2 region, and there
have been five reported cases of a deletion similart
our patients [C ‘Wh \\ ]n'e_' et al., 1
Innes et al., 1999; Tonk etal., »i these five
cases shared several clinical fe “lude a
long face, epicanthal folds, distinctive nose, thick
lower lip, tall and thin habitus and moderate mental
retardation. Thus, Tonk et al. [2003] suggested that
the critical region for the proximal 4p deletion
a':.'mirr::m_— can be narrowed to a region from 4p16.1
o pl5.2. As all reported cases that had a 4p16.1-
pl5.1 dt‘|u1(,ln manifested all typical features of this
syndrome (Table 1), the critical region should be
confined to 4p16.1-p15.1. By a review of break-
points of 4p16.1-p14 deletions in reported patients
(Table I), we found that the tall habitus is most likely
auributed to 4p16.1-p15.32 deletion, probably
implying the presence of a negative control mech-
anism against tall status or overgrowth.
Overgrowth and other features in our patient merit
comments. According to the information from
Table 11, 82% (14/17) of patients with a 4p16.1-p14

"es el ,t! -
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TABLE | Clinical Features of 18 Reported Casex of 4pl6.1-4pl4 Deledon

Reported patients with deletion |neferences|

p1S 2-14,
| case 5]

4p1532-pl5.2,
1 case 8]

Ap1S32-pld,
2 cases [2,7]

ipls33-15.2,
3 cases 15,60

Apl6t-pl4,
1 case [2)

4pl6.1-pl5.1,
4 cases [2)

dplba-pls2,

5 cases |[1-4]

dpl6.1-pls2,
present case

OVERGROWTH WITH PROXIMAL 4p DELETION
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High or cleft palkate
Thick lower lip

Micrognathia
Broad hands and fee

Upslanted fissures
Epicanthal folds
Distinctive nose
Troad, shomn neck
Tall, thin habitus
Mental retandation

Long face

3

Milkd

++

R

+ |

Moderate

Severe
1, White €1 al. [1995) L Took et al. [2003); 3, Innes et al. (1999 4, Davies et al. (1990F 5, Chiayat etal (1995 6, Romain o 3L 119855 7, Fryns of al. [1989]; 8, ishikawa ot al [1990], 7, po available data
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deletion had a 1all, thin stature, while the habitus of
our patient was tall and well-proportioned, rather
than thin, andbcf.npm:ally In addition, her face
was not long but her jaw was well developed. These
features seem distinctive among the reported man-
ifestations for the proximal 4p deletion syndrome,
and might be attributed to possibly different extent
of deletion between our and other patents with
dci(é)ﬂ:lﬁ 1p15.2), although our findings remain

usive asthisisa single caseanda blcrol:
of genetic background within the fam.tg:
nﬂedout.Bascdonafamﬂm]nmmonand
reproductive fitness of the syndrome reported
previously, as well as a possible uctive
capacity in our patient, we must exercise a caution
when counseling patients with this condition [Tonk
et al,, 2003],

According to information from the Gene Predic-
tons in the UCSC database, there are several
candidate genes in the deleted segment that may
explain the overgrowth in the present patient
Among them, the SLC249 and BAPX1 genes may
play a role in the development and survival of
chondrocytes in cartilage matrices and in skeletal
development, respectively. The FGFBPI gene
encoding fibroblast growth factor binding protein 1
may have a function similar to that of FGFR3, the
gene for fibroblast growth factor receptor 3, which
regulates endochondral ossification [Deng et al.,
1996]. Moreover, the PPARGCIA gene (chrd:
23,402,742-23,500,798) that is located near the
proximal breakpoint of the 18-Mb deleted region
in our patent may involve in regulating cellular
ghbglesterol homoeostasis and development of

sity.
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The mirror (reverse tandem) duplication of chromosome 21 is
a rare chromosomal aberration. Several cases have been
described,'” but only a few of them demonstrated chromosome
breakpoints in detail using cytogenetic and/or molecular tech-
niques.’ The Down syndrome critical region (DSCR) is &
chromosome 21 segment containing genes responsible for
many features of Down syndrome (DS), and is located on
21q22.2-q22.374

We here report a patient with mirror duplication of chromo-
some 21, whose karyotype was 46,XX, psu idic(21)(q22.3). Clini-
cally, the patient is completely compatible with DS and does not
have any finding caused by monosomy for 21q22.3 region.

Case report

The patient, a 2-year-old Japanese girl, was the second of two
children of non-consanguineous healthy parents. Her mother
and father were 34 and 39 years old, respectively, at the time of
her birth. She was born at 38 weeks of gestation &t a weight of
3132g (mean) and length of 49.0cm (mean). Pregnancy and
delivery were uneventful. The patient had hyperbilirubinemia
at the age of 3days, and was given phototherapy for 3days.
Because of heart murmur and her facial expression suggestive
of DS, she was referred to Nagasaki University Hospital at the
age of 5days. Because the patient (ulfilled more than 13 of 25
items in Jackson's checklist (Table 1),° she was clinically diag-
nosed as DS. Cardio-echography indicated tetralogy of Fallot
(TOF), small atrial septal defect, and pulmonary infundibular
and valvular stenosis. The patient has been taking diuretics
since 22months of age. When examined at 2years of age her
weight was 11.45kg (+0.2 SD) and height was 79.9cm (-1.4
SD), and her total developmental quotient was 60. She did not
have complications of Bethlem myopathy or infectious suscep-
tibility. Data from her ordinary biochemical investigations and
thyroid hormone examinations were within the normal range.
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rics, Nagasaki University School of Medicine, 1-7-1 Sakamoto, Naga-
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Cytogenetic analysis

On chromosome analysis of cultured peripheral blood lymphocytes
the karyotype was 46,XXpsu idic(21)(g22.3) (Fig. 1). To validate
trisomic/monosomic regions of the abnormal chromosome 21
precisely, we performed fluorescence in siru hybridization
(FISH) using 12 BAC clones that were mapped to 21q22.2-q22.3

Table 1 Jackson’s checklist

Present Previously reported
patient patients (ref. 2)
A B L=
Brachycephaly + + + +
Oblique eye fissure + + + +
Epicanthic eye fold + + + +
Blepharitis, conjunctivitis + ND ND ND
Brushfield spots (iris color) - - - -
Nystagmus + - - L
Flat nasal bridge + + + +
Mouth permanently open - - - -
Abnormal teeth ND - ND -
Protruding tongue + - + -
(macroglossia)
Furrowed tongue + ND +
High-arched palate + + - +
Narrow palate + + - +
Folded ear (rnight, left) e = —t—
Short neck + + + +
Loose skin of neck - ND - ND
Short and broad hands + + + +
Short fifth finger (right, left) ++ +f —f— -
Incurved fifth finger (right, left) -/~ ++ == -f=
Transverse palmar crease —- == = —i+
(right, left)
Gap between first and second —= 4+ ++ +H4
toes (right, left)
Congenilal heart defect +TOF) - +(TOF) +(VSD)
Heart murmur + - + +
Joint hyperflexibility - - - +
Muscular hypolonia + + + +
Total 16 12 12 15

ND, not done; TOF, tetralogy of Fallot; VSD, ventricular septal
defect. A, B and C correspond 1o patients. TY, L1 and AL, respectively,
in reference 2.
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Table2 Cytogenetic and molecular analysis of idic(21)(q22.3) chromosome

Chromosome  BAC clone name Gene symbol Genomic location Copy number
Start End Present patient Previously reported
patients (ref. 2)

A B C
21q22.12 RUNX1 35081968 35182857
21g22.13 CLDNI14 36754790 36760595
21q222 RP11-137J13 39627180 39780344 3
21q222 RP11-419K6 40647060 40865029 3
21q22.2 RP11-1D00AS 41000852 41204567 3
21q223 478D2 (D21542) 3 3 3
219223 RP11-113F1 42507241 42689355 3
219223 CBS 43346371 43369493
21q22.3 CRYAA 43462209 43465982 2 3 3
219223 CSTE 44018259 44020687
219223 RP11-466A11 44000835 44208698 3
21q22.3 RP11-11318 44158888 44352211 3
219223 RP11-867D1 44478890 44695209 3
219223 AIRE 44530190 44542528
219223 PFKL 44544357 44571683 I 2 3
21q223 RP11-323F14 44822749 45022308 |
21g223 RP11-53E17 44865246 45041136 !
21g22.3 RP11-16B19 44058870 45143207 |
21q223 ITGB2 (CD18) 45130313 45165232 1 1 3
21q223 RP11-581A12 45395635 45584697 1
21q22.3 COLGAT 46226090 46249391 1 1 1
219223 COL6A2 46342469 46374147
219223 RP11-135B17 46756339 46932616 1
21q22.3 51008 46842958 46849424 1 1 I

A, B and C conrespond to patients. TY, LI and AL, respectively,

region (according to Human GenomeBrowser May 2004 version: Discussion

hitp://genome.ucsc.edu/cgi-bin/hgGateway ?db=hg11; Table 2;
Fig. 2). FISH clearly showed that the breakpoint of inverted
duplication of the psu idic(21) chromosome was mapped between
RP11-867D1 and RP11-323F14. And duplicated and deleted
regions were 44.4 Mb and 2.1 Mb in extent, respectively.

Fig. 1 Chromosome analysis according to G-banding in the present
case; 46, XX, psu idic(21)(q22.3).
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Patients with mirror duplication of chromosome 21 have been
infrequently reported. Either a reciprocal translocation or an
exchange between the arms of the chromosome or sister chroma-
tids has been postulated to cause such mirror duplication®
Unfortunately, chromosome breakpoints were determined in
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Fig.2 Cytogenetic and molecular analysis of chromosome 21q of
the present patients in comparison to those of the previously reported
patients. A, B and C correspond to patients. TY, LI and AL, in refer-
ence 2. Numbers in columns at right side indicate copy numbers.
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