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Summary

Five familial cases exhibited ephelides-like multiple lentigines, and we examined three of
them, a mother and two sons. All three patients presented with small dark-brown maculae
on the face and neck and electrocardiographic abnormalities. These findings sufficed to
fulfill the criteria for LEOPARD syndrome (multiple lentigines syndrome), although they
lacked five of seven major clinical features. However, the family members presented with a
webbed neck and pectus excavatum, which are more frequently seen in Turner or Noonan
syndrome. Histological examination of the lentigines revealed slightly elongated rete ridges,
a hyperpigmented basal layer, and melanophages in the papillary dermis. Direct sequenc-
ing of the patients’ genomic DNA revealed that all three had a consistent missense
mutation [c.1403C > T (p.T468M)] in the PTPN11 gene, confirming LEOPARD syndrome
with an atypical phenotype. It was suggested that LEOPARD syndrome shows a diverse
phenotype but its diagnosis can be verified by mutation analysis.
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Introduction

In 1936, Zeisler and Becker' reported on a 24-year-old
female with multiple lentigines scattered on her body,
pectus carinatum, ocular hypertelorism, and mandibular
prognathism, which was later named LEOPARD syn-
drome (LS) by Gorlin et al.* LEOPARD is an acronym
for the major features that characterize the syndrome:
multiple Lentigines, Electrocardiographic conduction
defects, Ocular hypertelorism, Pulmonary stenosis, genital
Abnormality, Retardation of growth, and sensorineural
Deafness. LS is an autosomal dominant disorder that has
been presented not only by dermatologists, but also by
other specialists,>® and is also called multiple lentigines
syndrome.™? The life-threatening problems in LS patients
are  hypertrophic

10,11

cardiomyopathy and  malignant
tumors.

Missense mutations in exons 7, 12, and 13 of the pro-
tein-tyrosine phosphatase, nonreceptor type 11 (PTPN11)
gene, which is located on chromosome 12q24.1 and

encodes the protein tyrosine phosphatase SHP2, have
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been found in LS;"*"*" all the mutations are located at
the catalytic cleft of the PTPNi11 protein.'* The SHP2
protein plays an important role in several signal transduc-
tion pathways involving several cytokines and hormones,
with a particular role in the RAS-mitogen activated pro-
tein kinase pathway."*™"” Thus, although genetic testing
is not commonly performed, it is helpful for confirming a
diagnosis and differentiating LS from similar diseases,
such as Peutz-Jeghers syndrome, Carney syndrome, Noo-
nan syndrome, and Turner syndrome.

We describe a family with members exhibiting multiple
lentigines with less-frequent symptoms, such as a webbed
neck (pterygium colli) and pectus excavatum (trichterb-
rust), who were genetically diagnosed as having LS.

Case report

The family consisted of three generations (Fig. 1). In the
1st generation, there were two sisters. The elder sister
(70-year-old) had multiple dark-brown lentigines, mainly
on the face (similar appearance to ephelides), a webbed
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Figure 1 Family pedigree. Two family members in the 1st
generation (the mother and mother’s younger sister) and all
three members in the 2nd generation (two sons and one
daughter) presented with multiple lentigines (red). Multiple
lentigines were not noted in the father and first brother’s
sons. Fa, father; Mo, mother; FB, first brother; SB, second
brother; Si, sister

neck, and pectus excavatum without a short stature
(Fig. 2). She had two sons and one daughter (the 2nd
generation) and did not marry consanguineously. Her
husband already died of lung cancer at the age of 64. The
younger sister (65-year-old) had multiple lentigines and
no children before she died.

The second brother of the 2nd generation (41-year-
old) presented with small, dark brown, irregularly pig-
mented maculae 1 to 4 mm in size on the face and

Familial cases with LEOPARD syndrome Medical genetics

neck, including the vermillion, but not involving the oral
and orbital mucosa (Fig. 2). The maculae had been pres-
ent since birth, and new lesions gradually developed
until his 20s and darkened with age. He also presented
with other features, such as a webbed neck with a lower
hairline and pectus excavatum. Electrocardiography indi-
cated arterial fibrillation, ventricular extrasystole, tachy-
cardia, and left anterior hemiblock. Echocardiography
showed mild mitral valve regurgitation, tricuspid valve
regurgitation, aorta dilation, and left ventricular dilation.
Pulmonary stenosis was not found. Gastrointestinal and
colon fibroscopy did not detect polyposis or any other
abnormalities. Levels of thyroid stimulating hormone,
free thyroxine, and free triiodothyronine were normal.
Chromosome analysis showed a normal 46, XY karyo-
type in all the so peripheral lymphocytes examined. The
first brother (44-year-old) (Fig. 2) and a sister (39-year-
old) of the 2nd generation showed almost the same
physical findings. Only the second brother had nevus
spilus-like maculae on the back and left arm, but neuro-
fibroma did not present in any of the family members.
Bilateral blepharoptosis was noted also only by the sec-
ond brother, although there was no accompanying
exophthalmus or ocular hyperterolism.

The first brother of the 2nd generation has two sons
(3rd generation), aged 6 and 5 years, with no symptoms
suggesting LS, although multiple lentigines may appear in

First brother

Figure 2 Photographs of three family
members. All three members (the
mother, the first brother and the second
brother) presented with multiple small
brown maculae on the face and neck,

a webbed neck, and pectus excavatum
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Table 1 Summarized clinical manifestations of five family members
Manifestations Fa Mo FB SB Si
Genome Missense mutation in the PTPN11 gene N/A + + + N/A
L Multiple Lentigines - + + + +
E ECG abnormalities N/A + + + +
o Ocular hypertelorism - - - - -
P Pulmonary stenosis N/A N/A N/A - N/A
A Abnormal genetalia Cryptorchidism = = - - -
R Retardation of growth - - - - -
D Sensorineural Deafness - - - - -
Skin Café-au-lait spots - + + + N/A
Neurofibromatosis - - - - -
Curly, coarse hair - - - - -
Ear Low-set ear + + + + N/A
Eye (Eyelids) Light-colored irises = - - - N/A
Blepharoptosis + + + + +
Epicanthal folds = - + + N/A
Cardiovascular Congenital heart defects N/A N/A N/A + N/A
Hypertrophic cardiomyopathy N/A N/A N/A N/A
Skeletal Short stature - - - -
Pectus excavatum and/or carinatum - + + + +
Vertebral anomalies Scoliosis - - - - -
Cubitus valgus - - - - -
Hematological Bleeding diathesis (von Willebrand - - - - -
disease, factors X| and XII deficiency)
Thrombocytopenia - - - - -
Leukemia - - - - -
Others Webbed neck with low posterior hairline - + + + +
Malocclusion - + + + N/A
Lymphatic disorder Lymphedema - - - -~ -
Triangular facies - = - - N/A

Feeding difficulties
Cryptorchidism
Mental retardation
Sexual infantilism

ECG, electrocardiogram; Fa, father; Mo, mother; FB, first brother; SB, second brother; Si, sister.

the future. The second brother and a sister do not have
any children.

There was no abnormality of the external genitalia or
urinary organs in any family members. Intelligence, men-
tal development, and hearing were also normal. The clini-
cal data are summarized in Tables 1 and 2.

Human tissue analyses were performed in compliance
with the Declaration of Helsinki Principles. Peripheral
blood samples were taken from the mother (1st genera-
tion) and both brothers (2nd generation) using an ethics
committee-approved protocol for genomic DNA analyses
after each patient provided informed consent. Photo
release consent was also obtained from each patient. Leu-
kocyte genomic DNA was amplified by PCR for the 15
exons and flanking introns of PTPN11 and was subjected
to direct sequencing from both directions using a CEQ
8ooo autosequencer (Beckman Coulter, Fullerton, CA,
USA). The primer sequences and PCR conditions were
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Table 2 Characteristic manifestations of LEOPARD and
Noonan syndrome

Manifestations Fa Mo FB SB Si

LEOPARD Multiple Lentigines - + + + o+

Sensorineural Deafness - ~- - - -

ECG abnormalities Noonan N/A + + + o+

Facial dysmorphism (e.g. Ocular N/A NA NA - NA
hypertelorism)

Cardiovascular defects (e.g Pulmonary - - - -
stenosis)

Abnormal genetalia (e.g Cryptochidism) = - - - -
Retardation of growth (e.g. Short stature) - - - - -
Mental retardation -

Webbed neck -
Pectus excavatum -
Hematologic abnormalities (e.g. Leukemia)

|
!
L
|

+ +
+ +

+
+ +

]
]
1
1
I

Fa, father; Mo, mother; FB, first brother; SB, second brother;
Si, sister.
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Figure 3 Electrochromatograms for the three family
members. The PTPN11 mutation (Thrg68Pro, 1403AfC)
was detected in genomic DNA from the leukocytes of the
three patients

described previously.”® To confirm any mutations, three
independent PCR products were examined. Mutation
analysis indicated a heterozygous C > T substitution at
position c.1403 in PTNP1r exon 12 in all the three sub-
jects, resulting in the missense mutation Thrg68Met
(Fig. 3), which is one of the known mutations for LS.
This mutation is located at the catalytic cleft of the PTP
domain and impairs phosphatase activity of SHP2."?

A skin biopsy of a pigmented facial lesion was taken
from the second brother (2nd generation). The biopsied
sample was processed for HE staining and Fontana-Mas-
son ammoniac silver staining. Histological examination of
the lentigine specimen (Fig. 4) revealed that epidermal
rete ridges were slightly elongated and basal layer of
the epidermis were hyperpigmented with increased num-
bers of melanocytes. No nevus cells were observed. Depo-
sition of melanophages was slightly detected in the top
region of the dermal papillae, and we observed moderate
infiltration of lymphocytes into the epidermis and hair
follicle epithelium.

There are many reports in the literature of multiple lenti-
gines associated with other symptoms, including Neurofi-
bromatosis—-Noonan syndrome,*® Watson syndrome,*’
centrofacial lentiginosis,** inherited patterned lentigino-
sis,** Carney complex,** Peutz-Jeghers syndrome,*’ Lau-
gier-Hunziker-Baran syndrome, and Cronkhite—-Canada
syndrome. In our cases, ephelides-like lentigines were
spread predominantly on the face and neck without erup-
tions on the oral mucosa, and neither neurofibroma nor
schwannoma were seen. Intestinal polyposis, myxoma, or
endocrine dysfunction was not noted. However, our cases
also lacked many major manifestations associated with
LS; none of the patients exhibited ocular hypertelorism,
pulmonary stenosis, abnormal genitalia, growth retarda-

© 2010 The International Society of Dermatology
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Figure 4 Histological examination of the biopsy specimen
from the face of the second brother. Top: Histological
examination of a pigmented macule demonstrated slightly
elongated rete ridges and epidermal hypermelanosis using
(Hematoxylin-Eosin staining. x100; scale bar = 200 pum).
Bottom: Higher magnification of the section revealed a
hyperpigmented basal layer, incresed numbers of melanocytes
without nest formation, and melanophages in the papillary
dermis. (Masson-fontana ammoniac silver staining x200;
scale bar = 100 um.)

tion, or sensorineural deafness. On the other hand, a
webbed neck and pectus excavatum, which are less fre-
quent in LS”*¢ and frequently seen in Noonan syndrome
and Turner syndrome,*” were noted.

LEOPARD syndrome has been reported to present with
extremely variable phenotypes. Voron et al.” grouped the
LS features into the following nine categories: cutaneous
abnormalities, cardiac abnormalities, genitourinary abnor-
malities, endocrine findings, neurogenic defects, cephalo-
facial dysmorphism, short stature, skeletal anomalies, and
familial history consistent with an autosomal dominant
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mode of inheritance. Voron also proposed minimal diag-
nostic criteria for LS: at least two other features must be
present in cases with multiple lentigines, whereas a diag-
nosis of LS may be made in cases with family history and
three other major features despite an absence of multiple
lentigines.” In our cases, three other features (cardiac and
skeletal abnormalities and family history) were present in
addition to multiple lentigines, but only two (multiple
lentigines and ECG abnormality) of the seven major clini-
cal manifestations advocated by Gorlin er al.* were noted.
Therefore, careful differentiation from Noonan syndrome
is needed because most of the clinical features of LS, such
as heart defects, growth retardation, and facial dysmor-
phism, overlap with those of Noonan syndrome. Noonan
syndrome presents as a Turner-like phenotype, such as
short stature, cephalofacial dysmorphism, webbed neck,
skeletal anomalies, and genitourinary and cardiac abnor-
malities, particularly pulmonary valve stenosis, although
Noonan syndrome has a normal karyotype.**

Both LS and Noonan syndrome are known to be
caused by heterozygous germline missense mutations in
the PTPN11 gene. Approximately 85% of the patients
with a definite diagnosis of LS have a missense mutation
in the PTPN11 gene,'® and mutations in the PTPNi11
gene are also seen in roughly 50% of Noonan syndrome
cases.*”*® However, it was recently established by analyz-
ing accumulated genetic data of LS and Noonan syn-
drome that the mutations in LS and Noonan syndrome
are almost mutually exclusive.”*3**" In Noonan syn-
drome, PTPN mutations are detected at 33-60%,*7*°
and are recurrent and clustered mostly in exons 3, 7, 8,
and 13."®*7 Noonan syndrome mutations are recognized
as gain-of-function mutations, while LS mutations were
identified as having dominant negative, not activating,
effects.’* (approximately 90%)
reported PTPN11 mutations in LS are located in exons 7
(Tyrz79Cys) and 12 (Thr468Met),>® the latter of which
was detected in all three family members examined here.
In addition, to our knowledge, Thrg68Met has never
been detected in NS syndrome.*”**? Taken together with
the clinical finding that the three familial patients sufficed
Voron’s minimal diagnostic criteria for LS, we diagnosed
them as LS.

It has been reported that there are typically two histo-
9,26

The most frequently

melano-
cytic nevi and lentigo simplex. The biopsy specimen from
our case exhibited histological features compatible with
the latter, a lack of nevus cells and the presence of epider-

logical types of lentigines seen in LS patients:

mal hypermelanosis.

In conclusion, three familial cases presented with ECG
abnormalities and multiple lentigines on the face and
neck, lacked most of other major features of LS, and
exhibited a webbed neck and pectus excavatum. Genetic
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testing revealed that all of the patients carry a consistent
germline missense mutation (Thrg68Met, 1403C — T) in
the exon 12 of PTPN11 gene, which suggested the diag-
noses of LS.
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TO THE EDITOR:

Human chromosome 14q32.2 carries a cluster of imprinted genes
including paternally expressed genes such as DLKI and RTLI
and maternally expressed genes such as MEG3 (alias GTL2) and
RTL1as(RTLIantisense), together with the germline-derived inter-
genic differentially methylated region (IG-DMR) and the
postfertilization-derived MEG3-DMR [da Rocha et al.,, 2008; Ka-
gami et al., 2008a]. Consistent with this, paternal uniparental
disomy 14 (upd(14)pat) results in a unique phenotype character-
ized by facial abnormality, small bell-shaped thorax with coat-
hanger appearance of the ribs, abdominal wall defects, placento-
megaly, and polyhydramnios [Kagami et al., 2008a,b], and mater-
nal uniparental disomy 14 (upd(14)mat) leads to less-characteristic
but clinically discernible features including growth failure [Kotzot,
2004; Kagami et al., 2008a].

For upd(14)pat, this condition has primarily been identified by
the pathognomonic chest roentgenographic findings that are ob-
tained immediately after birth because of severe respiratory dys-
function [Kagami et al., 2008a]. However, upd(14)pat has also
been suspected prenatally by fetal radiological findings suggestive
of small thorax and other characteristic findings [Curtis et al.,
2006; Yamanaka et al., 2010]. Here, we report on prenatal findings
in a hitherto unreported upd(14)pat patient. The results will
serve to the prenatal identification of similarly affected
patients and appropriate neonatal care including respiratory
management.

A 41-year-old gravida 1, para 0 Japanese woman was referred to
Nagoya City University Hospital because of polyhydramnios at
24 weeks of gestation. The polyhydramnios was severe and required
repeated amnioreduction (1,600 ml at 26 weeks, 1,800 ml at 29
weeks, 2,000 ml at 32 weeks, and 2,100 ml at 35 weeks). The fetal
urine volume was normal (5—12 ml per hr). At 28 weeks of gesta-
tion, 3D ultrasound studies were performed, delineating dysmor-
phic face, anteverted nares, micrognathia and small thorax
characteristic of upd(14)pat (Fig. 1), although the differential
diagnosis included Beckwith—Wiedemann syndrome and several

© 2010 Wiley-Liss, Inc.
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types of skeletal dysplasia. Thereafter, ultrasound studies were
weekly carried out, indicating almost normal fetal growth and
normal umbilical artery Doppler.

At 37 weeks of gestation, a 2,778 g male infant was delivered by
cesarean because of fetal distress. The placenta was 1,384g
(gestational age-matched reference, 510+ 98 g) [Kagami et al,
2008b]. The patient had severe asphyxia, and immediately received
appropriate management including mechanical ventilation for
6 days and nasal directional positive airway pressure at the neonatal
intensive care unit. At birth, physical examination revealed
hairy forehead, blepharophimosis, depressed nasal bridge,
anteverted nares, small ears, protruding philtrum, puckered lips,
micrognathia, short webbed neck, joint contractures, and diastasis
recti, and roentgenograms showed typical bell-shaped thorax
with coat-hanger appearance of the ribs (Fig. 2). Coax valga or
kyphoscoliosis was uncertain. Discharge from hospital was 35 days
after birth. On the last examination at 8 months of age, the patient
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FIG. 1. Prenatal 3D findings at 28 weeks of gestation; A.B Face appe

required regular oropharyngeal suction and nasogastric tube feed-
ing due to a poor swallowing reflex, and showed developmental
delay. At the time of the last evaluation there was no seizure
disorder.

To confirm the findings, cytogenetic and molecular studies were
performed for the cord blood of the patient by the previously
described methods [Kagami et al., 2008a]. This study was approved
by the Institutional Review Board Committees at National Center
for Child Health and Development and Nagoya City University,
and performed after obtaining written informed consent. The
karyotype was normal, and metaphase fluorescence in situ hybrid-
ization (FISH) analysis with a 202 kb BAC probe containing DLK1
(RP11-566]3) and a 165 kb BAC probe containing MG3and RTL1/
RTLlas (RP11-123M6) (http://bacpac.-chori.org/) delineated two
signals with a similar intensity, respectively. Methylation analysis
for bisulfite-treated genomic DNA indicated the presence of pater-
nally derived hypermethylated 1G-DMR (CG4 and CG6) and
MEG3-DMR (CG7) and the absence of maternally derived hypo-

at 26 f gest : th blepharophimosis, depressed nasal bridge, anteverted nares, and
micrognathia. C: Small thorax and polyhydramnios. D: Coat-hanger like appearance of the ribs. i : i : i

methylated DMRs. Furthermore, microsatellite analysis was per-
formed using leukocyte genomic DNA of patient and parents,
revealing uniparental paternal isodisomy for chromosome 14
(Table 1, Fig. 3).

In this patient with molecularly confirmed upd(14)pat, ultra-
sound studies unequivocally showed typical upd(14)pat pheno-
types such as thoracic abnormality and facial dysmorphic features.
While this is the first report documenting the facial appearance of
the affected fetus, small thorax has been suspected prenatally in five
patients with upd(14)pat or epimutations of the IG-DMR and the
MEG3-DMR, with coat-hanger appearance of the ribs being delin-
eated in one patient [Curtis et al., 2006; Yamanaka et al., 2010]. Tn
this regard, it is notable that polyhydramnios has invariably been
identified in upd(14)pat by the second trimester [Kagami et al.,
2008a]. Tt is recommended, therefore, to perform radiological
studies for pregnant women with polyhydramnios, to suspect
upd(14)pat-compatible clinical features of the fetus. This will
permit appropriate counseling and delivery planning at a tertiary
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FIG. 2. Postnatal findings at 1 month of age. A: Front view. B: Chest roentgenogram showing bell-shaped thorax with coat-hanger appearance of the ribs.

center with neonatal intensive care as well as pertinent molecular

studies using cord blood.
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TABLE 1. The Results of Microsatellite Analysis

Locus Location  Mother Patient Father Assessment
D14580  14q12 98 98 98 NI
D14S608 14q12 200 194 194/210 Isodisomy
D14S588 14q23—-24.1 114/126 114 114/122 N..
D14S617 14q32.12  139/168 143 143/165 Isodisomy
0145250 14q32.2 159 159 159/167 N..
D1451006 14q32.2 127/139 127 127/139 N.I.
D145985 14q32.2 135/137 131 131/133 lIsodisomy
01451010 14q32.33  134/142 142 142/144 N.l.
01451007 14q32.33 119 119 119 NI

N.I, not informative.

The Arabic numbers indicate the PCR product sizes in bp.

The imprinted region resides at 14q32.2,
0145985 is located in the intron of MEG3.
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Mother

Patient

Father

D14S985

FIG. 3. Microsatellite analysis for 145985 residing in the intron of
MEG3. One of the two peaks in the father is transmitted to the
patient, and both of the two peaks in the mother are not inherited

by the patient. The PCR fragment size: 135 and 137 bp in the
mother, 131 bp in the patient, and 131 and 133 bp in the father.
[Color figure can be viewed in the online issue, which is available at
wileyonlinelibrary.com]
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1p36 deletion syndrome associated with Prader-Willi-like phenotype

Yu Tsuyusaki,' Hiroshi Yoshihashi,' Noritaka Furuya,' Masanori Adachi,? Hitoshi Osaka,’ Kayono Yamamoto® and
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Tokyo, Japan

Abstract  Background: 1p36 deletion syndrome is one of the most common subtelomeric deletion syndromes, characterized by
moderate to severe mental retardation, characteristic facial appearance, hypotonia, obesity, and seizures. The clinical
features often overlap with those of Prader-Willi syndrome (PWS). To elucidate the phenotype—genotype correlation in
1p36 deletion syndrome, two cases involving a PWS-like phenotype were analyzed on molecular cytogenetics.
Methods: Two patients presenting with the PWS-like phenotype but having negative results for PWS underwent
fluorescence in situ hybridization (FISH). The size of the chromosome 1p36 deletions was characterized using probes of
BAC clones based on the University of California, Santa Cruz (UCSC) Genome Browser.

Results: PWS was excluded on FISH and methylation-specific polymerase chain reaction. Subsequent FISH using the
probe D1Z2 showed deletion of the 1p36.3 region, confirming the diagnosis of 1p36 deletion syndrome. Further analysis
characterized the 1p36 deletions as being located between 4.17 and 4.36 Mb in patient 1 and between 4.89 and 6.09 Mb
in patient 2.

Conclusion: Patients with 1p36 deletion syndrome exhibit a PWS-like phenotype and are therefore probably under-
diagnosed. The possible involvement of the terminal 4 Mb region of chromosome 1p36 in the PWS-like phenotype is

hypothesized.

Key words

The terminal deletion of chromosome 1p36 is a newly recognized
syndrome with multiple congenital anomalies and mental
retardation.'™ The prevalence is estimated to range from 1 in
5000 to 1 in 10 000."S The most frequent clinical findings are
moderate-severe mental retardation, facial characteristics includ-
ing deep-set eyes and pointed chin, hypotonia, and seizures. The
deletion size varies in each family and appears to be correlated
with the clinical complexity as a result of haploinsufficiency of
different genes,*” but most breakpoints cluster at 4.0-4.5 Mb
from the telomere (lpter). Some clinical manifestations of the
syndrome overlap with those of Prader-Willi syndrome (PWS).
Recently, a PWS-like phenotype has been described in patients
with monosomy 1p36,° maternal uniparental disomy 14
(upd[14]mat),*' and chromosome 6q16 deletion."" The common
clinical features are global developmental delay, hypotonia,
obesity, several craniofacial anomalies, hyperphagia, and behav-
ioral problems.

Here, we describe two cases of 1p36 deletion syndrome in
patients who were provisionally diagnosed with PWS, and elu-
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1p36 deletion syndrome, chromosome, fluorescence in siru hybridization, obesity, Prader—Willi-like phenotype.

cidate the phenotype—genotype correlation in 1p36 deletion syn-
drome. The study highlights the issues regarding the overlapping
clinical findings and manifestations between 1p36 deletion syn-
drome and PWS.

Methods
Case reports
Patient 1

Patient 1 was the first child of healthy unrelated parents, with an
unremarkable family history. The mother and father were 25 and
29 years of age, respectively, at the time of her birth. She was
born at 37 weeks of gestation after an uneventful pregnancy, with
a birthweight of 2360 g (-0.71 SD) and length of 46.0 cm (-0.32
SD). The patient had hypotonia and difficulty in sucking, requir-
ing tube feeding, in the neonatal period. At age 3 her cognitive
skills and motor development were moderately delayed. She
crawled at 10 months, walked at 18 months, and could speak
repeated words at 3 years. At age 6 the patient had hyperphagia.
On physical examination at the age of 9 years, her weight was
36.9 kg (+1.16 SD), height was 129.4 cm (-0.43 SD), and occipi-
tofrontal circumference (OFC) was 52.8 cm (+1.24 SD). The
facial features included deep-set eyes associated with almond-
shaped palpebral fissures, straight eyebrows, a prominent fore-
head, a broad and flat nasal root, and a pointed chin (Fig. 1). She
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Table 1 Scoring based on the diagnostic criteria for PWS"?

Patient Patient
1 2

Major criteria
Infantile central hypotonia
Infantile feeding problems/failure to thrive
Rapid weight gain between 1 and 6 years
Characteristic facial appearance
Hypogonadism: genital hypoplasia, pubertal
deficiency
Developmental delay/mental retardation
Hyperphagia/food foraging/obsession with
food
Cytogenetic or molecular diagnostic testing - =
Minor criteria
Decreased fetal movement and infantile - -
lethargy
Typical behavior problem
Sleep disturbance/sleep apnea
Short stature for the family by age 15 years
Hypopigmentation
Small hands and feet for height age
Narrow hands with straight ulnar border
Esotropia, myopia
Thick, viscous saliva
Speech articulation defects
Fig. 1 Patient 1 at age 9. Note the deep-set eyes associated with Skin picking
almond-shaped palpebral fissures, straight eyebrows, prominent Total scores 8.5
forehead, broad and flat nasal root, and pointed chin.

I+ + + +
I+ + 0+

+ +
+ +

I+ 4+ ++ 1
L+ o+ 1+

+ |
I+ 1+ 1

b
[

PWS, Prader-Willi syndrome.

had small and narrow hands with a straight ulnar border and
small feet with short toes. Her skin was generally hypopig-
mented. On initial evaluation the physical features and behavioral
characteristics suggested PWS because she was given a score of
8.5 using the consensus diagnostic criteria for PWS (Table 1).'2"

Patient 2

Patient 2 was a boy aged 10 years, who was born at 41 weeks of
gestation to non-consanguineous parents of Russian descent after
an uneventful pregnancy. The mother was 21 years old and the
father was 31 years old at the time of his birth. His birthweight
was 2780 g (—=1.19 SD) and length was 51.0 cm (+0.24 SD). He
had hypotonia and difficulty in sucking during the neonatal
period. His psychomotor development was apparently delayed:
he walked at 19 months and could speak repeated words at §
years. At the age of 6 years he developed generalized tonic—
clonic seizures, easily controlled with valproate, but electroen-
cephalogram and magnetic resonance imaging were normal. At
school-going age he developed hyperphagia, which resulted in
obesity. His mother conducted hard dietary restriction, which in
turn caused malnutrition. Behavioral problems included temper
outbursts and impulsivity. On physical examination at age 10 his
height was 122.0 cm (-2.9 SD), weight was 24.5 kg (—1.4 SD),
and OFC was 51.0 cm (-0.29 SD). He had deep-set eyes, straight
eyebrows, hypopigmentation, strabismus, and a pointed chin
(Fig. 2). He was given a score of 7.5 using the consensus diag-
nostic criteria for PWS (Table 1). Laboratory findings, including
insulin-like growth factor-1 and growth hormone (GH) provoca-
tive tests indicated subnormal GH secretion. Low serum preal-
bumin, retinol binding protein indicated malnutrition. Fig. 2 Patient 2 at 10 years of age.

© 2010 Japan Pediatric Society
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Molecular analysis

Genomic DNA was purified from whole blood and treated with
sodium bisulfite according to the standard methods. Methylation-
specific polymerase chain reaction (MS-PCR) of the SNURF-
SNRPN exon | and promoter region was performed with primers
described previously.'

Cytogenetics and fluorescence in situ hybridization

Cytogenetics of chromosomes from phytohemagglutinin-
stimulated peripheral blood lymphocytes was performed accord-
ing to the standard protocols.

Deletion screening for the PWS critical region was performed
using the commercially available LSI SNRPN probe (Vysis;
Abbot Molecular, Des Plaines, IL, USA). For screening of the
terminal deletion of the short arm of chromosome 1, FISH was
carried out using the probe D172 mapped on 1p36.3. BAC clones
were used as the probes for FISH to characterize the range of
deletion; these clones were selected by the University of Califor-
nia, Santa Cruz (UCSC) Genome Browser from the Human
March 2006 assembly (http://genome.ucsc.edu/). Bacterial stabs
of the BAC clones were streaked onto Luria-Bertani plates with
an appropriate antibiotic. For probes, DNA was isolated from
overnight cultures with the appropriate antibiotic using the
QIAprep Spin Miniprep Kit (Qiagen, Hilden, Germany). All
DNA were labeled by nick translation according to the manufac-
turer’s instructions (Nick Translation Mix; Roche Diagnostics,
Basel, Switzerland). The probes were blocked with Cot-1 DNA
(Roche Diagnostics) to suppress repetitive sequences. Slides
were baked at 65°C for proper aging. Chromosomes and probes
were denatured on a hotplate at 75°C for 3 min and then hybrid-
ized overnight at 37°C. The slides were washed with 0.4X SSC
and 0.3% NP-40 at 70°C for 2 min, washed with 0.2X SSC and
0.1% NP-40 at room temperature for 30 s, and then stained with
DAPI for 3 min. Hybridization, post-hybridization washing, and
counterstaining were carried out according to the standard pro-
cedures. The slides were analyzed using a completely motorized
epifluorescence microscope (Leica DMRXA2) equipped with a
CCD camera. Both the camera and the microscope were con-
trolled with Leica CW4000 M-FISH software (Leica Microsys-
tems Imaging Solutions, Cambridge, UK).

Written informed consent was obtained from the parents of
both patients participating in the study, in accordance with the
Kanagawa Children’s Medical Center Review Board and Ethics
Committee.

Results

Conventional cytogenetic analysis demonstrated a normal karyo-
type in both patients. FISH using a probe corresponding to
SNRPN within the PWS region of 15q11—ql3 showed no dele-
tion. MS-PCR of chromosome 15 showed biparental methylation
patterns at the SNRPN exon | region, withdrawing the diagnosis
of PWS. Subsequent FISH using D1Z2 corresponding to 1p36.3
showed deletion of the region, confirming the diagnosis of 1p36
deletion syndrome in both patients.

We further applied molecular cytogenetic techniques using
the BAC clones to characterize the size of the deletions. The

1p36 deletion with PWS-like phenotype 549

10Mb 20Mb 30Mb 40Mb 50Mb 60Mb
TEL 1 1 1 | 1 |
RP1147P3 M  RP11-624G13 M0
RP11-113611 IR rRP11-71M19 1
RP11-5824 M RP11-262k21 I
Patient 1
[z si s aiar Bt es T e st ]
Patient 2

R e M Ene
D'w ot al., 2006°
Bfeakﬁh\l clustered in most g(ismn iueimat of a‘ . it;?a)“

Fig.3 Characterization of 1p36 deletion. Gray bars, deleted
regions. The location of the BAC analyzed are shown according to
the University of California, Santa Cruz (UCSC) Genome Browser
from the Human March 2006 assembly.

results of these analyses on both patients are summarized in
(Fig. 3). In both the patients, the deletion breakpoints were
common within the chromosomal band 1p36.32 but at different
regions between RP11-624G13 (4 000 0954 178 764) and
RP11-113E11 (4 366 091-4 546 558) in patient 1 and between
RP11-58124 (47221264898 111) and RPI11-7IMI9
(6 097 9616 283 696) in patient 2. These analyses established
the 1p36 deletions as being located between 4.17 and 4.36 Mb in
patient 1 and between 4.89 and 6.09 Mb in patient 2. The parents
of both patients had normal karyotype.

Discussion

Given the clinical history and neurological features of both the
patients, we arrived at a preliminary diagnosis of PWS. The facial
appearance, hypopigmentation, mental retardation, feeding diffi-
culties in the neonatal period, and hypotonia together with the
characteristic behavior, including hyperphagia, were suggestive of
PWS (Table 1). In children older than 3 years of age with 8 points
in the consensus diagnostic criteria (4 from the major criteria),
PWS should be suspected.'>"” We were unable, however, to dem-
onstrate deletion of the critical region of PWS (proximal long arm
of chromosome 15 [15q11—q13]) and the methylation pattern of
SNRPN exon 1 for PWS. Considering the distinctive facial fea-
tures, we decided to perform FISH using D1Z2 mapped on 1p36.3,
and we found a de novo deletion of this region in both patients.
Patients with 1p36 deletion syndrome have clinical features
overlapping those of PWS. Furthermore, the PWS-like pheno-
type has been described in patients with chromosome Xq dupli-
cation,'>'® fragile X syndrome,"” upd(14)mat,*" and 6q deletion
syndrome.'" Slavotinek ef al. reviewed 39 patients reported to
have pure 1p36 deletion, and found 2 (5.1%) with the PWS-like
phenotype.? Using FISH and/or microsatellite markers,
D’Angelo eral. screened 41 patients with negative results for
PWS, presenting with hypotonia, developmental delay, obesity
and/or hyperphagia, and behavioral problems, and detected a
patient with a subtelomeric deletion of 1p.* Mitter er al. analyzed
a cohort of 33 patients with low birthweight, feeding difficulties,
and consecutive obesity for whom PWS was excluded on methy-
lation analysis of SNRPN, and detected upd(14)mat in four of the

© 2010 Japan Pediatric Society
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patients.'” PWS is known to be one of the most common microde-
letion syndromes, one of the most frequent disorders seen in
genetics clinics, and the most commonly recognized genetic form
of obesity." Therefore additional screening on FISH with the
appropriate probes combined with MS-PCR at the maternally
expressed gene 3 (MEG3; also referred to as GTL2 for gene trap
locus 2) promoter region in patients with PWS-like phenotype
should be considered for alternative diagnoses.

We determined the deletion breakpoints on FISH using the
BAC clones mapped on the critical regions in both of the present
patients: the breakpoints were different in both patients.
D’Angelo et al. demonstrated that their patient with the 1p36
deletion and PWS-like phenotype had a terminal deletion of
2.5Mb (Fig. 3); the authors suggested that the chromosomal
segment 1p36.33-p36.32 is the critical region for the manifesta-
tion of obesity and hyperphagia.® Genotype-phenotype correla-
tions may be useful to locate the genes responsible for several
clinical features of the syndrome;® the degree of mental retarda-
tion is dependent on the deletion size. Heilstedt er al. analyzed
the breakpoints in 61 patients with the 1p36 deletion, and eluci-
dated potential critical regions for the clinical findings of facial
clefts, hypothyroidism, cardiomyopathy, hearing loss, large fon-
tanel, and hypotonia.® In the Battaglia er al. study, behavioral
disorders were commonly observed (47%) in the patients with
the 1p36 deletion, including self-biting of hands and wrists
(30%), temper tantrums (22%), and hyperphagia (13%), overlap-
ping the typical phenotype of PWS.* Reduced social interaction
and severe-profound mental retardation, however, are distinct
features of 1p36 deletion from PWS. Together with the present
results and the D’ Angelo er al. study, we suggest that the critical
region for the PWS-like phenotype is within 4 Mb from lpter.

In summary, the clinical features of 1p36 deletion syndrome
overlap those of PWS, recognized as the PWS-like phenotype. We
mapped the aberrations in two patients with the 1p36 deletion
associated with the PWS-like phenotype using molecular cytoge-
netics. We hypothesize the possible involvement of the terminal
4 Mb region of chromosome 1p36 in the PWS-like phenotype.
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FISH analysis on NF1
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Fluorescence in situ hybridization analysis for detecting a large deletion of NFI gene in NFI patients.
Kenji KUROSAWA

Division of Medical Genetics, Kanagawa Children’s Medical Center, Yokohama, Japan.

Neurofibromatosis type 1 (NF 1) is an autosomal dominant disorder (OMIM. 162200 ), characterized by
cutaneous manifestations including café-au-lait patches and dermal neurofibromas, and multi-organ sys-
tem disorders. After the identification of NF 1 gene, molecular analysis has been making it possible to
understand the pathogenesis of NF 1. The deletion of entire gene of NF 1 is associated with severe
phenotype including dysmorphism, mental retardation, and early onset of a large number of neurofi-
bromas. We established the screening system for detecting the large deletion of NF 1 gene region by

FISH with probes derived from bacterial artificial chromosome (BAC) clones.

Key words : Fluorescence in situ hybridization (FISH). Neurofibromatosis type 1 (NF 1).

Bacterial artificial chromosome (BAC) deletion
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ABSTRACT We report herein a case of Brachmann-de
Lange syndrome complicated with congenital diaphragmatic
hernia in which a NIPBL gene mutation was identified. A female
infant born at 37 weeks of gestation died 134 min after delivery,
even though endotracheal intubation and resuscitation were
performed immediately after the scheduled caesarean opera-
tion. We diagnosed the infant with Brachmann-de Lange syn-
drome from her physical characteristics. An abnormal peak at
the 29th exon in the translation area of the NIPBL gene was
detected using denaturing high-performance liquid chromatog-
raphy. In addition, a mutation of cytosine to thymine (nonsense
mutation) at the 5524th base was identified using the direct
sequence method. This variation was likely the cause of the
syndrome.

Key Words: Brachmann-de Lange syndrome, congenital diaphrag-
matic hernia, denaturing high-performance liquid chromatography,
direct sequence method, gene mutation

INTRODUCTION

Brachmann-de Lange syndrome (BDLS) is a multiple congenital
anomaly syndrome characterized by growth and mental retardation,
variable anomalies of the upper limbs and a peculiar face with
hypertrichosis. A pediatrician named de Lange (1933) reported two
cases of this disease while working at Amsterdam University in the
Netherlands, and termed the disease Cornelia de Lange syndrome.
It was subsequently revealed that Brachmann (1916) had reported
on a patient exhibiting the same symptoms. As a result of these two
reports, the condition is currently known as Brachmann-de Lange
syndrome (Opitz 1985).

Brachmann-de Lange syndrome was originally thought to be
related to 3q partial trisomic syndrome, as the clinical manifesta-
tions of the two diseases are relatively similar. More recently,
Krantz et al. (2004) and Tonkin et al. (2004) reported a variation in
the NIPBL gene in a BDLS patient, allowing the two diseases to be
more easily distinguished.

We report herein a case of BDLS with congenital diaphragmatic
hernia caused by a mutation in the N/PBL gene that was identified
using denaturing high-performance liquid chromatography.

Case report
A 21-year-old woman delivered a female infant at 37 weeks and
2 days of gestation by scheduled caesarean operation due to intrau-
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terine growth retardation and congenital diaphragmatic hernia diag-
nosed by fetal echography at a gestational age of 30 weeks and
2 days. The infant’s birthweight was 1766 g (-2.6 SD) and her
Apgar score was | at 1 min and 3 at 5 min. When the infant was
born, her entire body was pale and she did not demonstrate spon-
taneous breathing patterns. Endotracheal intubation was immedi-
ately performed and artificial ventilation with high frequency
oscillation (HFO) and nitric oxide inhalation therapy was initiated.
Unfortunately, there was no improvement in her condition, even
following the administration of resuscitative medication, including
adrenaline and surfactant, and she died 134 min after birth.

We considered that the patient had BDLS due to her character-
istic facial features, including synophrys, brachyrrhinia, long phil-
trum, thin lip, small mandible and short cervix, and the presence of
hirsutism and a congenital diaphragmatic hernia. Although her
limbs were small and short, and a bilateral single transverse palmar
crease was recognized on each hand, the BDLS characteristics of
syndactyly and limb reduction defects were not observed (Fig. 1).

At laboratory examination at birth, we identified slight acidosis;
however, significant abnormal findings, including anemia and elec-
trolyte imbalance in the cord blood were not observed. The infant’s
blood gas (venous blood) at 47 min after birth was also recognized
as mixed acidosis of pH 6.763, PCO, 188.0 mmHg, PO, 3.2 mmHg
and BE -16.5 mmol/L. Her hemoglobin was 6.8 g/dL, her C-
reactive protein (CRP) was negative and there was no elevation in
liver enzyme levels. Hypernatremia was observed in her electro-
lytes (Table 1). Amniotic fluid chromosomes were of a normal
karyotype of 46, XX. X-ray of the entire body revealed a hanging
bell-shaped thoracic cage, low pneumatization in the bilateral lungs
and a stomach bubble in the middle thorax (Fig. 2).

Pathological autopsy of the infant was undertaken after we
obtained informed consent from her parents. The placental weight
was 190 g, which was small for the number of gestational weeks
(our center average is 514 g), villi were immature and the umbilical
cord contained a single umbilical artery. The left diaphragm was
almost entirely defective and the liver, stomach, spleen, pancreas,
small intestine and large intestine protruded into the intrathoracic
area. Marked hypoplasia of the lungs was also recognized with a
pulmonary weight ratio of 0.003 (normal is 0.012). In addition, the
lungs were histologically immature. Bilateral hydroureter, annular
pancreas and atrial septal defect were also observed. We did not
examine the brain, as the parents did not consent to craniotomy.

After we obtained written informed consent from the parents
for gene diagnosis, we extracted genomic DNA from the patient’s
blood and amplified the coding region (extending from the
2nd exon to the 47th exon) of the N/PBL gene using polymerase
chain reaction (PCR). An abnormal peak in exon 29 was
detected when analyzed using denaturing high-performance liquid
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Fig. 1 Photographs highlighting the patient’s symptoms (a,b) including hypertrichosis, short extremities, hypoplasia of the nipple and umbilicus, synophrys
of the face, short and upturned nose or anteverted nostrils, long philtrum, thin lip, small mandible, short cervix and single bimanual palmar flexion
curve without syndactyly or defects of the fingers.

chromatography (Fig. 3). Within the translation area of the N/PBL
gene, a mutation of cytosine (C) to thymine (T) (nonsense mutation)
at the 5524th base was identified using the direct sequence method.
This amino acid change formed a stop codon, a result that we
hypothesized would influence the complications in this patient.

DISCUSSION

Cornelia de Lange (1933) identified 10 traits, such as mental
retardation, low birthweight, dwarfism, microbrachycephaly,

© 2010 The Authors
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heavy eyebrows meeting at the midline, long eyelashes, low-set
ears, small hands and feet, proximal placed thumb and syndactyly
of the toes in two patients while working at Amsterdam Univer-
sity. Beck (1976) later reported the original diagnostic standards
of BDLS (Table 2) and suggested that patients with BDLS could
be diagnosed if they exhibited eight of these 10 traits. In the
current case, BDLS was not diagnosed in the fetal period, but was
diagnosed after birth. The infant demonstrated nine of the traits
described by de Lange and five of the traits described in the Beck
standards. After confirming our findings with both the de Lange
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Table 1 Examination of the umbilical cord and peripheral blood
of the present case of Brachmann-de Lange syndrome
with congenital diaphragmatic hernia and NIPBL gene

mutation

Patient’s blood (47 min

Cord blood after birth)
Blood gas analysis
pH 7.276 6.763
pCO: 48.9 mmHg 188.0 mmHg
pO: 20.5 mmHg 3.2 mmHg
Base excess —4.3 mmol/L —-16.5 mmol/L
Blood cell counts
White blood count 5900/uL 4900/uL
Platelet count 221 000/uL 93000/uL
Chemistry
C-reactive protein <0.05 mg/dL <0.1 mg/dL
Sodium 140 mmol/L 183 mmol/L
Potassium 4.5 mmol/L 5.3 mmol/L
Calcium 9.5 mg/dL 8.3 mg/dL
Hemoglobin 13.6 g/dL 6.8 g/dL

Table2 Findings in the present case of Brachmann-de Lange
syndrome with congenital diaphragmatic hernia and
NIPBL gene mutation

This patient’s
findings

Cormnelia de Lange (1933)
Mental retardation ?
Low birthweight
Dwarfism
Microbrachycephaly
Heavy eyebrows meeting at the midline
Long eyelashes
Low ear insertion -

9+

+ o+ 4+

Small hands and feet +

Proximally placed thumb -

Syndactyly of the toes -
Beck (1976)

Low hair line on forehead

Low hair line on neck

Long philtrum

Bushy eyebrows

Confluent eyebrows

Thick eyelashes

+ 4+ + + + +

Antimongoloid eye slanting
Anteverted nostrils

+

Crescent-shaped mouth
Thin prolabium

+ +

+, present; ?, not detected due to early death.

Fig.2 X-ray of the entire body showing the hanging bell-shaped thoracic
cage, low pneumatization in the bilateral lungs and a stomach
bubble located in the middle thorax.

and Beck standards, we finally made a diagnosis based on the
baby’s physical characteristics.

This patient was also diagnosed based on the presence of intrau-
terine growth retardation and diaphragmatic hernia during the fetal
period. Limb shortening was also observed. In the absence of abnor-
mal karyotype or altered bone structures with limb shortening,
BDLS is generally considered as a differential diagnosis (Beck and
Fenger 1985; Kenneth 1988). Further, the placenta weighed only
190 g, which was low for the gestational period. This finding was
consistent with the hypothesis that growth of not only the fetus, but
also of the placenta is inadequate in cases of BDLS.

There have been only a few reports of BDLS with congenital
diaphragmatic hernia in Japan (Kuroiwa et al. 1990; Suzuki et al.
1999). A small number of reports (e.g. Cunniff er al. (1993), Russel
et al. (1993) and Marino et al. (2002)) have been described in other
countries. The reports by these groups suggested that the prognosis
was worse when the patient also exhibited congenital diaphragmatic
hernia. The precise causes of congenital diaphragmatic hernia
remain unknown. BDLS, Fryns syndrome, Goltz syndrome and
Smith-Lemli-Opitz syndrome are all associated with congenital
diaphragmatic hernia (Tibboel and Gaag 1996; Bianch et al. 2000).
Recently, gene analysis of these various multiple malformation
syndromes has been undertaken (Holder et al. 2007). Further gene
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