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1p36 deletion syndrome associated with Prader—Willi-like phenotype
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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.
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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."° 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 (Ipter). 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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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

Fig.1 Patient | at age 9. Note the deep-set eyes associated with
almond-shaped palpebral fissures, straight eyebrows, prominent
forehead, broad and flat nasal root, and pointed chin.

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 5
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.
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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
Skin picking
Total scores

+ o+ o+

+

+ 4+ o+

8.5

L+ o+

+

+

+ + |

|

+

7.5

PWS, Prader-Willi syndrome.

Fig. 2 Patient 2 at 10 years of age.
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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 1 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 D1Z2 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 DMRXA?2) 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—q13 showed no dele-
tion. MS-PCR of chromosome 15 showed biparental methylation
patterns at the SNRPN exon 1 region, withdrawing the diagnosis
of PWS. Subsequent FISH using D172 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
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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  RP11-71M19
(6 097 961-6 283 696) 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 et al. 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 et 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
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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 et 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 ef 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 ef al. study, we suggest that the critical
region for the PWS-like phenotype is within 4 Mb from 1pter.

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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Familial arteriovenous malformations (AVM) in the brain is a very rare disease. It is defined as its occur-
rence in two or more relatives (up to third-degree relatives) in a family without any associated disorders,
such as hereditary hemorrhagic telangiectasia. We encountered a Japanese family with brain AVM in
which four affected members in four successive generations were observed. One DNA sample extracted
from leukocytes of the proband and ten DNA samples from clipped finger nails of other members were
available. A genome-wide linkage analysis was performed on this pedigree using Affymetrix GeneCip
10K 2.0 Xba Array and MERLIN software. We obtained sufficient performance of SNP genotyping in the
fingernail samples with the mean SNP call rate of 92.49%, and identified 18 regions with positive LOD
scores. Haplotype and linkage analyses with microsatellite markers at these regions confirmed three
possible disease-responsible regions, i.e., 5p13.2—q14., 15q11.2—q13.1 and 18p11.32—p11.22. Sequence
analysis was conducted for ten selected candidate genes at 5p13.2—q14.1, such as MAP3K1, DAB2, OCLN,
FGF10, ESM1, ITGA1, ITGA2, EGFLAM, ERBB2IP, and PIK3R1, but no causative genetic alteration was detected.
This is the first experience of adoption of fingernail DNA to genome-wide, high-density SNP microarray
analysis, showing candidate brain AVM susceptible regions.

® 2010 Elsevier Masson SAS. All rights reserved.

1. Introduction

Arteriovenous malformation (AVM) in the brain is a disease
defined by the presence of arteriovenous shunt(s) through a nidus of
coiled and tortuous vascular connections between feeding arteries
and draining veins within the brain parenchyma [10]. This vascular
malformation is thought to be congenital, and develops before or
after birth [7] from a residual of the primitive artery—vein connec-
tion. Its most common symptom is intracranial hemorrhage with an
estimated risk of 1.3—3.9% yearly after the diagnosis of AVM [4].
Other signs may include intractable seizures, headache and ischemic
steal syndrome. The prevalence of AVM is estimated to be approxi-
mately 0.01% and the detection rate ranges between 112 and 1.34

* Corresponding author. Department of Human Genetics, Nagasaki University
Graduate School of Biomedical Sciences, Sakamote 1-12-4, Nagasaki 852-8523,
Japan. Tel.: +81 95 819 7118; fax: +81 95 819 7121.

E-mail address: kyoshi@nagasaki-u.acjp (K. Yoshiura).

1769-7212/$ — see front matter @ 2010 Elsevier Masson SAS. All rights reserved.
doi:10.1016/j.ejmg.2010.06.007

per 100,000 person years [7,10]. Although most cases of AVM are
sporadic, a total of 53 patients from 25 families have been reported
[27]. Familial brain AVM is defined when it occurs in two or more
relatives (up to third-degree relative) in a family without associated
disorders such as hereditary hemorrhagic telangiectasia (HHT), is
autosomal dominant multisystemic vascular dysplasia [9,27]. It is
plausible that familial cases are more frequent and could be over-
looked because of asymptomatic conditions in other relatives.
Although several causative genes have been elucidated in some
heritable syndromic AVM [2,3,5,6,12,13,17,20,21,23,26], molecular
genetic studies of familial or sporadic AVM remain scant. HHT type 1
(HHT1) and HHT type 2 (HHT2) are known to be caused by mutations
in ENG at 9q34.11 and ACVRLT (or ALKT) at 12q13.13, respectively
[12,17]. Mutations in RASAT at 5q14.3 cause capillary malformation-
arteriovenous malformation (CM-AVM) [3,6,20,21,26] characterized
by small, round-to-oval, pink-red and multiple CM: one-third of CV-
AVM patients also has fast-flow lesions such as AVM. Mutations in
PTEN have been implicated in PTEN hamartoma tumor syndromes
including Bannayan—Riley—Ruvalcaba syndrome, in which AVM
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occasionally presents [23]. Three genes, KIRITI (CCM1)[13] at 7q21.2,
MGC4607 (CCM2) [5] at 7p13 and PDCDI0 (CCM3) [2] at 3q26.1, are
responsible for cerebral cavernous malformation (hamartomatous
vascular malformations). On the other hand, regarding familial AVM,
only two linkage analyses using 6 small families have been published
by a research group [11,25], showing seven possible disease-respon-
sible regions, i.e., 6425 with the highest LOD score, 3p27, 4q34, 7p21,
13q32—q33, 16p13—q12 and 20q11—q13, but failed to identify the
causative mutation. In sporadic brain AVM, microarray study showed
that the VEGFA, ITGA5, ENG and MMP9 genes that may involve
vascular development or maintenance, are highly expressed in AVM
compared with normal brain parenchyma [8,22,24].

Here we report results of a genome-wide linkage analysis on an
AVM family with four affected members in two successive generations.

2. Materials and methods
2.1. Subjects

A Japanese family consisting of 19 members across four gener-
ations included two patients with brain AVM, one patient with

pulmonary AVM and one patient with both brain and pulmonary
AVM (Fig. 1). The proband (IlI-3} first exhibited intractable epilepsy
at 13 years old and was diagnosed by magnetic resonance imaging
(MRI) as having a brain AVM of 2 cm in diameter located in the right
frontal lobe (Fig. 2). Chest X-ray at the first visit detected a nodular
shadow in the right lower lung field, and a diagnoses of pulmonary
AVM with a 24% of shunt-rate was made following angiogram made
(Fig. 2). This was resected when the proband was 14 years old. The
proband’s brain AVM was treated by gamma knife surgery when
she was 19 years old, followed by treatment with antiepileptic
medication. Her mother (II-3) died of intracranial hemorrhage due
to brain AVM, and the maternal grandfather (I-1) died of a cancer.
Another patient (1lI-5) had asymptomatic brain AVM, which was
accidentally diagnosed by MRI. His father (II-5) had pulmonary
AVM instead of brain AVM. These four members were assigned
to “affected”, six members (II-6, IlI-1, III-6, 1II-7, IV-1, and IV-2)
without AVM confirmed by MRI were “unaffected”, and the
remaining three (I-2, II-1, and IV-3} who were not assessed by MRI
but had neither past history of recurrent epistaxis or gastrointes-
tinal tract bleedings were “unknown”. None of the members had
any AVM-related diseases, such as HHT. Evaluation of cutaneous
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Fig. 1. Results of haplotype analysis at polymorphic loci in four regions, 5q13.2—q14.1, 15q11.2—q13.1, 18p11.32—p11.22 and 19q13.3—q13.42. Underlined individuals indicate those
examined by MRI, and DNA was unavailable from individuals without haplotypes. Polymorphic alleles are numbered and candidate disease-associated haplotypes are shown by
dotted boxes. Primer sequences designed for CA repeat amplification are available in Supplementary Table.
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Fig. 2. Imaging of the brain and pulmonary AVM in the proband. (A) MRI scan and MR angiogram of the proband. The AVM is located right frontal lobe measured 2.0 x 13 cm.
(B) Pulmonary angiograms of the proband. The pulmonary AVM is located in the right lower lobe (rtS8h) with 24% of shunt-rate.

lesions was conducted by examination of the proband and by
detailed interview of the other family members by the proband and
her sister (I1I-1), who is nurse. A total of 13 members participated in
this study under informed consent. All experimental procedures
for this study were approved by Committee for the Ethical Issues on
Human Genome and Gene Analysis in Nagasaki University.

2.2. DNA extraction

As a blood sample was available only from the proband, clipped
fingernail samples were obtained from 10 of the other 12 members
instead. Genomic DNA was extracted from the fingernails using
a buffer solution containing urea, DDT and proteinase K, as reported
previously [16,18]. Briefly, clipped fingernails were once frozen in
liquid nitrogen and crushed into fine powder using Multi-beads
Shocker™ (Yasui Kikai, Osaka, Japan). The nail powder was lysed in
a urea-lysis solution (2 M urea; 0.5% SDS; 10 mM Tris—HCl, pH 7.5;
0.1 M EDTA} containing 1 mg/ml proteinase K and 40 mM DDT at
55 °C overnight. Nail DNA was extracted with phenol/chloroform,
and precipitated with ethanol and sodium acetate. Precipitated nail
DNA was dissolved again in extraction buffer (0.5% SDS; 10 mM
Tris—HCl, pH 7.5; 0.1 M EDTA) containing 1 mg/ml proteinase K, and

incubated at 55 °C overnight. DNA was purified again as above, and
was suspended in 30 pl of 1x TE buffer.

2.3. SNP genotyping with Affymetrix 10K 2.0 array

Blood DNA (250 ng) was processed according to the standard
protocol provided by the GeneChip Mapping 10K Xba Assay Kit
(Affymetrix, Santa Clara, CA). Fingernail DNA was processed in
a similar manner but with the two following modifications to adapt
to the oligonucleotide microarray system [15]. Prolongation of
digestion time from 120 min as the standard protocol to overnight;
and increase of the PCR cycle number from 35 to 45 cycles. Data
acquired from the Affymetrix GeneChip Operating System were
analyzed using the Affymetrix GeneChip Genotyping Analysis Soft-
ware (GTYPE) 4.0 to call genotypes.

24. Linkage analysis with SNP-genotype data and haplotype
analysis with microsatellite markers

Multipoint LOD scores were calculated using MERLIN software
[1], under an assumption that AVM in the family is transmitted in
an autosomal dominant mode with reduced penetrance (p = 0.9)
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and with the disease allele frequency of 0.001. At loci with a posi-
tive LOD score by the GeneChip genotyping, possibly disease-
associated haplotypes were constructed using SNP calls.

When SNP information was not informative, microsatellite
markers were used for genotyping. Microsatellite markers used were
referred to the National Center for Biotechnology Information (NCBI)
database. One each of primer pairs for the markers was labeled with
FAM, HEX, or NED (Supplementary Table 1), and PCR was performed
in a 10 ul mixture containing 5 ng genomic DNA; 0.25 U ExTaq DNA
polymerase HS-version (TAKARA Bio Inc., Kyoto, Japan); 200 uM
dNTP; 0.5 uM primer; 1x ExTaq buffer on the T1 Thermocycler
(Biometra, Goettingen, Germany ). PCR products were separated on
Genetic Analyzer 3130xl (AppliedBiosystems), and genotyping was
carried out using GeneMapper software (AppliedBiosystems). At the
regions where the affected individuals have a disease-associated
haplotype, two-point LOD score was calculated by MLINK program
(included in FASTLINK software version 4.0P) [ 14].

2.5. Mutation analysis

Some genes located within candidate regions identified by
the linkage analysis were selected for further mutation analysis.
A few other genes, albeit outside the regions, were also subjected to
mutation analysis. Primer pairs for such genes were designed using
Primer3-web 0.3.0 (http://frodo.wimitedu/primer3/input.htm),
according to their genomic sequences retrieved from the University
of California, Santa Cruz (UCSC) Genome Browser Home (http://
genome.cse.ucsc.eduf). PCR was carried out in a 15 pl reaction
mixture containing 5 ng DNA; 0.25 U ExTaq DNA polymerase HS
version; 200 mM dNTP; 0.5 uM each primer; 1x ExTaq buffer
on the T1 Thermocycler. PCR products were subjected to direct
sequencing, using BigDye Terminator v3.1 Cycle sequencing Kit
(AppliedBiosystems) and Genetic Analyzer 3130xl. Electrophero-
grams of sequences were aligned with ATGC software (GENETYX
Corp., Tokyo, Japan) to inspect base alterations.
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2.6. Search for genomic aberration

To search for copy number change within the candidate loci
identified by linkage analysis, we used Affymetrix® Genome-Wide
Human SNP Array 5.0 (920,568 probes; Affymetrix). Genomic DNA
extracted from white blood cell of proband was processed according
to manufacture’s protocol. Intensity data from each probes were
obtained from Affymetrix® Genotyping Console 3.0 as a CEL files.
Unpaired copy number analysis of whole genome was carried out
using Partek Genomics Suite (Partek, MO, USA} and regions with
copy number change were determined by Hidden Markov Model at
default settings.

3. Results
3.1. Linkage and haplotype analyses

The mean SNP call rate was 92.49% in 11 fingernail DNA samples,
compared to 9811% in a blood DNA sample from the proband.
Incorrect SNP calls may result in seemingly inconsistent parent—child
transmissions, but the call rates obtained are actually enough for
further studies. We thus advanced to calculate LOD scores using these
data.

The linkage analysis using MERLIN software revealed 18 regions
with positive LOD scores (>0.00). Of the 18 regions, 14 with the
following conditions were excluded: those without any functional full-
length RefSeq genes; those in small size (<200 kb); and those in which
some affected members did not have a common haplotype. Conse-
quently, four loci, 5p13.2—q14.1, 15q11.2—q13.1, 18p11.32—p11.22 and
19q13.33—q13.42, remained as possibly linked regions (Figs. 1 and 3).

We then genotyped with microsatellite markers and calculated
two-point LOD scores, considering the affected, unaffected, and the
unknown family members. We confirmed three of the four candi-
date loci. They were a 48-Mb region between markers rs1366265
and rs1373965 at 5p13.2—q14.1, a 6-Mb region between rs850819
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Fig. 3. Multipoint LOD scores calculated by MERLIN in four chromosomal regions, 5q13.2—q14.1, 15q11.2—q13.1, 18p11.32-p11.22 and 19q13.3—q13.42.
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and rs818089 at 15q11.2—q13.1, both giving the maximum two-
point LOD score of 1.632 (# = 0), and a 9-Mb region between
rs486633 and rs1942150 at 18p11.32—p11.22 with the maximum
LOD score of 0.851 (# = 0} (Table 1). As a possibly disease-associated
haplotype on 19q13.33—q13.42 was transmitted to two definitively
unaffected individuals (IlI-6 and IV-1}), chromosome 19 was ruled
out from the candidacy (Table 1, Fig. 1).

3.2. Mutation analysis of candidate genes

Within the 48-Mb region at 5p13.2—q14.1, there are about 200
RefSeq genes. Ten (MAP3K1, DAB2, OCLN, FGF10, ESM1, ITGA1, ITGAZ,
EDFLAM, ERBB2IP, and PIK3R1) from these genes were focused and
selected as candidates for brain AVM, since they concern develop-
ment or maintenance of vessels, are associated with other heritable
vascular disorders such as HHT, or are expressed in the brain
with AVM [8,22,24]. Mutation analyses in these 10 genes revealed
no pathologic mutation in the proband, although other affected
members were not examined because of insufficient amount of their
DNA. Although the genes endoglin isoform 1 precursor (ENG), activin
A receptor type II like 1 (ALK7) and RAS p21 protein activator 1
(RASA1) are not located in the candidate region, we investigated
whether any of them are involved in the etiology of AVM in the
family as a partial symptom of HHT or AVM-CM. Direct sequencing of
these three genes failed to show any causative variants.

Copy number analysis of proband revealed one increased copy
number loci at 12q and decreased at 2p, 3q, 4q, 6p, 7q and 22q (data
not shown). But all these alterations were reported previously
as copy number polymorphisms (http://projects.tcag.cafvariation/)
and out of our candidate loci. In addition, neither deletions nor
microdeletions were detected at 9934.11 of ENG, 12q13.13 of ALK?
and 5q14.3 of RASAL.

4. Discussion

We have reported a family consisting of two affected members
with brain AVM, one with pulmonary AVM and one with both brain
and pulmonary AVM. The condition in this family met the criteria of
familial brain AVM and seems to be inherited in an autosomal

Table 1
Two-point LOD scores for brain AVM at various loci.
Locus Recombination fraction (8)
0.00 0.01 0.02 0.03 0.04 005
AVM5pl17xAC 0.032 0.030 0.029 0.027 0.026 0.025
D55418 0.551 0.535 0518 0.501 0.484 0467

AVMch5p25xAC 1.334 1.301 1.268 1.234 1.201 1.167
AVMS5pr18xGT 0.511 0.491 0.472 0.452 0.433 0414
AVMch5c27xGT 1.630 1.587 1.564 1.531 1.497 1.463

AVM5c18xAC 1.373 1.344 1.314 1.285 1.255 1225
D55407 1.632 1.599 1.566 1.532 1.499 1465
D55647 1.154 1121 1.089 1.056 1.023 0.991
AVM5qr19xCA 0.810 0.790 0.769 0.748 0.727 0.706
D1551021 0.171 0.164 0.157 0.150 0.143 0137
D155128 0.876 0.858 0.841 0.823 0.805 0.787
D155986 0.812 0.791 0.770 0.749 0.728 0.707
D155975 0.400 0.387 0374 0.361 0.348 0335
D1551002 1.330 1.298 1.266 1.234 1.202 1170
D1551019 1.632 1.599 1.566 1.532 1.499 1.465
D18S59 0.199 0.214 0.225 0.234 0.241 0.246
D185459 0.142 0.136 0.131 0.125 0.120 0114
D1851132 0.677 0.663 0.650 0.636 0.623 0.609
D185452 0.851 0.832 0.813 0.794 0.774 0.755
D185471 0.240 0.231 0.222 0.214 0.205 0.197
D195927 -0302 -0.277 -0254 -0.234 -0.216 -0.200
D195418 -2.655 -2453 -2257 -2.078 -1919 -1778
D19S605 -0.648 -0.574 -0512 -0460 -0414 -0.374

dominant mode. We tried to assign the location of a putative
disease-gene by linkage analysis and search for mutations by
subsequent candidate gene approach.

The linkage analysis of the family revealed three candidate
regions (5p13.2—ql4.1, 15q11.2—q13.1, and 18p11.32—p11.22) with
relatively high LOD scores of 1.632, 1.632 and 0.851, respectively
(Table 1). However, neither region was conclusive. This insufficient
mapping may have arisen from the small pedigree size, andfor from
incomplete ascertainment of affected members, e.g., probable exis-
tence of asymptomatic affected persons among the “unknown”
members. Indeed, as for a candidate locus at 5p13.2—q14.1, the
proband’s maternal grandmother (I-2) and son (IV-3) had a haplo-
type common to the three affected members (Fig. 1), but they were
fallen into the “unknown” individuals. If DNA from IV-2 was available
and if MRI examinations of VI-3 and I-2 were carried out, we would
have obtained more definitive results. As we performed linkage
analysis using high-density SNP genotyping, 14 small regions not
containing RefSeq genes or miRNAs showed a positive LOD score. It is
possible that an unidentified transcribed RNA in one of these regions
could cause familial AVM, but these regions are candidate loci with
a lower priority than those containing known genes. Thus, the three
regions have remained at present as the equally possible loci for AVM.
The three regions do not overlap with a previously reported candi-
date locus of familial brain AVM, i.e., 6p25 [11], and do not contain
genes responsible for syndromic AVM (heritable disorders involving
AVM) or cerebral cavernous malformations, such as ENG [17], ALK
[12], RASAT [3,6,20,21,26], and PTEN [23], KRIT1 [13], MGC407 [5],
PDCD10 [2].

We then searched for mutations in 10 genes within 5p13.2—q14.1,
among which MAP3K1, DAB2 and OCIN encode proteins playing
roles in the TGF-f signaling pathway, and FGF10, ESM1, ITGA1, ITGA2,
EGFLAM, ERBB2IP and PIK3R1 were those expressed in brain AVM
tissues by previous microarray analysis [8,22,24]. Nevertheless, no
pathologic mutation was found in any of them. Because the presence
of both brain AVM and pulmonary AVM in this pedigree is reminis-
cent of Hereditary Hemorrhagic Telangiectasia, we analyzed ENG and
ALKT for mutations and genomic aberrations, which may cause HHT1
and HHT2 respectively [12,17]. The proband did not have any muta-
tions in the coding exons or intronjexon boundaries of either gene,
nor any genomic aberrations at those loci. We also analyzed RASAT
because this may cause CM-AVM, which is characterized by multiple
CM and AVM [3,6,20,21,26]. No causative mutation or genomic
aberration was detected in the proband. Although other genes, such
as KRIT1, MGC407 and PDCD10, have been shown to cause slow-flow
lesions i.e., cerebral cavernous malformation [2,5,13], they were not
investigated in the present study, because the clinical manifestations
in our family did not meet the criteria for these diseases.

Participation of family members and compliance with guide-
lines for human genome researches are critical to conduct a linkage
analysis. Whole-blood samples cannot occasionally be available
in some family members because of their far domicile. In such
the case, fingernail DNA is useful, since clipped fingernails can be
mailed in a usual way, and stored long at a room temperature, as
indicated previously [16,19]. The present study is the first experi-
ence to adopt fingernail DNA to genome-wide high-density SNP
microarray analysis. The performance obtained from fingernail
DNA was sufficient, showing all SNP call rates of >86%. According to
the manufacture’s protocol, samples with an SNP call rate of <85%
should further be evaluated before including the data in down-
stream analysis. Incorrect SNP calls may make serious problems in
linkage analysis. For instance, SNPs with parent—child transmission
inconsistency may be omitted, leading to a reduced LOD score.

In conclusion, we have assigned the familial AVM locus to
three alternative regions, 5p13.2—q13.2, 15q11.2—q13.1 and
18p11.32—p11.22, by a genome-wide, high-density, SNP-based
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linkage analysis with fingernail DNA in an AVM family. However,
mutation analyses of some genes in the regions failed to identify
any pathological changes.

Funding

This research was supported in part by Grants-in-Aid for Scien-
tific Research (Nos. 17019055 and 19390095) from the Ministry of
Education, Sports, Culture, Science and Technology of Japan, and by
SORST from Japan Science and Technology Agency (JST). K.Y. was
supported in part by Grants-in-Aid for Scientific Research from the
Ministry of Health, Labour and Welfare of Japan.

Competing interests
There are no competing interests.

Acknowledgments

We are grateful to the family members for their participation in
this research. We also thank Ms Yasuko Noguchi, Ms Miho Ooga,
and Ms Chisa Hayashida for their technical assistance.

Appendix. Supplementary data

Supplementary data associated with this article can be found in
the online version, at doi:10.1016/j.ejmg.2010.06.007.

References

[1] G.R Abecasis, S.S. Cherny, W.0. Cookson, LR. Cardon, Merlin—rapid analysis of
dense genetic maps using sparse gene flow trees, Nat. Genet. 30 (2002) 97—-101.
[2] F.Bergametti, C. Denier, P. Labauge, M. Arnoult, S. Boetto, M. Clanet, P. Coubes,
B. Echenne, R. Ibrahim, B. Irthum, G. Jacquet, M. Lonjon, ]J. Moreau, J.P. Neau,
F. Parker, M. Tremoulet, E. Tournier-Lasserve, Société Frangaise de Neuro-
chirurgie, Mutations within the programmed cell death 10 gene cause
cerebral cavernous malformations, Am. J. Hum. Genet. 76 (2005) 42—51.
[3] LM. Boon, ].B. Mulliken, M. Vikkula, RASA1: variable phenotype with capillary
and arteriovenous malformation, Curr. Opin. Genet. Dev. 15 (2005) 265—269.
[4] P.M. Crawford, CR. West, D.W. Chadwick, M.D.M. Shaw, Artericvenous mal-
formations of the brain: natural history in unoperated patients, ]. Neurol.
Neurosurg. Psychiatr. 49 (1986) 1-10.
C. Denier, S. Goutagny, P. Labauge, V. Krivosic, M. Arnoult, A. Cousin,
AL Benabid, ]. Comoy, P. Frerebeau, B. Gilbert, ].P. Houtteville, M. Jan,
F. Lapierre, H. Loiseau, P. Menei, P. Mercier, ].J. Moreau, A. Nivelon-Chevallier,
F. Parker, AM. Redondo, ] M. Scarabin, M. Tremoulet, M. Zerah, ]. Maciazek,
E. Tournier-Lasserve, Société Frangaise de Neurochirurgie, Mutations within
the MGC4607 gene cause cerebral cavernous malformations, Am. J. Hum.
Genet. 74 (2004) 326—337.
L. Eerola, LM. Boon, J.B. Mulliken, P.E. Burrows, A. Dompmartin, S. Watanabe,
R. Vanwijck, M. Vikkula, Capillary malfermation-arteriovencus malformation,
a new clinical and genetic disorder caused by RASA1 mutations, Am. J. Hum.
Genet. 73 (2003) 1240-1249.

[7] LG. Fleetwood, G.K. Steinberg, Arteriovenous malformations, Lancet 359
(2002) 863-873.

[8] T. Hashimoto, M.T. Lawten, G. Wen, G.Y. Yang, T. Chaly, CL Stewart,
H.K. Dressman, N.M. Barbaro, D.A. Marchuk, WL Young, Gene microarray
analysis of human brain arteriovencus malformations, Neurosurgery 54
(2004) 410—423 discussion 423—425.

[9] R.Herzig, S. Burval, V. Vladyke, L. Janouskova, P. Krivanek, B. Krupka, I. Vlachova,
K. Urbanek, Familial occurrence of cerebral arteriovenous malformation in
sisters: case report and review of the literature, Eur. J. Neurol. 7 (2000) 95-100.

[10] ]J.C. Horton, Arteriovenous malformations of the brain, N. Engl. J. Med. 357
(2007) 1774-1775.

5

/6

_66_

[11] S. Inoue, W. Liu, K. Inoue, M. Youhei, K. Takenaka, H. Yamakawa, M. Abe,
J.J. Jafar, R. Herzig, A. Koizumi, Combination of linkage and association studies
for brain arteriovenous malformation, Stroke 38 (2007) 1368—1370.

[12] D.W. Johnson, J.N. Berg, M.A. Baldwin, CJ. Gallicne, 1. Marondel, S.-J. Yoon,
T.T. Stenzel, M. Speer, M.A. Pericak-Vance, A. Diamond, A.E. Guttmacher,
CE. Jackson, L. Attisano, R Kucherlapati M.E.M. Porteous, D.A. Marchuk,
Mutations in the activin receptor-like kinase 1 gene in hereditary haemor-
rhagic telangiectasia type 2, Nat. Genet. 13 (1996) 189—-195.

[13] S. Laberge-le Couteulx, H.H. Jung, P. Labauge, ].-P. Houtteville, C. Lescoat,
C. Michaelle, E. Marechal, A. Joutel, ].-F. Bach, E. Tournier-Lasserve, Truncating
mutations in CCM1, encoding KRIT1, cause hereditary cavernous angiomas,
Nat Genet 23 (1999) 189-193.

[14] G.M. Lathrop, ] M. Lalouel, C. Julier, ]. Ott, Strategies for multilocus linkage
analysis in humans, Proc. Natl. Acad. Sci. U S A 81 (1984) 3443—3446.

[15] M. Lyons-Weiler, J. Hagenkerd, C. Sciulli, R. Dhir, FA. Monzon, Optimization of
the Affymetrix GeneChip mapping 10K 2.0 Assay for routine clinical use on
formalin-fixed paraffin-embedded tissues, Diagn. Mol Pathol 17 (2008)
3=13,

[16] N. Matsuzawa, K. Shimozato, N. Natsume, N. Niikawa, K. Yoshiura, A novel
missense mutation in Van der Woude syndrome: usefulness of fingernail DNA
for genetic analysis, ]. Dent Res. 85 (2006) 1143—1146.

[17] KA. McAllister, KM. Grogg, D.W. Johnson, CJ. Gallione, M.A. Baldwin,
CE. Jackson, EA. Helmbold, D.S. Markel, W.C. McKinnon, J. Murrell,
M.K. McCormick, M.A. Pericak-Vance, P. Heutink, BA. Oostra, T. Haitjema,
CJ.J. Westerman, M.E. Porteous, A.E. Guttmacher, M. Letarte, D.A. Marchuk,
Endoglin, a TGF-beta binding protein of endothelial cells, is the gene for
hereditary haemorrhagic telangiectasia type 1, Nat. Genet 8 (1994)
345-351.

[18] M. Nakashima, M. Nakano, A. Hirano, T. Kishino, S. Kondoh, N. Miwa,
N. Niikawa, K. Yoshiura, Genome-wide linkage analysis and mutation analysis
of hereditary congenital blepharoptosis in a Japanese family, . Hum. Genet. 53
(2008) 34—41.

[19] AM. Oberbauer, DI Grossman, M.L. Eggleston, D.N. Irion, AL Schaffer,
N.C. Pedersen, ] M. Belanger, Alternatives to blood as a source of DNA for
large-scale scanning studies of canine genome linkages, Vet. Res. Commun. 27
(2003) 27-38.

[20] N. Revencu, LM. Boen, |.B. Mulliken, O. Enjolras, M.R. Cordisco, P.E. Burrows,
P. Clapuyt, F. Hammer, ]. Dubois, E. Baselga, F. Brancati R Carder,
J.M.C. Quintal, B. Dallapiccola, G. Fischer, 1]. Frieden, M. Garzon, ]. Harper,
J. Johnson-Patel, C. Labreze, L. Martorell, H]J. Paltiel, A. Pohl, ]. Prendiville,
. Quere, D.H. Siegel, EM. Valente, A. van Hagen, L. van Hest, KK Vaux,
A. Vicente, L. Weibel, D. Chitayat, M. Vikkula, Parkes Weber syndrome, vein of
Galen aneurysmal malformation, and other fast-flow vascular anomalies are
caused by RASA1 mutations, Hum. Mutat 29 (2008) 959—-965.

[21] N.Revencu, LM. Boon, M. Vikkula, From germline towards somatic mutations
in the pathophysiology of vascular anomalies, Hum. Mol. Genet 18 (R1)
(2009) R65—R74.

[22] A. Sasahara, H. Kasuya, H. Akagawa, H. Ujiie, O. Kubo, T. Sasaki, H. Onda,
Y. Sakamoto, B. Krischek, T. Hori, I Inoue, Increased expression of ephrin A1 in
brain arteriovencus malformation: DNA microarray analysis, Neurosurg. Rev.
30 (2007) 299305 discussion 305.

[23] K. Suphapeetiporn, P. Kengkam, . Tantivatana, T. Sinthuwiwat, S. Tongkebpetch,
V. Shotelersuk, PTEN ¢.511C>T nonsense mutation in a BRRS family disrupts
a potential exonic splicing enhancer and causes exon skipping, Jpn. J. Clin. Oncol.
36 (2006) 814—821.

[24] U. Sure, E. Battenberg, A. Dempfle, W. Tirakotai, S. Bien, H. Bertalanffy,
Hypoxia-inducible factor and vascular endothelial growth factor are
expressed more frequently in embolized than in nonembolized cerebral
arteriovenous malformations, Neurosurgery 55 (2004) 663 —669.

[25] K. Takenaka, ]. Muroi, S. Yamada, H. Yamakawa, M. Abe, K Tabuchi,
A. Koizumi, Genetic dissection of the familial cerebral arteriovenous malfor-
mation, Jpn. ]. Neurosurg. 13 (2004) 837—845.

[26] R. Thiex, ].B. Mulliken, N. Revencu, LM. Boon, P.E. Burrows, M. Cordisco,
Y. Dwight, ER Smith, M. Vikkula, D.B. Orbach, A novel association between
RASA1 mutations and spinal rteriovenous anomalies, AJNR. Am. ]. Neuro-
radiol. 31 (2010) 775-779.

[27] J. van Beijnum, H.B. van der Worp, H.M. Schippers, O. van Nieuwenhuizen,
LJ. Kappelle, G.JE. Rinkel, JW.B. van der Sprenkel, CJM. Klijn, Familial
occurrence of brain arteriovenous malformations: a systematic review, J.
Neurcl. Neurosurg. Psychiatr. 78 (2007) 1213-1217.



RESEARCH LETTER

AMERICAN JOURNAL OF

medical genetics

Ruvalcaba Syndrome Revisited

Masanori Adachi,'* Koji Muroga,1 Yumi Asakura,’ Kenji Kurosawa,? Gen Nishimura,? Satoshi Narumi,*

and Tomonobu Hasegawa*

!Kanagawa Children’s Medical Center, Department of Endocrinology & Metabolism, Yokohama, Japan

2Kanagawa Children’s Medical Center, Division of Medical Genetics, Yokohama, Japan

3Department of Radiology, Tokyo Metropalitan Kiyose Children’s Hospital, Tokyo, Japan

“Department of Pediatrics, Keio University School of Medicine, Tokyo, Japan

Received 9 December 2009; Accepted 10 March 2010

TO THE EDITOR:

Ruvalcaba et al. [1971] reported a family with a previously un-
described malformation syndrome inherited as an autosomal
dominant trait, which was subsequently termed Ruvalcaba syn-
drome. The hallmarks were described to be short stature; micro-
cephaly with developmental delay; characteristic facies; and skeletal
anomalies, including short metacarpals and osteochondritis of the
spine. Since then, however, Ruvalcaba syndrome has not gained a
solid consensus as a distinctive disorder because of the small
number of additional reports and its phenotypic overlap with other
malformation syndromes. Here, we report a girl whose manifes-
tations were identical to those of the original patients. We believe
that the syndromic constellations of the present girl and previously
reported patients are sufficient to regard Ruvalcaba syndrome as a
separate disease entity.

The proposita was the first child born to healthy, non-consan-
guineous, Japanese parents, a G1P0 27-year-old woman and a 34-
year-old man. The mother had undergone acetabuloplasty for
right-sided acetabular dysplasia at age 20 years, and she showed
downslanting palpebral fissures. The family history was otherwise
unremarkable. The child was vaginally delivered at term with
cephalic presentation. The delivery was preceded by premature
rupture of the amniotic membrane, but no perinatal asphyxia was
evident. The child’s birth weight, birth length, and OFC were
1,868g (—3.6 SD), 42cm (—4.8 SD), and 28.5cm (—3.6 SD),
respectively. She was referred to our hospital at age 6 months
because of her failure to thrive, multiple congenital abnormalities,
and developmental delay. A physical examination showed micro-
cephaly (—4.7 SD) with brachycephaly, small and downslanting
palpebral fissures, a beaked nose with hypoplastic nasal alae,
synophrys, and small hands and feet. Orthopedic assessment
identified bilateral talipes planus together with talipes valgus,
pectus excavatum, scoliosis, and restricted motion of the hip joints.
The patient’s karyotype was 46,XX, and her motor development
was mildly retarded: she was able to keep her head steady at
5 months, she could sit without support at 11 months, and she
was able to walk alone at 32 months. Other medical problems
included dysopia with myopia, a convulsive episode at age 7 years,
and surgery for acute gastric volvulus at age 8 years. Hearing
impairment developed following repetitive otitis media and even-

© 2010 Wiley-Liss, Inc.
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tually necessitated hearing aids. A skeletal survey performed atage 9
years (Fig. 1) showed short IV and V metacarpals and an irregular
spinal endplate. She is currently 13-year old (Fig. 2). She presents
with subtle breast development but without pubic hair. She is very
short (121 cm, —5.9 SD) and is mentally retarded (IQ <35). With
the informed consent of her guardians, she underwent molecular
analysis for TRPSI and GNASI as well as 244K-CGH microarray
analysis (Agilent Technologies, Santa Clara, CA). The results were
all negative.

To date, only seven patients with Ruvalcava syndrome have been
reported, and we consider the present girl to be the eighth case. The
clinical features of the present girl and those of the other patients
who were reported to have Ruvalcaba syndrome are summarized in
TableI. Ruvalcaba et al. [1971] originally reported two brothers and
two “partially affected” female relatives who were maternal cousins
of the index brothers. However, there have been too few subsequent
reports on Ruvalcaba syndrome to attract general attention to the
disorder. In addition, it was unfortunate that other malformation
syndromes have been mistakenly reported as Ruvalcaba syndrome.
A Japanese family reported by Sugio and Kajii [1984] was initially
described as Ruvalcaba syndrome; however, the diagnosis was later
revised to tricho-rhino-phalangeal syndrome (TRP) type III, which
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spme 5 Han:l and wrist at age 9 years showmg shonemng of the

is now known to be caused by TRPSI mutations [Liidecke et al.,
2001]. The original patients with Hunter—-McAlpine syndrome
(HMS) were also misreported as having Ruvalcaba syndrome
[Hunter et al., 1977]. Currently, this craniosynostosis syndrome
is considered to result from a duplication of 5q35-qter. These
diagnostic issues have reduced the consensus around Ruvalcaba
syndrome.

Ruvalcaba syndrome is apparently distinctive from TRP type I1I
and HMS. TRP type III is distinguishable from Ruvalcaba
syndrome based on the absence of mental retardation and micro-
cephaly and the presence of sparse hair in TRP type II1, as is HMS on
the basis of very mild shortening of the metacarpals and the
presence of craniosynostosis. Facial dysmorphology is also different
among Ruvalcaba syndrome, TRP type I1I, and HMS. In particular,

Sgnophrgé was absent at this age

radiugraphs ofthe patlent A,B: Lateral views of the spme taken at age 9 and 12 gears, respectlvelg Note the lrregular endplate of the ;
andV metacarpals .

downslanting palpebral fissures appear to be characteristic of
Ruvalcaba syndrome (Table I). We were not able to find a TRPS1
mutation or submicroscopic chromosomal rearrangement in the
present girl.

As mentioned in the original report [Ruvalcaba et al., 1971],
the brachydactyly found in Ruvalcaba syndrome superficially
resembles that of Albright hereditary osteodystrophy. As solidified
by the absence of a GNASI mutation in the present girl, Ruvalcaba
syndrome is apparently distinct from pseudohypoparathyroidism
and pseudopseudohypoparathyroidism. In terms of syndrome
nosology, Ruvalcaba syndrome should not be confused with
Bannayan—Riley—Ruvalcaba syndrome, which refers to a hamar-
tomatous syndrome caused by a PTEN gene mutation [Lachlan
et al., 2007].
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Ruvalcaba et al. [1971] suggested that Ruvalcaba syndrome
shows an X-linked semi-dominant inheritance pattern, based on
the mild manifestation of affected females; yet this can be ruled out
by the complete manifestation of the affected girl described here.
The mother of the present girl had acetabular dysplasia as well as
minor dysmorphic features (downslanting palpebral fissures).
Bianchi et al. [1984] stated briefly that the affected boy and his
mother shared some facial characteristics. In addition, Georma-
neanu etal. [1978] also reported that the father of the proposita had
clinodactyly. Thus, it is tempting to assume that Ruvalcaba syn-
drome is inherited as an autosomal dominant trait with variable
penetrance, and that the symptoms in patients with mild manifes-
tation are quite variable.

The etiology of Ruvalcaba syndrome remains unknown. The
proposita reported by Geormaneanu et al. [1978] was associated
withat(13q;14q) balanced translocation. However, this finding was
not consistent with those of other affected individuals. At present,
the diagnosis of Ruvalcaba syndrome entirely depends on clinical
findings including skeletal radiology. Accordingly, suitable diag-
nostic criteria should be developed using the findings from defini-
tive cases. The diagnostic keys include a very short stature;
microcephaly; developmental delay; characteristic brachydactyly;
and facial dysmorphology including downslanting palpebral fis-
sures, a beaked nose, a narrow maxilla, and microstomia. Although
spinal osteochondritis is indeed a distinguishing finding in Ruval-
caba syndrome, it was very subtle in the present girl. She was notably
associated with gastric volvulus, as was an affected female reported
by Bialer et al. [1989] with a hiatal hernia and gastroesophageal
reflux. Therefore, affected individuals may require careful moni-
toring for gastroenteral problems.
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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 screehing 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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Bl:E®/VI—=, MNYVI— RKRE EE
2. Bt fKFERERIC X A EIETEIHT
B : ET R ERRE 2 & 1) Mendel &1z O FiE
3. FIANA VYTV TA4 VT
5] : Prader—Willi iE#HE & Angelman JiE 5
4. B REHERRIC X B 0B KRR

22)). GIGHEL LTORRDO—2OTH 575
HHLRERIETREI VDS, YT I4
N EAT ABEEICIZFISH 70— 7 L RGO
HMABFDLEPORIETEL I LD DH 5.
HARTIZZ B & L7z de novo DIGEFRIGRME D
b, EBRICREFTRERZETS01
6.1%BEL VbR TWAY, Rl CRER
NTHEAHI=ALEL TR OBRKEMEDE
EZTF OB Z X 2 BZFRBEOKT, @
cis DAL EBIRIC H 5 B FIR OIS D
7o O BEREIC X BB E T ORBUKT,
QEEIZIBRBIAVI=DBAL VT VT
1 ¥ TR BRIGFRBOANEE L & 77,
REVPEZLNTEL ZLT—RBICIZO
DEFENITLEAETHA) LRI NTE
ISR Y, ERE & - O REREE, 4
BT CTUIRT % & 72 L7 2% & B8R & RO fl
EEREET VA CGH THITT 5 &, FEEIZIZ
LI B B TRl 2 R B BB S W

BETHELTWT, ZRERTIIBTERHE
BENWZERNDLYoTERY. FREIAHD,
FEAR D 7 I R B R EEOR IR o H 2 b BB
HTOBMRENS CRHEND Z &b o
72, Lad, 29 LY sEIsI (S ARE 2 4
BAEBTVEDOLATVERW, FJAKEwb
MBI R K - BRFEBEREDRIE A 7 = X A1
2 B0 & UELS (low copy repeats: LCRs,
& 5\ it segmental duplication) & IZERIFRIC
BIEAHEE 5 TWa, &9 LBEE, #iEh
TR T ERODTEETHSL. 1213, de
novo D IGH R JE HSFE KA THH L 7256
DFHHAETHY, b9 123WMBEONTIH,
PRI & HBH L T A58 HEL &
B LHEHEEZ A L TWAH5 & Wvo TARKBICHH
ERCKERDZWREZEE R 2 B0 L)
METHS. 7 L4 CGHDEKIEHI—2D
FRP IR LU RRELD S.

3. FISHIREThH»PB_ &

FISHMAEXZ#ED S ) 2 TEETREHEL
T, OKRBITLIZEZ24E, FISH T2
BE 2 IR S R E I 2 ORBEKO EN S
WOEIEEEDTWEDR?, @FISHIZEY
ZWIT e B T3, FISH M CHIRFER 2
EZ F THRIT X B H (FISH f#HTIC X % geno-
type—phenotype % ¥ Z F TWZ 5 %) 7,
@ FISH A DB &N 5w (BT




