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Prader-Willi (PWS) and Angelman (AS) are syndromes of
developmental impairment that result from the loss of
expression of imprinted genes in the paternal (PWS) or
maternal (AS) 15q11-q13 chromosome. Diagnosis on a
clinical basis is difficult in newborns and young infants;
thus, a suitable molecular test capable of revealing
chromosomal abnormalitiesisrequired. We used a variety
of cytogenetic and molecular approaches, such as,
chromosome G banding, fluorescent in situ hybridization,
a DNA methylation test, and a set of chromosome 15 DNA
polymorphisms to characterize a cohort of 27 PWS
patients and 24 suspected AS patients. Molecular analysis
enabled the reliable diagnosis of 14 PWS and 7 AS
patients, and their classification into four groups: (A) 6 of
these 14 PWS subjects (44%) had deletions of paternal
15911-q13; (B) 4 of the 7 AS patients had deetions of
maternal 15g11-g13; (C) one PWS patient (8%) had a
maternal uniparental disomy (UPD) of chromosome 15;
(D) the remaining reliably diagnoses of 7 PWS and 3 AS
cases showed abnormal methylation patternsof 15q11-q13
chromosome, but none of the alterations shown by the
above groups, although they may have harbored deletions
undetected by the markersused. This study highlightsthe
importance of using a combination of cytogenetic and
molecular testsfor areliable diagnosis of PWSor AS, and
for theidentification of genetic alterations.
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Introduction

PWS and AS syndromes are complex devastating disorders,
which are associated with developmental deficiency; they both
have prevalences of ca. 1:15,000. PWS is associated with
mental retardation, severe neonatal hypotonia, and feeding
difficulties, which are followed by hyperphagia, obesity, and
hypogonadism. AS patients also have feeding difficulties, and
ataxia, hyperactivity, seizures, and severe mental retardation
(Gillessen-Kaeshach et al., 1995).

These behaviora disorders result from the lack of
expression of imprinted genes in the paternal (PWS) or the
maternal (AS) 15 chromosome, through different mechanisms.
The three most common mechanisms are the deletion of
15911-g13, uniparentd disomy (UPD), and imprinting
mutetions. Interdtitiadl deletions of the proxima region of
paternal 159 have been reported in aout 70% of PWS
patients, whereas maternal UPD has been found in 20-25%.
AS is associated with maternally derived deletions of 15¢11-
g13 (70%), paternal UPD (2%), or mutations in the UBE3A
gene (20%) (Nicholls et al., 1998).

Deletions occurring in PWS/AS patients are commonly
large and some can be detected by cytogenetic techniques.
However, most deletions are detected only by molecular
assays. The centromeric deletion breskpoint is frequently
located in two regions defined by microsatellites, proxima or
distal to D15S542, which have been used to define two types
of patients showing deletions, as class | and class I,
respectively (Christian et al., 1995).

The man mechanism responsible for the formation of
maternal UPD 15 is likely to involve trisomic rescue of
trisomic conception with the loss of paternal chromosome 15
(Roberts et al., 1997). In some cases, trisomy may persist but
itisrarein live-born infants and it is the most frequent cause
for first trimester spontaneous abortion (Kuller and Laifer,
1991). However, mosaic trisomy 15 has been reported in live-
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born infants (Zadav et al., 1998).

In this study, a group of patients with clinical profiles of
PWS or AS was extensively investigated in order to identify
the molecular abnormdlities associated with these syndromes.

Materials and Methods

Patients Clinica evauations were carried out according to the
diagnostic criteriafor PWS and AS patients (Gillessen-K aesbach et
al., 1995). These two syndromes present different clinical pictures,
which both include mental retardation.

Severe hypotonia and feeding difficulties during the neonatal
period are typica features of PWS, which is followed by retarded
motor/mental  development and behaviorad disorders during

childhood. The physical appearance of PWS patients involves,
characteristic facies, small hands and feet, and a stature below
normal. Obesity appears during later childhood - due to greater
appetite - and hypogenitalism. Hypopigmentation was observed in
patients with addetion (Holm et al., 1993). The main symptoms of
AS patients were feeding difficulties in the neonatd period,
developmental delay, microcephaly, severe mental retardation,
absence of speech, hyperactivity, aaxia, seizures, a happy
appearance and hypopigmentation (Williams et al., 1995). PWS
and AS phenotypes are variable, and clinica diagnosisisdifficult in
newborns and young infants. In the present study, the subjects” ages
at diagnosis ranged from 1 to 13 yr. Only one was diaghosed earlier
(at 1 mo) owing to severe malnutrition. All of the AS patients were
diagnosed after 1 yr (Table 1).

Table 1. Classification of PWSAS patients based on an abnorma methylation test

Method
Patients Sex/age (yr) Karyotype
Cytogenetic FISH Molecular

Group A: PWS, paternal deletion in the PWS/AS critical region
PWS1 F/13 46,XX,del (15) - + +
PWS3 F/1 mo 46,X ,del(150)? + + +
PWS5 M/19 mo 46,XY* - - +
PWS8 F/3 46,X X ,del(15q) + + +
PWS9 M/6 46,XY,del(150)" - + +
PWS11 F/9 46,XX,del (150)" + +
Group B:AS, maternd deletion in the PWS/AS critical region
AS2 M/5 46,XY,del (150)° + + +
AHA F/5 ND* +
AS5 M/10 ND* +
AS7 M/6 ND* +
Group C: materna UPD(15) with SMC(15)
PWS7 F/3 46,XX* - - +
Group D: molecular ateration not determined (deletion or UPD or other)
PWS2 F/5 46,XX* - - ND
PWA M/6 46,XY?® - - ND
PWS6 M/8 46,XY® - - ND
PWS10 M/7 ND
PWS12 F/10 46,X X5 - ND
PWS13 F/6 ND
PWS14 M/5 ND
ASl M/6 ND
AS3 M/7 ND
AS6 F/6 ND

Total PWS deletions 2(18%) 5(46%) 6(100%)

Tota PWS UPD 0 0 1

Total AS deletions 1 1 4

F, female; M, male; ND, not determined; UPD, uniparental disomy; *, deletion detected by microsatellite analysis
1, deletion detected by FISH; 2, deletion detected by cytogenetic and FISH; 3, cytogenetic analysis, 4, norma karyotype and FISH; 5,

normal karyotype.
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Cytogenetic studies  Periphera blood lymphocytes were cultured
using standard methods (Yunis, 1976). Complete karyotype
anaysis of G-banded chromasomes (trypsin-Giemsa staining using
standard techniques) was performed, and attention was paid to the
possibility of a chromosome 15 abnormdlity.

Fluorescence in situ hybridization (FISH) study on metaphase
spreads was performed with probes for chromosome 15 markers,
SNRPN (15q11-g13 region), D15Z1 (15p11.2), and PML (15G22)
(Abbott Vysis, Chicago USA). FISH was carried out according to
the manufacturers instructions.

Molecular studies

DNA methylation analysis

Southern blot: DNA from periphera blood was digested with Hind
Il and Hpall, electrophoresed in 1% agarose gels and analyzed by
hybridization using PW71 as probe (D15S63 locus for the SNRPN
gene). The probe was labeled with apha 2P-dCTP by random
oligonucleotide priming. Pogt-hybridization washes and result
interpretations were carried out according to Dittrich et al. (1992).
Normd individuals have a maternally derived band at 6.0 Kb and a
paternaly derived band at 4.4 Kb.

Methylation-specific PCR (M-PCR) was performed using DNA
previoudly treated with sodium bisulfite, which converts cytocine to
uracil except when the cytosineis methylated. PCR primers specific
for the methylated and unmethylated CpG idand of SNRPN were
designed by Kubota et al. (1997), and the M-PCR amplification
technique used was as described by the same authors (Kubota et al.,
1997). Normd individuals show a maternaly derived 174 bp PCR-
product and a paternaly derived 100-bp band.

Microsatellite assay

CA dinuclectide repeat polymorphisms areideal for familid studies
(Ddamon et al., 2003; Giliberto et al., 2003), because they are
multialelic and have high polymorphic information content
(>70%). Five chromosome 15 polymorphic loci were used:
D15S542 (Chrigtian et al., 1995), AS5CA-1 (Glatt, Sinnett and
Laande, 1994), D15S97, D15S131, and D15S211 (Beckmann et
al., 1993). The AS5CA-1 and D15S97 microsatellites showed the
parental origin of the PWS/AS critical region. UPD can be detected
by the presence of 2 dleles from one parent, which are not shared
with the other parent. The origin of nondigunction can be
established using the centromeric microsatellites D15S542 or
AS55CA-1, located genetically close to the centromere, and thus, are
representative of centromeric status with a 90% probability
(Mutirangura et al., 1993). The heterodisomic state of these
polymorphic markers indicates a Meioss | eror, and ther
isodisomy indicates a nondigunction in the Meiosis Il stage or a
postzygotic event (Robinson et al., 1993).

Results

Twenty-seven patients presented clinical symptoms of PWS
and 24 suspected of having AS were studied by cytogenetic
and molecular methods. An abnormal SNRPN pattern, with
no paterna contribution, was detected in 14 PWS patients,
and an abnorma SNRPN pattern with a lack of materna

Table 2. Polymorphisms studies in selected patients

D15S542 AB5CA-1 D15S131
Group A: PWS, paterna deletion
PWS5
M 15 44 23
P 25 4 23
F 23 13 13
Group B: AS, maternal deletion
AHA
M 13 35 15
P 3 4 35
F 35 14 23
AS5
M 23 12 23
P 13 3 34
F 11 23 14
AS7
M 1,2 34 1,2
P 3 1 23
F 13 1,2 34
Group C: PWS, maternal UPD (15)
PWS14
M 13 23 12
P 13 23 12
F 2,3 1,4 13

M, mother; F, father; P, proband; UPD, uniparental disomy.

Two additional polymorphisms, D15S97 and D15S211, were
tested in families PWS5 and PWS14. D15S97 dldes in family
PWS5 were: M, 1.4; P 4; F, 2,3, D15S211 was uninformative.
None of the two polymorphisms was informative in family
PWS14.

contribution in 7 AS cases. These data emphasize the
importance of molecular testing for PWS/AS diagnosis due to
the difficulty of establishing a clear clinical picture. Patients
with reliable molecular findings of PWS or AS were classified
according to their clinical, cytogenetic, and molecular
abnormdlities (Table 1).

Déeetions in the PWS/AS critical region The methylation
test can detect deletions, UPD, and mutations in the
imprinting center of PWS/AS patients, but cannot differentiate
between these dterations. Thus, gross rearrangements were
identified by cytogenetic and microsatellite analyses (Tables 1
and 2). Deletions involving the paternal copy of the PWS/AS
region were detected in 6 PWS patients (Group A), 2 by
cytogenetic (2/11 = 18%), 5 by FISH (5/11 = 46%) and 6 by
microsatellite (6/6 = 100%) techniques. Four of the 6 PWS
deletions were submicroscopic and hence, not detectable by
cytogenetic testing (PWS 1, 5, 9, and 11). They were detected
by FISH and microsatellite andyses (Fig. 1 shows a FISH
picture of PWSB). Deletions, including the maternal copy of
the PWS/AS region, were detected in 4 AS subjects (Group
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Fig. 1. Fluorescence in dtu hybridization (FISH) assay. The
DNA of patient PWS8 revealed alpha satellite D1521 and PML
sgnas on both 15 chromosomes, and signal of the SNRPN
probe in only one of these chromosomes.

B) one by cytogenetic techniques and FISH and 4 by
microsatellite techniques. Three polymorphic loci were
assessed, resulting informative one or two in each family.
Additional markers, i.e., D15S97 and D15S211, were used in
two cases, and produced informative results in one case
(D15S97, Table 2). AS case 2 with a cytogenetically detected
deletion, presented an atypical appearance, due to dark skin
and hair.

Maternal UPD(15) PW?7 showed the classical dlinica
features of PWS at age three. The methylation test of DNA
showed an abnorma SNRPN pattern with no paternal
contribution (data not shown). Segregation analysis using
DNA polymorphisms, mapping throughout chromosome 15
documented two maternal aleles but no paternal allele at the
PWSAS locus (AS5AC-1) (Table 2). Heterozygosity at the
PWS critica region excludes the possbility of deletion,
furthermore, the subject showed the same heterozygous
pattern as her mother at other loci. These results are consistent
with amaternal uniparental heterodisomy of chromosome 15.

This genetic aberration was not determined in subjects with
an atered 15011-g13 methylation pattern.

No molecular abnormality could be characterized in 7 PWS
or in 3 AS patients with an abnormal methylation at the PWS
AS critica region (Group D). Four of the PWS subjects
studied by chromosomal analysis showed a normal karyotype
and one was normal by FISH. The parents of these patients
were unavailable for a polymorphism study. PWS case 12
with anorma karyotype had a mild phenotype.

Patients with no detected molecular abnormality Thirteen
patients suspected of having PWS and 17 presumptive AS
patients showed a norma methylation pattern. Several were
sudied by microsatellite segregation anaysis using DNA
from lymphocytes and other tissue, bucca mucosa (data not
shown), in order to detect possible tissue mosaicism for the

genetic alteration. All showed biparental inheritance and were
heterozygous a the PWSAS locus. Some of these patients
displayed al the clinical features of classical PWS or AS, but
others only presented the more typicad symptoms like
hypotonia and developmenta delay. These features are
common to other genetic disorders such as metabolic inborn
errors, the majority present with hypotonia and a failure to
thrive (Burton, 1998).

One AS subject was afamilia case, there were two affected
sblings, however, the methylation pattern of the PWS/AS
region showed no aterations, suggesting point mutations in
the UBE3A gene.

Discussion

Cytogenetic and detailed molecular studies of patients with
the clinical symptoms of PWS or AS, using probes for the
PWSAS critical region and chromosome 15 polymorphisms
allowed reliable diagnosis and revealed molecular alterations.
Ten genetic abnormalities were detected; deletions (6 PWS
and 4 AS) and one PWS patient harbored materna UPD. In
two of patients studied by microsatellite andysis (PWSb and
AS5) the deletion involves markers at D15S97 and at AS5CA-
1 (PWS5) or at AS5CA-1 (AS5), but not at D15S542. On the
other hand, in subject AS7, and probably in ASA (because of
homozygosity) the deletion breakpoint was centromeric to this
polymorphism. Christian et a. (1995) used the polymorphic
marker D15S542 to characterize the centromeric common
deletion breakpoint region. These authors defined two classes
of PWS and AS patients, approximately 50% were deleted
(class 1) and 50% were not deleted (class I1). Thus, in our
study PWS5 and AS5 were class || patients, whereas AS7 and
probably AS4 were class .

PWS7 showed maternal uniparental heterodisomy,
heterozygosity for materna alleles a a locus close to the
centromere suggests  (with 90% likelihood) that the
nondigunction is a Melosis | error, since the probability of a
recombination between this locus and the centromere is low
(Mutirangura et al., 1993).

Half of the patients with PWS and most of the suspected
AS subjects produced normal methylation results and paterna/
maternal inheritance of chromosome 15 microsatelites. Some
of these patients did not fulfill the diagnostic criteriafor PWS
or AS, though they had some typica features, such as,
hypotonia and developmental delay. However, other patients
with no detected molecular abnormality were also evaluated
by experienced clinicians as having PWS or AS. These
patients may have harbored other alterations, such as, small
mutations in candidate PWS (SNRPN) or AS (UBE3A)
genes, which would not have been detected by the
methylation and microsatellite testing. Point mutations in
UBE3A have been identified in 20% of AS subjects, whereas
no PWS subjects have been reported to have small mutations
in SNRPN or other PWS candidate genes (Nicholls, Saitoh
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and Horsthemke, 1998). Limited deletions- undetectable by
the markers used- may be the cause for PWS in some
patients. However, the majority of patients with clinica PWS
or AS were probably misdiagnosed, because classica PWS
and AS symptoms are common to many diseases (Burton,
1998).

This study emphasizes the importance of molecular
anadyses for: 1) the reliable diagnosis of Prader-Willi and
Angelman syndromes, which share clinical symptoms with
many other disorders, and 2) for the determination of the
mechanisms of genetic ateration, thus alowing us to better
understand the role of imprinting in genetic diseases. The
analysis of the extents of deletions may provide an insight into
identifying the genes involved in these syndromes.
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