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Abstract

Seventy-two patients with clinical diagnoses of Prader-Willi (PWS; n = 28 patients) or Angelman syndromes (AS;
n = 44 patients) were submitted to chromosome analysis, SNRPN-SNURF exon 1 methylation assay, and
microsatellite genotyping. Analysis of the methylation pattern confirmed the PWS diagnosis in 18 out of 28 patients
and the AS diagnosis in 20 out of 44 patients. FISH and microsatellite analysis detected a deletion in 30 patients (14
PWS and 16 AS). Eight patients had normal FISH results (4 PWS and 4 AS); microsatellite markers showed that
these patients had a uniparental disomy (UPD). Based on this study, we propose a strategy for the routine diagnosis
of these syndromes that consists of the following steps: 1) methylation analysis, which does not require parental
samples; 2) microsatellite genotyping of patient and parents to differentiate deletions, UPD and imprinting mutations;
and 3) FISH for otherwise uninformative cases, and whenever parental samples are not available. Of the 34 patients
whose PWS or AS diagnoses were not confirmed by laboratory tests, five presented a small extra marker
chromosome, identified in three of them as an inv dup(15). One AS patient carried a balanced t(15;15) translocation
associated with paternal UPD. Therefore G-banded chromosome analysis should be performed on all such patients,
to detect possible structural rearrangements.
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Introduction

The Prader-Willi (PWS) and Angelman (AS) syn-

dromes are clinically distinct developmental and neuro-be-

havioral disorders resulting from the loss of imprinted gene

expression within chromosome 15q11-q13 (Nicholls et al.,

1998; Nicholls and Knepper, 2001). PWS patients show

neonatal hypotonia, with poor sucking and failure to thrive,

hyperphagia with onset at 1-6 years of age, severe obesity,

mild mental retardation, hypogonadism and characteristic

facies and behavior (Prader et al., 1956; Holm et al., 1993;

Cassidy, 1997, Fridman et al., 2000a). AS patients present

delayed psychomotor development, severe mental retarda-

tion, absence of speech, typical happy disposition with

outbursts of laughter, ataxia, seizures, microcephaly, ma-

crostomia, and prognathism (Angelman, 1965; Williams et

al., 1995, Fridman et al., 2000b, Lossie et al., 2001). The

prevalence of these syndromes has been reported to be

1/15-20,000 for PWS (Cassidy, 1997) and 1/20,000 for AS

(Clayton-Smith, 1993).

PWS and AS are clear examples of genomic imprint-

ing in humans since, the clinical manifestations of these

syndromes depend on the parental origin of the mutations

within the 15q11-q13 segment. Approximately 70-75% of

individuals with PWS and AS have 15q11-q13 deletions,

which are of paternal origin in PWS and of maternal origin

in AS (Knoll et al., 1989; Magenis et al., 1990). Maternal

uniparental disomy (UPD) of chromosome 15 is found in

about 25% of PWS patients (Mascari et al., 1992), whereas

paternal UPD occurs in only 2-3% of patients with AS

(Magenis et al., 1990). About 1-5% of patients with PWS

and AS have biparental inheritance of chromosome 15, but

show abnormal methylation pattern and gene expression due

to mutations in the imprinting center (Buiting et al., 1995;

Saitoh et al., 1996; Ohta et al., 1999). Some AS patients

(~8%) may also have mutations in the UBE3A gene

(Kishino et al., 1997; Matsuura et al., 1997; Malzac et al.,

1998).

The recurrence risk in deletion and UPD cases is less

than 1%, whereas for familial imprinting mutation and

UBE3A mutation the risk can be as high as 50% (Bürger et

al., 1997; Saitoh et al., 1997). Therefore, the identification

of the genetic mechanism involved in each patient is a
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requisite for genetic counseling and depends on the effi-

ciency and reliability of genetic tests.

We report here on 72 patients with a clinical diagno-

sis of PWS or AS, who underwent chromosome analysis,

SNRPN-SNURF exon 1 methylation assay and microsa-

tellite genotyping. A strategy for the diagnosis of these syn-

dromes is proposed.

Material and Methods

Patients

Genetic studies were carried out on 72 patients with a

clinical diagnosis of PWS (28 patients, 12 males and 16 fe-

males) and AS (44 patients, 19 males and 25 females).

These patients were referred for genetic tests by the Depart-

ments of Neurology, Endocrinology and The Children’s In-

stitute, Hospital das Clínicas of the University of São

Paulo, from December 1996 to December 1998 (Varela,

1999; 2000).

Most of these patients were examined by at least one

of the authors, but in some cases only blood samples were

provided, with a brief clinical description. The clinical

diagnosis of PWS was based on the presence of mild to

moderate mental retardation, obesity and hyperphagia in

adolescents, and hypotonia, poor sucking and hypogona-

dism in infants and children. For AS patients, the diagnostic

features were delayed psychomotor development, severe

mental retardation, absence of speech, typical happy dispo-

sition with outbursts of laughter, and ataxia. Ages ranged

from 9 months to 18 years in PWS patients, and from 17

months to 11 years in AS patients.

Cytogenetic studies

Chromosome studies of patients and their parents

were performed on peripheral blood lymphocytes, after

GTG-banding. FISH was performed with the SNRPN and

GABRB3 probes (ONCOR, Gaithersburg, MD). For the

identification of extra marker chromosomes, a chromo-

some 15 α-satellite probe (D15Z; ONCOR, Gaithersburg,
MD) was used. In situ hybridization and immunochemical

detection were carried out according to the manufacturer’s

instructions. At least 20 metaphases were analyzed per

case.

Methylation analysis

DNA was extracted from peripheral blood leukocytes

by standard procedures. The methylation status of the

PWS/AS region was assessed by Southern blotting. Geno-

mic DNA double digested with XbaI andNotI was separated

by electrophoresis on a 1.0% agarose gel, and transferred to a

nylonmembrane. A 32P labeled 0.6 kbEcoRI-NotI fragment,

which contains exon 1 of SNRPN-SNURF, was used as a

probe (Glenn et al., 1996). In this assay, PWS patients pres-

ent a single 4.2 kb methylated maternal band, whereas AS

patients have a 0.9 kb non-methylated paternal band. Normal

individuals have both bands.

Dinucleotide repeat (CA)n polymorphisms

Microsatellite analysis was performed using three

markers within the critical region 15q11-q13 [4-3RCA

(D15S11), LS6-1CA (D15S113) and GABRB3RCA

(GABRB3)], after multiplex PCR and polyacrylamide gel

eletrophoresis (Mutirangura et al. 1993). The genotyping

of two loci outside the PWS/AS region (D15S117 and

D15S984) allowed to distinguish a deletion from a UPD:

uniparental inheritance within the PWS/AS region to-

gether with biparental inheritance outside this region

identifies a deletion; the presence of uniparental inheri-

tance both within and outside the critical region reveals a

UPD.

Results

The methylation pattern analysis confirmed the diag-

nosis of PWS syndrome in 18 out of 28 patients, and of AS

syndrome in 20 out of 44 patients (Figure 1). The results are

summarized in Figure 2.

The patients with a typical PWS or AS methylation

pattern (n = 38) had their chromosomes analyzed after high

resolution banding (GTG). The 15q11-q13 microdeletion

was detected in seven (20%) patients (4 PWS and 3 AS); in

five (14.28%) patients (3 PWS and 2 AS) the presence of a

microdeletion was incertain; 22 patients (62.8%) had nor-

mal karyotypes (10 PWS and 12 AS), and in one (2.8%), a

Robertsonian translocation [t(15;15)] was identified. All

parents had normal karyotypes.

After in situ hybridization, deletions were detected in

14 PWS patients (77.8%; four of them previously detected

by GTG banding) and in 16 AS patients (80%; three of
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Figure 1 - Southern blotting methylation assay for PWS/AS. Lane 1: nor-

mal control; lane 2: PWS control; lane 3: AS control; lanes 4-9: PWS pa-

tients; lanes 10-11: AS patients.



them detected previously by GTG banding) (Figure 3a). In

the As patient with the t(15;15) translocation, no deletion

was apparent. No abnormalities were observed in the seven

remaining cases, who also presented normal karyotypes on

GTG-banding analysis.

Microsatellite genotyping was performed in 33 of the

38 patients with a typical methylation pattern, since paren-

tal samples were not available for the other five cases. A de-

letion was detected in 20 (60.6%) patients (7 with PWS and

13 with AS). Eight (24.3%) patients had UPD (Figure 4),

including seven patients with normal FISH results and the

AS patient with the t(15;15). In five cases (15.1%) the re-

sults were uninformative.

Among the 34 patients with normal methylation pat-

terns, chromosome analysis after GTG banding revealed

five cases (2 “PWS patients” and 3 “AS patients”) with an

extra marker chromosome (EMC) with the size of a

G-group chromosome. In the two “PWS patients”, the

EMC did not show FISH signals of the α-satellite D15Z

probe nor of the single-copy sequences GABRB3 and

SNRPN. Two FISH signals were observed on the EMCs in

the three “AS patients”, allowing these markers to be iden-

tified as inv dup (15) (Figure 3b). The clinical description

of these three patients can be found in Varela et al. (1999).

Microsatellite genotyping with markers within the

PWS/AS critical region was performed on these inv

dup(15) carriers. The presence of three alleles (two mater-

nal and one paternal) of the marker GABRB3 confirmed

that the FISH signals observed on the EMCswere produced

by probe GABRB3 and not by the control probe. The ma-

ternal origin of the markers was established. All of the 29

remaining cases with normal methylation patterns presen-

ted normal karyotypes.
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Figure 2 - A summary of the cytogenetic and molecular findings of 28 patients with clinical diagnosis of PWS (A) and 44 patients with clinical diagnosis

of AS (B).



Discussion

This work is part of an ongoing research on children

with PWS and AS. The diagnostic hypothesis of PWS or

AS was initially investigated by SNRPN-SNURF methy-

lation analysis. This test has been used as a diagnostic tool

for PWS and AS, since the methylation pattern is par-

ent-specific in this region (Glenn et al., 1996; Kubota et al.,

1996) and detects patients with deletion, UPD and imprint-

ing mutations, which account for 99% of PWS and 85% of

AS cases.

Classical cytogenetic techniques have low sensitivity

for the detection of microdeletions, even at higher banding

levels. Differences in condensation of band 15q12 in homo-

logues make it difficult to detect a deletion in this region: in

our study, only seven of the 30 patients (23.3%)with a dele-

tion were detected by this method. FISH with chromosome

15q11-q13 probes was the most efficient cytogenetic
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Figure 3 - FISH with GABRB3 probe (arrows) shows (a) a deletion and

(b) a duplication in an inv dup(15). The signal of a control probe located at

15q22 is seen (arrowheads).

Figure 4 - Microsatellite genotyping: a) multiplex PCR of loci D15S11,

GABRB3 and D15S113; only the maternal allele is present in the patient;

b) PCR of locus D15S117 mapped outside the PWS/AS region, in cases

with only maternally inherited alleles mapped to 15q11-q13; cases 1 and 2

show biparental inheritance, indicating a deletion; case 3 inherited only

the maternal allele, indicating a maternal UPD. M = mother, P = patient,

and F = father.M13mp18 sequencing standardwas used for allele sizing.



diagnostic test for PWS and AS, identifying a deletion in

about 79% (30/38) of the patients.

Since FISH does not detect UPD, imprinting or

UBE3A mutations, the remaining patients require DNA

analysis using microsatellite markers within and outside

the PWS/AS region. Eight patients with UPD (four PWS

and four AS) were detected in this sample. The disadvan-

tage of this methodology is that it requires parental blood

samples and, even when they are available, the results can

be uninformative (as in 15.1% of our sample).

So, an efficient strategy for the routine diagnosis of

PWS and AS patients (Figure 2) consists of: a) methylation

analysis, that allows the diagnosis of 99% of PWS and 85%

of AS patients, and does not require parental samples; b)

microsatellite genotyping of the family (child, mother and

father) to diagnose deletions, UPD or imprintingmutations;

c) in uninformative cases or if parental samples are not

available, the FISH technique is recommended, since it ap-

pears to detect all the deletions (~75% of PWS and AS pa-

tients). Routine cytogenetic studies after G-banding should

be performed in all patients referred with a clinical diagno-

sis of PWS or AS. Among the 20 patients whose diagnosis

of AS was confirmed, one carried a balanced t(15;15). In-

deed, about 5% of PWS and AS of the literature present a

chromosome rearrangement (Butler, 1990).

Patients with hypotonia, delayed psychomotor devel-

opment, severe mental retardation, seizures and dys-

morphic features, frequently referred as “suspected AS”,

may be carriers of an extra marker derived from chromo-

some 15 [inv dup(15)]. In the present sample, three such

carriers were found, and the incidence of this marker ap-

pears to be as high as 1/5,000 births (Buckton et al., 1995).

FISH using repetitive, single-copy, or whole-chromosome

painting probes is a requisite for the proper identification of

these extra chromosomes. Microsatellite genotyping is use-

ful to disclose their parental origin, also allowing to better

characterize their genetic content. The phenotypic variabil-

ity observed among patients with inv dup(15) is influenced

by the origin of themarker, by the extent of the euchromatic

segment and by its isodysomic or heterodysomic nature

(Mignon et al., 1996).

In patients with a normal methylation pattern and nor-

mal chromosomes, a clinical reassessment is recommended

to determine whether additional DNA investigations are in-

dicated. Among “AS patients” with a normal methylation

pattern, cases can be found who carry a UBE3A mutation

that accounts for approximately 8% of patients with the

clinical features of AS (Nicholls et al., 1998).
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