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Abstract The Angelman syndrome (AS) is caused by ge- .

netic abnormalities affecting the maternal copy of chrﬁ'—tmdud'o"

mosome region 15q12. Until recently, the molecular diag-

nosis of AS relied on the detection of either a deletionTate Angelman syndrome (AS) is a neurological disorder
15gq11-13, a paternal uniparental disomy (UPD) for chrcharacterised by severe mental retardation, absence of
mosome 15 or imprinting mutations. A fourth class of gepeech, paroxysms of laughter, epilepsy and abnormal en-
netic defects underlying AS was recently described agebhalographic activity (EEG; MIM 105830). The syn-
consists of mutations of théBE3Agene. The vast major-drome is caused by genetic abnormalities of an imprinted
ity of mutations reported so far are predicted to cause megion on chromosome 15g11.5. Before the role of the
jor disruptions at the protein level. It is unclear whetheBE3Agene in AS was known, the molecular diagnosis
mutations with less drastic consequences for the gefighe syndrome relied on the detection of approx. 80% of
product could lead to milder forms of AS. We report atases, which fell into the following three categories: a
our results obtained by screening 101 clinically diagnosegdmmon” 15q11-q13 deletion of about 4 Mb is detected
AS patients for mutations in tiéBE3Agene. Non-strin- in approx. 65—70% of AS patients; a paternal uniparental
gent clinical criteria were purposely applied for inclusiodisomy (UPD) for chromosome 15 in 2-3% of cases; and
of AS patients in this study. The mutation search was ciwe occurrence of an imprinting defect is reported in about
ried out by single-strand conformation polymorphisi®-5% of patients. The discovery of the role played by
(SSCP), and SSCP/restriction fragment length polym@BES3Ain the pathogenesis of the syndrome led initially
phism (RFLP) analyses and revealed five nddBE3A to the postulation that mutations in this gene could be
gene mutations as well as three different polymorphismssponsible for the remaining approx. 20% of cases
All five mutations were detected in patients with typicgKishino et al. 1997; Matsuura et al. 1997; Rougeulle et
features of AS and are predicted to cause frameshift@in1997; Vu and Hoffmann 1997). The initial optimism
four cases and the substitution of a highly conserweds, however, soon dampened by the detection of a lower
residue in the fifth. The results we obtained add to thethan expected frequency of mutations (Fang et al. 1999;
yet limited number of reports concernittBE3A gene Malzac et al. 1998; Moncla et al. 1999a).

mutations. Important aspects that emerge from the datarhe UBE3Agene, also known as E6-AP, is an approx.
available to date is that the four classes of genetic defd@8-kb gene located in the AS critical region (Nakao et al.
known to underlie AS do not appear to cover all cas@€994). TheUBE3A gene product is a ubiquitin-protein
The genetic defect underlying approximately 10% of Afgase and catalyses the aggregation of ubiquitin to sub-
cases, including some familial cases, remains unknowstrates in E6-dependent pathways as well as E6-indepen-
dent pathways. The resulting protein complexes are a tar-
get for proteasome degradation (Huibregtse et al. 1993a;
Nawaz et al. 1999). Although the gene is expressed from
both alleles in a wide range of tissues, selective imprint-
ing was recently reported in brain (Rougeulle et al. 1997;
Vu and Hoffman 1997), whereby expression occurs only
from the maternal copy. Patients with mutations in the

A. Baumer (J) - D. Balmer - A. Schinzel , UBE3A gene present with typical clinical AS features
'Fgggtm“itgtfg\feg'ﬁ?égoelngﬂ‘;f’c'hug'v‘(lﬁ';séﬁ’a%zu”Ch' (Jiang et al. 1999; Moncla et al. 1999a), such that the gene
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to occur amongst AS patients (Bottani et al. 1994; BUI;%GF .

et al. 1996; Moncla et al. 1999a, 1999b). The most sevelbiects and methods

forms of AS are usually found in patients with deletionsubjects

followed by patients withUBE3A mutations; milder . ; et :

. . o Patients diagnosed by geneticists in our Institute or referred to us
forms of AS are described for patients with UPD15 agder the past decade for molecular investigations of AS were in-
Imprinting mutations. cluded in the study after exclusion of a 15q11—q13 deletion, pater-

The majority ofUBE3Amutations reported so far rep.nal UPD15 and an imprinting defect. A total number of 101 cases
resent frameshift mutations or other insertions and de]@ye Peen analysed so far. In three patients the syndrome was fa-

. - milial, with two or more affected siblings.
tions that would lead to drastic consequences for the genghe diagnostic criteria compiled by Williams et al. (1995) were

product (Fang et al. 1999; Fung et al. 1998; Kishino et &bplied, wherever possible, in order to differentiate between pa-
1997; Malzac et al. 1998; Matsuura et al. 1997; Monclatietts with strong clinical AS features and those with mild to un-
al. 1999a; Tsai et al. 1998). It is still unclear whether DNG&ain phenotypes. Table 1 summarises the clinical features ob-

tati ith | d ti dicted ch t erved in our group of AS patients. Precise clinical descriptions
mutalions with 1ess dramatic predicted changes a e unfortunately not available for all patients referred to us, and

amino acid level might lead to milder forms of the Syfe very young age of some probands did not allow an assessment
drome. The work presented here aimed at providingpfaheir psychomotor development.

screening fotJBE3Amutations in a large number of clin-

ically assessed AS patients, which were selected acconéthods

ing to non-stringent criteria. . , .
9 9 The screening procedure for mutations in HBE3Agene was at

first carried out by SSCP and SSCP/RFLP analysis. Further inves-

Table 1 Summary of clinical features of a group of Angelman syndroh$e gatients. Groups 1-4, typical AS features; groups 5-13,
mild AS features; group 14, unknown clinical features

Group Clinical findings Patients) Mutations/polymorphisms
1 Developmental delay, speech impairment, typical ataxic gait, 13 Including two 4 Mutations: AS298 (famil-
characteristic laughter, seizures, abnormal EEG, typical associated features familial cases ial), AS311, AS454, AS542
(e.g. protruding tongue, wide mouth, hyperactivity of lower limbs) 1 Polymorphism: AS328

2 As group 1; however:

Abnormal EEG, no seizures 3 None
Normal EEG, seizures 2 None
Normal EEG, no seizures 5 None
3 No clinical details provided; however, patients seen by experienced 23 1 mutation: AS476
geneticists and defined as “typical”
4 Patients for whom only a few characteristics were provided
Developmental delay, speech impairment, associated features 1 None
(as in group 1)
Developmental delay and ataxic gait 1 None
Developmental delay, ataxia, seizures, abnormal EEG 1 None
Developmental delay, ataxia, seizures 1 Familial None
Developmental delay, ataxia, characteristic laughter, unclear EEG 1 None
Developmental delay, microcephaly 1 None
5 Patients with mild ataxia
Otherwise as group 1, without seizures 2 None
With developmental delay, characteristic laughter, mild to normal speech, 4 None
with or without seizures
With developmental delay and characteristic laughter 1 1 Polymorphism: AS520
Otherwise as group 1, with mild associated features 1 None
With developmental delay, speech impairment, abnormal EEG, no seizures 1 None
6 Patients with no characteristic laughter
Otherwise as group 1, with abnormal EEG and seizures 2 1 Polymorphism: AS446
Otherwise as group 1, with normal EEG and no seizures 3 None
With seizures and abnormal EEG, mild ataxia, mild speech problem 1 None
7 Patients with slightly impaired to normal speech
With developmental delay and characteristic laughter, with or without seizures 3 None
With ataxia, characteristic laughter, normal EEG, no seizures 1 None
8 Abnormal EEG with or without seizures 3 None
9 Developmental delay, ataxia with or without associated features and seizures 4 None
10 Differential diagnosis: AS/RETT syndrome 5 None
11 Differential diagnosis: AS/Prader-Willi syndrome 3 None
12 Differential diagnosis: mosaic trisomy 8 (negative)/AS 1 None
13 Differential diagnosis: fragile X syndrome (negative)/AS 2 1 Polymorphism: AS500

14 Referred to us, no clinical data provided 12 1 Polymorphism: AS259
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tigations included DNA sequencing of the larger exons and lonwgere carried out essentially as described above. The extension
range PCR amplifications of genomic segments encompassingiime was increased to 2 min and the primers were chosen to cover
tron sequences. intron sequences.
The individual exons of the coding region WBE3A (exons
7-16) as well as exons 4 and 5 were amplified from genomic DNA
by polymerase chain reaction (PCR) using standard methods.rﬁhe
PCRs consisted of 35 cycles of: a denaturing time of 30 s (3 mift@sults
the first cycle) at 94°C, primer annealing at 50-56°C for 45 s, and
primer extension at 72°C for 1 min. The nucleotide sequencesTéfe screening fotUBE3A mutations in our group of pa-

the primers used were as follows: exon 4, forward TGT ATT T ; ; ;
TT TAC AAT GAC?, reverse TAA AGT GTT CTA ACC AAA Cﬁsﬁms ‘;V'th iQSpe?'ﬁfd AS éegégid o tthe dete;tt'r?” and
GG exon 5, forward TTT CTC TAG AAG TTT TTA TAA ¢  characterisation o five nov mutations and three

reverse ATC GCA GAA AAT ATG ATC AG exon 7, forward Polymorphisms. The major characteristics of the eight
ATG GAA TAT TTT GCT AAC TG, reverse TAA GAA CCA DNA variations are summarised in Table 2. All DNA

CAG TCT CAA CC; exon 8, forward GCT TAT TGT TTG AAT ygriations were detected by SSCP and SSCP/RFLP. Sys-

GTT TGG, reverse GGT TTT CAG GCA ACA ATT CTC,; exo : :
9, forward (a) GCA ACA GAG TAA ACA TAC ATA TT. for- "tematic DNA sequencing of the largest exons (exons 8, 9

ward (b) TGC AGA CCA GAT TCG GAG, reverse (a) AAT caaand 16) in all patients did not reveal further DNA varia-
TTC ACT GAA CTG TAT CAT G, reverse (b) TCT CCG AATtions, nor were further mutations detected by the long-
CTG GTC TGC; exon 10, forward GCA ATC ATC TTC TTTrange PCR analysis aimed at detecting larger deletions.
Ifﬁ;\?vgry#axegﬁcﬁéiﬁ% %’éTTf}QTT %g%AIeT\/(':‘r%ee’g’:A The first mutation listed in Table 2 represents the only
TTA AAA AAA TGA CAA AG: exon 12, forward GCC TCA familial UBE3Amutation we have detected in our group

ATT TAC CAT TTC TG, reverse AAT GAA GAG ACA AAA of AS patients so far. Two affected brothers, currently
TGT GAC; exon 13, forward (a) GAA GTT CTT GTG ATT AAT aged 13 years and 10 years, inherited the same allele from

GT?, forward (b) AAA ACA GTT CAA GGC TTT TG reverse i i ian in thi ;
() CTT TAA GGG AGA TTG ATT GG, reverse (b) CGA TAC their asymptomatic mother. The mutation in this family as

ATG ACT TTT TGC AG: exon 14. forward AGT AGT ATA Well as those detected for patients AS 476 (a 9-year-old
GCA GAT AAC TAA GAC?, reverse CCC TTT GGT GAA TCA girl) and AS 311 (a 15-year-old girl) are all predicted to

AAT CTT CC% exon 15, forward GAA TGC CAA ACT GAA have drastic consequences at the protein level, leading in
ACC AG, reverse GTC ACA AGT TAA TAA TTA CC; exon 16, each case to a frameshift and a truncated protein. The mu-

forward ACC ATG ACT TAC AGT TTT CCT, reverse TGG ; ; ;
GAC ACT ATC ACC ACC AR, tation detected in the next patient (AS 454, a 9-year-old

Primers indicated bguperscript avere synthesised accordingdif) causes the substitution of a highly conserved amino
to the sequences reported by Malzac et al. (1998), and these bycid (Fig. 1). The ladyBE3Amutation that we found, de-
perscript b according to Kishino et al. (1997). The other primergcted in an 8-year-old girl (AS 542), consisted in a short

were designed on the basis of the genomic sequences publishqd fem duplication of 16 bp, which is predicted to cause a

e[e . . .
used in the unlabelled form for PCR and SSCP reactions, ancfrlﬁ-meshlft and an extension of the protein.
belled at the 5" end with Cy5 for sequencing reactions. Three further DNA variations were considered as poly-

The SSCP and SSCP/RFLP analysis were carried out ugingrphisms. The base substitution detected in patient AS

Sta”gard dmgethOdsaA”th’Octf ththde.ffPCRtproguctt.s representing §%0 |eads to the exchange of the alanine at codon 178 for
ons 8 and 9 were digested with different restriction enzymes priot . . ; e

to SSCP, as follows: exon 8 PCR products were digested sé;éhreonme' Although this protein region IS homologous
rately with Xha and Nddl; exon 9 PCR products were digestedd humans and mice, it doesn't seem to be highly con-

separately withTad, Hinfl, Msp + Avdl + Hadll + SawBAl, served in other species. However, the main argument in
Trudl, Hinfl + Xba + SawBAl and Dde + SawBAl. The SSCP fayour of a polymorphism is obviously the paternal trans-

analysis was carried out using a Genephor electrophoresis ynif .. o .
(Pharmacia). DNA Sequencing reactions were performed using sion of the DNA variation. The second polymorphism

Pharmacia Cycle Sequencing Kit and were analysed using an Aisted in Table 2 (detected in the DNA sample of patient
automatic sequencer (Pharmacia). Long-range PCR amplificatié& 259) is a T-to-C base substitution, which occurs at the

Table 2 UBE3Amutations and polymorphisms detected in our group of clinically diagnosed AS patients. The nucleotide and codon po-
sitions refer to the completéBE3AcDNA sequence, accession number U84404

Patient Exon DNA variation Predicted Familial/sporadic Comments

ID aa change

AS 298 8 762-763IinsGA Frameshift Familial: brother, affected; mother, carrier AS mutation
AS 454 9 2102Cto T Arg506Cys Sporadic: mother, no signs of mosaicism; father, normal AS mutation
AS 476 9 1296insT Frameshift  Sporadic; mother, no signs of mosaicism; father, normal AS mutation
AS 311 11 2376delG Frameshift Sporadic; mother, no signs of mosaicism; brother, normal AS mutation
AS 542 16 3120ins16 Frameshift Sporadic: mother, no signs of mosaicism; father, normal AS mutation
AS 520 9 1118 Gto A Alal78Thr Inherited from father Polymorphism
AS 259 12-13Intron Tto C No effect? Parental samples not available Polymorphism
AS 446 16 3'UTR del1 No effect? Inherited from mother Polymorphism
AS 500 16 3'UTR del1 No effect? Inherited from father Polymorphism
AS 328 16 3'UTR del1® No effect? Parental samples not available Polymorphism

aCorresponds to the polymorphism previously described by Fung et al. (1998)
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Patient "AS 454" a* codon 506 C

Homosapiens a* |QGQQLNPYLRLKVR[RIDHI IDDALVRLEMI A
Mus spretus b*[QGQQLNPYLRLKVR|[RIDHI IDDALVRLEMI A

Mus musculus  ¢* |QGQQLNPYLRLKVRRIDHI IDDALVRLEMI A

Saccharomyces  d* VE[P YL|MI R|VR|R|D|R L L E[DS|L
pombe

Saccharomyces  e* G|KS VD V|Y|F K I|K V RfR|D| V| I|S H|D| S|L

cerevisiae
Mya arenaria f*  |glmp T I R|V[SIRINRl1 I DDALV|A[LE

Fig.1 The amino acid substitution at codon 506 in patient AS4%4ith typical AS phenotypes, is localised withiUBE3A

results in the modification of a highly conserved protein residq%gion that is involved in the E6-dependent association
The amino acid sequences reported here repreagntiuman

ubiquitin protein ligase E3A (U84404), residues 492-521 E6- with p53 (H‘%ibremse_ etal. 1993b)', . .

AP ubiquitin protein ligase (AF082835), residues 489-&tg;  We intentionally did not apply stringent clinical criteria

E6-AP ubiquitin protein ligase (U82122), residues 489-58; for inclusion of AS patients in the study in order to inves-

pitalve Uibiquitin-proteln 19ase (ALO(SZ/E)Z‘&E;E/S\';’J%% 429-44fgate whetherUBE3A mutations could also lead to

e*, hypothetical 5- protein (sp , residu i i

513-535;*, E3 ubiquitin-protein ligase (AF154109), residuegglder’ non-typical AS-like cases. However, amongst the

215-243 01 patients we have screened so tHBE3A mutations
were detected only in patients with typical features of AS
(Table 1). We are aware of the fact that probably less than

oth base of the intron between exons 12 and 13. -half of the patients referred to us for molecular inves-

tal DNA | fortunatel t il .ations are indged affected by AS. Based on the inci_—
?ﬁ;e?ait ponmS(?rrgr?isensw V\;ierf‘l_ubnpocrléjlzﬁoenyir? Oth: V:?Il?-:? ences of AS patients with deletions and UPD15, we esti-
was detected in three unrelated patients. This DNA pogfmECI f[he frequebncy gle:L%’g;Aqll_Lﬁtatlonst;nSgég'&oup of
morphism corresponds to that reported by Fung et P patlentsdat a Olét._ 0. 1he nufm et .ml;' .
(1998). The 14-bp deletion was present in the motherl@fons we ?tﬁcf f'n our group o %a'gentshls thus in
one proband (AS 446) and in the father of a second pat@?ement with the Irequency reported by other groups.

. at emerges from the data available so far is that the ge-
5@?582?65&:2?;@ ig?g\gﬁ;&?e third proband (AS 3 netic defect underlying approximately 10% of all AS

cases remains unknown (Jiang et al. 1999). Amongst the
unsolved cases, we have patients with typical AS features,
including a couple of familial cases (Table 1).

The obvious questions are whether a large number of

We present the results obtained by screening clinically fBE3A mutations remain undetected and whether there

agnosed AS patients for mutations in tHBE3A gene are other “AS genes” that also lead to typical features of

The type and frequency of mutations we detected arethﬁ syndrome. DNA mutations, IWBE3Aitself or other

: , which would have repercussions on the transcrip-
agreement with the results reported by other groups (F RGeS, W . I ;
et al. 1999; Fung et al. 1998; Kishino et al. 1997; Malz g and. expression of teBE3Agene would b(_e particu-
et al. 1998: Matsuura et al. 1997: Moncla et al. 199 gr;ly difficult to detect and would have been missed in our

Tsai et al. 1998). The five heteroallelic mutations reportéﬁreening' The major difficulti_es in ca_rryin_g out the muta-
"tg: search at the cDNA level is the biallelic expression of
£

Discussion

here are all “private” mutations; they are located in fo gene in the majority of tissues, the low expression of
different exons and do not appear to be clustered at “ . e '
bp gene in blood (Kishino and Wagstaff 1998), and the

spot” regions, although they are all predicted to affect t;aresence of at least two highly homologous processed
h in (Hui .1 . Two f hi - o
ect domain (Huibregtse et al. 1995). Two frameshift m udogenes (Kishino and Wagstaff 1998).

tations are located upstream of the hect domain, Ci ¢ | h b i L
within the first half of the domain and the last towards the 't 'S @S Y€t unciear how an abnormal expression in
3" end of the domain. The fifth mutation, located at tis&in Of theUBE3Agene leads to the complex phenotypes

. f the h : h P fypical for AS. Major challenges in the field will be to
Eigﬁlr;/dcgnste?ve g (iésdigumeal(rag)%agésfs the substitution Opr%lwde a better understanding of tiBE3Agene in AS

It is still unclear whethet/BE3A mutations. which do and animal models and to reveal the genetic defects un-
not directly involve the hect domain, may lead to mildéirerlylngl the remaining 10% or so of unsolved AS cases.

forms of the disorder. Interestingly, mild AS phenotypeAsc nowledgements We are grateful to the patients, their families
were observed by Matsuura et al. (1997) and Fang etag@t their physicians for their valuable co-operation. The study
(1999) in siblings with a mutation that is not predicted t@as in part supported by the Swiss National Foundation (grant
affect the hect domain (C21Y). The missense mutati®#37798.93).

S349P, detected by Malzac et al. (1998) in three brothers
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