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Abstract

The present study cxamined the life histories of individuals i1 Wes:.em
Australia with a dingnosis of Angelman or Prader-Willi syndcome. Angclman and
Prader~Willi syndromes are phenotypically diverse disorders both of which result
from the failure of impiinting at the chri5q)l-q13 locus. 1n most cases, loss of
the materal imprint from the region leads to Angelman syndrome, while lack of a
paternul pattern results in Prader-Willi syndrome. Between 4-14% of Anpgelman
cascs have a mutation in a single gene, UBE34.

Subjects for the study were identified from the Disability Services
Commission of Western Ausiralia. Dnta on these individuals were obtained from
the client files held by the Commission, and supplcmentmy data were added by
linkape to a number of datascts via thc Western Australian Data Linkage Unit.
The information was then compiled into a database to provide infornation to
physicians, families, and carers on the life histories and ageinp patterns of people

with cither disorder.

Fifly-six of the 90 subjects identified had a diagnosis of Prader-Willi
syndrome. Ten of the individuals clinically diapgnosed with Prader-Willi
syndrome were analysed separately (Pinder-Willi-like), as they had retumned a
normal methylation test and thercfore were unlikely to have thedisorder. This lell
o proup of 46 individuals in thc Piader-Willi cohort, and 34 persons with
Angelmen syndrome. Nine individuvals were deccased by the time of data

collection.

Both disorders are now diagnosed at an earlier age than was common fen
years ago, althouph there was still some degree of delay in diagnosing Anpclman
syndrome when compared to Prader-Willl syndrome. In addition, the majority of
recent diagnoscs were confiimed by penetic tesling, as opposed 1o the lack of

genetic verification for earlier cases.

The clinical presentation of both syndromes was generally similar to the
cxpected profiles. Throupghout their lives, individuals with Angelman syndrome
cxhibited most of the major clinical features; however epilepsy nsually did not
appenr unti] afler the age of three years. Conversely, the Piader-Willi cases
tended to present different characteristics nt various ages. During Infancy, feeding
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difficultics and hypotonia were almost universal, but these symptoms became less
common in later life. By age three to four years most of the Prader-Willi children
had an insatiable appetile, leading to obesily unless the dict was strictly
controlled. Some features, such as hypogonadism, were present from birth, but in
females it was not always obvious until pubeity. There were some dizgnostic
clinical criteria which were unreported for many cases, ¢.g., microcephaly or
prognathia in Angelman syndrome, and hypeiphagia or the characteristic feies in
Prader-Willi syndrome,

For many suhjecls cither no genctie test had been requested, or kaiyotypc
or banding tests only were undertaken, many of which were uninformative. The
incidence of uniparenta! disomy in Pradcr-Willi syndrome was around half that
expecled, although the rate for Angelman syndrome was within the expected
ange,

On average, individuals with Angelman syndrome had been admitted to a
hospital on aine occasions, and those with Prader-Willi syndrome on seven
occasions. Denta! work and respimioty disorders were the main reasons for
hospital admission for both groups of paticnts. However, significantly more
Angelman syudrome patients were admitted with epilepsy than Prader-Willi
cases, and Weatment for undescended testes wes nceded only hy those with

Prader-Willi syndromc.

Intellectual function ranged from normal to profoundlydisahled, with 88%

ofthe Angelman groupwithin the moderate-severe categories, and 72% of Prader-

© Willi cases with a mild-moderate disability. There were many fewer than

" expecled Prades-Willi patients with an 1Q>70 (9% vs 40%). But since Disability

Services Commission does not accept individuals with an 1Q270, case

ascertainment was effectively biased to cxclude such people. This may explain

the low rate of uniparental disomy in the Pmder-Willi group, since such casecs

have a less severe phenotype then those with any other disruption of chrl5qi1-
ql3.

In raany cases the Disability Services Commission files contained only
limited inforination on the clinical nod behaviouru! presentation of these
individuals. Oflen this was duc to a lack of conlact with the Commission, for any
of a number of possible reasons, c.g., dislanice from services, reduced need for

iv



services, or migration into or out of Western Australia. The clinical crilcrla for
bolh syndromes have only been published within the last 10.12 years, which
meant thet repotiing of some character stics was lacking as the relevance of these
features was unknown prior 1o those publications,

Previous rcports on ageing in people with intellcctual disability have
indicated that meny of their agcing issucs mirror those in the general population,
e.g., visual or heoring impainnent, loss of mobility, and mental health disorders.
Since the oldest member of the study group was aged 48 ycars, it was nol possible
to produce a comprehensive picture of the age-asscciated morbidity typical of
eilher disorder. However, the study does provide a valuable cori;pnralive baseline
for ongoing investigations into both syndromes. s
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1. ONTRODUCTION
11 The sigaiflcaoce of this project

The World Health Organization has called for research into practices that
successfully promote longevity nnd healthy ageing in pessons with intellectual
disability (ID) (Hogg et a!., 2001). [n terms of life expectancy, the population
profiles of both developed and developing countries differ greally from those of
onc hundred years ago. For example, the medion age in Australia io 1901 was
22.6 years, but by 1999 it had riscn 10 34.9 years (Australian Bureau of Stntistics,
2000), because of the increasing ratio of older people 10 those middlc-aged and
younger. People with intellectial disabilitics are also living significantly longer
than in the past (Eyman ef al, 1987; Janicki e al., 1999; Bittles e¢ al., 2002).
Those with mild ID have approximately the same mean life cxpeclancy as the
general population, although severe iD decreases life expectancy by as much as
20% (Patjo et al., 2000; Patja et al., 2001; Binles e/ al., 2002; Sutherland e/ o/,
2002).

The Intermodanal Plan of Action on Ageing (United Nations, 1998)
suggested that dota relating 10 older people were critical for the successful
development of processes and policies aimed at improving the longevity and
quality of life of an ageing population. There arc a number of identified
predictors of chronic discase that lead 10 a limitation of functional abilities in the
older population, including poverty, being female, having a lower cducation level,
and reduced access o health services (Walsh, 2002). These predictors apply
equally 1o those with ID, especially as members ofthe ID population ofien fall
into two or more of those categories (Holland, 2000). However, onc of the main
difficulties io the provision of healthcare for people with ID is the communication
barrler thst oflen cxist; between the patient and the doctor, and the difficulty
cxperienced by an individual with iD in recognising worying symptoms or
conveylng relevant Information to the physician (Evenhuis, 1997; Lunsky &
Reiss, 1998; Janicki ef al., 1999; Hogg, 2001). On average, indlviduals with 1D
have less access to preventalive health carc programs, have morc sedentaty
lifestyles, and are less likely to complain of ill-hcalth, althougb those with



mild/moderate ID can and do make independent healthcare decisions (Allen,
1997).

12 'The nature of Angelmao syndrome and Prader-Willi syodrome

Angelman syndrome (AS: MIM 105830) and Prader-Willi syndrome
(PWS; MIM 176270) arc specifie chromosomal disorders located in the qli-q13
region of chromosome 15. They both involve abnommalitics of genomic
imprinting, i.c., the process by which genetic material is differentially expresscd
according o ils parental origin. Angelman syndrome occuts when the maternal
imprint is absent from the region, while Prader-Willi syndrome results from
absence ofihe paternal imprint. Imprinting is one of the mechenisms involved in
epigenetics, i.c., changes in gene activity that occur without variation of the
underlying DNA sequence {Riddihough & Pennisi, 2001; Wu & Morris, 2001). It
is thought that epigenetic processes, such as DNA methylation and RNA-
mediated silencing, evolved in part asdefence mechanisms against pamsitic DNA,
vansposon damage or virus invasion (Falls ef af,, 1999; Maizke et al., 2001;
Bestor, 2003). Currently there are 47 human genes listed in the Imprinted Gene
Catalogue, with a relatively even distribution between malernal and patcrnat
expression (Morison e¢ al.,, 2001; Morison, 2004), However, as the roles and
actions of the estimated 25,000-27,000 genes in the human genome arc further
clarified, the number of imprinted genes may be expected to rise accordingly
(NHGRY!, 2004), To date, most of the known imprinted genes arc involved in
cither pre- or post-natni Erowth and development (Malicref al., 2003a),

Although the two syndromes are similar in 1€1ms of their basic genetic
mechanisms, they differ significantly in clinical preseniation. Angelman
syndrome occnrs in | per 10,000-20,000 births (Hou et al., 1998; Swomme, 2000).
The di benotype is ch ised by scvere [D, limited speech, an unstable

)

Jjerky gait, and seizures, While AS was first clinically described by Angelman in
1965, the underlying genetic defect was not recognised until the lote 1980s, with a
consensus opinion on the clinical criteria for dizgnosis of the syndrome published
in 1995 (Williams et al., 1995).

Prader.Willi syndrome has a similar prevalence rate to AS of between 1
per 10,000-25,000 births (Strommc, 2000; Whinington et af., 2001; Smith et al.,



2003). The phenotypic characteristics include mild 1o severe [D, short stature,
hypogonadism, an insatieble appetite and resultant obesity. it was originally
described in 1956, and clinical diagnostic criteria were developed in 1993 (Prader
et al.,, 1956; Holm et al,, 1993). As with Angelmen syndrome, the genetic basis
was only clucidated in the late 1980s.

There is considerable phenotypic heterogeneity among people with cach
syndrome, possibly related to the nature of the underlying defect. The relatively
recent description and diagnosis o fthe syndromes menns that information on their
clinion! progression is still very limited, and there may be many older,
institutionalised individuals who have remained undiagnosed throughout their
adult life. 1n addition, little infonnation is ovailable on the relationship between
the disease phenotype and the specific genetic anomaly, or on the medical and
health obstacles faced by people with either syndrome in adulthood. This
knowledge is of primaiy importance in improving our undecstanding ofihe nature
and progression of the disorders. It is also needed for apprapriste family
counselling and health care services, and to increase basic knowledge of the
influence of imprinting in the chr15ql1.q13 region on the ovemil finction of the

human genome.

13 The purpose of the study

The present project aimed to establish a dedicatcd database of people in
Western Australia (WA) disgnosed with AS or PWS. The purpose was to allow
estimates of the population prevalence of each disorder to be made, and
compasisons drawn between individuals within each group. The database also can
b2 used as a resource for finther research into the syndromes and the ageing ofthe
study cohort.

Descriptions of the survival and mortality patterns of people with AS and
PWS arc recorded, together with hospital morbidity histories, so that information
on the life-course and survival of people with AS and PWS can be provided to
families, clinicianns and genetic counsellors. Infonnation of this nature will aid
Individuals and lllx'cir familics in predicting future health needs and in planning
appropriate interventions, As the life expectancy of people with 1D has increased,
the age of their parental carces has similarly cxtended. This resuls in farnilies



facing a range of problems, including diminishing health of the ageing carer, the
possibility of a sudden end to Uie cariny, relationship due to Incapacity or death of
the carer, and fewer options for employment and/orsocial activity forthe middle-
aged or older ID individual (Holland, 2000; Bigby et af., 2002). More frequenly,
amrangements for guazdianship for adults with ID maey be necessmy when parents
are no longer available o fuifil this role, in a manner similar to the increase in
guardianships for aduls with dementia that has occurred in Japan since 1980
(Mizuno & Nanba, 2003).

Detailed information on the life-courses of people with AS and PWS has
been collated and enalysed, ‘This project is one of the fust in Australia to
investigate health and ageing issues peitnining to AS and PWS in a defined
population, and the dafa can be expanded by the continued future collection of
information on these individuats,

1.4 Rescarch qucstions
1. What are the prevalence rates of AS and PWS in Western Australia?
2. What life-time morbidities arc common end/or specific to each syndrome?

3. What ageing issues are relevent to people disgnosed with each syndrome?



2. REVIEW OF UTERATURE
21 The buman genome
211 Overview

The information coflected as pait of the Human Genome Project (HGP)
has hnd a major impact on previously held views of the genctic code. It was
formerly believed that each gene encoded a spesific protein, and therefore the
human genome would conmin more thon 70,000 genes (the smallest estimated
number of human proleins). However, to dale the HGP has identified only some
25,000-27,000 gencs, indicating much greater complexity in terms of gene
interactions and vasiations of expression than were previously belicved (National
Human Genome Research Institute, 2004). On avcrage, cach human gene can
produce three diflezent proteins, simply by changes in the initiating sites for
transcription and to the splicing points (Pennisi, 2001). Almost 50% of thc human
haploid genome, approximately 3 billion base pairs, is composed of repent
scquences. It is not yet known if thesc arcas perform a patticular function,
perhops as regulators of genc expression. According 1o the director of National
Human Genome Research Institute (Collias ef al., 2003), the aims of the HGP

now include:

1. [dentification of all structural and fiinctional componcnts (genes or

regulators) encoded in the genome;

2. [nvestigation o fthe structure of the protein pathways and genetic
interactions within the genome, and establishment of the rolc of each

componentin the phenotype;

3. Identification of the range of heritable variation found within the human
genome, especially the more common variants, e.g., single nucleotide
polymorphisms (SNPs), smal deletions, and insertions.

‘the role of individual genes in the production of a specific phenotype is
complicated by the very large number of SNPs, which may add many small
etfects 10 a single phenotype. Alternatc mutations or mutations at different sites
cn the same gene can result in different disorders. For instance, a disruption of

the dystrophin genc at onc point leads to Duchenne muscular dystrophy whilc a



similar mutation at a diflerent point results in the clinically less severc Becker
muscular dystrophy (Gilchiist ef al., 2000). In addition, the cxpicssion patlems of
variont alleles can be affected by a wide range of factors, e.g., environmental
interactions, slochaslic events, and inlergenetic interactions (Harimon ef o,
2001).

In some cases, a number of different genes can produce a phenotypically
identical disorder, such as autosomnl dominant polycystic kidney disease
(Gilchrist ef al., 2000), and diflerent forms of imprinting foilure within chrl5qlt-
ql3 can result in PWS or AS. Continued progress on the delincation of these
interactions by the HGP ond similar organisations will increase knowledge in
these arcas, and provide explanations for the variotibns in phenotype between
individuals with the same syndrome, but differcntgenotypcs. Itis also envisaged
that detailed knowledge of the diflfercnccs between genotypcs will allow precision
malching of medications to act optimally for that individual, e.g, a specific
epilepsy diug which will be effective for treating individuals with Angelman
syndrome caused by a deletion (Prows & Prows, 2004).

212 Genoml imprinting
2121 Normai cffects of imprinting

The process of imprinting is thought 1o involve the differential methylation
of CpG islonds (eytosine/guanine-rich regions of DNA) in genes located close to
the imprinting centre. Genc-rich segments of the genome tend to have higher
concentrations of CpG islands than areas with a lower gene density (Pennkl,
2001), ) mcthylstion occurs within a promoler region of a8 gene where
transcription is initiated, then transcription of the panticulor gene is blocked. This
form of silencing is evident in imprinted genes, during X-chromosame
inactivation, ond when pasasitic or ransposable gene elements are silenced (Falls
ctal., 1999; Joncs & Takai, 2001; Park & Kuroda, 2001; Bestor, 2003).

1t has been hypothesised that genomic imprinting is a solution to the
conflict of interest thot is presumed to exist betwacn the paternal and motcmal
genomes, in which the paternal role Is to increasc the filncss of progeny,
irrespective of matemal cost. In contrast, the maternal objective is to limit
oflspring fitness by anamount sufficientto prevent overuse of maternal resources



while continuing to maintain fetal health (Haig & Whatton, 2003). The mixture
nf pnternally and maternally imprinted genes found throughout the genome is thus
likely to represent a compromise between the two positions, especially as most
known imprintcd genes affect pre- or postnatnl growth (Falls es al,, 1999; Hoig &
Wharton, 2003; Mater ef a/,, 2003a).

Methylation has been shown to alter the intcractions between proteins and
DNA. These interactions can lead to changes in chromatin stucture and to an
increase or decrcasc in the rate of transcription, which is sometimes linked to
cancerous growth patterns (Belinsky ef af, 1998; Morison ef af,, 2001; Maitincz-
Delgndu et al, 2002). For cxample, a tumour supptessor gene (p46) is inactivated
by hypermethylation of the promotcr region in a number of tumour types,
including lung cancém and squanious cell carcinomas. The degree of methylation
within the region increases as the level of abnomality of the cells increases,
indicative of a possible link between methylation of the promoter, loss of
expression, and development of the carcinoma (Belinsky ef al., 1998).

Hypermethylation of histones, cspecially histone3 on Lys9 (H3L9), has
been linked to the formation of stably-silenced chromatin regions on the matemal
chromosome 15 at the Pmder-Willi syndrome Imprinting centre (PWS-IC).
Conversely, the methylation ofhlsione3 Lys4 (H3L4) has been associated with
the paternal chromosome 15 in the same area (Xin et al., 2001; Lauef al., 2004).
‘the chromatin modifications which result from this sclective histone methylation
are proposed epigenclic maskers, as the changes pessist throughout development
and are parent-specilic (Xin ef al,, 200]; Rougeulle e al,, 2003; Laz et af., 2004).
In addition, acetylated histones have been identificd on the unmethylated and
active patemal CpG island of the SNURF-SNRPN (SNRPN upstream rcading
frame-small nuclcolar ribonucleoproiein N) region, whereas the inactive matemal
copy is nat associated with ncetylation (Saitoh & Wada, 2000). The silenced
genes have been experimentally reactivatcd by Wweatment with a DNA
methylimnsferase inhibitor which induces hypomethylation of the SNURF-
SNRPN CpG island. However, it is not known if this technique could be used
therapeutlcally to help alleviate the symptoms of those with imprinting disorders
(Sailoh & Wada, 2000).



The epigenctic imprint markers that idenlify the parent oforigin are crased
during carly gamclogenesis, and then resct with the new parent-of-origin mask at
ar before meiosis Il (Tada ef af., 1998; Kerjean ef al., 2000; Ferguson-Smith &
Surani, 2001; Cox ef al,, 2002; Kclly & Trasler, 2004). In mnlc mice an imprinted
gene, H19, which produces a fetal liver mRNA, has been shown to be filly
methylated on the male strand by day 15.5 post-coitus, i.c., lhe patcraal imprint is
fully csinblished by the early spermaatocyte stage of gametogenesis, before (he
compktion of mciosis [ (Lucifcro ef al., 2002). Similarly, in human males the
H19 imprint is acquired by the spermatogonia slage of gamelogencsis (Kelly &
Trasler, 2004).

Likewise, in the female mouse a ruige of imprinted genes have heen
shown to undergo methylation at a veriety of times asd speeds. Most of the loci
investigated by Lucifcto ez al. (2004), i.c., Swpn, insulin-iike growth factor 2
1cceptor (7gf2r), paternally cxpresscd penc 3 (Peg3), and mesoderm-specilic
transcript (Mese), aic completely methyiated by 25 days postpartum, alihough the
process occurs at different slages of oogenesis for cach gene (Lucifero ef of,
2002; Lucifero ef ol., 2004), In humans, matcrnal methylation of the SNURF-
SNRPN exon ] nommally is fully established during late ovulation or after
fertilisation (E)-Mearri ef ol., 2001). The chromosomes iu a female mouse also
gain methylation asynchronously, i.c., the matcmally-contributed strand of Smpn
ocquircs the imprint carlier in development than the patemal strand. This
discrepancy between the timing of methylation indicates that some fosm of
recopiition process is available in primordial germ cells which forms a meaas of
ditferentiating between the origins of each chromosomce, cven in the absence of
hypenncthylation (Davis et ol, 2000; Keijean ef al., 2000; Kelly & Trusler,
2004). Sclcctive acetylation of histones may be such a means of identification,
allhough there may also be other cpigenetic changes yet to be identificd (Saiwh &
Wada, 2000).

2122 Fallure of imprinting

Loss of effective imprinting can be due to:

1. Deletion ofaportionof either the patcmal or maternal chromosome which
includcs the relevant gene/s,



2. Uniparentz] disomy (UPD), i.e., the inheritance oftwo chromesomes from
onc parent ad none from the other. This may be an isodisamy (two
identical chromosomes), or a heterodisomy (two difierent chromosomes).
The effect of UPD on gene expression can vary greatly, depending on the
nonnel role of each nllele at that Jocus. For genes that are not imprinted,
UPD has usually no cffect on expression, nllhough there are cases where 2
cecessive allele is ‘unmasked® due to the pmcnfc of two copies from onc
parent, insiead of one from each parent (Hitchins & Moore, 2002). Any
imprinted genc which is hyperincthylated on both alleles due to UPD will
not be expressed (nullisomy), but it would be expected that imprinted
genes which are non-methylated on both nlletes will both be expressed,
leading to 2 diploid overdose effect (Smith, 1996). In situations where
there is phenotypic variation between UPD and delction patients, it is
possible that the difference results fromn gene dosage eftect,

3. Mutation by deletion or substitution within the imprinting centre (IC) that
leads to disruption of the imprinting process and hence silencing of the
imprinted gene/s on both chromosomes (Jiang ef al,, 1999; Clayton-Smith,
2001).

Methylation usually acts to silence the relevant gene, thereby limiting its
expression to the allcle from the other parent. The importance of the contribution
of both parents to normnal development is shown by the production of modified
mouse embiyos. Androgenctic embryos, containing paternal genes only, suffer
from reduced fetal growth and exhibit 2 very high growth rate for the extra-
emb:yonic tissues (plncenta and amnion). Paithenogenetic embryos, with only n
matcrnal gene contribution, show normal fetal growth but greatly reduced extra-
embryonic growth. Neither type of embiyo is viable to term (Falls e/ al., 1999).

The deley In tesetting the epigenetic marker on specitic chromosome
strands, (Section 2.1.2.1), may help to explain the recently reported increase in the
risk of imprinting disorders found in children conceived by inlracytoplasmie
spermatozoa injection (ICS!) or other assis'ed reproductive technologies (ART).
it is possible that the oocyte may fail 10 complete its nonnal post-fertilisation
maturation, which includes the resetting of the epigenetic mnzk, when undergoing
the labmatory processes involved in ICS] or other types of ART (Fcrguson-Smith



& Surani, 200); Coxet al, 2002; DeBaun e! al., 2003; Orstavik e? al., 2003), In
addition, defective H79 methylation has been shown to be associated with
abnonnal spermatogenesis and a consequent low spesm count (Marques et al.,
2004), which may nlsa have implications for the long-term outcomes of assisted

reproduction techniques.

‘A report on the safety of ICS] found no abnormel methylation cffects in
infants conceived by this method, although the sumple size was quite small {n =
92), and subsequentanalysis of sperm smapl.s (n = 90) collected for ICSI showed
no imprinting abnomalities (Manning el. al, 2000; Manning et al., 2001). A
Danish investigation into the outcomes of ART hsd concluded that the slight
increase in periaalal mortality and congenitn] malformations was most likely due
to Uic effects of multiple birihs (Westlergaand ef af., 1999). More recently,
however, infams conceived by ART in Western Australia have been shown to be
twice as likely to sufler from a ma jor birth defect as naturally conceived infants,
and to have lower birl weights (Hansen ef d'., 2002), ond similarly conceived
infants in Finland have higher rates of congenilal heart malformation (Koivurova
et al, 2002), Both sets of resulls were significant even after controlling far the
eflects of multiple births, which are more common in ART conceptions, and there
are specific mozbidity problems associated with such births (Sutcliffe, 2002), A
subscquent review of the literaturc on 1CS! indicated an increased risk of
congenital and geoetic abnormalities, although the authors concluded that the
Increase could be related to the underlying causc of infertility in the parents
(Retzloff & Homstein, 2003),

Assisted reproductive technology may also elfcct the incidence of
imprinted disorders. Both Angelman syndtome and Beckwith-Wiedemann
syndrome (BWS; MIM 130650) have been reported to occur2-6 times more often
than expected in children conccived by in-vitro ferilisation (1VF) or ICSI
(Bausen et al., 2002; DeBaun cf d., 2003; Gicquel ef d'., 2003; Gosden et al.,
2003; Orstavik ef al, 2003; Halliday ef al, 2004). BWS is an ovcrgrowth
syndrome charactesised by macroglossia (palliological and congenital enlargement
of the tongue), pre- or postnatal overgrowth, and abdominal wall defects {Paulsen
& Feiguson-Smith, 2001). Almest half of all BWS cascs have been associated
with abnorenl imprinting of the XCNQIOT gene at chrlIplS. This leads to



demethylation of the KvDMR! region of the gene and subsequent biallelic
expression of insulin-like growth Factor {1 (JGFJ1), whioh appears to contribute to
obnormal development of the hypothalanic-pituitay-ndrenal axis and subsequent
growth accelemtion (Cole, 1998; Gicquel e al., 2003; Mnher ef al., 2003b).
Despite an exhaustive search of onlice databases, there appear to be vo published
repoits of PWS in artifieially-conccived children, which may be due to the fully
fimctional patemal imprint by the time fertllisation takes place, in contrast to the
sub-finctional mawctmal imprint (Geuns ef al., 2003).

"In oddition to Angelman, Beckwith-Wiedcmann and Prader-Willi
syndromes, tiansient neonatal diabetes (TND; MIM 601410) and Sllver-Russel!
syndrome (SRS; MIM 180860) have been identified as imprinting disorders.
Paternal uniparentel disomy of chiomosome 6 (UPD6) has been linked with the
development of TND, and two imprinted genes are known to be located in the
clr6q24 region. These arc infeired to have someeff'ect on the disease phenotype
(Arima cf al., 2001). Similarly, matemal UPD7 is implicated in 7-10% of SRS
cases. In Silver-Russell syndrome both pic- and postnatal growth retardation are
present, seemingly caused by either under-cxpression of patemal pgrowth-
promoting gencs, or over-expression of matesnal growth-inhibitols. There are
also o range of dysmorphic Features associated with the syadrome (Hitchins &
Moore, 2002).

2.1.2.3 The role of | mprinting faiture in the development of PWS and AS

Angelman ond Prader-Willi syndiomes differ phenotypically, although
they both result from failure of imprinting or gene mutation within the samc
region of chrl5qll-ql13. [n generl, if the affected chromosome is maternally
der.ved then Angelman syndrome occurs, whereas Prader-Willi syndnyme results
if the patemal cbromosome is altered. Usually there Is no obvious gender bias in
either syndrome, olihough more boys than girls are identificd with PWS before
adolescence, possibly due to tiie more subtle phenotypic changes in prepubescent
gitls (Smith et af., 2003).

Genetic testing for PWS or AS commonly begins with methylation
analysis. There ane 8 number of sites #ithin the chrl5qll-ql3 region that are

hyperinethylnted on the matemal chromosome, e.g., SSNRFN, NDN, ZNF127,



and PW71,and some which are prefencntially methylated on the patemal strand,
¢.g., ulD, YL48E and SNURF/SNRPN intron 7. Ofthesc loci, 5'SVRPN has beea
recommended as the most accurate ond reliable site for the assessment of
hypeimethylation and it has been adopted for prenatal diagnosis (Kubota et al.,
1996; Glenn etal,, 2000; Geuns ef al., 2003). SNRPNis expressed from only one
ollele by the 4.cell, i.c, pre-implaniation, stage of embiyonic development
(Huntriss et al., 1998). The other hypennethylation sites (NDN, ZVF127, PW71,
ulD, YLABE and SNURF/SNRPN intron 7) have been found to be less inf ormotive
than 5'SVRPN, and to give higher rales of incorrect diagnoses (Geuns et al,
2003). Comprehensive methylation anolysis of both PWS and AS cases with an
imprinting defect showed that u varicty of loci were affected, with methylation
ahnormal on both chromosome strar«ds (Runte ef al., 2091a).

The presence of a single band on methylation testing indicates uniparcntsl
methylation, and the size of the bond identifies which parental pattern is present,
i.c., 4.2kb for the matemol band and 0.9kb {or the paternal at SSNRPN (Kubeta et
al., 1996). The changes in methylation may be due to deletion, UPD or an IC
defcct, therefore further testing is neccssary to detemiine which of these specific
mechanisms is present (Willlams ef al,, 1998). The discovery of two bands
(biparcniol methylaticn) is sufficient to exclude the diegnosis of PWS in most
cases, but not 1o exclude AS (Buchholz ¢t af,, 1998; Fridman etal,, 2000b; Glenn
ef al., 2000). Biparental methylation in AS can be an indication ofu single gene
(E6-AP ubiquitin-piotein ligase; UBE3A) mutation (Matsuum et al., 1997;
Moncla et al., 1999z}, but there also is a properiion of clinlcally.diagnosed AS
pal_licnts wilh no currently identifiable genetic defect.

It

2.2 Angelmansy udrome
22.1 Hlistory and background

Angelman syndrome wos first described in 1965. The phenotype was
cbaracleriscd 2s a combination of severe lcaming disabilily, seizwres with a
specific elecwoencephalogram (EEG) pattern, absent speech, jeky ataxlc
movements, and a happy sociable disposition (Angelman, [965). Consensus
diagnostic criteria, listed in Table 2.1 (p.13), were subsequenily published in 1995
(Williamsezal., [995). B



Table2.1 Diagnostic criteria for Angelman syndrome

Consistent (100%)

Functionally severe developmental delay

Speech impainnent, no or minimal use of words

Movement or balance disorder, usually ataxia of gait and/or wemulous movement
of limbs

Behavioural uniquencss: any combination of frequent laughter/smiling; apparent
happy demeanour; easily excitable personality, oftenm with hand-flapping
movements; hypermotoric behaviour; short attention span

Frequent (>80%)

Delayed, disproportionate growth in head circumference, usually resulting in
microcephaly (absclute or relative) by age 2 years

Seizures, onset usually <3 ycarsofage

Abnonnal EEG, characteristic patiem with large amplitude slow-spike waves
(usually 2-3/s), facilitated by eye closure

Assaclated (20-80%)

Flat occiput; occipital groove

Protwding tongue

Tongue thiusting; suck/swallowing disorders

Fecding problems during infancy

Prognathia; wide mouth, wide-spaced teeth

Frequent drooling; excessive chewing/mouthing behaviours
Strabismus

Hypopigmented skin, light hair and eye colour (compared to family), seen only in
dcletion cases

Hyperactive lower limb deep tendon reflexes

Upliited, flexed arm position especially during ambulation
Increased sensitivity to heat

Slecp disturbance

Atfraction to/fascination with water

Adapied from Williamset al. (1995)

The diagnosis of AS & usuelly based on clinical findings, and it is now
confinned in 80-85% of cascs by cytogenctic or DNA testing (Laan ef al., 1999a).
The first diagnostic tests for AS were introduced in 1987 (Clayon-Smith & Laan,
2003). Since that time, c/forts have focused on further elucidating the genetic
mechanism underlying AS, and many desciptions of the variant phenotype and
life-course ofthe syndrome have been produced.



2.2.2 The Angelman syndrome phenoiy pe
22.2.1 Developmental characieristlcs

Angelman syndrome patients have been repoited to be phenotypically
normal during the prenatel and perinatal periods. witlt no diapnostic
characteristics in the newbom infant (Cassidy & Schwartz, 1998). However, 63%
of the deletion patients seen by Smith (1996} showed hypotonia at biith, and even
more (77%) had expctienced feeding difficultics during infancy. Developmental
delay is generally manifest by 6-12 months of age, when a delay in independent
silling becomes evident (Williams ef al., i995; Cassidy & Schwanz, 1998; Laan
et al, 1999a). Siting is normally accomplishcd at around one year of age, and
walking may be delayed until 1be eighth year (Smitb ef al., 1996; Loan ef al,
1999a). Meales tend 10 schicve molor milestones at an carlier age then females
(Leitner& Smith, 1996), although the two non-smbulant individuals from a group
of 11 patients seen by Sendanumn ef al. (1997) were both male. Walking ofien
becomes more dilficult with increasing age, with as many as 42% of palients
becoming wheelchair-bound in adulthood due to a range of problems including

obesity, an unwillingness to exercise, and scoliosis(Claylon-Smith, 2¢01).

Delayed or abscnt speech is one of the cardinal fealures of AS. Few
patients ever leam 1o spesk and any who do generally acquire only a very limited
vocabulaiy, although comprehension of languege is usually reasonable (Andersen
et al, 2001). Small amounts of gestural or signed language may be lcarned
(Williams et al., 1995; Cassidy & Schwartz, 1998; Laan et al., 1999a). A
vocabulaly of 4-10 words was used by half of tte UBE34 mutation palients (o =
14) studied by Moncla and co-workers (199Y). These patients showed a higher
level of comprehension and non-verba! communication than is normal for people
with ~ AS. Clayton-Smith (2001) also ieported improved non-vetbal
communication skills in a group of older patients (n = 28; ages 16-40 years), due

to the improved concentration span feequently found in older AS individuals.

1D is present in all people with AS and is usually within the scvece 10
profound range, ie., with measured 1Q levels and an adaplive bchaviour
assessment of less than 40 points (Smith ef al, 1996; Clnyton-Smith & Laan,
2003; Beckung et al, 2004). On average, patients with an imprinting centre



disorder have been found to have less severe ID than those with AS caused by

other genetic mcchaaisms (Gillessen-Kaesbach er al., 1999).

2.2.22 Ploysical characteristics

Thejerky, nlaxic movements associated with AS are apparenl at an carly
nge and continue into Jater life. When walking,the aims are commonly raised and
held at a distancc from the body, with flexed wrists and elbows. Hand-flapping is
also often involved, and the legs are generally kepi siitf {Smith er af., 1996; Laan
etal., 1999a; Beckung er af., 2004). Scoliosis develops in an cstimated 40-70%
of affected individuals {Laau et al., 1996; Sandanam et al., 1997; Clayton-Smith,
2001), and can contribute 10 a loss of mobility as the patients age (+layton-Smith
& Laan, 2003). Surgery for scoliosis has been perf ormed on some palients, otten
with good results, and the operation is quite well tolerated by most Individuals
(Lossic er af., 2001). Hypestonicity (high muscle tone) of the lim'ss, gencrally
found in conjunction with truncal hypotonia (low muscle lone), ca:1 lead tojoint
contracturcs and o stooping posiure as patients become older, and it may have a
detrimental eff ect on mobility (Cassidy & Schwartz, 1998; Clayton-Smith, 2001;
Clayton-Smith & Laan, 2003).

During the first few years of life AS palicnts often develop a distinctivcly
shaped head, commonly cither brachycephaly (o disproportionately wide head) or
microcephaly (small head size) (Smith es al,, 1996; Sandanum ¢¢ af.,, 1997; Laen
et al., 1999a). Facial features that may occur include a long mouth with widely-
spaced leeth, flat occiput, mandibular prognathia with a poinled chin, and a
prowuding tongue. These characteristics tend 1o become more pronounced with
advancing age (Laan ef al,, 1999a; Clayton-Smith & Laan, 2003).

Between 15-32% of adull AS palients bacome obese, although tnie
hypeiphagia, as found in PWS, israre (Smith ¢¢ a/,, 1996; Clayton-Smith & Lean,
2003). Obesity can lead 10 ocsophageal reflux, and also contribute to loss of
mobility. 1t is common for AS individuals to show hypopigme.ntation, i.c., with a
lighter skin, eye and hair colour than their unall'ccted siblings (Laan ef af., 1999a;
Lossicer al.,2001). However the halr may darken with age, as is common is the
general population (Sendanam er al,, 1997). Older AS patien!se often found 1o
suller from strobismus (37-57%), and keratoconus (7%) (Laan et al, 1996;
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Sondanam et af., 1997). There isno evidence of abnorniel genitel development in
AS cases, unlike the hypoplosia found in PWS, and pubeity occursat the expected
age and proceeds in a nonnal fashion (Williams ef al,, 1998; Clayton-Smith &
Laan,2003). Females with severe 1D may, however, have difliculty dealing with
menstruation and many are presctibed controceptives to control menstrusl
bleeding.

2223 Behovioural as pects

Angelman syndrome was once termed the ‘bappy puppet syndromc’,
because of the charncteristic pait (Scction 2.2.2.2) ond behavioural traits of
‘paticnts (Laan er al., 1999a). [noppropriate smiling or laughter, a happy sociable
disposition, short attention span, and an casily excitable personolity are present in
most individuals with AS (Williams ¢¢ al., 1995; Smith er al., 1996; Laan ef al.,
1999a). Even babies bave been noticed loughing during the first few weeks oflife
ond this forin of laughter genemlly continues thraughout life, nlbeit at reduced
Bequencies (Sandanam cf al., 1997; Clayton-Smith & Laen, 2003). Hyperactivity
ond excitability are less common in o!der individuals with AS, who have a better
concentration span than younger paticnts (Laan ef al,, 1996; Clayton-Smith,
2001). A significont proportion of AS cases sulfer from sleep disturbances, with
either a reduced need for sleep or abnormal sleep/wake eycles. Thesc abrormal
sleeping habits oftcn improve with age (Smith e al., 1996; Sandanzin ef af., 1997;
Williams ¢t al., 1998; Ohta ¢t al., 1999a; Clayton-Smith, 2001; Clayton-Smith &
Lazn,2003).

Many AS paticnts are reporied to have a fascination for water, reflective
surfaces, and balloons (Williams ef al, 1995; Clayton-Smith & Laan, 2003),
although the significance of this behaviour is unknown.

2224 Newrological findings

Seizures arc present in approximately 80% of AS cases during childhood,
with onset normally within the fiest few ycars of life. The seizures ase often
difficult to centro!, especially in patients where the causative abnormality
involves the deletion of genctic material (Leitner & Smith, 1996; Smith et al.,
1996; Minassian ef af., 1998; Clayton.Smith & Laan, 2003). Some studies have
repoited a decrease in scizwe frequency during adolescence, but with many
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individuals cxperienicing a retumn of the seizures in adulthood (Laan er al., 1996;
Sandanam er al.,, 1997; Clayton-Smith, 200]). By comparison, other researchers
have desctlbed a sustained decn=se in seizure frequency into adulthood (Buntinx
etal., 1995).

Almost all AS paticnis have an abnonnal EEG profilc, even in theabsence
of seizure activity (Sandanmmn et al., 1997; Smith ef al., 1997; Minassian et al,,
1998; Gillcsscn-Kaesbach etal., 1999; Clayton-Smith & Laan, 2003; Valcnte et
al, 2003). A number of specific paiterns have been identificd which may be
present nt difterent times in the same individual, Many AS children show
persistent high amplitude 4-6Hz slow-wave brain activity which is nol associated
with drowsincss (the delta pattern), although this will often disappear in later life
(Matsumoto ef al., 1992; Minassian ef of., 1998; Laan ef al., 1999a; Laan er al,,
1999b; Valente cf al,, 2003). In older AS paticnts, prolonged tuns of triphasic 2-
3Hz rhythm, primarily over the frontal region, have been found to be more
common {Laan et al, 1996), and spikes associated with 3-4Hz waves across the
posterior arca have also been identificd (Clayton-Smith & Laan, 2003; Valente et
al, 2003).

223 Genetic basis of Angelman syndrome

Table 2.2 Categories of Angelmnn and Prader-Willi syndrome by

genotype

Type of mechanism Personsnffectcd (%) Methylation Recurreace
AS PWS

Deletion 65-75 70-74 Abnorma) Very low
Uniparental disomy
(VED) 27 24-28 Abnormal Very low
Imprinting centre _ L
(IC) defects 6-10 1-3 Abnonnal Signiticant
UBK3A pene 4.6 na Normal Signilicant
Unlmown 10-20 <1 Normal Rare

Adapted fromJiagetal. (1999)



As shown in Table 2.2 (p." 17), the genetic basis of AS has been sub-
divided into four main mechanisﬁm, described below. However, there is also a
significant proportion of cascs in v;hich no specific aetiology has been def'med,
and some of thesc may be confised with a range of mimicking conditions, such as
Rett syndrome or Lennox-Gashaut syndrome.

2231 Deletlon

Table 22 (p. 17) Indicates that thc most corimon ceuse of AS is n-4Mb
deletion inthe chriSql 1-q13 region of the matemally-derived chromosame, found
in 65-75% of AS cases (Jiang er al., 1999). In addition 10 this large-scale
deletion, there is a small group of individuals wilh unbalanced translocations and
smaller deletions in chr15ql1-q13. The deletions are detected cither by high
resolution banding, or by fluorescence in-situ hybridisation (F/SH) aficr a
uniparental methylation pzttern hasbeen Identified (Williams et o/, 1998).

The region of chcomosome 15 commonly deleted in AS isshown in Figure
2.1 (p 20). 1t involves two cenkomeric break.points (BP1 & BP2), and onc
selomeric break point (BP3), with approximatcly 500kb betwcen BP1 and BP2
(Butler et al., 2004). The dcletions are thought to result from unequal crossing-
over between either complete or truncated copies ofthe HERC2 gene, which forin
onc set of low-copy 1epeats at the tclomeric end of the region, and another set at
the centromeric end (Camozzo eral., 1997; Ji et of, 1999; Mann & Barlolomei,
1999). ‘The Herc2 gene in the mouse has no repeats, but mutations in this gene
lead to a range of defects, i.e., ncuromuscular, secrctory vesicle and sperm
ecrosome defccts, and juvenile lethality (Ji esal., 1999).

A recent study found that a heterozygous inversion between BP2 and BP3
was relatively common (67%) in thc mollicts of AS patients with a Bf2-BP3
deletion, but a similar inversion was not present inthe mothers of individuals with
BPI.BP3 deletions or with UPD (Gimelli e a/., 2003). It is suggested that the
BP2-BP3 inveision, which Is present in around 9% of the peneal population,
could predisposc 10 breakape at these specific points. However, as the risk of
recurrence for AS deletions is less than 1% (Jiaag et af., 1999), the penckance of
theincreased risk of chromosome breakage is lkely to be very low at 0.1.0.2%
(Gimclliet a., 2003).
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Figure 2.1 The AS/PWS region of chr15q11-q13
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The common telomeric breakpoint and two centromeric breakpoints are depicted as vertical jagged lines and are separated by 4Mb (distances not to
scale). The imprinting centre (IC) is bipartite, with the cis element required for maternal-to-paternal switching shown as a blue oval overlapping the
SNRPN promoter (deletions in this region cause PWS). The more upstream element of the IC required for switching from paternal-to-maternal is
shown as a pink oval (deletions in this region cause AS). Genes or transcripts known to be paternally expressed are blue, and maternally expressed
transcripts or genes are shown as pink. Transcripts that are not imprinted, or those for which the imprinting status is unknown are not given any
colour. Transcription direction, if known, is indicated by arrows.

Adapted from Jiang et al. (1999) and Meguro et al. (2001)



2232 Unliparental disony (UPD)

Patemnal UPD accounts forbetween 2%and 7% of AS cases (Glenn ef af.,
1997; Jiung ef al., 1999; Lossie et al., 2001; Williams et al., 2001). The presence
of two patcrnal and no maternal copies of chromosome 15 is often a result of
monosomy rescue, ie., {he inheritance of one paternal chromosome 15 and no
maternal copy (duc to a malcmal meiotic eror), followed by post-zygotic
doubling of the patemal chromosome to coirect the total chromosome number,
This results in identical patcmal chromosomes (isodisomy) (Robinson ef al.,
2000). UPD may also result from meiotic non-disjunction during
sperinatogenesis, leading to a trisomic conceptus. Loss of the maternal
chromosome 15 (trisomy rescue) then leaves only two diff erent patemally-derived
chromosomes (heterodisomy) (Gyflodimou et al., 1999).

A parcntal tmnslocation or other structwal rearangement within
chrl$ql1-q13 increases the likelihood of recurrence, due to the higher probability
of a non-disjunction cvent (Smith es al, 1997; Robinson ef al, 2000).
Microsatellite annlysis of the proband and parents, using markeis from outside the
PWS/AS areq, will diff erentiaie between UPD and a deletion. That is, if markers
from both parents arc present, the patient has a deletion, if not, then UPD is
indicated (Willioms ef al,, 1998; Jiang ef al., 1999). The type of disomy can nlso
be distinguished in this manner, e.g,, if only onetype of allele from the father is
found atcach marker, then isodisomy is indicated.

2233 Imprinting centre (IC) defects

As shown in Figure 2.1 (p. 20), the imprinting centre spans the section of
chr1Sqll.q13 centromeric of the SNRPN gene (Farber ef al., 1999). Theie are
two components of the IC in the cbrlSql1-q13 rzgion, with the more upstream
component, the AS smallest zegion of overlap (AS-SRO), approximately 900bp in
size. Thiselement is involved in changing the impr:nt from patemal to maternnl.
Any mutation or deletion that nffects this element will lead to a maternally-
inherited chromosome fhat has paternal marking, and so will acl as a paternal
chromosome (Sailoh et ol., 1996; Farber et al., 1999; Ohta et al., 1999a).
Imprinting mutations, caused either by the deletion of nll or part of the IC, or
some other mutation, aze found in 2-10% of AS cases (Rougeulle & Lalande,
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1998; Jiang et af’, 1999; Lossie e 1 al., 2001; Willimns et al,, 2001; Buiting ef a!.,
2003).

The presence of an abnoimal methylation pattem and biparental
inheritance of microsatellite markers within the PWS/AS region is indicative of an
IC abnormality (Jiang et al., [999). Almost half of individualls with an 1C defect
have hud no mutation identified, and it has been suggested thot these defects are
abnormal epigenetic states, or epimutations. 1t also has been hypothesised that
epimutations arisc from sponteneous events during the fetilisation process
(Buiting et al,, 2000; Builing c? al., 2003).

2,234 UBE3Agcne

The UBE3A gene has been described as the ‘AS gene’, and point
mutalions within the gene on the matemat chromosome have been found in 4-14%
of AS potients (Kishlno ¢ al., 1997. Jiong ef al, 1999; Lassie et al., 200[;
Williauns ef al., 200}). The UBE3A gene is located downstream ofthe [C and the
SNRP N gene (Figuie 2.1, p.20), and the gene product is a ubiquitin-protein ligase
(E6-AP), which is involved in the degiadation of a range of proteins (Jiang et al.,
1999). In UBE3A patients 1he methylation pattern within the PWS/AS region is
normal, i.e., biparentol, and the analysis of microsatellites also shows bipazental
inheritance. Testing for UBE’A mutations is indicated whenever there is an AS
phenotype, including an abnormal EEG, with noimal methylation and bipazental
chromosomal inheritance as evidenced by genetic testing (Loon ef al., 1999b).
The majority of UBE3A mutations arise dc novo (Matsuum et al., 1957), although
therc is some evidence for somstic mosaicism of UBE3A mutations in
phenotypicolly normal carriers (Moncla et al.,, 1599a).

In various cells of the body, such as iymphocytes, fibroblasts and cells
from the kidney and heast, UBE3A4 is expressed from both the maternal and the
patemnol ollelcs, alihough the impriat marker is still present and the paternal
cxpression is reduced compared 10 (hat of the motemal allele (Vu & Hoff'man,
1997; Herzing ef al., 2002). However, in patts of the central nervous system and
the brain, especially 1hie hippocampal and Puikin je neurons, UBE3A is expressed
only by the matemal copy {Albrccht et al., 1997; Rougeulie ef al., 1997;
Rougeullect al., 1998; Rougeulle& Lnlande, 1958; Mann & Battolometi, 1999).
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‘Two altemative UBE3A RNA tansceipts have been identified, One, the
UBE3A sense transciipt, was expressed biallclically in glial cells in the embiyonic
brain, but from only the matemal chromosome in neurons. The other antisensc
transcript (UBE3A-ATS) was only expressed from the patemal chromosome, and
only in neurons (Yamasaki e/ a/., 2003). As shown in Figure 2.1 {p. 20), the
UBE3A-ATS extends downsbeam from the imprinting centre, through the
SNURF-SNRPN and IPW loci, and overlops UBE3A (Runtc es al, 2001b;
Rougeulle & Heard, 2002). There are two altemate splice configurations of the
UBE3A-ATS, both of which appear to function as suppressors of the expression of
UBE3A from the paternal chromosome (Chamberloin & Brannan, 2001; Landets
ef al, 2004). As yet the role played by UBE3A and UBE3A-ATS in the
development of the AS phenotype has not been detcrinined. It is, however,
nnticipated that as more gene products and the interactions between them are
identified, the infonnation made available will improve understanding of the role
of UBE3A in the actiology of AS.

2235 Unknown

In npproximately 10-20% of clinically dlagnosed AS patients (Tablc 2.2),
nonc of the above genetic abnormaiities have been identified using current
laboratoty techniques. For this reason, cases with biparental methylation and no
identif able UBE3A mutation are classed as ‘Unknown’. It bas been suggested by
Williams and co-workers (2001) that some of these cases may actually be
dilTerent disordeis it mimic the AS phenotype. Possible candidate disorders in
this category are Rett syndrome, a-thalasseemia retardation syndrome (ATR.X),
autism spectrum disorders, any one of a variety of chromosomal defects, Lennox-
Gastaut syndrome, Gurrierl syndrome, and general developmental delay
(Williams et al., 2001; Clayton-Smith & Laan, 2003).

Theie is also the possibility that mutations in other, as yet unidentified,
genes which form pest of the ubiquitin pahway could lead to either the non-
cxpression of UBEIA or blockage of the pathway at some other point, and thus
resultinthe AS phenotype (Losslc eta!., 2001; Claylon-Smith & Laan, 2003), In
addition, there may be genes within chrl5qll-q13, unconnected to the ubiquitin
pathway, that affect the AS phenotype. One such candidate gene is A77210C,
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mepped 1o 230kb distal of UBE3A (Figure 2.1, p 20), which produces an
aminophospholipid-transporting ATPase, and is preferentinlly expressed from the
matemnnl cbmmoscme in the brain (Herzing et al., 200, Mcguro ¢t al., 2001).
ATP10Cmay be implicated in chromosome 15-associated autism, and itmay also
inllucnce the development of AS, as tbe 2cne product is postulated to be involved
in cel) signallling (Herzing ef al, 2001). However, in aumans no evidence of
mutation within tbis gene has yet been produced (Clayton-Smith & Laan, 2003).

Mosaicism has been identilicd in some AS patients. On investigation with
FISH, a case of clinically typical AS witb biparental metbylation was found to
have somatic mosaicism for a deletion of chr15g11-q13 (Tekin e a/, 2000). 1t is
possible that further cascs of mosaicism may remain unidentilisd because of a
lack of FiSH testing after the discovery of a biparental metbylation pattern,

2.24 Genotype/phenolype correlations

The phenotype of AS may vary according to the underlying genetic
mechanism. In general, patients witb UPD or an IC defect have the least
deleterious phenotypes, while deletion cases are the most severely affected
(Lossie et al., 2001).

Angelman syndrome individuals with chr15ql1.q13 deletions have becn
shown ta have lower body mass indices, earlier onset of seizures, and more severe
epilepsy than those with UBE3A4 muations, followed by those with UPD and [C
defects (Smith es af,, 1997; Minassien ef a/, 1998; Gillessen-Kneshach et af,,
[999; Monclaet al, 1999b; Ohta esal., 1999a). It has been hypothesised that the
more severe seizure activity found in deletion cases may be due to the loss of the
GABRB3 gene which is situated downstream to UBE34 (Figure 2.1, p. 20),
Deletion cases are also more likely to walk st 2 later age than indivlduals with
UPD, 2-8 years for delction vs <3 years for UPD, altbough the number of UPD
patients sampled hasbeen small (Smitb es al., 1996; Smith eta!., 1997).

Micracephaly is less common in UPD and UBE3A patients than in
deletion cases (Smlth e al., 1996; Smith et al, 1997; Monela ef al., 1999a;
Moncla e1 af, 1995b). UPD or IC paticnts are more likely to achieve a larger
vocabulary tban those with deletions, UBE3A abmormalities, or wilh AS of
unknoqu vetiology (Moncla ef al,, 1999a; Moncle ef al., 1999b; Fridman er o/,
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20008; Lossie ef al., 2001), 1C patients arc more liable to be hypotonic and/or
obese, and to have a mild/moderate intellectual disability. They ore less ataxie,
less prone to epilepsy, and have a normal head circumference (Gillessen-
Kaesbach ef af,, 1999),

The age ot diagnosis does not seem to be greatly affected by the
underlying genetic mechanism of AS. Delction patients have beca reported with &
meanage at diagnosis of 8.8 years, and UPD cases at6.6 years, a non-significant
difference (Smith er al,, 199¢; Smith e/ al., 1997). Other studies confinn 1hat
there is no substantial discrepancy in the ages at diagnosis between delction and
non.deletion patients (Moncla et al., 1999b).

It is thought that loss of the matema! allele of the P gene from the
tclomerie end of chrlSqll-q13 (Figure 2.1), coupled with the presence of a
mutation in the remaining patemal allele, Is responsible for the lack of hoir, eye
and skin colouration fouad mainly in deletion cases. Mutation in the P gene has
been shown to lead to oculoeutancous albinism type 2 (OCA2), an antosomal
recessive disgrdcr in which melanin production in the skin, hair and eyes is
defective (ang ef al, 199% Snitoh er af. 2000). UPD patients with
hypopigmentation may have had @ patemal ecessive allele ‘unmasked’® when it is

present in bath isochromosomes,

In deletion cases it has beea supggested that haplo-insufficiency, i.c.,
deficient pene expression by the lone alicle, of any non-imprinted genes in the
PWS/AS region could magnify the effects of the loss of cxpression of UBE3A. In
turn, this would lead to the more severe clinical manifestation cbserved in these
cases. Similarly, the extra dosage of patemally expressed genes found in UPD
and IC eases may ameliorate the effects of the loss of UBE34 expression on the
disease phenotype (Lossieef al,, 2001). However, there is no obyious reason why
IC petients, who have two paternal-type chromosomcs, have PWS-like features
(obesity and hypotonia) when these traits occur in PWS paticats who have no
paternally marked chromosome 15 (Gllle ssen-Knesbaohet al., 1999),

An even milder phenotype than that generally described for AS patients
has been reported in n single AS case with UPD, and an additional small
supermumerary marker (SMC) chromosome 15. This patient showed less ataxia

than more typical cases, better communication skills, milder seizure activity
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(confined to infancy), and nonoal pigmentation {Thompsca & Bolton, 2003), The
SMC may have contained genes that were not present in an active form on the
chromosomes, thus supplying the products absent in those with the classical AS
phenotype.

23 Prader-Wlllisyndrome
2.3.1 History and background

This disorder was first described by Prader, Labhant and Willi in 1956.
Symptoms common to all patients were leaming disability aad behaviour
problems, hypeiphagia and obesity, and delayed sexual development (State &
Dykens,2000). The genetic basis of PWS was clatified in the late 1980s, with
consensus diagnostic criteria published by Holm and others in 1993.

A model for PWS has been proposed which rcpresents PWS as a
starvation syndrome, rather than one of over-ealing as is commonly accepled
(Holland esal., 2003). The theory supposes that the body falsely perceives a state
of slarvation when the hypothaletnic pathways thot signal satiety arc disrupted.
This leads to a similar drop in metabolic 1ate and gonadotropin release to that
apparent in people suffering from anorexia ncrvosa, At Uie same time, n high 1ate
of ghrelin sccretion canses desensilisation of the growth hormone secrctoty

response, suppressing growth hormone production.

It is likely that mutations in any genes within the PWS region that disiupt
the function of the hypothalamus could account for the main features of PWS, i.c.,
0 ing, growth deficiency, and hypogonadism (Holland e/ af, 2003). In fadt,

a number of genes offecting the development of the paraventricular nucleus in the
hypothalamus have been {dentified. These include NON on chromosome t5 and
SIM! on chromosome 6, which arc both imprinted genes (Nicholls, 2000;
Michaud, 200); Michaud et al,, 2001). As yel there has been no positive link
between any specific gene/s and the development of the PWS phenotype.

232 The Prader-Willi syndrome pkenoty pe

Table 23 {p. 28) lists the PWS diagnostic ciiterie, which are divided into
eight major and 11 minor elements. Mostof the major clinical signs are present to

vatying degrees elall ages, whereas many of the minor criteria are found only in
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olcfcr petients (Holm er al, 1993). late identification of the disorder was
common in the past, with 36% of the cases studied by Greenswag (1987)
diagnosed afler 16 years of uge. However, these late diagnoses were geneatly
made prior to the publication of clinical eriteria and the development of dizgnostic
laboratory tests for the syndrome, so that in general the age at diagnosis is now
decreasing. A number of studies have recrulted only ehildren with genetically
confomed PWS, indicative of diaguosis prior 1o adolescence (Lindgren er ol.,
1998; Haulfa e a/., 2000, Wigren & Heimann, 2001; Trifiro ef al., 2003).

2321 Develapmental charocteristics

Young PWS patients usuzlly cxbibit poor suckling abilities, feeding
difficulties, and developmental delay. Webb e ol (2002) reported 100%
occurrence of these three criteria in their PWS subjects. Developmenta! motor
delay is evidenced by the later average eige of sitting unsuppoited (12 months) and
of walking (24-29 months), although not al! cases are similacly delayed in Iheir
development (Gillessen-Kaesbach et o, 1995; Cassidy & Schwwtz, 1998).
Speech acquisition is also somcwhat belated, ofien intu the third year of life
(Gillesscn-Kaesbach er al,, 1995; Clayton.Smith, 2001; Williams et of,, 2001),
and speech asticulation defects, found in 79-90% of patients, are common
throughont life (Gillcssen-Kaesbach ef al., 1995; Webb ef al,, 2002; Whittington
efal, 2002).

Mild 10 moderate ID occurs in the majority of cases, with associated
Icaming difficulties (Holm es al., 1993; Eiafeld et a!., 1999, Fridman cf a!.,
2000b). Approximately 27-40% of PWS cases function at Iow average or
borderline intelligence levels, and 7-19% of paticnts are severcly intellectually
disabled (Cassidy & Schwart2, 1998; Einfeld es al., 1999; State & Dykens, 2000,
Clayton-Smith, 2001; Clarke ef al., 2002). Across aoll [Q groups, PWS patients
are found to perfonin academically below the expected levels for their intelligence

rating (Descheemaeker er a!., 2002).
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Table 2.3 Diagaastic criteria for Prader-Willi syndrome
{scorcofl5 points needed)

Major criteria (1 pt cach)
Neonntal and infarile hypotonia, with poor suckling, improving with age
Feeding problcms in infancy

€xcessive or rapid weight gain between 1 and 6 years ofnge: central obesity in
the absence ofintervention

Characterlstic facial features with narrow face, almond-shaped cycs, small mouth
wilh thin upper lip, down-turned comers of the mouth, micrognathia (3 or more
features required to score)

Hypogonadism: hypagonadism, or delayod or incomplete gonadal maturation
Global developmentnl delay <6 years; mild-moderate ID in clder persons
Hypeiphagia/food obsession

Deletion at 15q11-q13, maternal disomy or imprinting centre anomaly

Miuor criteria (1/2 pt cach)
Decreased fetal maovement, iafantile Iethar gy or weak cry

Character(stic behaviour problems — temper tantiums, violent outbursts; obsessive
behaviour; tendency to be arg ive, oppositional, rlgid, manipulative,
possessive and stubborn; perscvemtion (stereotypicel actions); lying and stealing
{5 or more features needed to score)

Sleep disturbance or sleep apnoca

Short stature for genctic background, in the absence of growth horinone thempy
Hypopigmentation — fair hair and skin compared to family

Small hands or feet for height age

Narrow hands with straight nlnar border

Eyc abnonnalities

Thick viscous saliva

Speech articulation defects

Skin picking

Sapportive flodlogs (not scored)

High pain threshold

Decceased vomiting

Tempemture instability in infancy, or altered tempemture sensitivity in older
children and adults

Scoliosis and/or kyphosis

Early adrenarche

Ostcoporosis

Unusuall skill with jigsaw puzzles

Normal neuromuscular studies

Adapred fom Holm et al. (1993)
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2322 Physical characteristics

The poor suckling and feeding difficulties found In most PWS infants
{Section 2.3,2.1) are o result of the muscular hypatonia genetally associated with
this syndrome (Gillessen-Kaesbach ef al,, 1995; Fridman ef al, 2000b; Webb ez
al.,, 2002; Trifwo ef al., 2003). Hypotonia in PWS is normally observed in
infancy, but some adults continue to sufTer frem low muscle tone throughout their
lives. Eating ability improves with oge and pronounced weight gain between the
oges of [2 months and 6 ycars is a common cheracteristic of people with PWS.
Without intervention, excessive weight gain is one of the major diagnostic criteria
(Molme!al., 1933).

Many PWS patients, childrcn and adults alike, have an unusually low
resting metabolic ratc which appears to be related to the abnorma) fat mass to lcan
mass mtio found in the disorder {Carrel ¢¢ al., 2002). Young underweight PWS
patients have a greater proportion of body fat than healthy children at any
particular body mass index (BMI), and this is also apparent in older, obcse PWS
children (Brambilla et al., 1997; Eiholzcr cf al., 1999). In fact, the ratio of lean
body mass to fat mass is lower in PWS cases of all ages than in both obese

controls and normal weight controls.

The unusoal body composition In patients with PWS can be improved with
growth hormone therapy, which decreases the percentage of body fat and
increases that of lean body mass, thus resulting in an increased resting metabolic
rate {Davies ef al., 1998; Lindgrcn e al,, 1998; Lindgren & Ritzen, 1999; Myers
et al,, 1999; Cacrel et al., 2002; Hoybye et al., 2003; Paterson & Donaldson,
2003). The combination of hypotenia, low metabolic rate and lack of activity, all
of which are associated with PWS, may help to cxplain the apparent low caloric
requoirement of patients. Extremely restrictive diets have been found necessary o
control weight goin in many PWS patients (Hoflman ef af., 1992; Cossidy &
Schwaitz, 1998; Goldstone ef al., 2002).

The obesity that gencrally results from uncontrolled eaing can
significantly increase morbidity and morinlity mtes in PWS paticnts (State &
Dykens, 2000; Clayton-Smith, 2001). However, with efl'ective weight control,
patients with PWS can suivive into thuir 8® decade {Greenswng, 1987, Caipenter,
1994). Among the morbidities associated with excess weight are limitcd mobility,
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cardio-pulmonary disease, leg ulcers, and diabetes mellitus, any or all of which
cen lead to increased hospitnlisation and earlier dealh (Greensweg, 1987;
Goldberg er al, 2002; Hoybye eral.,2002). Diabetes was fonnerly thought to be
present s a major heaith risk for PWS cases, however, thete have been more
recent reports which suggest that the prevulence of diabetes in PWS may not be as
bigh as previously belleved (Greenswag, 1987; Goldberg et af,, 2002; Hoybye er
al.,2002).

Most PWS patients are reduced in stature when compared to relatives.
This Is thought to be primarily duc to the absence of a nuturally-occuring
pubenal growth spurt, alihough bitth weightsand lengths have been reported to be
lower in PWS cases than in healthy infants (Gillessen-Kacsbach er of., 1995;
Cassidy ef of., 2000; Statc & Dykens, 2000). Growth hormone (GH) trcatment
hes been used to increase the growth velocities of PWS children, with partial
succese (Davies ef al., 1998; Lindgren er al, 1998; Lindgren & Riizea, 1999;
Myers et al., 1999; Camel er al., 2002). This therapy can also minimise the
development of the chazacteristic lacies, improve respiratory and muscle fuaction,
and reduce depressive symptoms, especially in individuals over 11 years of age
(Lindgren etal., 1999; Myers ef af, 1999; Whitinan er al,, 2002). In addition,
children younger than 11 years tend to show less deterioration of hchaviour after
treabment than is expected of PWS patients (Whitman esal., 2002),

Specilic facial features are often present in individuals with PWS. These
features include dolioccphaly (a relatively long head), almond-shaped eycs, small
bifrontal dinineter, a thin upper lip in a small mouth, and/or down-tumed comers
oftbe mouth (Laumnce ef ol., 1581; Holmet o/, i993). However, one study
found that only 49% of PWS cascs had the characteristic facies, making this onc
of the least sensitive major criteria for the disorder (Gunay-Aygun e/ of, 2001).
[n laly, 57% of PWS neonatcshad three ormore of the craniof acial features, with
a further 28% of cases showing two features (Trifiro ef al,, 2003).

Genital hypoplasia and/or delayed or incomplete gonadal matumtion are
commonly found in PWS patients. Male cases trequently exhibit undcscended
testes and/or a small penis (Giecnswag, 1987; Wcbh er af,, 2002; Trifiro er af.,
2003). The presence of these highly visible signs of hypogonadism in males
facllitates diagnosis in childhood, unlike Females who often lack visible signs of
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genital hypoplasia (Smith e/ al., 2003; Trifiroes of., 2003). Primary nmenoithoea
is the most common sign of hypogonadism in females, with 60% of women never
treaching menarche. [ndividuals of both gender gencrally undergo delayed and
incomplctc secondary sexual development (Crino eal., 2003).

In women with some histoty of menses, the majority report delayed or
irregulor periods (Greenswag, 1987). There have been seversl papers reporting
fettility in fcmale PWS cases, although only two of the five mothers had an
nnequivaocal genetic diagnosis (Hockey et al., 1987; Akefeldiet al., 1999; Schulze
etal.,2001). Ofthesciwo women, one had a matemnal UPDand her child showed
no abnoimality, duc to the tiansmission of a normal maternally-imprinted
chromosome from the mother (Akefeldt ef al,, 1999). The other individual was a
deletion case who gave hirth to an infant with Angelman syndrome, beceuse the
deletion was inherited on the matemal chromosome (Schulzc etal., 2001).

Strabismus oocurs in 58-75% of PWS ceses (Gillessen.Kaesbach es al.,
1995; Casidy & Schwwtz, 1998; Cassidy ¢t al, 2000; Whittington efal., 2002).
Hypopigmeniation also is found in many PWS patients, especially those with the
common deletion in chrl5ql1-q13 (Gillessen-Kaesbach ef af., 1995; Caxidy &
Schwartz, 1998; Cassidy efal., 2000), In similas Fashion 1. tbe AS deletion, the
PWS deletion also includes the 2 gene (Figure 2.1, p. 20), associated with the
pigmenlation of hair, skin anndeyes. A single missensc mulation in the? genc on
the moatemal chromosome in @ PWS patient thus affects the finctionality of the
gene product and results in DCA2 (Lec ef al., 1994).

Scoliosis has been found in 34-75% of PWS cases entering adulthood, and
its progress appears 10 be unresponsive to GH therapy (Laurance e/ al, 1981,
Cassidyer al., 2000; Cnrrcl ef al,, 2002). [n addition, osteopoenia or osteaporosis
oecurs in 75% of adults with PWS, possibly as a result of hypogonadism which is
a known risk factor for osteaporosis (Hoyhye etaf., 2002). 1t has been esiablished
that bone mineral density (BMO) tends to be lower in PWS paticnts then in age-
and BMI-matched obesc individuels (Brambillo ef al., 1997). Although initial
studies reparted no change in BMD afer one year of GH therapy, an improvement
has been achieved in PWS children afier 2 4-ycar couise of GH ireatment
(Lindgren etal., 1998; Carrcl ef al, 2002). The widespread incidence of scoliosis
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and/or ostcoporosis in PWS contributes to the reduced mobilily found in r"r;:ny
adults with the syndrome.

A number of the characteristic features of PWS arc thought to result from
the interruption of correct hypothalamic function. Growth hormone production is
regulated from the hypothalmnus, es is the satiety signal which appears 1a be
dysfunctional in PWS patienis with hypeiphagia. [thas been hypothesised that
the comparative lack of lean body tissue, which itself relates to GH deficiency, is
associated with the development of many of the feﬁtures of PWS, ie., the
presence of hypotonia, low resting melabalic rate, poor feeding in fafancy, and the
law caloric requircment that appears to be typical of PWS patients (Brambilla ef
al, 1997; Martin et al., 1998). Further research into the efi’ects of GH theropy
should aid understanding of the rolc playcd by the hypothalamus in the prioduction
of the PW S phenotype.

2323 Behoviourdl aspects

Although hypotonia, low metabolic rate and inactivity afl contribute to
obesity in PWS, ultimately the weight gain is caused by hypcrphagia, i.c.,
compulsive eating and food cbsession, which is present in most PWS patients
(Einfcld et ol , 1999; Fridman ef al., 2000b; Gunay-Aygun cf al, 200]; Russcll &
Oliver, 2003), Foodand oher [css paiatable materials. such as dog food or food
scraps, o Ren need to be locked out of reach in an effort to control patients® eating
urges (Lauranceer of., 1981},

Tests of the ealing behaviourof PWS patienls compated to thosc of obese
and normal weight subjects have revealed that PWS individuals tend to eat for a
longer timc than either of the other two groups nnd with no diminution of esting
rate, probably due to a ek of sotiety response. The rate of food consumption
exhibited by the PWS individuals was less varied, with no ditl erence between the
rute of eating at the beginning of the session and the rate at the end of the session.
It thereforc appears that PWS individuals do not expericnce the same intensity of
hunger signals as control subjects (Lindgren ef of., 2000). Similarly, PWS
subjects are likely to cboose a larger quaniity of food, regardless of their
preference rating for that food, even when the larger quantity comes only afler a
timc.delay (Joscph ef of, 2002). These results support the theory that PWS
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patients suffer from lack of satiation rather than hunger per se (Holland ¢ o/,
2003).

A Food-Rclated Problems Questionnaire (FRPQ) has been developed in
the U.K. which can help to characterise esch individual’s responses to food
(Russell & Oliver, 2003). The three main arcas covered asc preoccupation with
food, impairment of saticty, and compositc ncgative behaviours (ie., taking
and/or storing food, the eating of incdiblc items, and inappropriste response when
food is not accessible). When the FRPQ is usced there is slgnificant variability in
the tesulting scoves between individuals with PWS, which may help therapists to
providc appropriatc programs to allcviate the specific behaviour pattems of each
person (Russell & Oliver, 2003).

The range of minor criteria often scen in PWS subjects is listed in Table
2.3 (p. 28), and includes both biological and behavioural traits (Greenswag, 1987;
Holm et a!l., 1993; Einfcld et o!., 1999; Fridman ¢/ a/.,2000b; Webb ¢f al., 2002;
Whittington e al., 2002). Daytime slcepinessis reported inmany PWS eases, and
this is generally unaflected by weight loss. However, both sleep apnoca und
obstructed breathing are oflen relleved when body weight is reduced (Gillessen-
Kocsbach ef al, 1995; Harris & Allen, 1996). Skin picking is common in
individuals with PWS, often commencing before the age of 7 ycars. The
behaviour may be episodic, i.e.,occurring once or twicc a year, or it may be more
frequent. In either case the behaviour nsually persists throughout [fe.
Complications such as cutaneous infections may occur, and similar behaviours,
c.p., hair or clothcs picking, arc oficn found in conjunction wilh skin picking
(Wigren & Heimann, 2001).

PWS patients, cspecially those with UPD and/ar with modcrate to severc
ID, arc prone to the development of psychoses and other mental disturbances in
adulthced (Clatke et al, 1998; Verhoeven ef al, 1998; Boer et al, 2002;
Descheemacker et al., 2002; Verhoeven ef af,, 2003b, 2003a). Psychotic cpisodcs
tend to be preceded by a specific cvent, c.g., loss or the threat of loss, a change in
lif e situation, or the introduction of a strict diet regime (Vogels ef ol., 2004). 1t
has been supgested that there moy bc a matenally cxpressed genc within
chr15q11-q13 that results in a gene dosage cffect when present in two Active

copies, as is found in UPD. There is, however, no identified gene in the region
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which can be predicicd to affect the brain chemistry suificiently to induce
psychosis (Smith, 1996).

23.24 PWS.like phenoty pe

In the UK., PWS-like patients with no genetic confirmation of the
s&ndrome weie assessed and compared 10 those with a genelic diagnosis of PWS
(Wcbb et al., 2002). The results showed that most o f the minor criteria of PWS
andsome of the major eriter:a were presenl in similer propor:ions in both groups.
Hypotonia at bitth, feeding difficultics in infency, and genital hypoplasia were all
more frequent in tuc PW S than in those with a PWS-like phenotype. This would
suggesi thal these criteria are of preatest application in ditferentiating PWS from
other disorders associated with developmental delay, hypeiphagia, and obesity
(Webb et af, 2002). .

23.2.5 Mortaity in Prader-Willt syndrome

The main causes of morlality in a serics of PWS cases varied with agc at
deall {Schrandcr-Stumpel ef a!., 2004). In the younger oge Eroup (<5 years, n =
13), six children died from acute rospiratory infections, thrce from
hypoventilation, two from gastrointestingl problems associated with fever, one
from a parapharyngcal abscess, and onc from accidental cnuses. None of these
disorders are normally associated with obcsity, as would be expecied at the
younger ages where typically there is no huge increase in weight, Among the
group of 14 subjects aged nine years or older, the causes of death for four
individuals were respiratory complaints, four hed cerdiac diseascs, three had
gastroinicstinal disorders, and one cach were due to carcinoma, a stroke and spinal
myelitis, There is a credible link between obesity and some of these causes of
death, notably cardiac complaints and stroke, as PWS cases in this age gronp are
vely likely to be overweight (Patctson & Donaldson, 2003; Schrander-Stumpel e¢
al., 2004).

233 Genetic basis f or Prader-Whilisyndrome
2331 Deletion

The vast majority of PWS cases show an abnonanl methylation pattem
when tesied (Fridman e al, 2000b; Glenn et al., 2000; Hane! & Wevrick, 2001b).
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As is the case with AS, the major mulation associated with PWS is a deletion in
chrl5qll-13, although in PWS the afl'ected chromosome is inheiited from the
father (Tablc 2.2, p. 17). Between 70-74% of PWS subjects have the ~ 4 Mb
deletion which shares the common break points (Figure 2.1, p. 20) with the
deletion that causes AS (Gillessen-Kaesbach e af., 1995; Glenn et al., 1997;
Cassidy et al., 2000). At lcast seven cases of somatic mosaicism for PWS
deletion have been rccorded in the literature (Malzac et af, 1998), and there may
be difficulty in identifying these cases, as the methylation pattern often appcars to
be biparental. FISH testing is most elfective at identifying somatic mosaicism, as

well as more common deletions.

2332 Uniparertal disomy

Matemal UPDIS accounts for24-28% of PWS cases compared to 2-7% of
AS subjects (Table 2.2, p. 17), reflccting the greater likelihood of nondis junction
during oogenesis than spcrmatogenesis (Gleon ef al., 1997; Cassidy & Schwaitz,
1998; Cassidy ef al., 2000). The increascd parental age associated with matemal
UPD could be related to the fact that older women are more prone to defccts of
cogenesis than younger females (Gillessen-Kaesbach et al., 1995; Fridman ef o!,
2000b). Almost a quarter cf the materal UPD cases investigated by Robinson et
al. (2000) were shown to rcsult from post-zygotic rescue of atrisomic conceptus,
resulting in heterodisomy.

A similar case with matemal heterodisomic UPDIS was also found to
have a SMC 15. The phenotype was typical of PWS, with the addition of carly-
onset Type | diabetes (Borelina ef al,, 2004). Mosaic trisomy 15, in conjunction
with matemal UPDIS, has been reported to produce a severe version of PWS with
an increused risk of congenital heait discase. Incomplete trisomic rescue is the
mechanism that has been proposed in explanation of this phenomenon (Olanderet
al.,2000),

2333 Imprinting centre defects

IC abnormalities are present in 1-5% of PWS, including most of the
families within which there have been two or more affected individuals.
Deletions in the IC, which occur in 14% of PWS cases with IC defects, have a
recurrence risk of 50%, making comrect identification of the genotype an impoitant
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genetic counselling tool (Saitoh ef al, 1997; Cassidy & Schwartz, 1998;
Rougeulle & Lalande, 1998; Buiting ef a!., 2000; Buiting ef a/., 2003). The PWS
section of the IC is lacated just upstream of SNRPN (Figure 2.1, p. 20), and any
disruption of the IC eliminates resclting of the imprint from matemal to palernnl
in the male germ-line (Saitah er al,, 1997; Buiting ef al., 2000). The PWS-SRO
has beon narrowed to a 4.3kb section of chromesome which contains both SNURF
and the promoter region for the SNRPN gene (Saitoh ef o/, 1996; Chta et al,
1999b).

2334 Single gene defeets

As shown in Figure 2.1 (p. 20). there are severnl genes in the chr15q11-
g13 region that are solely expressed from the paternal genc in some tissucs, and
SNRPN, IPW, MAGEL2 (NDNL!), NDN and 2NF127 (slso known 8s MKRN 3)
have all been considered as candidate genes for PWS (Snitch etol., 1997; Cassidy
& Schwartz, 1998; Cassidy ef af., 2000; Le¢ et al., 2000; Hancl & Wevrick,
2001b).

There is some evidence that complete transcription of SNRPN will prevent
development of the PWS phenotype (Kuslich ef al, 1999). Experimental
treatinent of SNRPN with 5-aza-dcoxycytidine, on inhibitor of methylation, has
resulted in reactivation of expression from the previously silent allele (Fulmer-
Smentck & Francke, 2001). However, the demethylation wes not accompanied by
acetylation of the H3 and H4 histones in the region, contrary to the findings of
other workers who have successfully reactivated the allele (Saitoh & Wada,
2000). Asyel, reactivation of SNRPN has not been tested fir vivo for suitability as
a therapeutic measure to alleviate the PWS phenotype.

The SNURF-SNRPN locus is complex, and at least four functions arc
enceded within this area, including part of the PWS imprinting centre whieh is
overlapped by SNURF. Exons 4.10 of SNRPN encode a core spliccosomal
pratein (SmN) that hasan active finction in brain tissuc involving mRNA splicing
(Gray et ol, 1999). In addition, there arc a number of altemative splice sites
within SNURF-SNRPN, including many within the nnncoding cxons 10a-20
(Wirth etal., 2001). The altcrnate 3’ transcripts produced from these sites may be
the source of other proteins, such as that produced by the 5/B87/-85 snoRNA (smat!
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nucleolar RNA) gene cluster, the /B/1-438A snoRNA gene, and thel I gene (de
los Santos ef al., 2000; Gallagher ef al., 2002). Forther elucidation of the roles of
these difV erent transcripts will be of potential interest to researchers of PWS.

The 2.2kb single<cxon gene NDN encodes a protein, NECDIN, from the
MAGE family (Figure 2.1, p. 20). This protein is involved in the regulation of
cell proliferation, ond it can bind to a number of different transcription factors. It
is imprinfed in humans ond mice, with the matemal allele 1elativcly
hypermethylated in all tissues, and highly methylated in the brain (Lau ef al.,
2004). The result is that NDN is prefercntially expresscd from the paternal allele,
with high levels ofnctivity in the developing hypothalamus, which is assaciated
with a number of phcnotypic features of PWS, e¢.g., hyperphogia and lack of
growth hormonc (Sutcliffe ef al., 1997; Lee & Wevrick, 2000; Nicholls &
Knepper, 2001), Disruption of necdin production in mice leads 10 the
development  of reduced numbers of oxytocia-producing cclls in  the
pamventricular nucleus of the hypothalamus. a region that contains a critical

regulator of appetite (Michaud, 2001).

In a similar fashion, MAGEL2 is monoallelically expressed from the
peternal chromosome in tissues of the central nervous system {Boccaccio ef al.,
1999). During development, high levels of expression are found in sites that
include the hypothalamus, the first branchial arch and tongue, the genital
tuhercule, the limb buds, and the otic vesicle. Characteristics of PWS that arc
connccted to these areas of expression include, hypeiphagia and short stature
(hypothalamus), wmticulotion defeects and thick saliva (tongue), hypogonadism
(genital tubercule), small hands and feet (limb buds), and eye abnormalities (otic
vesicle) (Lee et al., 2000).

2NF127 encodes o zinc-finger protein which may have a function as a
ribonucleoprotein, and is cxpressed only from the paternal allele. Figure 2.1
shows that ZVF 127 overlaps a sccond gene (ZNFI24S) which is transcribed from
the antisense strand, producing a dilferent protein albeit of unknown {function
(Jong et al., t999),

None of the mouse models that possess only a single, patcrnally-inherited
Snrpn, Ipw or Zfpi27 gene have shown an identif able PWS phenotype.
However, Ndn-deficient stains have given variable results; one showing no
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abnormal phenoly;pc:, the other exhibiling a failure to thrive and a lethal
tespiratory defect (i-ianel & Weviick, 2001a; Michaud, 2001). Since no specillc
gene has been positively identified as the cause of PWS, it is inferred that PWS is
a comigubus-amc disorder, i.c., there is more lhan'lénc gene aflecting the
syndrome phené)lype (Nicholls & Knepper, 2001). '

2335 Unknown

A smal! minority of patieats with the PWS phenotype lack any of these
three major forms of chr15q11-q13.defect. In infancy, PWS shares some featutes
with Down syndrome, tiisomy 18, and hypothyroidism. Similarly, a number of
different syndromes, e.g., Sotos, Wilson.Tumer, Cohen, and Bardet-Biedel, as
well a3 hyperinsulinism and growth hormone defciency, all have similar
phenotypes to PWS as it manifests in older children (Nolan, 2003; Delme &
Michaud, 2004). Many of the PWS diagnostic criteria, i.e., neonatal hypotonis,
infantile feeding difficuities, obesity after 2 years old, and facial dysmorphism,
arc also present in persons with a deletion of the paternal allele of the SIM7 gene
at chr6ql6.2 (Falvro e af, 2002). The S/M! gene has been linked to the

development of the paraventricular nucleus of the hypothalamus, and mouse

studies indicate that haploinsufficiency of the gene leads to the PWS-like
phenotypo (Michaud ef al., 2001; Delruec & Michaud, 2004). [n addition, certain
X-chromosome abnormalities, e.g., Klinefelter’s syndrome, Fragile-X, aad
superuumerury X-maker chromosomes, alsoshow some of the charactoistics of
PWS (Monaghan ef al., 1998 Stratakis, 1998; Delrue & Michaud, 2004).
Individuals with a PWS-likc phenotype and noirmal methylation patterns should

therefore be examincd carefully for any of these mimickiag conditions.

The presence of a matemal interstitial duplication of chri5qll-q13 has
been linked to a separate phenotype which sharcs some features with: both PWS
and AS. Indivlduals with these duplications have developmental delay,
intellectual hendicap, speech delay, and some autism-like charucteristics. Meny
are prone to seizures, display unprovoked laughter, make involuntary hand
movements, and arc hypotonic. Growth retardation and hypogonadism are,
however, not features of this phenotype (Repetto ef al., 1998; Thomus et al,
1999). Thesc characteristics are similar to those exhibited by individuals with
SMCI5 (Webb eral., 1998).

kv



234 Genoty pe/phenaty pe carrelotions

It was believed that there were no phenotypic ditferences between PWS
patients with chel5ql1-q13 deletions and those with UPD and [C defects
(Greenswag, 1987). However, the mean birth weights and birth lengths of infants
with adeletion may be larger than of those with UPD (Gunay-Aygun e/ al., 1997),
even though previous research had indicated larger birth weights for non-dcletion
cases and similar biith lengths {Gillessen-Kacsbach ef al., 1995). As the laiter
study included both UPD and IC patients, the conclusionsdrawn from the two sets
of results were not necessarily coniradictory. [n fact, no significant diffczences
have been identified between the standard deviations of measwiements of height,
weight or body mass Index in PWS patients diagnosed with the three different
types of PWS defcct, deletions, UPDand IC (Hauffae! a/., 2000}.

Compared to patients with a deletion, especially females, the mean age at
diagnosis is significantly higher for individuals with UPD. This probably reflects
the milder phenotype oficn repeited for UPD patiens compounded by the
difficulty of recognising female genital hypoplasia prior topubeny (Cassidy ef al.,
1997; Gumay-Aygun etal.,, 1997; Cassldy & Schwartz, 1998). Speech articulation
defecls are also more common in PWS cases resolting froma deletion (Cassidy ef
al,, 1997; Webb et al., 2002).

Two of the physical features of PWS that arc more common in deletion
patients arc an increased frequency of the ‘typical’ facial features, and of
bypopigmentation (Gillessen-Kaesbach ef al., 1995; Cassidy & Schwnrtz, 1998).
Individuals with a deletion arc more likely to present withhypeiphagia at an early
age and excessive skin picking. They also exhibit a higher pain threshold than
non-deletion cases (Cassldy ¢ al., 1997; Cassidy & Schwartz, 1998; Fridman et
al., 2000b; Webb er al, 2002). Many PWS individuals with a delclion arc
putported to sbow superior spatial skills, e.g., in sclving jigsaw puzzles, however
these eposts have been largely confined to adults (Cassidy eral., 1997; Cassidy &
Schwartz, 1998; Webb e/ al,, 2002).

Patients with a deletion between BP] and BP3 have been described as
having greater difticulty In controlling their compulsions, whether regarding foad
intake, dally routines, or obsessive tendencies, than those with a BP2-BP3

deletion. This observation has been interpreted as suggesting the prescnce of a
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gene in the region between BP1 ind BP2 which exerts some effecton compulsive
behaviours (Buller et a/., 2004), although no such gene has been identiticd.

Maternal UPD increascs the probability of psychotic cpisodes in
adulthood, with heterodisomy elevating the risk to a greater degree than
isodisomy (Clarke ef a?, 1998; Verhoeven et al, 1998, Boer et al., 2002;
Descheemacker ef al., 2002; Vethoeven efal., 2003b, 2003a).” The reason for this
finding is vnclear, although the hypothalamic dysfiniction associated with the
PWS phenotype has been linked to the development of behaviournl and
psychopathological abnormalitics (Verhoeven e al., 1998; Vethoeven ef al.,
2003a). fthis proves to bethecase, thercmay be agenc (or genes) that arlversely

affect the development of the hypothel or a pathway that affects mental
health. However, cxpression would only be obseived whea there were two
different fimctional alleles, instend of the single fuctional gene found in non-~
affected people, or in the casc of the total lack of functionality found in PWS
cases with a deletion or an ICdefect, i.c., a gene dosage effect.

25 Summary

‘The disease phenotypes of ASand PWS vaiy ccnsiderably, both between
and within the two disorders. The veriety of physicai and behavioural
characteristies commonly found in individuals with AS or PWS may be attributed
1 the differences between the specific underlying genotypes. ‘There has been only
limited informatlon available as to the effects of ageing on cither disease
phenotype or on the common morbidities faced hy people with AS or PWS.
There will, however, be some healih issues that are nniversal lo many ageing
people, encompassing the wider 1D populace and thos¢ with PWS or AS,
including visual or hearing impairment, restricted mobility, and co-morbidities
associated withobesity. [n nddition,there are some conditions, commonly found
in people with ID, that are likely tv be frequent among those with AS and PWS,
e.B., high rates of respiratory diseascs, seizure activity, psychiatric disorders and
dementia. The -existence of morbidities specilic 10 cither PWS or AS has,
however, been a matter for conjecture.
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3. METHODOLOGY
3L The data sonrces

The Disability Serviccs Commission (DSC) has been responsible for
providing services lo Westem Australions with ID since 1953, Any individual
referred 10 DSC dusing the last 50 years has an electronic record stored in the
clicnt database, which until Junc 2003 contained diagnostic and demographic
inforreaticn on over 15,000 persons. Clients are referred to DSC for inilial
assessment from a varlety of sources around the state, including hospitals,
specinlist physicions and general practilioncss. Referials also may be made by
fanily members on behnlf of people will: inte!lectual handicap.

Historcally, clients have been offered regulsr appointments with DSC
physicians who provide on assessment of need and offer advice about disability-
" reloted services. Inaddition to the DSC client database, poper records aze kept on
each clicnt, including infonnation on medical, zllicd health care, accommodation,
ond psychological assessments, and geneml coricspondence rclating 10 each
clicnt’s heallth care needs.

Demographic dats rccorded clectonically at DSC include sex, dote of
birth, contact details, type of residence (e.g., complcte residential care, gioup
home or family home), marital status, employmentstatus and ethnicity (Appendix
1). Diognostic variablcs that ere coded include the clinical diagnosis, level of
severity of ID, and odditional co-morbidities such us congenital malf onnations,
sensoty disabilitics, and any associated physical disability. Infonnation is also
included if o genetic netiology is suspected, and whether any psychiatiic condition
cxists (Appendix If). This lest field tends to be limited in its interpretation and
only indicates whether a person has a behaviouml, ncutotic or psychotic

component to their presentation.

The electronic and poper records for individuals are sometimes incomplete
due to varied contact of the client with DSC-based hcalth care workers and the
oge of the client, The quality of data collection has also been affected by changes
in infonnation collection practices since the inception of the database (Megokey,
1996).

40



3.2 Record linkage
321 Overview of the Data Linkage Unit

In addition to analysis of the DSC electronic and paper records, health
information for each AS and PWS case was obtained by record linkage to the core
datasets held in the Western Australian (WA) Data Linkage Unit. The Data
Linkage Unit was established in 1995 and is supported by the Health Information
Centre in the Department of Health, the Centre for Health Services Research at
the University of Western Australia, the Telethon Institute for Child Health
Research, and the Centre for Health Informatics at Curtin University of

Technology (Figure 3.1).

Figure 3.1 Truncated structure of the data-linkage system in Western

Australia
Core data sets Commonwealth Data Research databases
Systems
Birth
ng,}it_r;gggs Busselton Surveys
1966-1987
Hospital :
Morbidity Data System Road Injury
Deaths :
Regi Master Links
gisay Fil Red Cross Blood
K e
1969-2003 Transfusion Service
Mental Health 1995-2002
Information System
1966-2003
i Disability Services
Cancer Registry Commission
i Other State data systems 1953-2003
Midwives Notifications WA Electoral Roll 1988-2003
1980-2003 Silver Chain 1993-2002

WA Data Linkage System structure as of May, 2003
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The method employed for record Inkege invalves the probabilistic
malching and clerical reviews of health cccords from the six core dntasets listed in
Table 3.1, using vital information such as nomes, addresses and dates of biath
(Holman et al, 1999). There are three basic steps to the process of linknge.
Records that hove n potentiol relntionship are first collected into a block, and in
the sccond stage they arc msiched to determine i f they are likely to be related. In
the third stage, the matched records are linked for analysk of the information
pestzining 1o each individunl (Holman ef al., 1999). During the past ten years, the
Data Linkage Unit has relined the system of linking the various health databases
in WA, and the process is estimated tobe a1 least 99% accuratc.

Tabled.1 Time-span ofreco,ds from the six core datasets oftbe Data

Linkage Unit

Core dataset Titne-span

Birth Registrations 1974-present
Hospital Morbidity Data Syslem 1970-present
Death Registry 1969-present
Menial Health Information System 1966-present
Cancer Registy 1981-present
Midwives’ Notifications 1980-present

Adoapted from Holman et ol. (1999)

322 The core datasets

As part of 8 wider project on 1D, all clicnts registered at DSC since 1952
were linked to four of the core datesets (Hospital Morbidity Data System
(NMDS), Death Registry, Mentol Health Information System (MHIS) and Cancer
Registry) to obtain infonination on health histoty. Extroction of the data from
these datascls was completed in 2002,

3221 The Hospital Morbidity Data System

The Hospital Morbidity Data Systern (HMDS) has been active in WA

since [970 to monitor and record more Ihan';'llZ million episodes of acute care in
I
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public and private hospitals, and free-standing day hospitals throughout the State.
Inf ormation on the principal reason for admission and a varicty of co-morbidities
is stored in the HMDS. The HMDS contains up 1o 2] diagnostic and 11
procedure codes for each admission, and it is this information that was used 1o
identify physical morbidity among the AS and PWS clients, Diagnoscs are storcd
according to the coding syslems of the Intemational Classification of Discase
manuals, termed 1CD-8, ICD-9 and ICD-10 codes (World Health Organization,
1967; World Health Orgnnisation, 1977-1978; World Health Organization, 1992-
c1994). To [facililate analysis, tccords were updated from the earlier systems to
their equivalent in the 1CD-10 cading system.

3.2.22 The Deaths Registry

The Deaths Registry provides infonnation on the dole, place and causc of
death of individuals whose dcath was tegistered in WA since 1969. The data for
the Deaths Registty were obtained directly from the Office of the Registrar
Generol, and in the siudy the Deaths Reglstry was used 1o supply additional
inf ormation on mortality among the members of the study group.

3223 The Menial Health Infarmation System

Ttie Mental Health Information System (MHIS) contains records of all
contacts for WA residents with the Mental Healih Service since July 1966. The
Syslem consists of two scparate dainbases — inpatients and outpatients. The
inpatient data cover all acute public and private hospiinl admissions due 1o menta!

health conditions, and all admissions to designated psychiatric hospitels,

authojised psychiatric hospitals, residential progiums and units, and psychiatric
hostels and nu-sing homes. Ttie outpatient dain encompass all public psychiatric

outpatient and commuaity mental hea'th services in WA.

The data stored on the MM1S that were used in the present study ieclude
the specific psychiateic diagnosis, the type of admission or service used and the
length of stay (inpatients) or length of use of scevices (outpatients). As with the
HMDS, the data are stored in a mixture of ICD coding systems editions, which
werc updated to the 1CD-10 format prior 1o analysis.
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3224 The Cancer Notifications Reglstry

The Cancer Notifications Repistiy has been in cxistence since 1981 and
holds a list of all cases of carcinoma diagnosed in WA from that time. Owing to
the relatively recentestzhlishment of this datasct there weie some members of the

study group whose results were nol recorded by the Cancer Repistry.

3.23 Supplementary dataset

For the current project the databasc at the Genetic Services of Western
Australia (GSWA) was atso sourced during 2003-2004. GSWA provides penctic
heatth scevices to individuals with genetic disorders or those at iisk of carrying
genetic disorders, and their families. A referral from a Medicel Praciitioner Is
needed to book o consultation at GSWA, although the initial impetus for
Investigation may come from mn individual or couple if they have rcason io be
concemned about hereditmy disordeis.

A range of diagnostic, counselling, and prediclive scrvices are availnble
through GSWA for thosc affected by, or at risk of, penetic and congcnital
disorders. Details of the specilic molecular and/or cytogenetic tests conducted,

and the results of those tests, are maintained on the GSWA databasc.

33 Data collection profocol

The cascs were initially Identificd by the selection from the DSC database
of all individuals with o clinical diagnosis of Angelman syndiome (Heber code:
6759) or Prader-Willi syndrome (Heber cnde; 6715) (Heber, 1959). The paper
files were ordered from the Records Depaitment of DSC, with a maximum often
filesordered atmy giventime. Tne files werereviewed and details of the clinical
piesentation of the cases were confinned. All of the dota extraction procedures
wereconducted within the DSC premises in West Peith.

The profonna uscdto record the inf onnation exiracted from the paper files
is ceproduced in Appendix JI. )t included provision for recording the piesence or
absence of clinical signs, especially those included in the diagnostic criteria for
each syndrome, & well as demogrophic data, details of any genctic tests
conducted, family histoly, and data on illness or medical conditions,
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The types of data included in the DSC files varied from case to case, but
on the whole there was a great deal of consistency. Evcty file contained basic
data as outlincd previously (Section 3.1). In addition, most parents had provided
information on family background, ante- and posinatal history, and the
developmental history of their offspring (Appendix 1V), and the referrals were
accompanied by a Client Refctral form and a Clinical Information form
(Appendices V & VI). It & usual for DSC physieians to conduct an initial
physical examination, followed by periodic updates where possible. The rcsults
of these cxaminations were rccorded in the patient’s file (Appendix VII). The
results and details of DSC specialist services, such as speech therapy,
physiotherapy, hcoring tesls or optical testing were also included in the client
files. As the individual continued to use DSC services, more dnta were added,

including reports from non-DSC service providersas available.

A databasc of extracted information pertaining 1o cach individual was
created in the Statistical Package for the Social Scicnces (SPSS) version 11.5 for
Windows. Tte list of variables included in the database is contained in Appendix
VIIl. Many of these vatiables were 1aken dircctly from the proforma, with others
being added as fusther data were collected. Any clinical data which were not
specifically mentioned in the files were recorded either as unknown or ‘no data’
within the dataset,

Snppleanentary information was merged from the four other core Siate
sources as duscribed above: Hospital Morbidity Data System, Dcaths Registy,
Mental Hcalth Information System, and Cancer Registry, as well as the Genetic
Services WA database. As can be scen from Table 3.1 (p. 43), some of the data
-, sets have been in cxistencc for a shorter time than the DSC records, which meant
ZIhu( in cemain cases limited amounts of information were available in tiie other
sJatnbases. The Hospital Morbidity dntabnse, for instance, only commenced in
1970 and so 18 of the study group had no recorded hospital ndmissions between
their ycar of birth and the establishment of the database.

- 34 Data analysis

The study was population-based, uslng comparisons between the two
groups of patients. The data wcre analysed in a quantitntive manner, using the
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Statistical Package for the Social Sciences (SPSS) version 1.5 for Windows.
Given the rclatively low prevalence of AS and PWS, quite limited numbess of
subjects were available for study. This was paiticularly the casc for deceased
subjects (AS, n = 2; PWS, n = 6; PWS-like, n = 1) and For this reason mostality
and susvival rates wcie not calculated.

The project was primarily descriptive in its outputs, analogous to
international studies addressing similar rescarch questions, and hence most of the

findingsare presented in the Fonn of summary siatistics.

3.5 The study population

The Amcrican Association of Mental Retardation (AAMR) criteria for
intellectual disability shown in Table 3.2 arc used by DSC to deicrtine client
eligibility for registration and sctvices (Grossman, 1983).

Table3.2 Levelof intellectual fuactlow as indicated by IQ rauge

Teem IQrange AAMRCodc
1ow nvcrage/borderline disability 71-84

Mild intellectual disability 55-70 317.0
Modcrate intellcctual disability 40-54 318.0

Sevcie intellectun} disnbility 25.39 318.1

Prof ound intcllectual disobility <25 318.2
Unspeciticd 318.3
Adapted from Grossman (1983 )

The specific criteria of ncceplance for DSC registralion include sub-
averoge intellcctual functioning (i.e., IQ<70) that has an onset before 18 years of
age, and evidence of significant impaintnent (i.e, 2SD below the mean) as
mcasured by an Adaptive Behaviour Assessment, Adaptive skills an asscssments
of leaming, personal indepcndence, and soclalisation skills, as approprinte to an
individual’s age and cultuml background (Grossman, 1983). In piactice, pcrsons
with an IQ>70 but with significanly limited adaptive behuviowr skills arc
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sometimes included in the DSC registation process, due 10 their demonstrated

level of overalldisability.

As outlined in Scction 3.3, all individuals with a Heber diagnosis of either
Angelman syndrome (n = 35) or Prader-Willi syndrome (n = 59) from the
Disability Services Commission were sclected for the study (total, n = 94). Aiter
reviewing the paticnt files, i1 was apparent that two of these cases had been
inconiccily labelled asP WS (Heber 6715). In another two cases the diagnosis had
been changed; one from AS to Lennox-Gaslaut spectrum, n type of epileptic
disorder, the other frem PWS to Stein-Leventhal syndrome, delined as polycystic
ovaries, obesity, hirsutism and arenorrhoea (MM 184700). These four cases
were therefore excluded from the analysis, reducing the total study sample to 90
subjects.

An additional threc people were identified from the GSWA database as
hnving AS or PWS, zlthough they had never been regisered as clients of DSC.
Since no further information was available on these individuals, nonc was
included in the cohort. A person identified from GSWA records with nbnomal
methylation of ehr15q11-q13 had a male child registercd at DSC, with a genetic
diagnosis of PWS. This child waselready included in the study group.

Within the PWS group, a sct of ten individunls who had normnl
methylation patierns were analysed seporatcly (referred to as the '‘PWS-like’
group), since biparcntal methylation has been considered as sufficienl reason to
exclude PWS as n diagnosis in >98% of eases (Buchholz e a/., 1998; Fridman e¢
al., 2000b; Glenn ef al., 2000). Hence there was a strong possibility that most of
these pcople had some other as yet unidentitied genetic abnormality. The
exclusion of these ten individuals left a central group of 80 cases for whom a
specilic genctic anomaly hed been identified, or who had 2 robust clinical
diagnosis of AS or PWS.

3.6 Ethijcal Issucs and approval

Ethical approval for the project was given by the Edith Cowan Univeriity
Ethics Commitice. The Disability Services Commission of Western Australia
(DSC) Ethics Committec also gave peimission fer use of the DSC client database
to conduct the rescarch, and specifically granied permission fer the project 1o be
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undenaken on DSC premises. The study was epidemiological in nature and
analyses were conducted on a group Jevel, Individuals were not identificd in any
documents or repotts. Subjects and their families were not contacied for the
research, and as previously noted, no client files were removed from DSC

premises.

Ethical approval for the linkage of clicnis to the four Data Linkage Unit
core dotabases was received from both DSC and the WA Confidentiality of Healtb
Information Committec at the Depastment of Health, which is responsible for the
maintenance and linkages of thesc extcmal detabases. All DSC cases (n =
15,000) were linked to obiain this edditional infonnation, since it was cxpected
that not all AS and PWS diagnoses would be specifically catcred into the DSC
database, or conversely that they had been rcwospectively diagnosed during their
contact with DSC. As stipulated under the terms imposed by the Confidentiality
of Heallh Infonnetion Committec, the data linkage was undcrtaken by the
peesonnel responsible for record linkage within the WA Data Linkage Unit. The
datescts contained within the Data Record Linkage Projcct arc avallable for
research purposes, They are a highly effective, proven tool for health information
retricval and analysis, end arc almost unique worldwide in the breadth and depth

of coverage offered.

The general and medicnl files for each DSC client were kept in sccure
storage on DSC premiscs when not in use, and were necessed only by the
candidalc and her supervisors. Afler data linkege and extraction, subjects
contained in the databasc were identified by an unique number, which was used
for all recording of information relevant to the client, including medical details
extracted from tile DSC filcs. Electronicinfornnation was protected by passwords
and unique numbers, and any hard copies were kept in sccure storage at the

Cenlre for Human Genetics, Edith Cowan Univeisity,

The completed dalabase will be held on a password-protected computer at
the Centre for Human Genetics, and it is envisaged that, subject to cthics
approval, the infonnation will be made available to Madical Practilioncts, carers
and service providers for individuals with cither syndrome. Generully, the data

will be available in the form of ssmmearies, although repotts will be prepared for
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specitic interested ageacies, such as DSC. [n addition, articles will be prepared
and submitted for publication in specialist academic journals.
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4. RESULTS OF THE STUDY
41 Profiles of the study cohort

As shown in Table 4.1, 34 of the 90 individuals selected for study (19
females and 15 malcs) had a diagnosis of AS, 46 (23 females and 23 males) had a
diegnosis of PWS, and there were seven males and three females in the PWS-like
group totalling 10 cases. One ofthe PWS enscs was of Indigenous Australian
descent, but nonc of thc AS or PWS-like cases. The ages at the censor date
(30.06.2003) or oge nt death ranged from 10 months to 48 years 4 months. All
membeis of the AS group were nged six years or older, but nine individuals with
PWS were less than six ycars of age. The birth years for the patients in both the
AS and PWS-like groups ranged between 1967 and 1998, whereas the PWS group
weze born between 1954 and 2002 (Figure 4.1, p. 52). Ninc of the 90 subjscts (2
AS, 6 PWS, 1 PWS.like)} were deceased by the censor date.

Tabled.1 Characteristics of the study cohart (n = 90)

AS PWS PWS-like Total

Diagnosis:
(number ofindividuals) 46 10 90
Gender: Male 15 {44) 2B(s0)  7(70) 45 (50.0)

)
mmber(A) remale  19(s6)  23¢50)  3(0) 45 (50.0)
Ages (in years): 21.6 21.0 24.7
mean {range) (6.5-36.6) (0.948.3) (15.1.33.1)
Deceased: 2 6 1 9

(number of individuals)

4.1.1 Residence

Of the 32 living AS cases, 20 resided at home, ninc were resident in group
homes or hostcls, and onc each in foster care, an indcpendent home, and Hving
with adoptive parents. Thc mean nge of individuals living in private residences
was significantly lower than thosc in sheltered accommodation (20.2 years vs 27.9
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years: { = -2.255, p = 0.032). The majority of people were registered within the

Perth metropolitan regions (90.6%), with the remaining 9.4% living in rural areas.

Members of the PWS group were also mainly resident at home (n = 28) or
in group homes or hostels (n = 6). Once again, there was a significant difference
between the mean ages of individuals living at home and those living in
residential care (20.2 years vs 32.6 years: 1 = -2.584, p = 0.015). The place of
residence for six individuals was not recorded, and the remaining six were
deceased. The Perth metropolitan regions were home to 70.0% of living PWS
individuals, with a further 17.5% living in rural and remote regional locations
throughout Western Australia. Five individuals were not in receipt of DSC
services at the time of sampling and therefore were not allocated to a region of

residence.

The residences of the nine surviving PWS-like patients were recorded as
home (n = 7) and group home or hostel (n = 2); three were from the Perth
metropolitan regions, and the remaining six individuals lived in country districts.
There was no significant difference between the mean ages of the cases residing in

private homes compared with sheltered accommodation.

Figure 4.1  Year of birth for the cohort at five year intervals
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4.1.2 Level of intellectual function

The level of intellectual function of the study group varied from ‘low
average’ to profoundly handicapped, with 4.4% being unspecified, i.e., the
subjects may not have been formally tested due to their youth or for other reasons.
The range of 1Q scores reported for the study group are shown in Figure 4.2.

Figure 4.2  Levels of intellectual function of the study group (n=90)

20
18

g 16
A
2 12
-
S 10
E 8
= 6
z 4
2
0
é"‘y
Level of function
(B AS BPWS O PWS-like |
4.2 Angelman syndrome
4.2.1 Prevalence

The prevalence of Angelman syndrome in the study group was
approximately 1 in 40,000 live births. This figure is based on the numbers of
patients with AS identified in the study who were born in WA (n = 26), and the
number of births in WA during the 50 years that DSC records have been kept (n =
1.05 million) (Australian Bureau of Statistics, 2003). The remaining members of
the AS group were variously born in other parts of Australia (n = 6), Canada (n =
1), and England (n = 1).
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4.2.2 Age at diagnosis

The diagnosis of AS was made for members of the study group at a mean
age of 5.8 years (range, 1-27 years). On average, the deletion cases were
diagnosed at a later age than those with other forms of AS defect (6.9 years and
5.0 years respectively), and females were diagnosed earlier than males (5.2 years
and 6.5 years respectively), although neither difference was statistically
significant. There have been no AS cases registered in WA since 1999, even
though prior to that date the numbers registered per five year period were
gradually increasing, possibly in line with the increasing total population of the
State (Figure 4.3). On the basis of the established clinical criteria, one individual
was originally diagnosed in childhood with PWS, but subsequent methylation
testing confirmed a diagnosis of AS.

Figure 4.3  Date of diagnosis for the study cohort at five-year intervals
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4.2.3 Major AS clinical criteria

Half of the AS patients were assessed with severely affected intellectual
function, with more than a third (38.2%) within the moderate range of disability

(Figure 4.2, p. 53). Developmental motor delay was not universally evident in the
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group as a whole, as shown by the lower boundwry of the sitling/walking range
which fell within the paramelers far the general population (Fable 4.2).

Tabled.2  Frequencies of the major clinlcal slgos of Angelmau syndrome
withio thestudy sample

Clinical criteria Positive (%) Nepative (%)
Molor development (age in years): sit, 1.4y (0.54.9y) |

mean (range) (n=29,n =33) walk, 4.4y (1.1-9.0y)

No speech orminimal words 824 Some delay
(0=34) ¢ 17.6

Atnxia (n = 34) 91.0 2.0
Inappropriate laughter or smiling 765 235
(n=34)

Microccphaly(n =20) 4.0 15.0
Scizures (n=34) 88.0 12.0
Abnonnal EEG (n = 30) 82,0 6.0

*Five subjects had never walked
o0 = number of subjectsfor whom data was available for cach clinical symptom

The majority of AS patients (o = 29/34) walked at some stage of catly
development. The patlents who walked comprised 13 of the 15 males (mean age,
3.5 years; range, 1.1-9 years), aod 16 of the 19 females (mcan age, 52 ycars;
range, 2.2-9 years). ‘This differcnce in the mean ages at walking of male and
female children was significant {(¢= -2.052,p = 0.05) The three females who had
neverwatked weze oged 2! years, 6 years, and 6.5 years (deceassd), while the two
non-ambulant males were aged 11,8 years, and 12,8 years (deceased) respectively.

All of the subjects had delay and/or inadeauacy of speech, with tie
majority acquiring few, if any, words. Ataxin and inappropriate laughter also
were present in most cases. Microccphaly was diagaosed in 44% of subjects,
although the number o f eases for whom data were available (n = 20) was too few

for shatistical comparisons to be made. A large proporion of cases {88%) werc

54



rcported to have experienced seizures, with 26% suffcring frequent episodes. 1n
addition, the majority of individuals had at lcast one nbnormal EEG rcading
(82%), with only three subjects never having been tested (Table 4.2, p. 55).

424 Minor A§' clinical criteria

The mrescice or absence of the characteristic facial features such os flat
occiput, mandibular proganthie, drooling, mouthing, and tonguc thiusting was
rarely noted in the paui.cnt files (Figure 4.4, p. 57). Strabismus was recorded in
almost half (47%) of the cases, and hypopigmentation in 35%, although
information on thcse characteristics was unavailable for significant numbers of
patients. Few data were availablc on the presence of the mised, flexed arm
position claimed to be characteristic of AS, or on sleep disturbances. A small
number of subjects (n = 3) were recorded as having a fascination with watcr
(Figure 4.4, p. 57).

425 Other dlinlcal fndings

A number of additional clinical characteristics were frequently reporicd
within the study group. Most cascs (79%) of AS were hypotonic, and half of the
group were teparded as hyperactive. Qver 38% were considered obese, and 50%
of the group wcere of normal stature. Skin picking swasreported in seven paticnts,
mainly older individuals. Scoliosis was present in 33% of all patlents and in 56%
of thosc more than 16 ycars old. Three of the males had either undescended testes

or a small penis.

4.26 Laboratorydiagnosis

Qenctic testing was conducted on 88%% of the cohort, although eight
patients (23.5%) had reccived only karyotyplng or banding tests (Table 4.3, p.
58), of which half were positive, Two persons with a deletion, as indicated by
chromosomal banding, had retumed normal bipasental methylation tests and were
theref'ore included in the ‘inconclusive’ group. Onc test had heen performed for
UBE3A abnormalities (which was ncgative), but nonc at all for 1C defects. Ofthe
19 methylation tests conducted, 11 were positive and eight were negative, and
three of the four FISH tests were positive. Dclctions accounted for 33.3% of the
positive results, and UPD for a fiuther 6.7% (Table 4.3, p.58).
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Frequency (%o of cases)

Figure 4.4  Frequency of the minor clinical signs of Angelman syndrome within the study group (n = 34)
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Table 4.3  Detalls of dlagnosticlests'uscd for Angelman syadrome cases

(n=34)
Karyotype/banding 235
Typeof molecularicsts (%) FisH 1.8
Methylation 55.9
Unknow/no test 11.8
Deletion n=10(333)
) Uniparental disomy n=2(6.7)
Molecular test results: " "
number (% ofthosctes:ed) Positive (not specified) n=2(6.7)
No abnormality dctected n=13(43.3)
Inconclusive n =3 (10.0)
427 Hospitaladmissions

Individuals witb' AS bad heen admitted to hospital on a total oll' 3oL
oocasions, with an average of 8.8 (SD = 8.6) inpatient cpisodes. As shown in
Table 4.4 (p. 59), epilepsy andfor seizures were the most common reasons for
admission (14.3%), followed by gastrointestine] tract disorders (13.0%),
holiday/respite care (11.3%), dental care (9.6%), and respimtoty . tract disorders
(8.6%). The remaining admissions covered a wide variety of reasons, e.g, eye
abnonnalities, bums, congenital dcformities. Four people had no recorded

hospital admissions.

More than half of the individuals with AS were admitted one or more
times for dental work (n = 18), nii almost as meny for epilcpsy (n = [6). A
further 12 indlviduals were hospitalised for failure to thrive or developmental
delay (Table 4.4, p. 59). Admission for dental work was over-represented in
paticnts with severe or profound intellectual disability (62% of dental
adinissions), even though this group comprised less than $3%. of the AS
;Gpulntlon. . _
Threc individuals were ndmitted to psychiauéé units for up to tiree days
duration, The reasons Iisted.for their admission were developmentat delay (all

three persons), and cpilc|;sy (two persons).  Thice other AS patients at'ended
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psychialric outpaticnt clinics on two, six and eighteen occasions ccspectively. The
diagnases reported for these persons were severe 1D, microcephalus, and
psychosocial cire ( ployment) respectively.

Tabted.d Hospital admissions for tbe Angetman syndrome gronp

Total nuomber of Numberof
Reason foradmlssion admlssions (% of tofal Individuals
admissions) admitled
Epilepsy 43 (14.3) 16
Gastrointestinal disorders 39 (13.0) 16..
Holiday care 4 (11.3) 1
Demal 29 (9.6) 18
Respivatory disorders 26 (8.6) 10
Ear prablems 15 (5.0)
Skin disorders 15 (5.0)
Open wound, various siles 13 (4.3)
Failure to thrive/fecding difficultics 12 (4.0) 12
Forcignbody inseited, various sites 9 (3.0) 5
Congenilal anomaly 8(2.7)
Urinary tract disorders 6(2.0)
Fiactured bone & complications 5(.7)
Other causcs (various) 47(15.6) 19

4.28 Mortality

There had been two deaths within the proup of 34 AS patients. One
person died of status epilepilcus althe age of 12 ycars 10 months, and the other
patient wasaged 6 years 6 months at death from pneumonia.
43. Prader-Wllisyndrome
431 Prevalence

A birth prevalence of [ in approximaiely 29,500 was calculated on the
basis of the number of PWS cascs identified for this study who were bom in

58



Western Australia (n = 31) and the number of birlhs were registered s WA over
the last 50 years (n = 1.05 million) (Australian Bureau of Statistics, 2003). Ten
other members of the PWS group had been bom in other parts of Australia, and
one each in Hong Kong, Scotland, Southt Africa and Spain. The remaining
individual had no record of countiy ofbirth in the relevant DSC files.

432 Age at diagnosis

The average age at diagnosis of PWS was 5.3 years, with 34.8% of tic
centirc PWS group diagnosed before tiie age of onc year. Within the subset of 11
individuals who were added to the database after 1998, Uic mean age at diagnosis
was 1.1 years (range, 0.1-6.0 ycars), while the 35 individuals who were included
prior to 1998 had a meen age at diagnosis of 6.6 ycars (range, 0.2-17.0 years).
This dift crence was highly significant (¢ = <3,5, p = 0.001). Deletion cascs were
diagnosed at a slightly carlier but stafistically non-signif cant uge than those
without a dcletion (mean, 4.5 years and 5.9 years respectively; ¢ = -0.90, n/s), and
males carlierthan temales (mean, 4.6 years and 6.0 years respectively; ¢ = -1.015,
/s). The numbers of PWS cases diagnosed were appreciably higber in the five-
year periods of 1980-84 (n = 12) and 1995.99 (n = 13) than during any oiher time
period (Figured4.3, p. 54).

433 Major PWS clinical criteria

As indicated in Table 4.5 (p. 61), the majority of PWS cases rcpoited
hypotonia (96%), inf antilc feeding preblems (85%), and rapid weight gain at an
carly age, followed by obcsity (87%). Hyperphagla was described less often
(61%). Rcponing of tbe characteristic facial Featurcs was poor, with over 90% of
casc files without mention of this feature. Hypogonadism and/or cryptarchidism
were present in two-thirds {67%) of PWS patiet;, i.c., 91% ofmales of all ages,
aad 58% of females over 15 ycars. “il of the adult female patients with a
canfintned deletion had ubsent or delayed menses, but this feature was reported in
only 30°/% of females oftheseme age inthe group of paticnts without an identified
deletion. Motor developmentzl delay was Found inmany cases (n =20), but there
were some paticnts (n = 18) who did not show any markcd delay in reacbing
physical milestones by comparison with the gencral population (fable4.5, p. 61).
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Table 4.5 Frequencies of the ma jor clivieal signs of Prader-Willi
syodrome witbin tbe study s ampte

Clinical eriteria Pusitive (% of granp) ::g:‘)"‘ (% of
Hypotonia (a =46) 95.7 4.3

Feeding problems (n=43) 24.8 8.7
Excessivewcighl gain (n =46) 86.9 13.1
Charaeteristic facies(n = 2) 4.3 0
Hypogonadism (n=41) 67.4 21.7
Hyperplagia (n=33) 60.9 10.9

| subject unable

Motordevelopment (ege in years):  sit, 1.0y (0.5-2.5y) Lo it o wolk at
0.

mean (range) (n =34, n = 39) walk,2.8y(1-10y)

n = number of sub jects for whom dala was available for each clinical symplom

434 Minor PV/S clinical criteria

Figure 4.5 (p. 62) shows that more than halfofthe study subjects (57%)
had exhibited some ol the characteristic hehavioural pattems associated with PWS
(temper tantrums and viclent outbursts), and 72% were shor: in stalure compared
to family members. Individuals who had received growlly hormone therapy (n=
4) wete recorded as shori, regardless of their current height. Oculor abnormalities
were reporled in half of cases, and a large percentage of PWS paliems (85%)
suffered from delayed speech development and/or articulation defects. Many of
the remaining minor clinical signs were under-reported, with fewer than 40%6 of
individuals having spccific features recarded in their files; ie., decreased felal
movement (23%), sleep disturbances (13%), size and shape of hands/feet (33%%),
presence of thick saliva (0%) , and skin picking behaviours (37%).
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Figure4.5  Frequencies of the minor clinical signs of Prader-Willi syndrome within the study sample (n = 46)
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4.3.5 Other clinical findings

Scoliosis was repored in 11 of thc 30 subjects (37%) who were aged 15
years or more, bul in none of those aged less than [ 5 years, Two individuals with
scoliosis had reccived correclive surgery far the condilion. Osteoporosis was
identilied in one female, aged 32 years.

At least one episode of epilepsy or convulsions was reposted in 28.3% of
cases. OF the 13 persons who had an epileplic episode, live showed a deletion,
one w s diagnosed s UPD, four had nc:ver been tested, and Four had no genelic
mechanism identified. Diabetes was reported in four adults, with no data
available for the other 30 adull members of the PWS cohort,

436 Laboratory dlagnosis

Tahle 4.6 shows that genetic lesting was pcrformed on 84.8% of the PWS
cases. Almost a third of these people received only keiyotyping or h nding.
There were no tests faor {C defects. All of the FISH and methylation icsts were
posilive, i.e., uniparental, as the patients with biparental methylation had been
removed pre-analysis to foim the PWS-like group. A deletion was identified in
43.6% of tested cases, and UPD in 10.2%. No genetic mechanism was identified
in 23.1% of those lesled, and the remainder had retumned unspecified ‘posilive’ or

inconclusive tests,

Table 4.6 Diagnostic tests for Prader-¥V Jli syndrome cascs (o = 46)

Mean age at diagnosis (range) 53y (0.1-17y)
Karyotype/banding 30.5
FisH 174

Type of moleculsr tests (%)
Methylation 369
Untknown/no test 152
Deletion n=17(436)
Uniparental disomy n=4(10.2)

Molecular tesl results;

number (% of fhose tested) Positive (not specilied) n=6(154)

No abnorinality detected n=9(23.1)

[nconclusive n=3(7.7)
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4.3.7 Hospital admisslons

As shown in Table 4.7, PWS patient; had been hospilalised on n total of
328 occasions (mean, 7.4; SD, 6.9), with respiratory tracl infeclions accounling
for the largest number of admissions (7.6%), followed by breathing difficulties
(7.3%), dental carc (6.4%), nndescended testes (5.8%), gostrointestinal disorders
(5.5%) and an unspecified congenital anomaly (5.5%). In addition, a large and
valicd number of reasons were listed in the pa:ients® files for their ndmission to
hospital.  These included cellulitis, musculoskeletal disorders, congenital
deformilies, and ingestion of toxic substences. Nearly 37% of individuals
suflered from ot least one respiratoly infection, and 14 individoals each had been
admitied to hospilal for dental work or with breathing difliculties (Table 4.7).

Tabled.7 Hospital admissions for tbe Pradcr-Willi syndrome cases
wilbin tbe study group

Total nnmber of Numberof
Reason for admission admissions (% oftotal  individuals
admlssions) admitted
Respiratory infcclions 25(7.6) 17
Breathing difficulties 24(2.3) 14
Epilepsy 15 (4.6) 9
Gastointestinal disorders 18 (5.5) 8
Holiday care 31(09) 1
Dental 21(6.4) 14
Congenita! anomaly 18 (5.5) 10
Undescended testes 19 (5.8) 9
Ear problems 11(3.4) 4
Skin disorders 5(1.5) 4
Fractured bone s complicetions 16(4.9) B
Failure 10 thrive/feeding difficultics 11 (3.4) 1
Urinaiy tract disorders 11(3.4) 9
Fareign body inserted, various sitcs 2(0.6) 2
Complications of pregnancy/childbirth ~ 9(2.7) ]
Open wound, various sites 2(0.6) I
Gther causes (vorious) 118 (35.9)
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Six patienis had been admitted to psychiatric units for an avernge of 24.5
days (range, 2-96 days), on the grounds of IQ, developmental 2¢iay or, in one
case, non-or ganic psychosis. One male PWS case, who recorded 116 2 psychialric
outpatient visits, attended group therapy sessions for mixed disturbance of
conduct and emotions over a period of nine ycars, ut an avempe of 10 visits per
month. Furlher outpaticnt visits to psychiatric unit: were madeby thice peisons,
with the tolal number of visits per person ranging from 3 to 12. 1D,
devclopmental delay and disturbance of conduct were the main reasons {or
ottendance.  Two individuals with PWS attended both as inpaticnts and
outpatients (one personeach with moderate 10 and schizophrenia),

Ttvec individuals had neoplasms roported in their files. One patient had
been diagnosed with o benign tumour of an endoorine pland, another had a
malignant melanoma removed at 16 ycais of age, and the third person had a
thyroidectomy for malignancy at uge 35 years. The only one of these Uuee
patients who was deceascd had survived for 20 years ofter remova! of the
melanoma and then died of cnrdine failure, aged 36 yeais. Only one of these cases
was listed in the Cancer Registy, as the other two persons had becn diagnosed
before the Repistry was commeneed.

€33 Martatity

Of the six deceased PWS cases, two had died from cardiac escsV
myocardia! infarction, onc from pneumonio, and in the remaining threc cases the
couse of death was not recorded. IThc casc noles for onc individual had been
referrcd to the Coroner, but no notification had been received by the Deaths
Registry at the date of dats linkage. The other two people were not listed in the
Deaths Registry, and nodata were included in their DSC files. Theiragesat death
ranged {rom 2.3 yearsto 36.5 years.

44 Meibylatlon mormal ‘PWS-like' group

441 Clinical findings

As previously described (Section 3.5), this group comprised 10 people
with a clinical diognosis of PWS but who showed biparental methylation paticrs
(Table4.], p. 51). Theiraveroge ope was 24.7years (range, 15.1-33.1 years). As



can be seen from Figure 4.2 (p. 53), the level of 1D repoited was mild (n = 6),
borderline {n = 2), modecate (n = 1) and severe (n = 1). Mean age at diagnosis
was 10.6 years (range, 0.9-25 ycws). However, the age for two cases was
" unrecorded, and sothe date of first contact with DSC was used asthe upper limit
oftheage atdisgnosis for those individuals.

Half of the subJects were reponted 10 have hypotonia, and five individuals
exhibited feeding problems in infancy. Eight were obcse, one was of normal
weight and slature, and one had no dntn on body habitus. Their average age ot
sitting was 0.8 ycars (range, 0.7-1.0 ycars), and it was 1.6 ycars (tange, 1.1-2.7
yeurs) for walking, OF the seven males, five were hy pogonadal, whereas only onc
of the thrce females had no menses. Hyperphagia was repotled as present in
seven ofthe subjects, and speech delay or defects in ninc cascs (Table 4.8). Half
of the group werc either of normal slature or were tall. Skin picking behaviour
was evident in two individuals. Nonc of the other features regarded as
chacacteristic of PWS$ (Fable 2.3, p. 28) were recorded with sufficient fliequency
to enable a valid asscssment. Fourofthe group had reported at least one epileptic
episode.

Table 4.8 Frequencics of various clinical characteristics in the PWS.like
subgroup (n = 10)

Clinlcal criteria Poslilve (number) Negative (aumber)
Hypotonia (n =8) 4 4

Feeding problems(n=8) 5 3

Excessive weight gain(n = 9) 8 1
Hypogonadism{a = 10) [ 4

Motor development (nge in years):  sit, 0.8(0.7-1.0) 1 subjectncver
mean (range) (n =7,n = 8) walk, 1.6 (1.1-2.7)  walked
Hyperphagia(n = 10) 7 3

Stature compared torelatives (n=9) ::ﬁr: 4 normal =4
Speech delay/defects(n = 10) 9 1

Skin picking (n= 10) o2 3

n = number of subjects for whom data was available for each clinicat symptom

65



442 Hospitaladmissions

Members of the 'WS-like group werc admitted to hospital on a tolal of 70
occasions (mean, 7.0; SD, 10.3}, but with a {arge proportion of these visits
(32.9%) for cpilepsy and convulsions in a single individual. Respiratory tract
infections and gastrointcstinal tract disorders accounted for ten (14.3%) and eight
(11.4%) admissions rcspectively. Individuals (n = 4) were more commonly
hospitaliscd for gastrointeslinal disorders than for any other rcason within this
group of patients (Table 4.9).

As with the AS and PWS cases, there were various other reasons recarded
for hospital admission, including syncopc und collapse, disorders of the
ligament/muscle, and viral'Chlamydial infcction. Four people from the PWS-like
group accounted for one day ofinpatient and six visits to outpaticnt psychiatric
services. 1D, stressfanxicly disorders and infantile ccrebml palsy were recorded as
the main reasons for ihesc alicndances. One woman died atage 17.9 years, but no

informalion on her causc of deatb was available from the Deaths Registry.

Table4.9 Hospltal admissions for the PWS-like cases within in the study

group
TFotalnumberof Number of
Reason for admisslon admissions (% aftotal Individuals
admissions) admitted
Respiratory disorders 10(14.3) 3
Epilepsy 27 (3856) 3
Gastrolntestinal disorders 8(11.4) 4
Dentel 1(1.4) 1
Congenital anomaly 1(1.4) 1
Ear problems 1(1.4) 1
Skin disordc1s 1(14) 1
Fraclured bone + complications 2 (2.9 1
Failure to thrive/feedin gdiicultics 1(1.4) 1
Urinary tract disorders 3(4.3) 3
Olher causes (various) 15 (21.5)
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5. DISCUSSION

A number of diverse demographic, clinical, genetic and technical factors
need 1o be considered when assessing the ovemll findings of the study,

51 Poteatial limitatians of the study
512 Case escerfalnnent

Onc disadvantage of using the DSC database for casc ascertainment is the
Commission’s requirement that a specific level of 1D is identified before a client
is acccpied for registratlon. This has particular relevance for individuals with
PWS, because an eslimated 27-40% arc thought to have at least low-avempe
intelligence (Cassidy ef al, 2000; Cimke et af, 2002). Therefore PWS
individuals who have nonmnal or borderline intelligence arc unlikely 1o be
registered al DSC. In addition, a recent study of ID in WA found that a
significant number of children with ID were identified either through the
Department of Education, Catholic Education or the Association of Independent
Schools, rather than via DSC (Leonard ef af,, 2003). Globally, the majority of
persons with 1D fall within the mild/moderate ranges of functional limitation
(Christianson et af,, 2002; Leonnrd ef af, 2003). Hence it is possible that
additional poople with AS or PWS are living undingnosed in tbe community and
could perhaps be identified if these educational agencies were used as sources of
asceroinment.

The organisation known as [rrabeena, which later became the Disability
Services Commission, was a cenire originally established by the Slow Lcaming
Children’s Group (now the Activ Foundation) in 1954, The centre, which was
used for the testing and diagnosis of 1D, became the responsibility of the Mental
Health Depastment of WA in 1964, Over those years of foundation and change
{licre were a number of diftetent physiclans involved in record-kecping, and major
changcs in public atiitudes to ID occurred (Gillgren, 1996).

The initial descriptions of PWS in 1956 and AS in 1965 were published
during this period of development in the provision of services for tbe ED
population in Western Australia. By thie time the consensus diagnostic criltia
were published (Holm er af, 1993; Williems ef af,, 1995), a majorily of the
individuals in the present study cohort had beendingnosed by the staffot DSC or
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by another Mcdical Practitioner. The carlicst rocorded diagnosis of AS at DSC
was in 1966, and that of PWS ‘vas in 1968. In some cascs the Heber codc was
ndded retrospectivoly to the paticnt’s filc, and licre was no way ol ascenaining at
what precise date the coding hnd been perforined. ‘There also was no gunrantee
that all cases of PWS or AS hnd been identificd from the registered clicnt
popalation and had the requisite Heber code appended to their File.

Linknge of thc GSWA records to all regisiered DSC clients ensured that
all persons with 1D who had undergone cytogenctic testing of chromosome 15 in
Westemn Australian public taboratories were considered for inclusion in the siudy,
thus ensuring the creation of o detabase comprising most of the known cases in
WA, By definition, those cascs identified at GSWA but who were nol registered
with DSC could not be inctuded in the study, as no clinical data were availabic on
- these individuals, However, only three individuals who were identiticd through
GSWA as having PWS or AS were not included in the DSC files, so it is unlikely
that a significant number of cases were missed because of this limitation, 1t is
known that at an early stage of thc development of GSWA some individuals had
samples for tesling sent to laborntories in other Statesof Austratin, Unfoitunately,
it was not possible to access the records of these labomtories tn get confirmation
of test results.

It was difficult 10 estimate the number of people with PWS or AS in the
WA resident population who were not registercd on the DSC databasc. Given that
some 1.05 million people were bomn in WA between 1950 and 2003 (Austalian
Burean of Statistics, 2003), and previous prevalencemtes for both AS and PWS
bave been cstimated at 1 in 10,000-25,000 biiths, it initially was cxpccted that
between 84 and 210 people would be identiticd as having one or other syndrome.
As demonstrated in Section 3.5, 80 pcrsons bom before 2003 were identilied fram
the DSC database. However, only 57 of these peoplc (26 with AS, and 31 with
PWS) were born in WA. This leads to the possibility that at least 27 nod perhaps
as many as 153 individuals bom in WA with either syndrome may not bave been
diagnosed.  IF correct, several polentinl contributory circumstances can be
identified:

l. The birth incidences for both syndromes are lower in WA than would

seem probable from estimates dezived for other populations.
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2. A sizeable propartion of people with PWS or AS had migmted from WA
before they were diagnosed. )

3, A signliicont number of PWS or AS cases remnin undiagnosed in the
general population.

4, Individuals with one or other of the syndromes dicd before a diagnosis
and/orcontaet with DSC was mede.

Of these four possible oulcomes, numbess 3 and 4 would seem to be the
most feasible. Worldwide there appears to becompatatively little vatiation in the
reported incidence rates for AS and PWS, therefore it is difficult to suppose
ceadible grounds for their apparent low pievalence in this State (Hou ef al., 1998;
Stromme, 2000; Whittington ef ol., 2001; Smith e¢ al, 2003). In addition, the
population of WA is considcred to be demographically quite stable, with very
limited permanent migration from the State (Holman efof., 1999; Teewin, 2003),
saitis unlikely that many people have moved out of WA bef'ore being diagnosed
with either syndtome. As 23 subjects were born outside WA, there appears 10
have been o steady rate of ret inward migralion over the last 50 years (Trewin,
3003). It is acknowledged that the diagnoslic services off'ered by GSWA are both
comprehensive and of high quality, but, as was noled above, there have been
pesiods when genetic tests were conducted in the laboratories of other Australian
States, and the results were nol always available in the cllent files.

There remains the possibility that n substautial number ofindividuals with
ID are 1egistered ot DSC but have not had a diagnosis of AS or PWS recorded.
Over the last 15 ycars there bas been o greater empbasis on community care for
people with ID, o thut more often palients arc seen by a Genern{ Practitioner
rather than by the specialist physicians at DSC (Stella, 1996). 1n these cases there
probably is litile chance that the individuals would have retumedto DSC to have o
retrospective diagnosis recorded in their liles, especiolly if their leve! of 1D was
borderline or mild.

AS patients are difficult to diagnose in the first fow years of life, before
the characterisiic pattems of developmental delay and epilepsy have become
manif cst, and some cases of PWS are not diagnosed until childbood oreven later.
1t is therefore enlircly possible that some individuals in WA with either syndrome
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have nol yet been identitied. Due to the relatively recent development {post-
1995) of specific diagnostic laborataly tests for both syndromes, it seems likely
that a number of older people with AS or PWS have not been recognised as
having cither syndrome. 1n the Netherlands, for example, two middle-aged
patients with PWS or AS were identificd during a retrospective study of the
residents of a single lung-siay institution {van Buggenhout ef af, 2001),
Similarly, fouradult AS cases were dingnosed afler screening n sub.section of the
populstion of a large Dcvclopmenial Centze in the U.S.A. (lacobsen et al,, 1998).
The large-scale deinstitutionelisation of the inlclicctually disabled popuiaiion in
WA since the 1970s makes it unlikely that many of thes putative PWS or AS
cases will ever be specifically diagnosed (Stella, 1996).

5.1.2 Data availadility

Specific restrictions were effectively imposed on the study by the data
oollection method employed. As thete was no direct or indirect patient or carer
conlact, the data collected were wholly dependent on the quality and quantity of
inf ormntion recorded in the various databascs and in Uie client hard copy files.
These records have been compiled ead maintnined by a relatively small number of
Mcdical Practitioners, with the consequent expeclation that they would be
internally consistent. Howcver, under-reporting of many of the recommerided
diagnostic signs for both disorders was apparent in a substantial number of the
early paticot files, possibly due to the iclatively rocent specification of the
diagnostic clinica! criteria for the two syndromes, allied tothe retrospective nature

of some of the dingnoses.

The volume of data contained in each file also depended on the degree of
utilisation of DSC assistancc and resources by individuel clients. Some people
were rarcly in contact with DSC, especially those with a milder phenotype or
whose pnrents‘carers may have had morc resources ave'lable to them, In the
earlier years of what was to become the Disability Services Commission there was
considemble distrust of the *professionals’ expressed by some parents, and it was
also difficult for clients who lived in more remote regions of the State to access
DSC seivices (Gillgren, 1996). The overall result was thot the records of cettain

individua!s conlained relatively little information. In these cascs, the
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supplementay data accessed from the othe: Westemn Australian datebases were of
panticular value in establishing the morbidity paems of the patients.

The developmentand use of record sheets specifically for AS or PWS has
greatly aided the collection of data pestaining to the major clinical signs of both
disorders (Appendices IX & X). Howecver, in the absence of professional help,
the 1ecord sheets can only be completed with a level of accuracy dependent on the
memoty and opinions of the parents or carers of the patients. Terms such as
‘feeding difficulties’ arc often subjective and vague, and thcy may elicit a wide
wvariation in response, dependent on the perception of the meaning of the phrase on
the part of the respondent. [n addition, some of the characteristics, i.e., hypotonia
and weak cry in PWS, and feeding difficultics in either syndrome, are generally
confined to infancy and may not be recalied at 2 later date. Conversely, short
slature and hyperphagia in PWS arc normally fcatures of the older child and adult,
rather than the infant.

5.2 Prevalcace estimates
5.2 Intellectaal disability and ethnic o1igins

A study from Western Australia covering the period 1983 to 1992
estimated that 14.3 persons per 1000 births In WA had an 1D, with the majority
(10.6/3000) showing mild/modemte 1D (leonard et of, 2003). The mele lo
female ratio was 1.6:1, and there was o disproportionately high number of
Indigenous Australian clients, with 2.3 Indigenous cases to cach nan-Indigenous
patient (Lconard er af., 2003), even though Indigenous people only comprise 3%
of the State population (Australian Burcau of Statistics, 2002). The gender ratio
was simjlar to that recently calculated for a rural South African population, but the
ovemll prevalencc in South Africa was much higher at 35.6 persans per 1000
births, of whom 29.1 per 1000 were mildly disabled (Christianson et /', 2002).

The presence of high rotes of specific morbidities in mothers, e.g.,
diabetes, hypertension and chranicrenal discasle. or in the child, ¢.g., fetal alcohol
syndrome, posinatal lcad poisoning, malnutrition and infentile anacmia, may be
implicated in the increased occurrence of 1D among both {ndigenous Australians

and Indigenous South Africans, as these disorders are indicaiive of the lower
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socio-cconomic  standing of many individunls in tiese two populations
(Grassman, 1983; Christinason ef ai., 2002; Leonard e¢ al., 2003).

As mentioncd previously {Section 5.1.1), in WA mare children with mild
ID were identificd through the Depastment of Education, Catholic Education and
."':hlc Association of Independent Schools than from DSC (Leonord ef af., 2003).
'ﬁue prevalence of severe 1o profound 1D varics widely across studies and
populations, ranging from 0.64 per 1000 to 14.4 per 1000, although some of these
fipures refer to birth incidence while others signify prevalence in a surviving
cohotl, so that no overall comparative conclusions can be readily diawn (Durkin
et al, 2000; Christianson ¢f af,, 2002; Arvio & Sillanpaz, 2003; Leonard et al,
2003).

52,2 Angelman synd rome

The relatively low prevalence mie for Angelmon syndrome suggesicd by
the data from the present study group could reflect the problems in ensuring an
accumie clinical diagnosis of AS, especiolly in infancy, olthough it is dif licult to
understand why this would be more relevant in WA than in other scpions of
Austrolia or internationally. The comparatively sicady rate of migration into the
State would indicate that there can be little pround for supposing a founder effect
is opemtive, especiolly in the light of the ever-increasing ethnic diversity found in
the migrant population. The apporent reduced incidence of the disorder is
refected in the abscnce of individuals diagnosed with AS within the last five
years, even though the vasious cytogenctic and DNA-boscd dizgnostic leboratory
tests have been oveilable throughout this time-period (Willians cf af, 1995;
Saitoh et al., 1996; Glenn et al,, 1997).

It would seem that there has been o lack of dingnostie testing in Westemn
Australian cytopenetic and molecular genetic laboratories for IC or UBE3A
def ¢cts, which were identilied as zignificant causative mechanisms of AS in 1996
nnd I997I. respectively. Addilion.'bi!y, the tests that were uscd proved to be
uninformative for many patients, suggesling that 8 number of AS cases remain
undiagnosed in WA. For example, aller a negative banding test or karyotype, in
the past individuels may have been lisicd either as not having AS or been
ollocatcd some other diagnostic code (e.g., ‘other unknown prenaia! influence’;
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Feber 6900). If so, they would nothave been selected for the study from the DSC
database.  Ncvcitheless, there were four people who had o negative
karyotype/banding test but who were still considered to have Angelman syndrome

based on clinical assessment, and were recorded as such,

To date, there has been no reported voriation in prevalence of cither PWS
or AS which could be attributed to membership of any specific cthnic group.
Therefore, the absence of Indigenous Australians from the AS cohort could be
indicative of a lack of opportunity for identification duc to remoteness from
scrvices, ar of community-specific belicf's and auwitudes (Morgan e al, 1997).
Aboriginal people ofien prefer 1o care forindividusls with n disability within the

" community, rather than secking outside help (Brown, 2001). This means that,
despitc over-representation of the Indigenous community (7.4% of cascs) in the
rccords of DSC (Glasson et al., 'n Press), there still may h ¢ 3 significant number
of individuals who have nol been given a causative diagnosis for their intcllcctual
disability, At the samnc time, as [ndigenous Australians comprise just 3.5% of the
total Western Australian population, small number cffects may also provide a
pan-cxplanation (Australian Bureau of Statistics, 2002).

523 Prader W illisyndrame

In a similar manner to the AS group, il' was very difficult to estimate the
birth incidenccof PWS in WA from the data collected as pant of the current sludy.
Exclusion from the DSC records of persons with no or minimal 1D would have
meant that some PWS individuals with borderline ID were almost certainly
missing from the study, The possibility of over-diagnosis was also a
consideration since, as previously discussed in Section 2.3.3.5, there is a range of
conditions that superficially resemble PWS if clinical criteria arc used as the only
basis for assessment. This was onc of the rcasons for removing methylation-
nonnal individuals from thc main study cohort (Section 3.5), as there is a high
probebility that few of these people have PWS, despite their clinical presentation

being consistent with the symptoms of the syndrome.

Most previous studics have reported no gender bias among people with
PWS, although fcmales arc often under-represented in the groups investigated
(Greenswag, 1987; Akcfcldt & Giliberg, 1999; Couper & Couper, 2000; Fridman
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et al,, 2000b). [thas becn suggested that the probability of mis-diagnosing PWS
in femalcs is increased by the ditYiculty of identifying female genital hypoplosia
(Akefeldi & Gillberg, 1999; Crino ef al, 2003). In this study, there were cqual
numbers of malcs and females with either a strong clinical or a confumed genetic
diagnosis of PWS, and the mean age at diagnosis did not differ significanily

between males and females.

L] Developmeotal characteristics
531 Angelnsansynd rome

Although severe or profound [D was common (52.9%) in the AS siudy
group, the frequency was not as high as has been sugges:ed in other reports (Laan
eral., 1996; Leiiner & Smith, 1996). [t would be cxpecicd that most people with
severe 1D in the Sinte would be ineluded in the records of DSC, as one of the
primaiy functions of the Commission is 10 provide support far individuals with
intetleciual dif ficultics, Thus there is no obvious explanation for the relative
paucity of piople with severe ID in the siudy. Both of the AS paticnts identificd
with UPD had modcrate 1D, which may be indicative of the less scverephenotype
previously described in this sub-class of AS patient (Moncla er al., 1999b; Lossie
etal,2001).

Table 5.1 (p. 76) provides a comparison between the frequencies of a
number of diagnostic fealurcs found in the present study and those reported by
other authors, A m:ajority of the observed rates of clinical featurcs did not vary
greally from thosc previously quoted, nltiough some minor discrepaneics weie
noted. Leilner and Smith (1946) found thal males werc more likely to become
independenily ambulant, and iic an em_ii;; age, than femalcs. This was suppoited
in the presentstudy, where the mean age ~findcpendent walking wassigniticanily
greater for females (5.2 years) than for males (3.5 yeais) (Section 4.2.3). The
average oge of walking for the whole group (4.4 years) was in close agreement
with ligures reporied by other authors (Laan et al,, 1999a; Moncla ef al.,, 1999b).
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Characteristic AS Literatare Refcrences
Dcvelopmentn! delay: sik=17mth sit=12-20mth  (Bunliox er &/., 1995; Smith er al.. 1996; Laan &/ al., 1999; Manclaes al., 1999;
(n=29;0=28) walk=53mth walk=33.72mth Monclaer al., 1995b)
(Abs:}n:/)miuim!.‘. speech (%) 82 90-100 (Buntiinx er al., 1995; Monclaesal., 1999a)
e
Awsia (%) (n =@ 34) 9 7996 (Buntirx er al., 1995; Smith ¢/ al, 1996; Laan ef al.. 1999; B exkunger al., 2004)
Behaviour(%) (n = 34) 76 77-100 (Buntinx ef al., 1995; Smith ez al., 1996; Laan er al, 1999; Manclaei al., 1999a)
Microcephaly (%) (n=20) 44 6293 (Bunlinx ef al., 1995; Moncla e! af., 19993 Monclaet ol., 1939b)
. 2 (Buntinx eral., 1995; Leimer & Smith, 1996; Minassten, ¢/ af., 1998;

Epilepsy (%) (n =34) 88 -85 Monclaer al., 1999&; Cleyten-Smith & Laan, 2003)
Abnormal EEG(%) (n =27) 82 90-100 (Buntinx e al., 1995; Leitner & Smith, 1996; Moncla er al., 19999)
’(:“‘”;‘)“m“”““ e g 2.7 (Smith, eral., 1996; Manclaeral., 19990)
ne

5 (Buntinx e£al., 1995; Laan er of., 1996; Sandanan, &t of. 1997;
Strabismius (%) (n = 27) 47 2157 Monclacsof., 1999a)
:iwopi?mmmion %) 35 0-64 (Buntinx ef al 1995; Moncla et al., 19992 Manclaet cf., 1999b)
n=17
Hypatonia (%) (n = 34) 75 4863 (Buntinx er al., 1995; Smith er al., 1996)
Scoliosis (%6) (Buntinx e ., 1995; Laan ef 2t 1996; Sandanam efal., 1997;
C1syen=13) “ x-70 Manclaet . 1999b; Clayton-Smith, 2001

(Smith ef 2!, 1996; Moncla et al,, 19998 Moucls efa/.. 1999b;

Obesity (%) (n=134) 35 15-50

Clayton-Smith & Lazn, 2003)




The majority of individunls with AS never acquire more than a few words
of speech (Buntinx etol', 1995; Monela ef af, 1999h; Andersen cfal., 2001), and
most ofthe AS cases studied had cither no ability to speak, or had only a vely fow
words in their vocabulaty, Many individuals from the AS cohort were reported ta
be able to understand same verbal communication from others. Commonly, AS
cases are reporied 1o have a higher degree of speech comprchension than of
expression (Buntinx ef ol,, 1995; Monela ef ol., 1999b). In o Norwegian study
(Anderscn ¢t af,, 2001), the median cognitive age for AS patients between the
ages of two and 14 years was cstimated 1o be |G months (range, 7-23 months).
This cognitive oge corresponds to Stage 4 of the sensorimotor period of
development as described by Piaget (Campbell, 1976), and onc of the
characteristics of this stage of development, definced as ‘pre-lfangunge’, is that
therc is a rccognised ability to understand verbal communication and show
intelligent behaviours (Campbell, 1976).

53.2 Prader.W¥illi syndrome

The PWS study group contoined n much smaller perceninge of nonnal or
borderline intellectually disebled individuals than would be expected, ie., <9% by
comparison with the 30-40% repozted by other researchers (Cassidy & Schwartz,
1998; Wcbb ¢f ol, 2002). As previonsly indicated (Section 5.1.1}, the case
asceitoinment method used in the present study was effectively biased to exclude
those with a borderline level of ID. Unfortunately, the study design and ethical
considerations precluded the use of the cducational sources deseribed in Section
5.1.1. as a means of identifying additional cases. The number of PWS cases
falling into the scvero or profound ID categories (4.4%) did not differ
significantly from that given in most other reports (State & Dykens, 2000;
Clayton-Smith, 2001), although one study did indicate 1hat 18.8% of their group
functioned ot 1Q <50 (Clorke et of,, 2002). Therefoze, it seems probable that most
of the more severely affected PWS patients in WA havebeen identificd.
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Tahle5.2 Comparison of the Prader-Willl groopwith the literature
Cbaracteristic FWS Literature Relereuces
. - _ (Gillessen-Kacsbech e al.. 1995; Fiidnian et af.. 2000b;
Hypotonia(%)(n =46) % 83-100 Webb ef a.. 2002; Whitinglo e/ af., 2002)
N . = R (Gillessen-Kaeshach ef af., 1995; Flidman ef af., 2000b;
Feeding difTiculties {26) (n =43) E5 81-100 Webb ef af, 2002)
. . _ (Gillessen-Keeshach e/ af ., 1995; Gunay-Aygun et al., 2001;
Weight gain(%)(n=46) 87 7393 Whittington ef af,, 2002)
Hypogonadism(%6) male =51 male=94-100 (Gillessen-Kaesbach eral., 1995; Webb et af, 2002;
(n=15:n=19) Temale =58 faoele=260-100 ‘Whittington er al., 2002)
Ocvelopmemal delay sit=12mlh sit=12mth . .
(n=34:0=39) walk=3lm®  walk=24-29mih (Gillessen-Keesbach er al., 1995, Webb ei al, 2002)
Hyptphagia (%) (n=33) 8 5590 (Flidman e al., 2000b; WhitGington er af., 2002)
- g (Gillessen-Keesbach er al., 1995; Fiidman er af., 20000
Short stanire (%) (0 = 39) 2 48-83 Whiningta ef af, 2002)
X . _ y (Gillessen-Kaesbache s al, 1995; Cassidy & Schwartz, 1998;
Hypopigmentation (%) (n=20) 75 A3-57 Whittiaglon ef o, 2002}
. o (Gillessen-Kaesbach eral., 1995; Fiidman et af., 2000b;
Eye sbnormalities (36} (1=135) 66 5877 Bullere af., 2002; Whitinglon ef al, 2002)
Speech defects (24) { = 45} 87 7900 (Gillessen-Kaesbach eral., 1995; Whittington et af,, 2002)
Scoliosis (%) (n « 30) 33 32-75 (Lawrmmce ef ol 1981 Butlerer al., 2002; Whittington efa/., 2002)
Eplepsy (%) (n =46) 30 1446 (Gillessen-Kaesbach ef af., 1995; Fridman ef af., 2000b;

Buller e7 af, 20812}




The frequencies of selecled clinical features within the PWS group were
compatcd with previously publishcd papers, and the results summarised in Table
5.2 (p. 78). Specech articulation problems or delayed acquisition of spcech are
listed as minor clinical signs of PWS (Holm et al., 1993), however, in the current
study 85.7% of PWS cases suffered fiom speech defects, According to data from
the US.A., specch aticulation defects and some of the other minor featurcs
appear (o be more sensitive as diagno.stic tools than many of the major criteria

such as characteristic facies (Gunay-Aygun ef al., 2001).

‘This more recent research has produced additional inf onnation on the wide
range of phenotypic variation found in pecple diagnosed with PWS, and for this
reason it has been suggested that the existing clinical criteria may needto be
revised (Gunay-Aygun ef af., 2001), 1t has also been recommended that specilic
features of PWS should be dilfcrentially weighted as diagnostic tools at different
slages of life. For example, during infancy, hypotonia and feeding difficultics are
the most reliable indicators of the syndrome, and it is only alter the first two or
three years of life that hyperphagin, global developmental delay and obesity
become promincnt disgnostic teaits (Gunny-Aygun ef al,, 2001; Whittington et a!,,
2002),

54 Physical characteristlcs
541 Angelmaonsyndrome

The comparatively high proportion of AS cases with hypotonia in this
study (Fable 5.), p. 76) may bec a conscquence of clinicians hecoming
Increasingly aware of Uic value of reporting such clinical delails. Truncal
hypotonia and limb hypertonia have previously been deseribed as widespread in
AS (Laan etaf., 1936; Smith et al,, 1996; Cassidy & Schwatz, 1998). As this
fcature was not included in the diagnostic criterig, it scems improbable that all
physicians would have recognised the benelit of including the specific location of
any hypotonia and hypeitonia in client files, At the present time, however, the
DSC specialist disability clinicians routinely include this type of detailed

infonnation in their reports.

Earlier reports have suggested frequencies of obesity in AS paticnts of 15-
50%, and individuals with USE34 mutations are usually reporied to be more
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prone 1o becoming overweight than thosc with other AS discasc genotypes {Laan
¢t al., 1996; Monclaer al., 19992; Moncla e/ ai., 1999b). More than one-third of
the AS cohot in the present study were obesc at some period prior to the time of
sampling (Table 5.1, p. 76), which was within the cxpecled range for AS
populations. There was one individual with AS who was orlginally thought 1o
have PWS duetoobesity and hypetphagia, but who had no ataxia or inappropriate
laughter. This was similar 10 o patient described by Dupont et a/, (1999), who
showcd also features ofboth AS and PWS and had, in addition to patemal UPD, a
SMC 15 which was located outside the PWS/AS crilical region.

Up 10 64% of adults and 26% of adolescenis with [D are obese or
overweight (Beange & Lecnnox, 1998; Fisher, 2004), and a study from the U.K.
described 4.5.6.8% of adults with [D as severely obese (Cooper, 1998b). Obesity
is csllimated 1o lessen the life-span by 6-7 years at age 40. Hypertension, Type 11
diabetes, coronaly heart discasc, dyslipidacmia, and gall bladder diseasc arc all
more common in those who are obese, compared to people with o normal Lody
mass index, regardicss of their level of intellcctual function (Cooper, 1998b;
1abib, 2003; Marshall e af., 2003; St-Onge & Heymsfield, 2003). This means
that the obese and overweight members of the AS goup would benefit from
regular physical nssessment with the aim of minimising the risk of these adverse

health cfi'ects ns they become older.

Strabismus (47%) was present in the study cohort at a similar rate to other
AS patient groups (Buntinx er al., 1995; Laan et al., 1996; Sendanam ¢¢ al.,
1997), and the ficquency was much higher than the 11-13% noted far the gencral
population of peaple will [D (Reid & Ballinger, 1995; Thompson & Reid, 2002).

An cslimeted 25-70% of AS petients have been described as presenting
with scoliosis (Laan ef al., 1996; Saidanam eral., 1997; Moncla et al., 1999a;
Clayton-Smith, 200}), and the percentage of scoliosis cases in this study (43.5%
of thos ¢ >15 ycars old) fell within this range (Table 5.1, p. 76). None of this
cohort of palicnls had received surgery for scaliosis prior to the collection of data,
and none were recoided as having scvere seoliosis. Follow-up at a laterdate may
indicate that the level of severity incrcases in scme cases, Icading 1o possible

surgical intervention.
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Rates of osteoporosis increase with age in both the 1D population and the
gencral population, and the condition ofen leads to increased frequencies of
fractwres in people with 1D (Beange & Lennox, 1998; Centere? al., 1998). Nonc
of the AS cases were repoited 10 have osteoporosis, cven though individuals
recciving anti-epilcplic medication are ata higher risk ofdcveloping osteoporosis,
due to abnormalities in bonc metabolism (Murchisan ef al., 1975; Prestwood,
1997). An investigation into the correlation between epilepsy and bone fractures
among people with 1D showed that 26% o f the cpileptic 1D population sulfeted
from onc or more fracturc, but only 15% of those without epilcpsy (Jancar &
Jancar, 1998). Among the AS paticnts in this study, 17% of thosc with a history
of cpilepsy had bone fractures, hut there were no reports of fractores in the four
individuals wiw had no seizures, The sample sizes wete too small for any firm
conclusions to be drawn, but the direction of the correlation was in keeping with

previous reports.

542 Prader-Willl syndrome

There wes slrong  similarity between the frequencics of physical
characteristics found in thc PWS group and the literature, with the cxception of
the relatively high numberof paticnts (n = 15) with hypopigmentation (Table 5.2,
p- 78) among the 20 cascs in whom this feature was recorded, There is, however,
considerable disparity in the prevalence of hypopigmentation reported by other
authors as the trait is assessed in a subjective manncr, 2nd comparison with family
members may be influenced by the commonly obscrved darkening of hair and
skin which 1cnds to occur as children age. In scveral studics it was noted that the
hair colour of both AS and PWS children wilh hypopigmentation became darker
as they aged (Buntinx et al,, 1995; Sandanam et al,, 1997).

The very high rate of obesity in the PWS paticnts was as expected (Table
5.2, p. 78). There was a distinct age diffcrence between individuals who were
overweight or obese and those who were not (235 years for overweight,
compared with 4.3 ycars for non-obesc cases: f = 4,033, p = 0.001), indicating
that younger paticnts genetally fell within the normal weight range. The
administration of growth hormonc therapy to four children with PWS may assist
the retention of @ normal weight range into adolescence in these individuals, as
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has been reported elsewhere (Lindgren & Ritzen, 1999; Cauel ef af, 2002;
Hoybye et aj', 2003; Patcrson & Donaldson, 2003).

In gencral, people with 1D tend to be significantly less activc, even when
able-bodied, than people in the wider population, which may contribute 10 the
weight problems exhibited by so many 1D individuals (Robertson ef a?., 2000;
Fisher, 2004). Their increasing obcsity levels in tum tend to increase the
incidence of secondaly conditions such as Type Il diabetes and cardiovascular
discase (Tumer & Moss, 1996; van Schrojcnstein Lantman-de Valketal., 1997).

Comparable health problems arc likely to beset oveiweight PWS patients,
especially os they become older. 1n the U.S.A., rates of obesity for the general
population have been increasing over the last 50 years. The propottion of adulls
who wereobese in 1960-62 was 13.4%, however by 1999-2000, i1was 30.9% (St-
Onge & Heymstield, 2003). It is estimated that the direct cost of obesity in the
United States is 3-8% of the total health expenditure and, worldwide, there is
considerable loss of productivity due 1o sickness or early denth amnong the obese
population (Labib, 2003). Similarly, obese PWS patients are likely 10 require
greater levels of health carc for weight-related mosbidities.

" Scoliosis has becn reported in 32-75% of PWS subjects aged 15 years or
older (Laurance ¢ al, 198); Butlcres al,, 2002; Whittington ef a/,, 2002). Some
37% of the PWS subjects older than 15 years in this study showed signs of
scoliosis, and two had been surgically treatcd for the problem. There were,
however, 40%of the study group for whom no data on scoliosis were available, so
thatno finn estimate of its prevalence could be made for the study sample (Table
52, p. 78). 1 is possible that scoliosis will become less of a problem in those
individuals who are treated with growth honnone, as the lean body to fat mass
ratio and the degice of weight control move closer 1o the nonnal range, thus

placing less strain on the developing spine.

Relatively high rates of osteoporosis {21%) nnd osteopoenln (58%), i.e., a
bene mass density of between -1.0and -2.5 SD, have been found in PWS patients
(Hoybye e/ al, 2002). However, only two of the 30 PWS cases over 15 yeats of
age were reported to have osteoporosis. As noted in Section 5.4.1, osteoporosis
may be associated with the relafively high numbers of fractures reported in the
PWS and/o: 1D population, as a single standard deviation decrease in bone
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mineral density is esimated to increase the risk of breaking a hone by n fnctor of
two (Marshall ef al, 1996; Center er al., 1998; Butler es al, 2002). Not
surprisingly, females are more likely to experience fractures at some time of life,
as young women genémlly reach a lower peek bone mass than men (Prestwood,
1997). Afler menopause, changes to hortnona] levels cause an increase in the cate
of bone density loss, leading to higher rates of osteoporosis (Ahlborg ef al., 2003).
The reduced level of physical exercise and limited mobility which are hoth more
common in PWS patients tend to decrease bone density (Bennge & Lennox,
1998), thus placing petsons of cither gender with PWS at greater risk of
ostcoporosis and bone fracture,

Among the PWS population studied by Butler er a/. (2002), approximately
30% had sustained one or mosc fractured bones. with a comparable figure of 21%
omong those less: than 18 years of uge. The number of PWS patients with
fractures was significantly lower in this study group, ie., 14% oveull, and 4%
among those persons less than 18 years old. However, the data on froctures weie
only derived from dota linkage to the Hospital Morbidity system. Hence any
fractures that did not require hospital admission were not recorded, andthere may
have been more instances thot were ireated al an outpatient depaitment or by
General Practitioners. Given the small number of patients with osicoporosis

recorded in the study, the low incidence of broken bones may not be unusual.

As in previous studies, ctyptorchism/genital hypoplasia was present in a
majority of males (91%) from this cohor. (Cassidy & Schwanz, 1998; Nicholls e¢
al., 1998; Cassidy ¢t al., 2000; Fridman ef al., 2000b; State & Dykens, 2000).
However female genital hypoplasia, as evidenced by absent or delaycd menses,.
was reporied in only 58% of the 19 femole subjecls over 15 years old (Table 5.2,
p. 78). This was significantly lower than figurcs from the UK. which ranged
between 76-100°% (lawance et al., 1981; Webb ef al., 2002; Whittington ef al.,
2002; Crinu et al., 2003).

Within the sub.group of adult female cascs fiom the present study with an
identified deletion, all had absent or delayed menses. ‘The remaining cight femele
subjects, none of whom had confirmed genital hypoplasia, were composed of foar
cases with nornnal menses (including unc who had Gwee children), tuee who

exhibiled precocious pubesty with early meases, and one for whom no relevant
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data had been recorded. None of the eight individuals hed received a genetic
confumatlon of PWS, therefore statlstics :clated to these cases should be
interpreted with appropriate caution. IHowever, both precocious puberty and
fertility have becn reported in individuals with geneticaly-confirmed PWS
(Akefeldt ef al., 1999; Schulzc ef al., 2001; Crlno ¢t al., 2003), so that diagnosis
of PWS cannot be excluded for any of the eight women discussed above.

55 Behavioural aspccts

Up to 69% of intellectually disabled individuals aged over 65 ycars
cxperience a comorbid psychiatric disordcr (Cooper, 19982; Bowley & Ker,
2000), Of these cases, 40% have been described as suffering fiom severe
cmotional or behavioural distutbance (King ez al, 1997), It has been suggested
that the challenging behaviours often shown by people with 1D may be releted 1o
the nbnormally high anxiety levels they experience in situations which would not
be perecived as stressful by persons with normal Intellectual function (Janssen er
al., 2002). The limited social networks and poor sclf-esteem frequently exhibited
by people with intellectual disabilitics can also have a negative impact on their
behaviour and mental health (Walsh, 2002), 1n addition, the presence of cpllepsy
has been linked to a vaiiety of psychiatric disorders, maladaptive behaviours, and
sleep disturbances, although it is not clear if epilepsy cnuses these conditions o is
a co-motbid feature (Bowlcy &Kerr, 2000).

s5.1 Angelman syndrone

The majority of AS suhjects were reported 1o have the chamcter(stic happy
disposition associated with the syndrome, although some individuals occasionally
had tempcr tantrums or periods of withdiawal. It seems probable that these
episodes may have been related to the frustration olicn experienced by persons
who are unnble to communicate their wants or iced; effectively. The few
individuals from the cohort who had attended psychiatric clinics werz not
recarded as having specific psychiatric disorders; rather their admissions were &
consequence of the devclopmental delay and intellectual disability associated with
the syndiome. There were only limited data on the presence of sleep distuibances
among the AS group, which previously had been described as a minor

conscquence of the syndrome.
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552 Prader-Willi syndrorse

Although no member of the study cohort was over 5¢ years old, eight
individuals (17.4%) had some level of contact with the State psychiatric services
by the time of data collectlon. Seven of these people were over 15 years old, and
onc was 12 ycars six monihs at first contact with psychintric services. The adult
patient who had attended mor= than one thousand outpatient sessions suffercd
from a combination of bchavioursl and emotional disorders (Section 4.3.7). The
majority of the cascs were being assessed and treaied by the menta! healds
specialists for 1D cr developmental delay, rather than for psychotic cpisddcs.

The behavioural traits exhibited by the PWS study group praved to be
paiticularly problematic in tcans of the administration of routine care. Temper
tanoums, violent outbursts and stealing, commonly of food or money to buy food,
were reported for @ number of the PWS individuals. However, the diagnostic
criterin require that five or more of the characterisi:c behaviour symptoms are
present before they arc accepted as a significant diagnostic feature (Holm et d/.,
1992). On this basis, therc was insufficient informatlon to stale the real
prevaleace of the charucteristic behavioural feateres in the study sample.

5.6 Neurological findings
5.6 Angelmansynd rome

Seizures were reported at some stageof life for 88% of the AS cases inthe

study. This was parab! e to the pre

e slalistics given in other studics

(Table 5.1, p. 76}, and almost double the mean frequency of seizures present in
the wider ID population (Reid & Ballinger, 1995; Leitner & Smith, 1996; Smilh ez
al, 1996; Clayton-Smith & Laan, 2003). Scizures and epilepsy are more frequent
in people with intcllectual disabilitics compared to the general population, and the
presence of seizure disorders tends to corrclate positively with the degree of
intellcctual handicap, varying from 14% of individuals with mild 1D to 44% of
those with severe iD (McGrather ef al., 1996; Beange & Lennox, 1998; Bowley &
Kerr, 2000; van Schrojcnstein Lantman.De Valk e !, 2000; Fisher, 2004).

Some previous repoits have stated that epitepsy in AS decreasss in
frequency and scverity with advancing age (Buntinx ef o/, 1995). However, theie
was litlle evidence of any reduction in the occurrence of seizures wilhin Uic AS
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study group. A sample of 100 individuals with scvere or profound ID werc
followed by researchers in the U.K. over n 26-year period, and similar proportions
of the group were epileptic at all data collection times (28-32%), indicative of the
persistence of seizure octivity throughout the lifc-course of many individuals
(Reid & Ballinger, 1995; Thompson & Rcid, 2002). Conversely, the incidence of
epilepsy has been reported 1o decline among older intcllectually disabled people
in The Netherlands and the U.X. when compared 1o younger adults. This finding
is possibly a sign of the healthy survivor cffect, since the prescnce of seizures
significantly lowers lifc expectancy (van Schrojensicln Lantman-de Valk ef af,,
1997; Chaney & Eyman, 2000; Patjae af., 2000; Morgan ef af,, 2001).

Araund n quarter (26%) of the seizure activity among the AS study group
was reporicd 10 be difficult 10 control andfor of frequent occuirence, inaking
epllepsy onc of the most significant health problems for individnals with AS and
their families ond carers (Bowley & Kerr, 2000). The cxtensive amount of
hospital care nccded for weaiment of epilepsy attests 1o the severity of the
condition within this group (Table 4.4, p. 59). In oddition, one of the two deaths
inthc AS group was attributed 1o epilepsy.

Thio majority of AS patients have specific abnonnal EEG patterns (Leitner
& Smith, 1996; Smith ef a!., 1996; Moncla ef a!,, 1999a; Clayton-Smith & Loan,
2003). Among the AS cohoit, abnonnalities were evident in 25 of the 27
individuals who had at least onc EEG perfonned (Table 4.2, p. 55). Of the
individuals testcd, three had no recorded epileptic episodes, even thongh two of
these tee people demonstrated the charaeteristic EEG patierns of AS. [t has
been proposcd that the prescnce of suggestive EEG paltems, cven in the nbscnce
of scizure ectivity, could be used 1o assist in difterentiating beiween AS and some
mimicking conditions, and forthe eonfinnation of AS in those individuals lacking
an identifiable genctic mechanism (Valente ef af., 2003). The results of the
present study provide elear suppost for the potcntial application of this proposal.

5.62 Prader-Wilit syndrome

Epilepsy has been previonsly reported in n significant proporlion (3442%)
of PWS cases (Butleret al., 2002), which is n slightly higher rate than the 21%
given for the overall intellectually disabled populntion (Reid & Bnllinger, 1995;
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Cooper, 1998b; Thompson & Reid, 2002). Approximaiely 28% of the present
cohort had ot least one cpisode of epilepsy or convulsions throughout life (Table
5.2, p. 78). In fact, a14.3% of total admissions, epilcpsy was one of the more
common reasons for hospital admission wilhin the PWS group (Table 4.7, p. 67).
It is possible that haploinsufticiency, i.e., low dosage due to the loss of one allele
of a gene or gencs within the PWS/AS criﬁcix! region, may ceusc the development
of cpilcpsy in paticats with PWS, although the csizuros were generally in n milder
form than those suffered by individuals with AS

57 Laboratory diagnosis

There appeared 10 be some lack of effective testing to dctermine the
specific genetic mechaaism(s) involved in the oetiology of AS in a considerable
number of cascs. More than a third of the AS group had either a karyotype or
banding test only, orno diagnostic test a1 all. In addition, there had been no tests
undeitaken for 1C defects, and only one (which was negative) for an UBE3A
muiation, even though eight of the 34 subjects showed biparental methylation
(Table 42, p. 55). Meany of the patients had been offered the most recent
laboratoly diagnosic tests as they became available, but the 1ake.up rale was
exceptionally low. Fuither qualilative rescarch would be needed to investigate the
miionale for this apparent reluctance o take advantage of the newes! diagnostic
technigues, although much of the lack of mofivation may be similar to that related
to the limited use of screening tests by 1D peisons in the U.K., and the lowcrrates
of mammography scans conducted on women with 1D compared to the general
population in WA (Pearson et al., 1998; Djuretic ef af, 1999; Whitmore, 1999;
Sullivan et al,, 2003).

There seems to be a perception by some physicians and/or carers that such
fests are unnecessary, or thattise patients will be markedly upset by the procedure.
This view is supporied by the fact that severely 1D individuals may become
cxcessively agitated when undergoing phlebotomy or other medical procedures
(Pearson ef al., 1998; Aspray ef al,, 1999; Djuretlc et al., 1999; Whitmote, 1999),
Monetary considerations niay also play a role in the unwilliagness of families and
carers to agree 1o comprehensive genetic testing, and almost20% of the cases in
1his study lived in more romote tcgions of the State where samnpling is more

difticult 10 arrange. Inaddition, information about the new testsmay not be frecly
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available, cor, in some cases, comprehensible tc many lay-persons, These could
well beadditional factors affecting the poor uptake of labaratoyy tests.

§t s apparent that the average age at diagnosis for AS is continuing to fall,
following an increased understanding and appreciation of the phenotype and
impioved penetictesting (Leitner& Smith, 1996; Laan et of., 1999a; Smith et of.,
2003). The absence of unambiguous clinical sighs in young AS patients may be
the major reason for the mean age of diagnosis for the study group remaining at 5
or 6 years, even though there has beenurise in the numbers of AS cases identified
before the age of 2 years during the course of the last decade. As with most cther
reports, no gender bias was apparent in the group of AS patients (Leitner & Smith,
1996; Smith ez o/, 1997). The numbers of AS cases diagnosed per five-year
period rose stcadily until 1995, but there had been no individuals diagnosed with
AS and registered with DSC after that time.

Substantial numbers of PWS patients also had not undenaken
comprehensive diagnostic testing. However, all but one of the 14 cases added to
DSC filles since 1993 had a positive geneticdiagnosis. The single individual who
had not nndergone genetic testing was clinically diagnosed at 6 months of age and
wasonly 11 months old nt the time of data analysis. Therefore, it scems probable
that the requisite genetic tests had yet 1o be conducted. Ofthe 32 clients added to
the files prior to 1994, six had not becn tested, live had a kayolype examination
conly, nine wero tested by banding, and the remainder were positive on #£1SH or
methylation testing.

As was the case with Angelman syndromc, the issue of diagnostic testing
for established clients is intercsting in that although specific new tests have
L.\"‘m":ollnc available over the course of the last decade, there are still many
indi*/idunls who have not participated in penetic analyses which could provide
confirmation of their genetic abnormality. If parental or carer ineitia is the main
reason for the lack of diagnostic tcsting, thea a campaign of letters arid interviews
may be eflective in helping tc procure consent for these procedures, This strategy
would need 1o explain the importance 1o future penerations of improving the
nndeistanding of the mechanisms involved in the development of the syndrome,

and the cecurrence risks within the families concemmed.
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The presence of two distinct peaks in (he rate of diagnosis of PWS per
five-ycar period is an interesting phenomenon (Figure 4.3, p. 54). Thic first peak,
in 1980-1984, coincided with thc movement of 1D individuals from Swanboume
Hospital to either Pyrton Training Centre or to one of the new hostels for people
with ID. During the movement process, each person was reassessed at Irrabecna,
which may have resulied in the larger numbers of diagnoses during that time
perlod (Stella, 1996). The secend peak, which occusred over the years 1995-
1999, could be associat:d with the prior publication of the clinical criteria in
1993, and the development of laboratory tests for genctic dizgnosis. It is,
however, difficult 10 understaad why no comparablc peaks were observed in the

diagnosis of AS.

Tr.e definitive identification of PWS has become easier in the last decade
since the devclopment of a comprchensive range of laboratoly tests and, as a
result, the age at diagnosis has been falling consistently. Over the last four years,
ninc of the cleven PWS cases added 1o the DSC database werc diagnosed before
the age of one ycar. This was similar to the results of an Australasion survey that
found 71% of new diagnoses were being made before the first birthday (Smith e
al., 2003). These figures arc in shasp contrast 1o an carlier report in which 36% of
PWS cases were not diagnoscd until after 16 years of age (Grecnswag, 1987).
The oldest age at which a memher of the prescat study group was dizgnosed was
17 years (in 1982).

58 Morbidlty
548.1 Angelman syndrome

Epilepsy, respiratoly infections, Helicobacter pylori infections, and gastric
reflux, all of which con lead to oesophageal discase and/or oesophagcal
carcinomas, occur at higher frequencies among people  with intellectual
disabilitics than in the gencral population (Tumer & Moss, 1996). [n this study,
respiratory system disorders compriscd a signilicant propottion of the primary
grounds for hospitalization (Table 4.4, p, 59). Ocsophagitis was a’so found in a
significant number of those admittcd for gastrointestinal prohlems, similar to the
results observed by Clayton-Smith (2001}, who described ocsophageal reflux as
one of the matn medica! problems found in 28 individuals with AS (aged 16-40
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years). Epilepsy was also onc ofthe most common reasons for hospilal admission
among thepresentstudy group (Tabled.4, p. 59).

As summarised in Scction 4.2.7, z disproportionate number of the total
hospital admissions for dentnl work were for AS cases with severe/profound 1D.
Much of the dental work conducted on the AS patients involved tooth filling,
cleaning and scaling, which are normally considered 1o be minor procedurcs
within the general population. However, many persons with scvere 1D require a
genera) anaesthetic 1o allow any intrusive medical procedure to be casried out,
including venesection, injections, and dental work (Bujok & Knapik, 2004),

" which would explain the high rates of hospilalization for these proceduzes.

People with intellectual disabilities have a higher prevalence of paticular
health problems than the gencral population, These include thyroid discases,
visual and hcasing abnonnalities, deficiencies in oml hestth, and cardiovascular
disease (Beznge & Lennox, 1998; Kapcll ef af., 1998, Bowley & Kerr, 2000;
Fisher, 2004), nl) of which are especially prevalent in Down syndiome patients
(Prasher, 1996; van Schrojenstein Lantman-de Valk ef al,, 1997; Saxena, 2001).
Almost halfof the AS group had visual problems, mostly suabismus, but there
was very little infonnation available on the presence of thyiold discase, hearing

difficultics, or eardiovascular disease.

5482 Pruder-Willi syndrome

Respiratoly disorders were prevlously noted in 46% of PWS patients
(Butler ez ol., 2002), and in the present study 8 sireifar proportion of subjects had
been diagnosed with at least one episode of asthma, pneumonia or tespiratory
disease over their lifctime (Table 4.7, p. 64). Many of these illnesses required
hospilalization, making rcspiratory problems the most common prmazy reason for
hospital admission within the patient group. Respiratoty discases arc among the
most frequent causes of death for people with any forn of intellectual disability
(Beange & Lennox, 1998, Janicki ef of., 1999; Patja ef al., 2001). Respiratory
infcetior.s, hepatitis B, C and D, and tubereulosis acc also found more often in
institutionalised populations (Tummer & Moss, 1996), and here were two PWS
pntients in this study who had contracted hepatitis at some stage of Uieir Jife.
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As with Anpelman syndrome, many of the PWS patients attended hospilal
for dental procedures (n = 14), and a signilicant numberof the males (n = 9} also
required treatment for undescended tesles (Tabled.7, p. 64). The fonner problem
was probably associated with their intcllectual disability, while the tatter disorder
is more specific to Prader-Willi syndrome.

Turce carcinomas were recorded for the PWS group. Two were
malignant, but oil were treated successfully. Althougb the repored rates of
cancers are relatively low, carcinomas may present a unique threat to those with
intellectual disability, as therc have been reports from the UK. and Australla of 2
poor uptake of the nvailable screening programs by individuals with 1D, chiclly
women (Pearson ef al,, 1998; Aspray ef al., 1999; D jurelic et al,, 1999; Whitnore,
1999; Patja et al., 2001, Sullivan et al., 2003). Ttcre appear 1o be: a variety of
ralionales for this under-utilisation of th~ availablc programs. Some members of
the rget groups may be dismissed by their doctor as not needing the tests, due to
a presumption that there arc fewer environmental risk Rctors associated with the
lifestyles of the 1D population, or to the assumption that psople with 1D are not
sexually active (in the casc of cervical smears), Some individuals arc difticult to
test because of bchavioural or cooperation problems, and yet others refuse
conscnt, or have consent refuscd on their behalfby carecs, for unidentified ressons
{Pearson et al., 1998; Djuretic et al., 1999; Hall & Ward, 1999; Whitmore, 1999).
Although two of the cascs of carcinoma had been madc befoze the inception of the
Cancer Registty, the paticulars of the diagnoses and trcatment were available
through the DSC paper liles. which sirengthened the likelihood that ail the data
perizining to carcers within this group were accessiblc.

The positive health consequences of screening can be consldemble, as was
found in New Zealand where comprehensive health screening of most of the 1D
populatiou in a single region resulted in almost three-quanas of the people tested
1equiring further actions, ¢.g., vaccinations, optical work, blood tests, dental work,
and ear, nose and throat consultations. I these interventions had not taken place
the quality of life of the individuals may have been greatly impaired (Webb &
Rogers, 1999). Other resenrchers have olso found relatively high rates of
unsuspccted but treatable disorders among those with [D (Sutherland ef at., 2002).

90



59 PWS-like disorder compared (o true PWS

Compaiison of the phenotypic features of the small group of PWS-like
petients with the PWS group revealed some features that were common lo or
diflered between the two groups (Tohle 4.5, p. 61; Table 4.8, p. 66). The
incidence of obesity, hypogonadism, hyperphagia, and speech defects was not
significantly different between the two groups, Neither was the level of
developmental delay. MHowever, feeding difficultics, short stature, and skin
picking were all notably less prevalent in the PWS-like group than in the PWS
group. Epilepsy was reported somewhat more frequently in this group (40%) than
in those with PWS (28%), although the small sample siac meant that the
differencc was not statistically significanl. There was no discemsble patiem to
theyears in which thediagnoscs of PWS were made for the people in this group.

In general, (he::' PWS-like group showed many of the chaacteiistics
reported in a UK. slt;ﬁy of individuals who hod a supemumeraly inverse
duplication(15) marker chromosome (Webb ef al., 1998). 1n that study, all ten
probands who exhibited a matemally-derived inverse duplicate SMCIS had some
level of phenotypic abnormality. All showed devclopmenta! delay, hypotonia,
and 1D, and most had some history of seizure activily, autistic characteristics
und/or behavioural abnormality (Webb e al., 1998). There was no record thatany
of the present PWS-fike study group hnd been tesied for autism. Six of the ten
patients in the UK. SMC study had three cr more copies of the DI5SI/ locus on
the marker chromosome, and all of them possessed four copies of the PWS/AS
critical region (Figure 2.1, p. 26). Ifthe DI5S511 site is present on aSMC, then an
abnormal phenotype, not necessarily PWS or AS, generally results (Cotler ef af,
1999).

1t could be helpful if cases wilh clinically disgnosed PWS but norinal
methylation pattemns were reviewed, with special attention paid to the presence or
nbsence of marker chromosomes. Where no chrl5qll.q13 mutation is found
associated with tie PWS-type phenotype, scveral other disorders could be
considered as potential explanations for the clinical profile of the PWS-like group
(Sestion 2.3.3.5).
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5.10 Mortality

In the past, the mortality mtes for institutionalised persons with [D were
considerably higher then those found in the general population. For instance, the
mortality rate for people with ID in a Greek institution between 1965 and 1995
equated to 59.2 deaths/I000 person-years, which was 20-150 times higher than
agefsex-specific 1otes for the rest of Greece at that time (Perekis ef al, 1995).
Over the thiity-year study period, 22% of patienis died within one year of
admission to theinstitution. The denth rate was more frequent in the age range 1-
4 years than for older people in the study, possibly doe to the priticulor need of
children with ID for high [cvels of carc, which were unmet in those circumstances
(Perakiser al,, 1995).

In Fiolond, discase moitality rates for people with 1D have fallen to similar
levels to those in the general population afler the age of 40 years, but they still
tend to bc somewhat higher prior 10 that age, suggestive of the healthy survivor
eflect (Patja etal., 2000; Patjaes af.,2001)}. A study in the U.S.A. found that men
with ID who sutvived to 90 ycars or older arc likely 10 have higher levels of
cognitive function than either middic-aged 1D men or 1D women, which was
accepted as futther evidence of the differcntinl survival of less severely afl'ected
individuals (Perls ¢t af., 1993).

‘The presence of epilepsy atany tim: of lif e has been shown to increase the
relative risk of death 1o any person, imespective of the level of 1D of the individual
(Patja et al.,2000). However, Dutch children who functioned within the normal
range of 1Q hed no incrcoscd mortality rate in connection to epilepsy (Collenbach
etal, 200]). Epilepsy increases the standardised moital’ty ratio (SMR) of those
with [D from 1.6 times the mte for the general population to 5.0 times, and
cerebral palsy increases the SMR 8.4-fold (Strauss ef al, [999; Morgan ef al.,
2001). Anfistic individuals normally have an overall SMR of 2.4, but autistic
people who also suffer from epilepsy have a SMR of 33.38, as the combination of
the two disorders seems 1o gmcatly magnify the adverse effects of both conditions
(Shavelleeral.,2001).

Among individuals with 1D, deaths from cpil-psy as & primaiy or
secondaty cause are found 10 occur at yonnger ages {mean age at death = 29.8
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Years) than those who die from causes other Lhan epilepsy (mean age at death >50
years) (Potja ef al., 2001). However, over the last half century there has been n
decrease in the propottion of [D individuals who die from stanus epilepticus, as
improved medicaiion has increascd the degree of conirol of their scizures (Chaney
& Eyman, 2000; O'Callagilan ef o/, 2004). Only onc AS patient frem the piescnt
siudy cchor: had died of epilepsy. In Australia, individuals with severe cerebral
palsy are much more likely to also have severe 1D and epilepsy, both of which are
associated with preatly increassd mortality, compared to those with a moderate or
mild phenotype (Strauss ef al,, 1999; Reddihough es g/, 2001; Camiicld es al.,
2002). This is particularly evident in persons from younger age groups..

Respicatory témplain!s are regarded as significant primary couses of death
among individuals with 1D, as are diseases of the circulatoly system (Beange &
Lennox, 1998; Innicki et al., 1999; Strauss ef al,, 1999; Chnney & Eyman, 2000;
Patjoes al., 2001; Reddihough e al., 2001). One person with PWS nnd one with
AS from the present study cohort had died of pncumonia, and two PWS
individuals died from cardiovascular failure, Both a Finnish nnd a US.A., study
have found that cardiovascular disorders are the most frequent cause of death
among peaple with ID in thosc countries (Janicki ef af, 1999; Patja eral., 2001).

The same research groups found that cancers of all types are slightly less
likely to be the primary cause of death in pcople with ID, regnrdless of age or
level of handicap, then in the gencral population (Janickies al., 1999; Patja etal.,
2001), This is in concurrence with the present study in which none of the
individuals died from cancer, with all three carcioomas being successfully treated.
However, 15% of 4028 pcople with cercbral palsy in a Californian study died
from carcinoma, often in infency or adolescence, and caneers raised the SMRs of
autistic individuals in the same state to 1.9-2.9 times that of the general population
(Swrauss ef al., 1999; Shavelle et al., 2001). Older cercbral palsy patients in the
Calif ornian study population appeared not to have any increased susceptibility to
cancers, which may be a rellection of the lifestyles of peoplc with ID, who are
cxpected to have lower levels of exposure to carcinogenic agents over their
lifetimes than the general population. For example, both smoking and alcoliol
consumption are much less widespread among individuols with ID, and

wecrkplaces for those with ID are less likely 1o contain chemicals, dust or other
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carcinogens (Robertson ef al., 2000). Some carcinomas are not associated with
home- or work-based carcinogenic agents. Therefore, there may be some degree
of under-diagnosis of cancers in the [D population due to iack of screcning, as
’ suggested by Sullivan e of. (2003). Previously reposted low rates of cancers
could also have been influenced by the reduced iife-span of ID individuals in
carlier generations,
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6. FUTURE DIRECTIONS

The study has served to highlight diff erent genetic and clivical aspects of
Angclman syndrome, Prader-Willi syndrome, and the Prader-Willi-like disorder
diagnosed in a minority of the pafients investigated. In this concluding section,

directions for future work will be considered.

6.1 Care requirements

The range: of physical, neurological and behavioura! problems exper.enced
by individuals with 1D suggest that the vast majority need some degree of
supervision or carer attendance. The extent of cnrer involvement is varicd and
depends on many factors, e.g, level of D, physicol health, mental health,
adeptive skill level, and degree of socialisalion (McGrother ef al, 1996).
Individuals who have relalively high functional ability may not require continuous
supervision, but there is likely to be some necd for occasional help with non-
standard matters, such as financial or legal business. Fornal guardianship
anangements also may be nccessary os the person ages, or if they become
incapable of managing their own affairs and no appropriate amily member is
available (Mizano & Nanba, 2003).

The majority of individuals In the present study were living in home
environments. However, theaverageage of the individuals in residential care was
much kigher than that of paticnts staying at home. Thus itmust be supposed that
there will be an incrcased need for sheltered accommodation when parents or
other carers become unable to provide home care through age or other incapacity.
Thiswill increase the burdea on the State Disability Services budget and available
resources, In addition, currently there arc limited numbers of the trained suppor:
staft who would be needed to equip the greater future numbers of hostels and

group homes (Megakc.?, 1996).

Many health issucs arc specific to the elderly, even those within the
nonnal range of intellectual function, and es individuals age they often become
more reliant on carcrs for a number of functions. The need for assistance with
medication management is very common, and an cstimated 82% of persons of

average intellectual capacity living in a personal care environment, i.e., a level of
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care between living at home and a nursing home, noed this 1ype ofaid (Quinn ef
al., 1999). Other areas where suppori: Is often requircd arc: personal hygiene
(69%), visusl (42%) ond hearing (60%) impairment, arttiritis and rheumatism
(43%), Incontinence (42%), mental health conditions (43%), mobility limitations
(39%), and hypertension (3C°/6). Most of these difficulties require assistance from
carers to prevent further deterioration of the health of the patient (Quinn e/ al.,
1999). As these conditions are found at similar or higher rales in the ID
population (Reid & Ballinger, 1995; Thompson & Reid, 2002), the consequent

need for care assislance is even greater among the disabled.

Hearing and visual impairments are liable to be under-diagnosed in the
Intellectually disabled populalion, often due to the failure of the individual andfor
their canss to recopnise the signs of impairment. Unusual behaviours, such as
inactivity, irritability, self-injuiy, or autism-like symptoms may be indicative of
sensory impairment (Nagalzamn & Vink, 1998). Up to half of ail Down
syndrome individuals have been found. 10 have some degree of hearing
impainnent, aad many also sufler from visual disordeis (Kapell ef al, 1998;
Saxcna, 2001; Harvey, 2004). In the U.K., 11-13% of ID pcaple followed over a
26-ycar period were visually impaired. The numbers of individuals from this
study who were hearing impaired, incontinent, and’or had mobility problems all
increased overtime (Rcid & Ballinger, 1995; Cooper, 19985, Thompson & Reid,
2002),

Progessive loss of mobility with ageing is. common to both the gencral
population and those with 1D, as are incontinence and chronic constipation
(Evenhuis, 1997). 1n addition, es individuals grow older they are likely to recover
more slowly and less completely fiom fractures, resulting in permanent loss of
mobility in maay cascs and a concomitant increase in the level of care required
(Beznge & Lennox, 1998; Centeres al., 1998).

Although a range of mental health problems are common in the elderly,
demeatia is found in less than 6% of the general population over 65 years old,
however it is present in spproximately 25% of persons who are between 80 and 85
years old. In individuais with 1D, 15% of thosc aged belween 65 and 74 years and
70% of those older than 85 yeass have been reported to have signs of dementia
(Cooper, 1997; van Schrojenstcin Lantman.de Valk et al, 1997; Cooper, 19982),
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When compared 1o those without dementla, individuals with dementia arc more

likely 1o be older, female, non-smokers, with poorly controlled epilepsy, and/or

with a higher number of additional physical disorders (Cooper, 1998a), Down

syndrome carvies a disproportionate risk for carly oasct dementia, especially
Alzheimes’s disease (van Schrojenstein Lantmen-dc Valk ef of,, 1997; Beange &
Lennox, 1998; Biltles & Glasson, 2004),

None of the present siudy group had evidence of dementia. However, the
oldest member of the cohort was 48 years 4 months ofage, which probably was
not old enough for early onsct dementia lo become manifest. There were no
reports in (he patient files of incrcased rates of early onsel dementia in the
individuals with either Prader-Willi or Angclman syndrome, such as is found in

people with Down syndiome.

6.2 Where to from bere?

As discusscd previously (Section 5.2) there were a number of limitations
associated with the data collection for this study, in particular the quality and
quanlity of data recorded in many paticnts’ files, To produce a comprehensive
overview of ihe phenotypes and ageing characteristics of individuals with AS or
PWS, it would be necessaty to expand the scope of the projcctto include access to
Medical Practitioners' files, Medicare data, and hospitat outpatienirecords,

As noted by Holmsn e of. (1999), General Practitioner records and
Medicare detalls are held by the Australian Commonwealth Government, and
during the study period it was not possible 10 link these data to the WA Data
Linkage Unit. The linkage of WA rcsidents with the Medlcar: Benefits Schedule
(MBS) and the Pharmaceulical Benefits Schedule (PBS) was approved in mid-
2004, Any future projcct cxamining the iwo syndromes would benefit greatly
from this additional data linkage, as all visils to General Practitioners end
specialist physicians, and all medicalions prescribed (since 1984 for the MBS, and
1990 for the PBS) will be rccorded in these datasets, thus allowing a significant
expansion of defailed information on the morbidities assoclated with each

syndrome.

The use of comprehensive questionnaires and/or interviews, aimed at the

families and careis or the clients themselves, would alsa be n valuable ancillaiy
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resource to extend the range of information available on individuals with AS or
PWS. Specific instzements such as the Functional Independence Measwre for
Children or WeeFiM (Msall ¢ al, 1994), the Food-Related Pioblems
Qucstionnaire (Russcll & Oliver, 2003), and the Quality of Life Questionnairc
(Schalock e? al., 2002) could be uso: to assess particular aspects of the lifestyle
and care needs ofpersons with Angelmaa or Piader-Willi syndromes. There are
also questionnaires designed 1o elicit information on levels of carcr stress and the
clfects, both positive and negative, of having a family member with an ID, such as
the Family Stress and Coping Interview (Nachshen ef al, 2003), the Carers
Asscssment of Difficultics Index (Nolan 7 af,, 1990) , and the Carers Asscssment
of Satisfaction Indcx (Grant ez al., 1998).

Specific daiz on the intluence of a particular genotype on the presenting
phenotype would requir: {hat the majorily of AS and PWS patients undergo
comprehensive genctic testing. At present there are substantial numbers of
patients who have not participated in this testing, and so their status with regard to
specific mutations within chr15q11-q13 i:mnins unknown. Personal approachcs,
including home visits, stressing the benefits to the family in terms of accurate
recurrence forecasting, and to the individuals with respect to morbidities which
might be avoided or mitigated by early intervention, could cncourage greater
paticipation in the testing process. There is also some evidence that diagnostic
certainty is of psychological benetit to mothcts of children with Down syndrome,
enabling better usc of coping strategies and improved cmotional stress levels
(l.enhard et al,, 2004). Future cases could also potentially benefit via neonatal
theropy or other carly treatment to alleviate the various manifestations of the
syndromes.

The ability to gain access 10 individuals who =i¢ not registered with DSC,
particularly intellactually able persons with PWS, would broaden the case
asccitainment and give a more accurate picture of the complete phenotypic range
of both syndromes. The relcvant AS and PWS Support Associations, both
National and State, are excellent potential sources of case asceitainment, as are
the WA Education Dcpartinent, Catholic Education and the Association of
Indcpendent Scheals (L.eonard et af., 2003).
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Western Australian and interstate molcculer and eytogenetic laberatories
could similarly be of assistance in identifying pcople who hed undergone genetic
tests for chromosome 15 abnormalities, regardless of the outcome. The ability to
track DSC clicnts who had moved out of WA would assist the extension of the
database, especially in derins of information on deaths and morbidities, but this is
not curreatly available. In addition to the continuing cnlargement of the database
as records become available, ay extra information from such sources would be
veiy helpful in providing a clcater and more compielicnsive perspective on the
phenotypic variation and ageing issues associated with Pmder-Willi or Angelman
syndromes In Westem Austalia.

Jmy
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8. APPENDICES

AppendIx I: DSC file cover page

Dtz Head Sheet complsed:
Client Fille Na:

Narmo (lo full):

Dateof Birth. " Box:
Non-English Spaking:

IF YES state langucge:

Client addre;

Posteods;
Parent oz Next of Kin Title:
Address

Postcode;
Father's name:
Mother's name:;
Maiden eome:
©Oate of Referval:
Medical bractitioaer:

CLIENT FILE HEAD SHEET .

Penslon No:

Slatus:

Sumame:

Phone:
Do8:
Do8:

Date of FhsiCuplact:

Current Medical Problems (Major diagnosis/allergy etc):

Service Coordinator Service Area & Reglon
1.

2

3.

Residentlal Placement Drin

1.

2

Date

OsyPlaceoent
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Appendix II: DSC dlagnasile datn form
_DISADILITY SERVICES COMMISSION - S
DIAGROSIICDATA FORM (Origlaal Med. Fike)
(Copyl . Dota
2. Appolammenss)

D of Assessment: L FikNo: 3.0
REGISTERED FAMILY NAME FORENAME:
DIAGNDELS Code
1.
z
3
MALFORMATIONS Code Code
1. [}
Z 7.
EN 8.
4. 9.
3 10,
GENETIF 0 None O Mulifactorlal 0 Sex Linked 0 Dominan
COMPONENT O Recesslve OCh o i
SECOND CRANIAL ANGM. ONone O Hydrocepha! oM — T oder
HEARING HANDICAF 01 None O A O Muderaie 0 Deaf £ Mot Azvessed
YISUAL HANDICAP O 'Meme 0 hild O Moderste O Dlind E] Not Assexsal
CONVULSIVE DISGRDER:
Frequency:
O Moxe than 1 per week O'Less than 1 per week D Less than 1 per year
Mrdication & Control:
0 N Meulication & Nat Contraliad DNoMedicat/ on & Controliod
On Medication & Not Controlled 00uMoedictian & Contiolled
Type:
[ Hone 0Goralised (Grand Mal) D Absencn (Petit Mal)
G Partial (Focal) O Myoclovic(Akineue) O Lennox Syndrome
O Mo Futther Specification
PEYCHIATRIC IMPAIRMENT:
ONono 0 Bchav, Reation. [ Nouotfe Reactiom 03 Prychetle Reactiom
CONSANGUINITY O Yes ONo
MOTOR DYSFUNCTION FIRST FROBLEM
I Rt Spastic Homiplegin T LR Spastic Heaiplegin O Spastic Diplegia
01 Spastie Quadriplegia DAwxia O Dryskincdic (Athetotd)
E] Dyskinctic (Dystonic) O Mixed {1 None:
MOTOR DYSFUNCTION SECOND PROBLEM
1 Rt Spastic Hemiplegia DLASpaste Nex? o i D SpasdeDiplegia
0 Spastic Quadriplegin O Ataxda O Dyskinctic(Atbxtold)
11 Drysnetis (Dystonic] 0 Mined - [ Nane
DOMINANT PROBLEM: OFirst O Second Problean OBk
SEVERITY: O MIW O Mederate O Sever
INIELLECTUAL HANDICAF LEVEL:
11 Borderline amid 0 Mocderate DO Severe O Profeund
[ Unspesided D Nat intellectually handicepped (1ol Seen
NAME OF COMI'LETINO OFFICER DATE: / /

135



Appendix HIt

DSC file number:
Date offirst contact:
Dateofbinth:
Levelof1D:
Obesity:

S_ucl'(:

Agcatsilling:
Speech:

Calouring;

Diabetes:

2%sex development:
Swature:

Scoliosis:

Epilepsy:
Inappropriate laughicr:

Genctic testing:

Family history:

Moedical history:

Proforma used to record data from DSC cllent files

Diagnosis:
Agcaldiagnosis:
Gender:
Hypotonia:
Hyperphagia:
Cry:

Age atwalking:
Hcad shape/size:
Strabismus:
Hypemativity:
Menses:

Skin picking:
Temper/aggression:
EEG:

Atxia;
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Appeadix IV: DSC initial medical record form

INIT:ALMEDICAL RECORD
FILENO DATE

NAME(Infull)
DATE OF BIRTH SEX
HOMBADDRESS

POSTCODE
PHONE RACE
REFERRED BY
GENERAL PRACTITIONER
LAC/SERVICE COORDINATOR
FATHER'SNAME DOB
MOIHER'S NAME DoB
MAIDENNAME
PRIMARY DIAGNOSIS
HEBERCODE

DATE SECONDARY
PROBLEMS

MEDICAL PLAN
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INITIAL PHYSICAL EXAMINATION DatD —f s

DOB—/~/— (Age Yeas Moaths Doys)
Helght oms (P ___)Weight____Kg8(P_)HeadCix ____ am(P __)
Gcnen_] Appearanco

Devel flutritfon/alt

MaJorDefects
1L

2

Minor Def scsDysmaiphio Patures
1.

2.

3

4,

Posture

Skullshgpe - Ear shaps

Skin

Heir’ ' Nalls

Dentaleondition

ENTTongue Pelaie

Ean

LymphNodes ~
Thyrold :

Thomx - Spine

Abd Hernde

Extremilies

LegsfFeel
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PEDIGREE,
Consasguinlty Y/N

Annotation

Other Famity History (e.g. sensory or motor defects, epilepsy, intellectual bandicap, congenlial
maiformation)

Condition Relotionshiptaciient | Sex 1CD Code Rel
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ANTENATAL HISCORY

REGNANCY

Gencoral Health Safisfactory Yes/No
Threatened Abortlon Yes/No
PreeclampslaTolan)sla Yes/No
Ottrasound Yes/No
Prenaln] Tesh Yes/No

Maternol Serwm Screen Yes/No

Amnlocantesis'CVS  Yes/No
APH plac Prasvie Yes/Na

Abrupto Yes/No

Other Yes/No
Isnimmunisation Yes/No
Dinbetes Yes/No
HeartDisease Yes/No
RenalDiseaso Yes/No
Rubella Yes/No
OtherInfeclion Yes/No
Aleolio! Yes/No
Cigarenes Yes/No
Anticotrvulsants Yes/No
Other drugshradistion Yes/No
Duvation weeks Yes/No
DELIVERY
Hospila) of Birth
Complications labour
None Sp
Precipitale Induced
Foctal Distriess Assisted
Prolapsed Nannal
Cord tight round nect: Vocuum
Other Forceps
HypoxiafAsphyxia Carsgrean Section
Resuscl Meednd
Presentstion Pluolity
Yertex Single
Breech 1*twin

Other

Birthweight Birth length Nead Circumference
Apgars 1 mlnute S minutes

Neonatal condition
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b LOPME I

Feedlog

ONE;

Smiledat

Sal alono a2

Crawicdat

Walkodet

Fotwordsat

Fedxifet "

Oremes oclf et

Toildtreined st

Octilon

Menarch

Angralty (nature and when (st noticad )

Curment Medleal concerns

Past Medical History and invest/getions

Past Surgieal Hintary

IMMUNISATION Origine] Series
Tetows

Ponaty

Diphtheria

Pullomyclitis

Measles™Manpw/Rubelfa

HepB

dallergles
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PRESENT CONDITION OF
A. Heering

" B. Vision

C. Speech

Espressive

Comprehensive

D. GIT
Feeding/ Appetite

Bowels

Welght/changes

E. Drcsing

P. Tolletraining

Q. Mases

H. Locomotion
Grosshlotor

FineMtator

I, Epilepsy
Ageatoosct - o ~ Doteof last fit

Frequency

Present eondition . o i
Medication(s) ] 3

J. Behaviour Disorder
Nalure

Age al oaset

Tu t

Presentsituation and inedi

K Medicatlon/Al jveTh 7
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AppendixV:

NEW REFERRAL FILENO.

ARILITY SERVICES

164 Being-up Date

DSC cllent referral form

dmdBrgupDue

FORENAMES:
SURNAME:

ALIAS FOREMAMES:
ALIAS SLRNAME:
ADDRESS;

TELEPHONE:
REGION/DIVISION:
LOCALGOVT.AREA:
LOCAL AREA CO-ORD:
GENDER:

OATEOFBIRTH:
OCCUPATION - CURRENT:

STATEWARD:
GUARDIAN APIOINTED:
ESTATE ADMINMISTRATOR:

COUNTRY OF BIRTH:

15 AN INTERPRETE R REQUIRED:
PERMANENT RESIDENT:
ABORIGINAL/TORRES STRAIT
ISLANDER

MARITAL STATUS:
CURRENTT AGE:
PREVIOUS:

WARDSHIP CEASDS:
GUARDIAN CEASES:
EAT ADMIN CEASES:

YEAR ARRIVED IN AUSTRADA:
HOME LANGUAGE:
ETHNICITY:

MEXT OF XIN RELATIONSHIP:
MEXT OF KIN NAMES I:

. 2

ADDRESS:

TELEA IONE:
NEXTOF KN REGION

LGA.:

FATIERS YEAR& COUNTRY OF
BIRTH;
MOTHERS YEAR & COUNTRY OF
BIRTI:

OTHER FAMILY MEMBERS KNOWN
TOOSC:

FleNo. Clieat Name

Relatlomehlp . 0OoB

REFERRING PERSON:
FOSIITON:

ADENCY:

PRESENTING CONDITION:

REASON FOR REFERAAL:




Appendix VI: DSC referral: clinical inf ormation

DSCReferma!: Cligicollnf aimalion
Person referring: .
Name: Instituti date of referral —/—/—
Person referved:

Sumamo: Given namels;

Countiyofbisth: WAye/no:  cther Austzalian stafe: olhercowtry:
MaleO Femeled  Dsto of hirth:—/—~/— Huspital of hlrth

Mother’s Sunare: Motber's gi

Mothet's malden name: Mother's da:eafb!n‘.h -J-J--
Level of Intellectual Disability:

1Q Test reanits ifmvalladlo

Test' Type Date Fullscalescore  Verbal Performance
Grifths

Beyiey

'WPPSI

WwiIsC

Leiler .

Stanford/Binet

Other

Adsptive Behavlourtest resulisifavallable

Test Type Date Composite seore

Vineland

Scales of independence

behsviour .
Other b

If test scores lable plea e estl feve) of Intelll '| disablilty
Mild (1Q score55-69) O Modevate (1Q score 40-54)U Sevare([Q score <40)0

Undeslying diagnosis (if moram):

Please give method/s of disgnosis (lick all relevant bnxcs) '
Citnicai D cyloganailc B D . omiee-Imeglng

ather D name )
15 there any ovown Family histocy of developmenta! problems or il el Ry disejn[l.illy? y&/nn
If yes please specify - : R

Is thero a clear canse/s of Intellectual disability? yes/no
If yesdesaride




Wero ihero any cvents which may have contributed 10 the intellectual disabllily?yeamo
1f yes describe

antanatalyes' a0

perinatal yes'no

postriatal yesino

Associsted conditions or fentures: (If yes please describe)

Cerebral Palsy yes/no

Abnormal newological signs  yes/no

Autism yes/no

Significant mental disorder  yes/no

If yes DSM-1V diagnosis

Visual impaiment yes/no

Heaing Impairnent yes/no

Epilepsy  yeso ageel:onsct type.
Evldence of regression yes/no

Binh Defects yes/no

Dy smorphic features yes/no

Growth; Height cm  darei~f~feee  Weight gm  datered.A—

Hesd Clrcumferenco om dave:~/~f—

Tests performed: If yes please enclose copy of resulls,

" Cylogenetic yes/no:
FISH: yes/no:
Moleculer: yes/no:
Metabolic: yes/no:
1maging: yes/no:
Otiertests: yes'no:
Please apecify other clinic!ang/clinicsAherapists fnvolved with investigations/managemem of
develcpmental problews.
DSCelients:
Heber Dlagnosls
Name Number
1.
2,
3.
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Appondix VII: DPSC medical review form

MEDICAL REVIEW DATE
DOB, AG
LAC.
GP.

NAME:
ADDRESS:.

PHONE:
WORK/SCHOOL/OTHER: "
PRIMARY DIAGNOSIS:

GENETIC UPDATE:
SECONDARY PROBLEMS:.

NEW PROBLEMS:

VISION:
HEARING:,

SPEECH: i O
EATING:. . Y TEBTH:...
TOILETING: DRESSING:,
MOBILITY: “
FINE MOTOR:
EPILEPSY:
MENSES/CONTRACEPTION:
BEHAVIOURFAMILY SITUATION:
MEDICATION:

PASISLIRGICAL HISTORY: - e
ALLEROIES: IMMUMIZ: CDA/DSP/IPS-:
HT: { P) WN A P) HC:.
CLINICAL CHANGES (PTO If needed), :

GENERAL:

CNS . IIFAFFECT:
CNS- VISION:
CNS.. TONE/POWER/REF1.EXES:
ENT/RS:

CVS/DP: e .
GIT:, B ¥
GUS: - o e
MSS:

.

DAmSON FORNEXT REVIEW, g
Signede o Date.
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Appendix VIIE: List of variabies used in the SPSS database

File number

DSC identification number
LevelofID

Mecthylation negative
Heberl

Heher2

Heher3

Deccascd/not

DSC region

Gender

Age category

Countiy of birth
Indigenous/not

Degree of hypolonia

Age obesity noted

Sucking reflex

Age at sitting

Spw';ﬁ' zdevellopmenl
Typeofeye defect
Developmentsecondary sex
Stature compared t o relatives
Type of'test done
Deletion positive

Skin lesions/skin picking

Date of first confact
Apgeatdingnosis
Diagnosis

Heberiv

Heber2v

Heber3v

Date of death
Lastentry dale

Date of binh

Age to cenzor date or death
Residence
Hypotonia pr:scnl__:
Obesity present
Hype:phagin

Ciying character
Age at walking
Presence of cye defest
Presence of diabetes
Meuses

Molecular tes's done
Melhylation negative
Test results

Presence/degreo of scoliosis
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Temper/aggression
Controlofcpilepsy

Ataxia

Hypersclivity

Medical information

Number of hospital admissious
Futtherdiagnoses on admission
Psych outpatient diagnosis

Psych admissions diagnosis

Epilcpsy

EEG

Laﬁghwrlsmiling

Family history

General notes

Diagnoses on admission
Psych outpatient number visits
Psych admissions no. days

Hospital procedures




Appeodix IX: Record sheet for AS clinics! criteris

ANGELMAN SYNDROME

Nuame

Fileno

DOB

Region MO

DIAGNOSTIC FEATURES
Psychomotor development
Feeding prohlems in infancy

Delayed psychomotor development
Sat unsupported months

Able to walk without ussistance
Walked alone months

Absent specch or use of <6 words
Able t0 use sign language

Severe mental retardation
1Q G known)

Regression (loss of acquired skills)
Neurologics! features / movemeot disorders
Seizures
Truncal ataxia / hypotonia
Limb hypertonia
Jetky / ntaxic movement
Tongue thiusting
Hand {lapping
Behavioar
Happy disposition
Easily provoked / Inappropriate laughter
Physical features
Dsymoiphic facles
Promineni jaw / mandible
Widely spaced teeth
Largemouth

YES/NO/DON'TKNOW
YES /NO/DON'TKNOW

YES/NO/DON'TKNOW

YES /NO/DON'TKNOW
YES/NO/DON'TKNOW
YES/NO/DON'TKNOW

YES/NO/DON'TKNOW

YES /NO/DON'TKNOW
YES /NO/DON'TKNOW
YES/NO/DON'TKNOW
YES /NO/DPON'TKNOW
YES /NC /DON'TKNOW
YES /NO /DON'TKNOW

YES / NO/DON'T KNOW

YES/NO/DON'T KNOW

YES/NO/DON'TKNOW
YES/NO/DON'TKNOW
YES /NO/DON'T KNOW
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Deep seteyes YES/NO/DON'TKNOW

Small head (<25% pereentile) YES/NO/DON'T KNOW
Hypopigmentotion (fair hair / skin compared
to other family members) YES/NO/DON'T KNOW
OTHER STUDIES /RESULTS
EEG YES/NO/DON'T KNOW
Result

Cytogenetic studies
Dateoftest __/ /
Laboratory where test performed
Test result:

Karyotype
FISH studies

Molecular studies
Methylation studies
Uniperental disomy

Other investigations

Additional commcnme or information (inciuding eclevant family history)
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AppendixX: Recard sheet for PWS clinleal criterla

PRADER-WILLISYNDROME

Name

File No,

DOB

Region MO

CLASSICAL FEATURES I point each

. [nfantile hypotonia YES /NO/DON'T KNOW

. Infantile feeding problems: YES /NO/DON'T KNOW
tubeled YES/NO/OON'TKNOW

. Hypogonadism: YES/NO/DON'TKNOW
genital hypop!nsia‘pubertal deficiency

. Rapid weight gain 1-6 years YES/NO/DON'TKNOW
age___ percentile

. Characteristlc facial features YES/NO/DON'T KNOW

. Developmenial delay / intellectual disability YES / NO/ DON'T KNOW
age_____ MILD/MODERAE / SEVERE

MINOR CRITERIA ‘A point cach

. Dcereased (elal movemenis YES /NO/DON'T KNOW

. Typical behaviour prablems YES/NO/DON'TKNOW

. Slecp disturbance / sleep apnoea YES/NO/DON'TKNOW

» Short stature Cor Camily by age 15 YES/NO/DON'TKNOW
age__ percentile

. Hypopigmentation YES/NO/DON'TKNQOW

. Characteristic fat distribution YES/NO/DON'TKNOW

. Small hands and feet for height & age YES/NO/DON'TKNOW
age

. Narrow hands with straight ulnar border ~ YES/NO/DON'T KNOW

. Estropla/ myopia YES/NO/DON'TKNOW

. Thick viscous saliva YES/NO/DON'TKNOW

. Specch articulation defects YES/NO/DON'TKNOW

. Skin picking YES/NO/DON'T KNOW

Supportive criteria

High pain tueshold, decreased vomiting, tcmperature control problems,
scoliosis/kcyphosis, early adrenarche, ostoeporosis, unusual skill with jigsaws,
normal neuromuscular studies.
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Poor motor coordination
Head size

YES/NO/DON'T KNOW
MICROCEPHALY/ NORMAL/ MACROCEPHAL Y
8ge pereentile

Head circumference
Seizures )
Other

DIAGNOSTIC TESTS
Cytogenetics

Standard kaiyotype
Expanded kaiyotype
FISH

Molccalar

Uniparental disomy
Expression /mcthylation

YES/NO/OON'TKNOW

Performed Rosults:
YES/NO
YES/NO
YES/NO

YES/NO
YES/NO 0
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