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Abstract: Prader-Willi syndrome (PWS) and Angelman syndrome (AS) are genetic imprinting disorders resulting from absent or
reduced expression of paternal or maternal genes in chromosome 15q11ql3 region, respectively. The most common etiology is
deletion of the maternal or paternal 15q11q13 region. Methylation is the first line for molecular diagnostic testing; MS-MLPA is the
most sensitive test. The molecular subtype of PWS/AS provides more accurate recurrence risk information for parents and for the
individual affected with the condition. Management should include a multidisciplinary team by various medical subspecialists and
therapists. Developmental and behavioral management of PWS and AS in infancy and early childhood includes early intervention
services and individualized education programs for school-aged children. Here, we compare and discuss the mechanisms, pathophy-
siology, clinical features, and management of the two imprinting disorders, PWS and AS.

Keywords: imprinting disorders, uniparental disomy, chromosome 15, developmental delay, hyperphagia, obesity

Plain Language Summary

Prader-Willi syndrome (PWS) and Angelman syndrome (AS) are genetic conditions that result from a decrease or lack of expression of
inherited material from the father or mother on chromosome 15, respectively. DNA methylation is the mechanism used by cells to
control what genes are turned on to make RNA and protein; a number of laboratory tests are available to make a definitive diagnosis of
PWS or AS. Management of PWS and AS involve specialists from multiple disciplines. Children would benefit from appropriate
medical management, early intervention services, and specialized academic instruction and related services as appropriate.

Introduction

Imprinting disorders result from molecular changes that alter the regulation, dosage or sequence of genes in the imprinted
regions of chromosomes. In mammals, a subset of genes have parent-of-origin-dependent expression, meaning there is
monoallelic expression from one of the two parental autosomes. Also known as differential epigenetic marking, genomic
imprinting works to silence genes through DNA methylation without altering the primary nucleotide sequence.
Preferential expression of genes on either the maternal or paternal allele results primarily from methylation of cytosine
molecules at CpG dinucleotides, key regulatory elements of genes. Methylation profiles are established in the female and
male germ lines during gametogenesis, and the offspring of these individuals inherit the methylation pattern. The imprint
is subsequently erased in the gametes of these offspring and a new genomic imprint is established, a process known as
intergenerational epigenetic inheritance.'*

More than 100 imprinted genes have been identified, many of which are arranged in clusters called imprinted domains.
Alteration of the expression and function of imprinted genes can lead to imprinting defects, manifesting as congenital
disorders that may affect human development and have lifelong impacts on health. Since imprinting disorders are
a consequence of parental inheritance and not of the sex of the offspring, genomic imprinting affects both female and
male offspring. Imprinting disorders have been linked to several autosomes, including chromosomes 6, 7, 8, 11, 12, 14, 15,
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Figure | Diagram of maternal (MAT; top) and paternal (PAT; bottom) regions of human chromosome 15ql1-ql3. Clear boxes represent actively expressed genes; grey
boxes represent those whose expression has been silenced through genomic imprinting (maternal allele) or through expression of the antisense transcript (paternal UBE3A).

and 20, with the most observed imprinting disorders mapping to 11p15 and 15q11q13 (latter shown in Figure 1). Abnormal
imprinting and loss of heterozygosity have also been shown to contribute to acquired malignancies such as myeloid
leukemia.’ The main types of molecular genetic changes underlying imprinting disorders are pathogenic sequence variants
in imprinted genes, copy number variants, inheritance of both homologous chromosomes or segments of a chromosome from
a single parent (uniparental disomy), and epigenetic changes that affect the regulation of imprinted loci (epimutations). Two
of the most common genetic imprinting disorders are Prader-Willi syndrome (PWS) and Angelman syndrome (AS), a result
of the absence or reduced expression of paternal or maternal genes in chromosome 15q, respectively.

De Novo Interstitial Deletions of the Chromosomal Region 15ql Iql3

PWS and AS critical region is located on the proximal arm of chromosome 15 (15q11q13) and is approximately 5-6 Mb
in length.* Genes within this region are differentially imprinted depending on parental origin. Approximately 70% of all
PWS/AS cases are caused by a 15ql11ql3 deletion on either the paternal or maternal chromosome, respectively.®
Interstitial deletions occur in the PWS/AS critical region due to low copy (250—400 kb) tandem repeats, which flank
common break points and are subject to non-homologous recombination during meiosis.”*

PWS arises from the loss of function or expression of paternally derived genes. Several genes which are preferentially
or exclusively expressed from the paternal chromosome have been described: SNURF-SNRPN, MKRN3, NDN, MAGEL?2,
NPAPI1, PWRNI, SNORD116, IPW, and SNORD115. On the maternal chromosome, these genes have methylated CpG
islands in their promoter which leads to silencing of the maternal allele.” '" As a result, a large deletion of 15q11q13 on
the paternal chromosome leads to no functional expression of these genes and results in PWS.

AS arises from the loss of function of the maternally derived ubiquitin ligase E3A, UBE34, which is preferentially
expressed by the maternal chromosome in the neuronal cells. UBE3A4 is not differentially regulated and is instead
regulated indirectly through a paternally derived antisense transcript which prevents expression of the paternal
UBE3A4.'*'® Thus, when the maternal UBE34 is lost due to a large deletion of 15q11ql3, paternal gene expression
remains blocked and results in loss of UBE3A expression, leading to AS.

Uniparental Disomy of Chromosome |5
PWS and AS can also be due to uniparental disomy (UPD) of chromosome 15. PWS results when there are two maternal
copies of chromosome 15 present, meaning that there is no paternal expression of genes within the critical region. PWS
due to UPD accounts for about 25% of all cases and is most often the result of a pre-zygotic event.'*

AS due to UPD occurs when there are two paternal copies of chromosome 15, and as a result, there is no expression
from the maternally derived UBE3A. UPD accounts for approximately 7% of all cases of AS and most often occurs post-

zygotically which can also lead to mosaicism.'*'?

Imprinting Defect

Imprinting defects within chromosome 15q11ql3 account for approximately 5% of PWS and 3-5% of AS. Small
deletions or point mutations in the imprinting center (IC) have been reported to alter the gene expression and result in
either PWS or AS.>!'®!7 Testing for point mutations within the IC is only available on a research basis.
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UBE3A Pathogenic Variants

Intragenic pathogenic variants in the maternally inherited UBE3A4 located within the chromosome 15q11ql3 region
account for 10-25% of AS patients. UBE34, encodes a HECT (homologous to the E6-AP carboxyl terminus) domain E3
ubiquitin ligase that catalyzes the addition of ubiquitin to lysine residues on substrate proteins, leading to the degradation
of the ubiquitinated substrate protein.'® The disruption of UBE3A4 activity leads to inappropriately high levels of these
target proteins and consequent neuronal dysfunction. UBE34 is subject to genomic imprinting, with preferential
maternal-specific expression in brain and, more specifically, in neurons but not in glia. Despite the critical role that
UBE3A plays in human cognitive function and evidence of clinical neurological and behavioral phenotype through
mouse model studies, relatively little is known about UBE3A’s role in human nervous system development or how the

mutated UBE3A expression leads to the cognitive and language impairment underlying AS."*"°

Diagnostic Work-Up
A testing algorithm has been developed with a focus on, “infant with hypotonia and/or developmental delays”, or
“clinical features concerning for PWS or AS” (Figure 2).

mPCR+MLPA

Large deletions in the imprinted PWS/AS critical region on 15q11q13 are the most common cause for PWS and AS.°
Analysis of methylation status of the SNRPN locus using MS-PCR establishes either hypermethylation (PWS) or
hypomethylation (AS); however, it cannot distinguish between a deletion or UPD. Methylation-specific multiplex
ligation-dependent probe amplification (MS-MLPA) provides more information by simultaneously detecting variation
in both copy number and methylation status.’” An MS-MLPA kit (ME028-D1) that is commercially available through
MRC Holland (https://www.mrcholland.com/technology/mlpa) contains probes that detect copy number as well as

methylation status. Methylation status is determined by eight methylation-sensitive probes that contain an Hhal
recognition site. Hhal cleavage sites, also known as CpG islands, are commonly methylated. When methylated, the
Hhal enzyme is unable to digest the DNA. Thus, a PWS patient would have no digestion in the PWS/AS critical region
due to hypermethylation, while an AS patient would have complete digestion due to hypomethylation. MS-MLPA can
also detect microdeletions in the PWS/AS critical region as well as mosaicism. However, MS-MLPA cannot distinguish
between a methylation defect due to UPD or an imprinting defect.

Microarray

DNA microarrays, also called chromosomal microarrays (CMA), are widely used to detect genomic imbalances and are
a first-tier test for individuals who present clinically with phenotypic features of autism, developmental delay, or
congenital anomalies.”’ Two CMA techniques exist: comparative genomic hybridization (CGH) and single nucleotide
polymorphism (SNP). The CGH array is used to detect copy number gains and losses along chromosomes by comparing
fluorescent intensities of labeled DNA across the genome with those of a control DNA sample. The SNP array differs in
that it includes a set of probes derived from the genome that show differences of a single base pair at common areas of
genomic variation (SNPs) and the absolute fluorescent probe intensities are compared against a reference set. Most
clinical CMAs contain copy number probes in addition to SNP probes and are therefore considered to be a hybrid array.
In addition to detecting genomic imbalances, the genotype plots generated from the SNP probes offer additional
information about balanced mechanisms including UPD (isodisomy), long continuous stretches of homozygosity
(LCSH), and mosaicism.*

With deletions being the most common etiology for PWS and AS, both CMA techniques could be used for genetic
confirmation and to establish breakpoints. Additionally, use of genomic microarray may shed light on other genomic
imbalances that may be causative for a patient’s clinical presentation in scenarios where a specific diagnosis cannot be
made. Fluorescence in situ hybridization (FISH) may also be used to visualize a deletion within 15q11q13 in metaphase
chromosomes in instances where CMA or other methodologies are not available, or in exceedingly rare cases of PWS or
AS resulting from a structural abnormality. Of the two CMA techniques, only the SNP array can be used to detect cases

The Application of Clinical Genetics 2023:16 htps: 43

Dove:


https://www.mrcholland.com/technology/mlpa
https://www.dovepress.com
https://www.dovepress.com

Ma et al Dove

A Infant with hypotonia and/or developmental delays Suspected clinical diagnosis PWS/AS
CMA
Genomic abnormality detected Normal or chromosome 15
outside of chromosome 15 deletion/UPD detected
| |
Likely not MS-MLPA <
PWS or AS Normal I Abnormal
UBE3A mutation analysis Hypomethylation Hypermethylation
Positive I Negative
Abnormal CN Normal CN Abnormal CN

| AS due to PWS due to
deletion on deletion on
Likely not maternal 4 paternal
PWS or AS chromosome 15 FISH or chromosome 15
I Karyotype T
Abnormal I Normal
AS or PWS due DNA Marker
to Robertsonian Analysis
translocation
1 Abnormal Normal

\4

AS or PWS
due to

presumed
imprinting
defect

B UBE3A mutation Karyotype or Karyotype or FISH (Parent Karyotype or
analysis (Mother) FISH (Mother) of origin, PWS vs AS) FISH (Father)

Figure 2 (A) Algorithm for genetic testing in an infant with hypotonia and/or developmental delays, and suspected clinical diagnosis of PWS/AS. (B) Recommended follow-
up parental testing, based on molecular etiology of proband, to establish recurrence risk [Targeted testing to assess for maternal UBE3A variant; karyotype or FISH to assess
for translocation/cytogenetic abnormality in mother or father].

of UPD or LSCH that could be a result of UPD. It is important to note that the CMA SNP platform is only able to discern
UPD or LSCH in cases of isodisomy, where the two chromosome homologs or segments are identical copies of one
parental homolog. In cases of heterodisomy, where there is uniparental inheritance of both parental homologs, there is
a complete lack of LCSH and would not be detectable. For that reason, methylation-specific molecular assays provide

more sensitivity in establishing genetic confirmation for PWS and AS patients.?'**
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UBE3A Pathogenic Variants Detection

UBE3A (NM_130839.5) is comprised of 13 coding exons and codes for 873 amino acids. Alternative splicing of this
gene results in three transcript variants encoding three isoforms with different N-termini. There are over 500 pathogenic
or likely pathogenic variants of UBE34 documented in ClinVar.**

Single-Gene Testing

Sequencing analysis of UBE34 can detect small intragenic deletions/insertions, missense, nonsense, and splice site
variants which account for 90% of disease-causing pathogenic variants. This assay is limited to detecting single-exon,
multi-exon, or whole-gene deletions/duplications. If no variant is detected by sequencing, the next step is to perform
gene-targeted deletion/duplication analysis for UBE34; one example is using MLPA where the overall sensitivity is
greater than 99%.°

Multigene (Next Generation Sequencing) Panels

UBE3A has been included in multigene panels that include AS as a differential diagnosis to improve sensitivity. AS has
a phenotype which overlaps with other diseases and is most commonly included in epilepsy, autism, and intellectual
deficiency multi-gene panels.

Management

PWS and AS may present at different ages from birth to later childhood. PWS individuals may present as a neonate with
hypotonia and feeding difficulties, hyperphagia around 2 years of age, or later on with developmental and behavior
concerns, or hormonal disturbances due to hypothyroidism or obesity.>> AS individuals usually present with global
development delays including severe speech and language delays, gait abnormalities, feeding difficulties, and seizures in
early childhood.*® Management of both these conditions involves multiple medical specialists and therapists with ideal
care given through multidisciplinary teams. Table 1 and Table 2 summarize the recommendations for management of
PWS and AS.

Genetic Counseling

Genetic counseling is an important component of PWS/AS management. Genetic counselors (GCs) provide psychosocial
support and education to a family through the entire testing and diagnostic process. Specifically, topics may include
counseling about the diagnosis, the complexities of PWS/AS genetics and genetic testing for PWS/AS. GCs facilitate
discussions to help patients/families make the most informed decision about next steps in testing to clarify the genetic
subtype of PWS/AS and associated recurrence risk. They provide resources including PWS/AS family support associa-
tions/organizations, whose information can also be found online.”>® Families may interact with GCs in a prenatal setting
for a positive family history or abnormal prenatal test for PWS/AS, or most commonly in a general or pediatric genetics
setting.

For parents of a child with PWS or AS, recurrence risk for another child with the respective condition is most
commonly <1%.%"*® However, rare genetic subtypes have a 50% recurrence risk (such as inheritance of a pathogenic
variant in an imprinted gene) and theoretically up to 100% (15/15 Robertsonian translocation).”*** While much less
common, a female with PWS due to chromosome deletion or IC deletion has a 50% chance to have child with AS; males
have not been reported to father children.?

Distinguishing the specific molecular class of PWS/AS etiology provides a more defined recurrence risk,
allowing for family planning discussions including preconception/prenatal options for parents, at-risk siblings,
other at-risk family members, and in rare cases, the patient themselves. It may also provide genotype-phenotype
information.>**! In some cases, after the initial genetic etiology is identified, follow-up testing for individuals with
PWS/AS and if necessary, parents, to further elucidate the molecular subtype of proband’s diagnosis may be
required. This may include karyotype/FISH in proband and/or parents to evaluate for translocation, UPD studies,
IC deletion study in proband and/or parents, or targeted variant analysis of UBE3A variant in a parent (Figure 2).%°
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Table | Health Recommendations for PWS.

Clinical Specialty Recommendations

Genetics Appropriate genetic testing and counseling at time of diagnosis.

Annual follow up.

Development/Behaviors Referral to early intervention services for PT, OT, ST.
School—aged children should be evaluated for an IEP.

Behavioral therapy to assist with disruptive behaviors (if applicable).

Feeding/diet Referral to feeding therapy (if oral motor dysfunction present).
Special bottle nipples/ enteral nutrition (as needed).

Maintain well-balanced diet.

Monitor food intake.

Consider referral to dietitian.

Endocrinology Refer to endocrinologist.

Monitor growth.

Monitor for GH deficiency and replace as needed.
Monitor for signs of premature adrenarche.

Evaluate thyroid function every 2-3 years or if symptomatic.

Pulmonology Monitor for OSA.

Ophthalmology Annual vision screening.
Refer to ophthalmologist during infancy if concerns for strabismus, nystagmus,

or cataracts or for annual evaluation beginning at | or 2 years of life.

Musculoskeletal Monitor for hip dysplasia, scoliosis, osteoporosis, osteopenia.

DEXA scan every 2 years (in adulthood).

Neurology Monitor for seizures.

Prader-Willi Syndrome

Feeding/Diet

Neonatal

Infancy is characterized by severe hypotonia leading to decreased movement, lethargy, weak cry, and feeding and swallowing
difficulties that may result in failure to thrive (FTT). Infants may benefit from special bottle nipples or enteral tube feeds and
speech pathologists can assist with feeding and swallowing difficulties.”> Hypotonia typically improves over time.

Childhood

Early childhood is characterized by excessive eating and environmental modifications can be helpful to limit
excessive food intake. Children should follow closely with a pediatric nutritionist to ensure a well-balanced diet
and adequate nutrition. Individuals with PWS should also be monitored during meals and encouraged to chew and eat
slowly as they are at risk for aspiration and choking.?>*> Consuming a glass of water prior to food consumption is

encouraged.*?

Endocrinology

Individuals with PWS should be closely followed by an endocrinologist as they may have associated hypothalamic and
pituitary dysfunction. Growth hormone (GH) is most effective when started at an early age, thought to be related to the
role of insulin-like growth factor 1 on brain development and maturation.>* GH replacement therapy can help normalize
height, increase lean body mass, and decrease fat.>* IGF-1 level should be routinely monitored to titrate GH doses to
optimize benefits and limit risks. Hypogonadism is present in both males and females and presents as genital hypoplasia
early in life, incomplete pubertal development in adolescence, and infertility.>* Given the prevalence of cryptorchidism in

46 https: The Application of Clinical Genetics 2023:16

Dove!


https://www.dovepress.com
https://www.dovepress.com

Dove Ma et al

Table 2 Health Recommendations for AS.

Clinical Specialty Recommendations

Genetics Appropriate genetic testing and counseling at time of diagnosis.

Annual follow up.

Development/Behaviors Referral to early intervention services for PT, OT, ST.
School—aged children should be evaluated for an IEP.

Behavioral therapy to assist with disruptive behaviors (if applicable).

Neurology Monitor for seizures.

Refer to neurology for seizure management (as needed).

Endocrinology Assess sleep.
Maintain good sleep hygiene.

Polysomnography or actigraphy if concern for nocturnal seizures or sleep-related breathing problems.

Feeding/diet Referral to feeding therapy (if oral motor dysfunction present).
Enteral nutrition (as needed).

Treat gastroesophageal reflux (as needed).

Treat constipation (as needed).

Schedule mealtimes.

Control access to food (as needed).

Maintain well-balanced diet.

Vitamin D supplement for individuals at high risk for osteopenia.

Musculoskeletal Screen for hip dysplasia.
Annual screen for scoliosis.

Bone density scan every 2 years for individuals at high risk for osteopenia.

Ophthalmology Examination in infancy if strabismus is present.

Annual Examinations beginning at | to 2 years of age.

males, human chorionic gonadotropin (HCG) should be considered in conjunction with an evaluation by a pediatric
urologist for surgery.*® Replacement sex hormones should be considered at an appropriate age to reflect normal pubertal
development and can also help improve bone density.>* Hormone levels should be monitored regularly, and replacement
doses titrated as appropriate.

Central hypothyroidism may develop; thyroid function should be evaluated in the first several months of life and
screened every 2—3 years or sooner if symptomatic, with a low threshold to initiate treatment.>> The relationship between
central adrenal insufficiency and PWS is unclear, and the incidence varies significantly. As a result, there is less
consensus on appropriate screening schedules. However, some evidence suggests that individuals with PWS may not
be able to mount an adequate stress response and providers should consider screening for adrenal function and/or
consider stress dose steroids during periods of significant illness.*?

Individuals with PWS have impaired thirst and temperature regulation.® Special care should be taken during extreme
temperatures, and participation in sports and outdoor activities, including additional fluid intake and rest when needed.
Antibiotics should not be delayed if there is clinical suspicion for infectious processes as body temperatures do not increase.>>

Obesity and Obesity-Related Medical Complications
Obesity and obesity-related medical problems such as type II diabetes mellitus are a significant risk for individuals with
PWS. Children and adolescents with PWS who have a body mass index greater than 95th percentile should have routine

blood glucose and hemoglobin A1C and/or oral glucose tolerance tests.
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Sleep

Sleep apnea (central and obstructive) and excessive daytime sleepiness is common in PWS. Obesity-related obstructive
sleep apnea (OSA) should be managed to prevent associated complications; behavioral specialists may assist with
compliance of oxygen or continuous positive airway pressure therapy. Those with excessive daytime sleepiness despite
management of OSA should receive multiple sleep latency testing.*”> Dysregulation of REM sleep and abnormal theta
waves has been identified in PWS, supporting the role of genomic imprinting in sleep regulatory mechanisms.*® In
addition, while there have been reports of sudden death in individuals with PWS while taking GH, the evidence is
inconsistent. As a precaution, individuals with PWS should receive a polysomnography before and 8—10 weeks after
starting growth hormone.**

Orthopedics

Approximately 10-20% of individuals with PWS will have hip dysplasia, noted at birth or later in infancy.*>*
Regardless of age, individuals should be monitored for scoliosis and radiographs ordered as clinically indicated.
Symptoms vary in severity, typically occurring in infancy or more commonly in early adolescence. Individuals with
PWS are at increased risk for fractures as osteoporosis and osteopenia are common.>’* Adults should be monitored for

osteoporosis with a dual-energy x-ray absorptiometry (DEXA) every 2 years.>

Development/Behaviors

Motor and language development are typically delayed in PWS and most persons with PWS have mild intellectual
disability.”> Children with PWS should receive early intervention services including physical therapy (PT), occupational
therapy (OT), and speech therapy (ST); PT and OT can address feeding challenges and speech and articulation difficulties,
and PT can assist with hypotonia and core strength. Children may benefit from following up with a neurodevelopmental
specialist to help address developmental concerns as children may also have learning disabilities and poor academic
performance. School-aged children should be evaluated for an individualized education plan (IEP) to receive specialized
instruction and services. Behavioral therapy can assist with social functioning, anxiety, and compulsive behaviors.

Clinical Trials

Since individuals with PWS are thought to have a deficit of oxytocin producing neurons in the paraventricular nucleus of the
hypothalamus, intranasal OT is currently being studied as treatment for PWS symptoms. Results thus far have been
inconclusive. One study reported improvements in socialization, anxiety, and repetitive behaviors, and decrease in
appetite.’” Another study reported improvements in eating and social behaviors (anger, sadness, and conflicts) in children
11 years of age and younger.*® OT has also been shown to improve feeding and social skills in infants.>* A Phase III study of
carbetocin, an analog of oxytocin, has been completed but results were insufficient for FDA approval (NCT03649477).
Glucagon-like peptide-1 receptor agonists, traditionally used to treat diabetes mellitus, have also been shown to have benefits
in glycemic, appetite, and weight control in PWS.** Results from a phase III study of diazoxide choline showed improvements
in participants with severe baseline hyperphagia and significant improvements in body composition.*' A phase II/III study of
cannabidiol oral solution (NCT05098509) and unacylated ghrelin analog (AZP-531) is underway (NCT03790865).

Angelman Syndrome

Development/Behaviors

Individuals with AS have global developmental delay and intellectual disability; the severity of cognitive delay is
multifactorial. Referrals should be made to early interventional services for PT, OT, and ST, and these services should
continue throughout life. ST should focus on nonverbal forms of communication such as signing, and augmentative and
alternative communication devices.”® School-aged children should have an IEP that focuses on maximizing educational
potential and improving communication and motor skills. Appropriate classroom and school placement should be
determined based on shared decision-making between caregivers and teachers. A functional behavioral assessment
should be completed for children with behavioral challenges to identify and understand challenging behaviors to create
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a behavior intervention plan. Techniques, such as applied behavioral analysis, are recommended to reduce disruptive and/
or self-injurious behaviors and improve adaptive skills.

Neurological

Epilepsy occurs in up to 90% of individuals with AS and is often refractory to anti-epileptic drugs (AED).** While there
have been no published guidelines on the use of various AED, broad-spectrum AED are generally recommended.
Consensus recommendation is to start with clobazam or levetiracetam as the first-line treatment.*? Valproate should be
avoided as it can cause an increase in tremors and regression of motor skills that resolves after tapering off valproate.*®
Care should be taken to not overtreat with AED in the setting of abnormal movements or when electroencephalogram
(EEG) abnormalities persist despite no clinical seizures.”® While mice models have found that cannabidiol decreases
seizures and EEG abnormalities and anecdotal caregiver reports are promising, there has been no clinical research
supporting its use.** Ketogenic diet (KD) and low glycemic index therapy (LGIT) have also been shown to assist in cases
of refractory epilepsy. KD is recommended for infants and children with feeding tubes and LGIT is first line for other
children; LGIT should be switched to KD if it is not completely effective.**

Sleep

Individuals with AS should be routinely screened for sleep difficulties. Sleep challenges, such as increased sleep latency,
and nighttime and early morning awakenings, are present in up to 80% of individuals with AS.** A detailed sleep diary and
bedtime routine should be reviewed if sleep is a concern. Polysomnography is indicated if there is concern for sleep-related
breathing problems, nocturnal seizures, or unusual behaviors during sleep. For individuals who are not able to tolerate
polysomnography, actigraphy is a non-invasive alternative means for measuring sleep parameters and motor activity.

Feeding/Diet

Involvement of a feeding therapist early on is recommended since AS may present with oral motor dysfunction. Sucking
and swallowing difficulties can lead to FTT in infancy. Tongue protrusion and dyspraxia of swallowing and breathing
during feeding may also contribute to FTT and aspiration. Enteral nutrition should be considered if conservative manage-
ment is not successful or for those with a history of aspiration pneumonia.** More than a quarter of children with AS exhibit
hyperphagia, ranging from no intrinsic limitation on food consumption to actively searching for food and nonfood items.*®

Suggested strategies include scheduled mealtimes and eating a well-balanced diet. Food should not be used as a reward.

Orthopedics

Children should be routinely screened for hip dysplasia and radiographs in frog leg position should be completed as
necessary. Orthotics may be used for individuals with subluxed or pronated ankles; corrective osteotomy is controversial as
recovery is often poor.** PT is highly recommended to assist with mobility and improving range of motion. The incidence of
scoliosis in children with AS is up to 20% and up to 50% in adults.*® Early use of thoracolumbosacral orthosis is
recommended in individuals who are non-ambulatory.”® While surgical intervention for scoliosis has been shown to
improve quality of life, it should be approached with caution as there is a high rate of surgical complications.*’ A bone
density scan is recommended every two years to assess bone health for those at higher risk including non-ambulatory
individuals, and those taking AED, on KD, with a history of fractures without clear trauma, and with late onset of puberty.**
Vitamin D supplementation, daily exercise, and regular sunlight exposure are advised to help with bone density.

Clinical Trials

Trials of folate, betaine, metofalin, vitamin B12, creatine, and levodopa/carbidopa have not demonstrated significant
clinical benefit.***° Gaboxadol (OV101), a direct agonist of 3-subunit-containing extrasynaptic y-aminobutyric acid
type A receptors ameliorated some of the neurologic symptoms seen in mice with AS.’" Results from Phase 2 were
promising in adolescents and adults but results from the Phase 3 trial were negative (NCT04106557); study and
development of the drug has since been halted.’' One open-label trial of minocycline suggested positive effects on
language, fine motor skills, and some adaptive behaviors but a randomized placebo-controlled trial showed no significant
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improvements.’*>* Early results of a crossover trial of exogenous medical food ketone formulation showed improve-
ments in stool consistency and suggest other benefits including fine motor skills (NCT03644693).>* There are also
ongoing phase I/II trials of antisense oligonucleotide therapies (NCT04428281, NCT04259281).

Summary

In summary, PWS and AS are imprinting disorders due to absent or reduced expression of the paternal or maternal
differentially expressed genes in chromosome 15q11q13 region, respectively. The multiple molecular etiologies of PWS/
AS include pathogenic sequence variants in imprinted genes, copy number variants, uniparental disomy, and epimuta-
tions, with deletion at 15q11q13 being the most common. For an individual suspected to have PWS/AS, methylation
testing is recommended, with MS-MLPA being the most sensitive testing method; CMA is an appropriate first-line test
for individuals with developmental delay and/or hypotonia. Evaluation includes molecular testing for the individual and
possibly the parents. Genetic counseling is recommended throughout this process. Clinically, individuals with PWS
typically present with hypotonia and feeding difficulties in the neonatal period and go on to develop excessive eating
behaviors and complications associated with obesity. In contrast, individuals with AS may appear to have normal
development starting at birth but go on to demonstrate delays and develop seizures and self-injurious behaviors.
Although PWS presents earlier with hyperphagia and obesity, some individuals with AS may present with hyperphagia
and obesity as well. Ideally, individuals with PWS/AS should be followed in a multidisciplinary clinic to provide
comprehensive medical, developmental, and behavioral management.
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