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1 | INTRODUCTION

Background: Angelman syndrome (AS) occurs due to a lack of expression or
function of the maternally inherited UBE3A gene. Individuals with AS typically
have significant developmental delay, severe speech impairment with absent to
minimal verbal language, gait abnormalities including ataxia, and an incongruous
happy demeanor. The majority of individuals with AS also have seizures and
microcephaly. Some individuals with mosaic AS have been reported to have
expressive language and milder levels of developmental delay.

Case Report: We report a male patient presenting with mild to moderate intellectual
disability, hyperphagia, obesity, and the ability to communicate verbally. His phenotype
was suggestive of Prader-Willi syndrome. However, methylation testing was positive for
Angelman syndrome and additional methylation specific multiplex ligation-dependent
amplification (MS-MLPA) study revealed low-level mosaicism for AS.

Conclusion: A broader phenotypic spectrum should be considered for AS as
patients with atypical presentations may otherwise elude diagnosis.
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by severe-to-profound developmental delay or intellec-

Angelman syndrome (AS) and Prader-Willi syndrome
(PWS) are two distinct disorders involving the imprinted
region of chromosome 15q11.2-q13. In AS, the maternally
inherited UBE3A allele is not expressed. Defects can be
due to deletion, uniparental disomy (UPD), imprinting
center defect, or a pathogenic variant in the UBE3A gene.
Genetic testing with DNA methylation analysis will detect
abnormalities associated with deletions of the maternally
inherited UBE3A allele, UPD of the paternal chromosome
15, and imprinting defects. AS is typically characterized

tual disability, absent or minimal speech, gait abnormal-
ities (such as toe-walking, prancing, movement disorder
with a broad-based stance and arms upheld, ataxia, and
tremulousness of limbs), behavioral phenotype of happy
demeanor, and frequent laughing. Microcephaly and
seizures are also common. (Buiting et al., 2016; Dagli &
Williams, 2017; Smeets et al., 1992). PWS is caused by loss
of expression of the paternally contributed 15q11.2-q13
region, which is most effectively detected by methylation
testing. PWS is characterized by hypotonia and feeding
difficulties in early infancy, followed by hyperphagia and
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development of obesity in childhood. Motor and language
development are delayed, but impairment tends to be
milder in PWS as compared to AS (Driscoll et al., 2017;
McCandless et al., 2011; Smeets et al., 1992).

AS and PWS are often taught as classic examples of ge-
netic disorders from the same chromosome region affected
by imprinting with distinct phenotypes. Here, we report
on an individual with a clinical suspicion for PWS, who
was found to instead have AS with low-level mosaicism.

2 | CLINICAL REPORT

A 16-year-old boy initially presented to a developmental
behavioral pediatrician with early life hypotonia, obe-
sity, hyperphagia, and intellectual disability. PWS was
suspected due to these clinical concerns. Initial testing
included negative cytogenomic SNP microarray with no
evidence of uniparental isodisomy and normal fragile X
(FMR1) studies. Angelman/Prader-Willi syndrome DNA
methylation studies via methylation-specific polymer-
ase chain reaction (MS-PCR) technology was positive
for AS. He was referred to genomic medicine for further
management.

This patient was born at term. He was noted to have sig-
nificant hypotonia at birth, but no difficulty with feeding.
His early motor milestones were appropriate with walk-
ing at 11 months. His language milestones were severely
delayed. He never babbled, but he used sign language and
a picture exchange communicate system to communicate
during early childhood. At the age of 7years, he had his
first word and now predominately uses verbal language to
communicate. He speaks in three to five word sentences,
answers questions appropriately, and asks questions. He is
able to follow two to three step instructions.

He has a history of gastroesophageal reflux disease
since infancy and chronic diarrhea since childhood. He
has been diagnosed with irritable bowel syndrome and is
followed by a pediatric gastroenterologist. Around 3years
of age, he developed hyperphagia, and by 7years of age,
he was obese. He has a normal gait, but is hypotonic and
is easily fatigued with physical activity. He is not able to
jump or run. There is no history of seizures. He was di-
agnosed with intellectual disability and adaptive impair-
ments during his early childhood using standardized
testing. His Weschler Intelligence Scales for Children-
Fourth Edition (WISC-IV) Perceptual Reasoning Index
standard score was 51 and General Adaptive Composite
on the Adaptive Behavior Assessment System-Third
Edition (ABAS-3) standard score was 49. He has received
special education services in school. Additionally, he has
anxiety, ADHD predominantly inattentive presentation,
and sleep difficulties. His family describes his demeanor

as “usually happy”, but also has some behavioral issues
with aggression.

On exam, his growth parameters include weight:
98.2 kg (98th percentile, Z = 2.16), height: 176 cm (58th
percentile, Z = 0.21), BMI: 31.6 kg/m2 (98th percentile,
Z =2.10), and head circumference: 58 cm (97th percentile,
Z = 1.95). He had rounded facies with mild bitemporal
narrowing, almond shaped palpebral fissures, intermit-
tent exotropia of the right eye, normal eyebrows, nose
and ears, slightly thin upper lip, gynecomastia, and nor-
mal hands and feet other than hyperextensible fingers
(Figure 1). He had low muscle tone with normal bulk, and
he had a normal gait with no other significant neurologi-
cal characteristic.

Given his history of hypotonia in infancy, obesity, hy-
perphagia, mild-moderate intellectual disability, intelligi-
ble speech, normal gait, and lack of seizures, classic AS
did not match the patient's phenotype (summarized in
Table 1).

3 | GENETIC ANALYSIS

Methylation specific-PCR (MS-PCR) for Prader-Willi syn-
drome and Angelman Syndrome was performed on the
DNA extracted from patient's peripheral blood. The results
showed paternal unmethylated allele detected, which in-
dicated the patient's diagnosis was Angelman syndrome.

FIGURE 1 Photograph of patient with low-level mosaic
Angelman syndrome.
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The assay was repeated on a new blood specimen to rule
out any sample swap error, and the results were consist-
ent with the original test. Constitutional genomic SNP
microarray (GMA) analysis was performed on periph-
eral blood using the CytoScan HD™ platform and ana-
lyzed using chromosome analysis suit software (ChAS)
(Applied Biosystems/Thermo Fisher Scientific, Santa
Clara, CA). GMA results showed no clinically significant
copy number variations, with two copies of the 15q11.2
-q13 region and no evidence for UPD of chromosome 15.
Note that complete heterodisomy would not be detected
by GMA. Subsequently, methylation specific multiplex
ligation-dependent amplification (MS-MLPA) (SALSA
MLPA Probemix ME028, MRC-Holland, Netherlands)
was performed (Figure 2). The MS-MLPA “undigested”
copy number detection reaction showed copy number
neutral results, (Figure 2a), while the MS-MLPA meth-
ylation status “digested” reaction showed approximately
10% mosaicism for an unmethylated product (maternal),
(Figure 2b). Combining both results, MS-MLPA indi-
cated that this patient has low-level mosaicism for pater-
nal UPD 15/imprinting defect consistent with Angelman
Syndrome with mosaicism.

4 | DISCUSSION

Angelman syndrome is an imprinting disorder caused by
multiple genetic mechanisms and has a well described
genotype-phenotype correlation. More severe phenotypes
are associated with 15q11.2-q13 deletion and truncating
variants in UBE3A, while individuals with uniparental
disomy of chromosome 15 or an imprinting defect typically
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have milder phenotypes (Bindels-de Heus et al., 2020;
Lossie et al., 2001). Interestingly, hyperphagia has been
seen across all genetic subtypes of AS (Bindels-de Heus
et al., 2020).

The phenotypic presentation of mosaic AS, similar to
our patient, has been described before. Gillessen-Kaesbach
et al. (1999) discussed seven patients who presented with
obesity, muscular hypotonia, and mild intellectual disabil-
ity. These patients lacked ataxia and microcephaly. A few
of these patients also used speech to communicate. They
were initially suspected to have PWS, but DNA methyl-
ation analysis was consistent with AS. More specifically,
while the more significantly affected patients had typical
abnormal methylation patterns for AS, five less severely
affected patients were noted to have a weak maternal
band. The authors hypothesized that the phenotype may
be explained by incomplete imprinting defect or cellular
mosaicism.

Le Fevre et al. (2017) described three individuals with
AS who had mosaic imprinting defects, who had hyper-
phagia, obesity, vocabulary up to 100 words, and abil-
ity to communicate in sentences. This atypical, milder
phenotype for AS has been described for other indi-
viduals with mosaicism (Brockmann, 2002; Camprubi
et al.,, 2007; Fairbrother et al., 2015; Le Fevre et al., 2017).
A recent 2019 study of 22 individuals with mosaic AS
again found similarities across the cases which included
mild-moderate developmental delay, preserved expres-
sive language, ability to manage activities of daily living,
anxiety, and ADHD. Microcephaly, ataxia, and seizures
were also less common than in non-mosaic individu-
als (Carson et al., 2019). Mosaicism in AS is believed
to occur due to a postzygotic error leading to abnormal

(b)
Tk L S S S N S S
2 e
.%
& 1.5 ~~«* --------------------------------
§ 1“'""'“"“ "."ﬂv i.‘l#f' -
RYTZAvavas
Of---d-mecdeccldnnondanccce oo e ndaaas —«i
100 150 200 250 300 350 400 450 500 550
Size (bps)
Digested

FIGURE 2 MS-MLPA detects paternal uniparental Disomy 15/imprinting defect low-level mosaic. (a) Probe height ratio pattern after
ligation reaction only. It showed two copies of PWS/AS alleles. (b) Probe height ratio pattern after both ligation and restriction digestion
reactions. The black arrows indicate methylation specific probes. The results showed these loci were mostly unmethylated, but in mosaic

status (did not reach “0”). bps: Base pair size.
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methylation of the in the 15q11.2-q13 region in some cell
lines (Buiting, 2010; Horsthemke & Buiting, 2006). The
abnormal methylation pattern can vary across tissues,
such as cerebral cortex, which could account for pheno-
typic variation of AS.

5 | CONCLUSION

Our patient fits the clinical characteristics of mosaic
AS with his strong expressive language skills and mild-
moderate intellectual disability, instead of the pheno-
type of classic AS. This is consistent with the additional
MS-MLPA genetic analysis showing low-level mosai-
cism for AS. Our patient highlights the importance of
considering a broader phenotypic spectrum for AS dur-
ing a genetic evaluation. Typically, DNA methylation
studies are ordered if there is a clinical suspicion for AS
or PWS based on classically described phenotypic fea-
tures of the syndromes. As a result, individuals with
atypical phenotypes, similar to our patient, are likely
often undiagnosed. Further, this case emphasizes the
need for additional evaluation when confronted with
atypical clinical features of a well described genetic syn-
drome. By pursuing further genetic evaluation using
MS-MLPA technology for our patient, we were able to
better correlate his phenotype with his genotype, allow-
ing the family to have a more complete understanding of
his condition.
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