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Abstract

Truncating variants of the MAGEL?2 gene, one of the protein-coding genes within the Prader-Willi syndrome (PWS) criti-
cal region on chromosome 15q11, cause Schaaf-Yang syndrome (SYS)—a neurodevelopmental disorder that shares several
clinical features with PWS. The current study sought to characterize the neurobehavioral phenotype of SYS in a sample of
9 patients with molecularly-confirmed SYS. Participants received an assessment of developmental/intellectual functioning,
adaptive functioning, autism symptomatology, and behavioral/emotional functioning. Compared to individuals with PWS,
patients with SYS manifested more severe cognitive deficits, no obsessions or compulsions, and increased rates of autism

spectrum disorder.
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Paternal genes on chromosome 15q11-q13 have been indi-
cated in the development of Prader-Willi syndrome (PWS;
Cassidy et al. 2012). PWS is characterized by severe hypoto-
nia, feeding difficulties, failure to thrive, and developmental
delays in infancy (Holm et al. 1993). As children with PWS
age, common neurobehavioral presentations of the syn-
drome include: intellectual disability, stubbornness, temper
tantrums, as well as manipulative and compulsive behaviors
(Dykens et al. 2011; Rice and Einfeld 2015).

Recent research on truncating variants on the paternal
allele of the MAGEL?2 gene, housed within the PWS-critical
region of chromosome 15q11-q13, has led to the discovery
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of a genetic syndrome similar to PWS (Fountain et al. 2016;
Mejlachowicz et al. 2015; Schaaf et al. 2013; Soden et al.
2014) that was initially referred to as “Prader-Willi-like
syndrome.” However, differences in phenotypes between
individuals with PWS and individuals with truncating vari-
ants of the paternal allele of the MAGEL?2 gene on chromo-
some 15q11 have led to classification of a distinct syndrome,
named Schaaf-Yang syndrome (OMIM 615547). While the
two syndromes present with genetic variation in the same
region of chromosome 15q11-q13, PWS is the result of
paternal deletion of the entire 15q11-q13 locus or mater-
nal uniparental disomy. In contrast, Schaaf-Yang syndrome
is the result of truncating point mutations on the paternal
allele of a single gene (MAGEL?2) on chromosome 15q11.
PWS and Schaaf-Yang syndrome share several clinical phe-
notypes, particularly in infancy, including: neonatal hypoto-
nia, feeding difficulties, and hypogonadism (Fountain et al.
2016; Fountain and Schaaf 2016). However, only 35-50%
of individuals with Schaaf-Yang syndrome go on to develop
hyperphagia and associated clinical obesity, which are char-
acteristic features of PWS (Fountain et al. 2016; Fountain
and Schaaf 2016). A majority of individuals with Schaaf-
Yang syndrome present with joint contractures, which are
rarely observed in children with PWS (Fountain et al. 2016;
Fountain and Schaaf 2016). With regard to cognitive and
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behavioral phenotypes, PWS and Schaaf-Yang syndrome
again show some overlap, as both syndromes present with
developmental delay, intellectual disability, as well as stub-
born, compulsive and manipulative behaviors (Dykens et al.
2011; Rice and Einfeld 2015; Fountain et al. 2016). Perhaps
the most striking phenotypic difference between PWS and
Schaaf-Yang syndrome is the difference in prevalence rates
of autism spectrum disorder (ASD) between the two syn-
dromes. The prevalence of ASD in children with PWS is
approximately 12.3-27% (Bennett et al. 2015; Dykens et al.
2017). In contrast, one study reported all four individuals
with molecularly confirmed Schaaf-Yang syndrome met
DSM-IV-TR criteria for a clinical diagnosis of ASD (Schaaf
et al. 2013). Additionally, 10 of 13 patients in another study
carried a diagnosis of ASD (Fountain et al. 2016). How-
ever, neither of these studies included a rigorous, systematic
assessment of ASD in this cohort.

The primary goal of the current study was to characterize
the neurocognitive and neurobehavioral phenotype of this
disorder. A second goal was to examine the distinctiveness
of Schaaf-Yang syndrome from what has been described in
previous research about individuals with PWS, given that
the genes responsible for each disorder are located in the
same region (i.e., chromosome 15q11-q13). In the current
study, a sample of 9 patients with molecularly confirmed
Schaaf-Yang syndrome were recruited from a clinical data-
base. Participants received a comprehensive neurocognitive
evaluation, including assessment of developmental/intellec-
tual functioning, adaptive functioning, autism symptomatol-
ogy, and parent-reported behavioral/emotional functioning.

Methods
Participants

Since the syndrome’s initial description in 2013, multiple
families of children with molecularly confirmed Schaaf-
Yang syndrome have contacted the senior author for inclu-
sion in the Schaaf-Yang syndrome registry in order to be
informed of upcoming research studies. Eligible indi-
viduals from this registry were contacted via phone and/
or email by the research coordinator to inform them of the
study; families were contacted up to two times about this
opportunity. Inclusion criteria were: (1) previously identi-
fied truncating mutation in the paternal allele of MAGEL?2;
(2) age 5-17 years at enrollment, because participation in
the study required endocrine testing [results of which have
been reported separately (McCarthy et al. 2018)] and normal
ranges were not established for some tests for children under
the age of five; (3) reside in the United States; and (4) Eng-
lish speaking. Exclusion criteria included: (1) dependence
on mechanical ventilation; (2) inability to travel to Texas
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Children’s Hospital; and (3) history of not tolerating fast-
ing for up to seven hours for the required endocrine testing.
The study was approved by the Institutional Review Board
at Baylor College of Medicine. A total of 9 patients (56%
female) consented to participate in this study out of a pos-
sible 19 known individuals with Schaaf-Yang syndrome at
the time of recruitment who were living in the United States.
Their average age was 10.3 years old (SD =3.9 years), with
arange from 5 to 17 years of age.

Materials

Cognitive and psychological assessments administered as
a part of this research study included: Stanford-Binet Intel-
ligence Scales, 5th Edition (SB-5; Roid 2003), Autism Diag-
nostic Observation Schedule, 2nd Edition (ADOS-2; Lord
et al. 2011; 6 participants received Module 1 and 3 par-
ticipants received Module 3), and Autism Diagnostic Inter-
view—Revised (ADI-R; Rutter et al. 2008). Additionally,
parents were asked to complete validated questionnaires to
further assess behavioral functioning across multiple areas,
including the Social Responsiveness Scale—Second Edition
(SRS-2; Constantino and Gruber 2012), Yale-Brown Obses-
sive Compulsive Scale (Y-BOCS; Goodman et al. 1989),
Behavior Assessment System for Children—Third Edition
(BASC-3; Reynolds and Kamphaus 2015), and the Adaptive
Behavior Assessment System, Third Edition (ABAS-3; Har-
rison and Oakland 2015). Participants who were unable to
complete the SB-5 (n=23) because of functional limitations
were instead administered the Mullen Scales of Early Learn-
ing (MSEL; Mullen 1995), which was the most appropriate
test given their developmental level. No standard score could
be calculated for participants who completed the MSEL
(Participants 1, 2, and 7) because they were outside of the
normative age range. As such, a ratio IQ [i.e., (mental age +
chronological age) * 100] was obtained for all participants
based on each test’s provided age equivalents.

Procedure

Consent forms were mailed to interested families 3—4 days
ahead of their scheduled research visit for their review. Par-
ents provided written consent in person at the onset of the
initial appointment, following a review of the study and
participation requirements and had the opportunity to ask
questions with the study physician or research coordinator.
Following consent, families participated in two, half-day,
comprehensive medical and behavioral assessments by a
team of providers at Texas Children’s Hospital. Participants
were administered the previously described battery of stand-
ardized cognitive and psychological assessments, adminis-
tered by psychologists and licensed psychological associates
who were research reliable on the ADOS-2 and ADI-R.
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Within 3 months of the conclusion of participation, fami-
lies received a brief letter summarizing the findings of the
neurocognitive testing, including test scores and whether
participants met criteria for intellectual disability and/or
ASD.

Results

Eight participants had complete evaluation data for the
ADOS-2, ADI-R, BASC-3, ABAS-3, SRS-2, and Y-BOCS.
Cognitive testing could not be completed with one partici-
pant due to issues with compliance. Key results are pre-
sented in Table 1.

Developmental History

Based on reports during the ADI-R, 8 of 9 parents indicated
concerns regarding their child’s development from birth,
while the remaining participant’s parents endorsed concerns
at 1 year of age (i.e., delayed crawling). Common responses
from the parents who reported concerns beginning at birth
(n=238) included abnormal/minimal crying (n=8), hand con-
tractures (n=7), low muscle tone (n=23), respiratory dif-
ficulties/cyanosis (n=3), poor oral intake (n=2), poor skin
color (n=2), and unstable temperature (n=2). At the time
they were evaluated for this study, four participants had not
yet begun walking independently. For those who were walk-
ing independently, onset occurred between 2 years, 9 months
and 7 years of age. Two participants had not yet spoken their
first words at the time of evaluation for this study. For those
who had, first words occurred between 2 and 12 years of age.
No parents reported a loss in skills at any time.

Intellectual Ability

Intellectual ability was measured with the SB-5 for five
participants and with the MSEL for three participants.
The average nonverbal ratio IQ (NVRIQ) score across the
entire sample of cognitive data (n=8) was 30.6 (SD=17.4;
range =4.0-58.1). The average verbal ratio IQ (VRIQ) score
across the sample with available cognitive data was 23.9
(SD=18.1; range = 1.0-51.6). The average full scale ratio
IQ (FSRIQ) score across the participants with cognitive data
was 27.0 (SD=17.4; range =3.0-53.5).

For the participants who were able to complete the
SB-5 (n=5), (Fig. 1) presents the histograms of the IQ
domains, with a superimposed curve of the normal distri-
bution (M =100; SD=15). The average nonverbal devia-
tion IQ (NVIQ) for this subsample was 54.2 (SD=16.1;
range =42-78), while the average verbal deviation IQ (VIQ)
for the subsample was 52.6 (SD = 14.9; range =43-77). The

average full scale deviation 1Q (FSIQ) for this subsample
was 51.0 (SD=15.9; range =40-76).

Intellectual disability (ID) diagnoses were made for all
participants according to DSM-5 criteria, based on intel-
lectual assessment data (n=38), parent ratings of adaptive
functioning (n=9; results reported below) and information
obtained via clinical interview (n=9). For the participant
with missing cognitive data due to noncompliance, diagno-
sis was made based on parent ratings of adaptive function-
ing, information obtained via clinical interview, and clinical
observations of the child’s level of functioning during the
evaluation. A majority of participants (4 of 9) presented with
severe to profound ID, while 2 of 9 presented with moderate
ID and 2 of 9 participants presented with mild ID. Of note,
the one participant who was unable to complete a measure
of intellectual/developmental functioning likely qualified
for a diagnosis of moderate ID based on diagnostic inter-
view, clinical observations, and parent ratings of adaptive
functioning.

Behavioral Phenotypes

Behavioral phenotypes of the sample were assessed using
the Y-BOCS, BASC-3, and ABAS-3. None of the partici-
pants presented with significant ratings on the Y-BOCS (7
of 9 participants reported zero symptoms on the Y-BOCS),
revealing an absence of comorbid obsessions and compul-
sions in this sample.

On the BASC-3 clinical scales [left side of Fig. 2],
the average Internalizing T score for the sample was 47.4
(8D =5.3; range =39-56), which falls within the normative
average. The average Externalizing T score for the sample
was 59.0 (SD=16.4, range = 38-80), which falls within the
normative average. However, 1 of 9 participants (11%) had
scores within the “At-Risk” range and 3 of 9 participants
(33%) had scores in the “Clinically Significant” range on the
Externalizing domain. The average Behavioral Symptoms T
score for the sample was 65.7 (SD=12.7, range =48-81),
which is higher than the normative average, with 2 of 9 par-
ticipants (22%) having scores within the “At-Risk” range
and 4 of 9 participants (44%) with scores in the “Clini-
cally Significant” range. The sample had elevated average
scores (ranging from at-risk to clinically significant) rela-
tive to the normative sample on the Hyperactivity (M =62.8;
SD =16.9; range =40-84), Attention Problems (M = 64.6;
SD =8.0; range =54-77), Atypicality (M=75.2; SD=17.6;
range =48-105), and Withdrawal (M =66.9; SD =4.6;
range = 62-74) subscales. On the BASC-3 adaptive scales
[right side of Fig. 2] the average Adaptive Skills T score
for the sample was 26.9 (SD =6.4, range = 19-40), which
is well-below the normative average. Three of 9 partici-
pants (33%) had Adaptive Skills T scores within the “At-
Risk” range and 6 of 9 participants (67%) with scores in the

@ Springer



Journal of Autism and Developmental Disorders (2020) 50:2491-2500

2494

Jomo moag,
AdSV dsouserp A[qer[ax Jo WLV Y-IAV 219[dwod A[qerfar 0) Suruonouny Mo[ 00} sem juedronred,

JUQWISSASSE 2ANIUF00 2)9[dwod 0) o[qeun sem juedronred

JotAByaq Jo suraned pad£10a10)g pue 9Anneday ‘PoIoLsay J0J 9109 UTRWIOP =3 POIISIUTWIPE

Urewopqns [eqIsAuoN = [AN] (PaISISIUIUPE UTeWOopqns [eqIoA =[A] ‘UoHEdIUNWWO)) Ul SSNI[EWIOUqY SANEIIENY) J0J I00S UIBWOP =) ‘UOHILINU] [BL0S [2001dI05Y 10§ SI0JS UIRWOP = G
syjuow :sIeak ur A3y,

Ioplosip winnoads wisnne sy

“KNMIqestp [emodq[ul (77 ‘ousodwos aandepe [e1ouaS HyH ‘UONIPH PIE ‘WIISAS JUIWSSISSE JOTARYAq dANdEpE £-SVGY ‘PISTANY ‘MIIAIIUT ONSOUSeIp WSHNe Y-7(7V ‘UONIPH pug ‘9[npayos uon
-BAI9SQO O1sOuZeIp WSHNe Z-SOQV ‘PAeidwod jou H/N ‘OI oner 9[eds [[nJ OfyYSA ‘Ol onel [eqIda OIYA ‘Wusearnba-o3e 7y ‘O onel [eqroauou O7IAN Qiqedridde jou yy/n ‘opewr py ‘orewoj 4

QI9AS
SIA /punojod :sax Ly 8/[ANIOT/OE 9 € (o gee > 1r1e> (80 1'8¢ V/N 0'€ 96 W o6
LN PIIw 19X 99 8/[AIST/8T (] € (9:6) S¢S @6) 918 (S:6) 1°€S 0-¢ 6:C 6:LI W 8
QI0AS
SIA /punojoid ‘sox TS SUIANIEL/ST L I QET-T:0 06T (9:0-1:0 0% (IT:1-8:1 0°LT 0:¢ VIN 69 d L
SIA PR 1S9k LL e/lAlotvt 8 € or:9) s°18 (€9) e9v (L'9) 1'8¢ 0-¢C 0:¢ ¥II W 9
e
SOK  -Topou A[aI[ ;0N 0S 6/[AN16/ST VIN I JIN IIN JIN 0-Cl 6:¢ 66l W ¢
SIA S1RISPOW 1SIX 6y S/IAl1z/9T 0l I (9:0) 892 Loree (9:0) 8'9¢ 0¢ VIN V6 4 v
LN S1RIpOW SOK Ly S/AANIvI/LT 9 ! (1:¢) €°6c 0:9) L'vT e v'Le 09 0L TTl d ¢
QIOAS
BN /punojoid ‘sox Y LI[Av/8T 9 I Lo 1> (€-Lo1> LD 1> 09 VIN L6 d ¢
QI0AS
pON /punojord :sox 4% oVIN 8 I (#'0-1:0) 0°€ (1001 #0-T0) 0¥ V/IN VIN 6§ d 1
91008 Q100§ SPIOA papreun
uoneoyIs JVD uostredwo)  A[NPOJA uayods IsI1 I
SISOUSRIp (qSV  -SB[d ‘sisouSelp QI ¢-SVAV d/D/S ¥-1aV 7-S0aV 7-S0aVv  (AV)OISd  (AV) OMA  (HV) OIIAN Jo 08y I P8y 23V Jopuen (I

SJuQWISSasse [ed13ooydAsd pue aAnIUZ0o woiy s)nsar £y Jo Arewwung | d|qeL

pringer

Qs



Journal of Autism and Developmental Disorders (2020) 50:2491-2500

2495

SB-5 NVIQ

SB-5 VIQ

SBSFSIQ

~
I
Frequency
I

Frequency

Frequency
~

T T T
40 S0 60 70 80 QID 160 11’0 1%0 150 150 15‘:0 40 S0 60 70 80

Fig. 1 Histograms of the Stanford Binet, 5th Edition (SB-5) compos-
ite scores with a curve of the normative scores using a normal distri-
bution with a mean of 100 and standard deviation of 15 for nonverbal

Fig.2 Behavior Assessment

T T T T T T T 0 T T T
90 100 110 120 130 140 150 40 S0 60 70 80

9 100 110 120 130 140 150

deviation 1Q (NVIQ), verbal deviation 1Q (VIQ), and full scale devia-
tion 1Q (FSIQ)

BASC-3 Parent Report

Scale for Children, Third Edi-
tion (BASC-3) average clinical 120
and adaptive subscale T scores. "
. 110
Average normative score of 50
is indicated by the black line. 1007
Clinical and adaptive subscales 90
are delineated by vertical dotted
line 807
@ 707 % %
£
S ene
- = T
* It )
40
30 % 3 % }
204
107
0
T T T T T T
Iz g 5 § ¢ 2 z B £ % E &
: &8 5 2 € 5§ £ § E 8 38 8 23 &
3 @ g g e 8 & 2 2 32 £ ] = =
g g % = =2 R B g 3 =2 2 ¢ § g
£ S 3 s § = & =2 F §F F 2 4
=< =3 & o e
g & g 2
@ a 'E g
< 5
2 i
- )

“Clinically Significant” range. Participants had decreased
scores (ranging from at-risk to clinically significant) rela-
tive to the normative sample on the Social Skills (M =28.7;
SD =8.6; range = 19-44), Leadership (M =28.1; SD=4.5;
range =22-33), Activities of Daily Living (M =25.1;
SD =17.6; range = 16-39), and Functional Communication
(M =24.9; SD=28.9; range = 10-41) subscales, while the
mean score for the sample on Adaptability was within the
normative range (M =44.0; SD =8.8; range =34-60). The
average scores for Atypicality, Social Skills, Leadership,
Activities of Daily Living, and Functional Communication
were all clinically significantly different from the norma-
tive population (above 70 for Atypicality and below 30 for

Social Skills, Leadership, Activities of Daily Living, and
Functional Communication), representing particular clini-
cal deficits in the Schaaf-Yang cohort. In addition, while
the elevations on the Hyperactivity, Attention Problems, and
Withdrawal scales did not reach clinical significance, these
represent subclinical deficits that may reach clinical signifi-
cance with a larger sample size.

All ABAS-3 average scores were significantly below the
comparable normative averages, indicating clinically sig-
nificant adaptive-functioning deficits in the Schaaf-Yang
cohort. Figure 3 presents histograms of each ABAS-3
domain with a superimposed curve of the normal distri-
bution (M =100; SD=15). The average General Adaptive
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Fig.3 Histograms of the Adaptive Behavior Assessment System, Third Edition (ABAS-3) composite scores with a curve of the normative
scores using a normal distribution with a mean of 100 and standard deviation of 15

Composite (GAC) score was 54.1 (SD =10.7; range =44
to 77)—well-below the normative average of 100, with 8
of 9 scores (89%) falling in the “Extremely Low” range
and 1 of 9 scores (11%) falling in the “Low” range. The
average score on the Conceptual Composite was 57.3
(SD=11.8; range =47-78)—again, well-below the nor-
mative average of 100, with 7 of 9 scores (78%) falling in
the “Extremely Low” range and 2 of 9 scores (22%) falling
in the “Low” range. The average score on the Social Com-
posite was 60.4 (SD =7.8; range =51-70), which is well-
below the normative average of 100, with 9 of 9 scores
(100%) falling in the “Extremely Low” range. The aver-
age score on the Practical Composite was 55.9 (SD=11.1;
range =48-83), which is well-below the normative average
of 100, with 8 of 9 scores (89%) falling in the “Extremely
Low” range and 1 of 9 scores (11%) falling in the “Below
Average” range.

@ Springer

ASD Symptomatology

ASD symptoms were assessed via parent ratings on the SRS-
2, parent report during the ADI-R, clinical evaluation on
the ADOS-2, and expert clinical judgment. On the SRS-2,
all participants presented with elevated symptoms on the
Total Score (M =81.4; SD=10.8) and Social Communica-
tion and Interaction domain (M =80.6; SD =10.8), while
8 of 9 participants presented with elevated symptoms on
the Restricted Interests and Repetitive Behavior domain
(M=83.2; SD=11.6). On the ADOS-2, all participants’
scores were consistent with an ADOS-2 classification of
Autism. Comparison scores for the entire sample were >6,
indicating moderate to severe clinical presentation for all
participants.

On the ADI-R, the diagnostic algorithm could not be reli-
ably completed for one participant (Participant 1) because
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she was too low functioning. 100% of the sample for
which the diagnostic algorithm could be completed (n=_8)
exceeded the cutoff for Domain A: Qualitative Abnormali-
ties in Reciprocal Social Interaction; 87.5% of the sample
exceeded the cutoff for Domain B: Qualitative Abnormali-
ties in Communication; and 87.5% of the sample exceeded
the cutoff for Domain C: Restricted, Repetitive, and Ste-
reotyped Patterns of Behavior. Across the full sample for
which the diagnostic algorithm could be completed, 6 of 8
participants (75%) exceeded all three diagnostic cutoffs on
the ADI-R. Notably, three parents reported that it was dif-
ficult to tell if their child was upset/crying or happy/laugh-
ing in past, and two additional parents reported that their
child presented with a limited range of facial expressions/
emotional expression in the past. Two parents reported cur-
rent abnormal laugh and cry, two parents reported current
difficulty interpreting child’s emotional expressions, and one
parent reported current concerns regarding lack of emotional
expression from their child.

Clinical diagnosis of ASD was determined jointly for
each child by the two ASD expert clinicians (L.N.B. and
R.P.G.-K.) after review of results from the cognitive/devel-
opmental assessment, ADOS-2, SRS-2, and ADI-R. 89%
of participants received a diagnosis of ASD. The one par-
ticipant (Participant 1) who did not receive a diagnosis pre-
sented with clinically significant ASD symptoms throughout
the evaluation and per parent report; however, general intel-
lectual functioning was too low to reliably make an ASD
diagnosis.

Discussion

Differences in clinical phenotypes between individuals with
PWS and individuals with truncating variants of the paternal
allele of the MAGEL? gene led to classification of a distinct
syndrome, named Schaaf-Yang syndrome (OMIM 615547).
The current study sought to characterize the neurocognitive
and neurobehavioral phenotype of this disorder. Addition-
ally, this study sought to examine the distinctiveness of the
Schaaf-Yang syndrome phenotype from what has been previ-
ously published about the neurocognitive and neurobehav-
ioral phenotype of PWS.

Cognitive functioning of the sample was lower than
expected, given that children with PWS typically present
with mild to moderate ID. One study found that the distribu-
tion of intellectual functioning in individuals with PWS is
approximately normal, though the mean is 40 points below
the general population mean (Whittington et al. 2004). This
finding translates to a mean IQ standard score of 60, which
falls within the classification of mild ID. Several participants
in the current study were so low functioning that they were
unable to complete a standardized assessment of intellectual

functioning. As such, a deviation IQ score was unable to be
computed for the entire sample. The mean full scale ratio
IQ score for the sample was 27.0, indicative of much lower
average cognitive functioning than that seen in PWS sam-
ples. Additionally, average adaptive functioning ratings for
the current sample were calculated, as diagnosis of ID is
based on both intellectual functioning and adaptive function-
ing, with the Diagnostic and Statistical Manual of Mental
Disorders—>5th Edition (American Psychiatric Association
2013) placing particular emphasis on adaptive function-
ing when determining the severity level. Results indicated
“extremely low” functioning across all adaptive domains
compared to the normative average.

Taken together, results from the Schaaf-Yang sample indi-
cate 44% of the sample presented with severe/profound ID,
33% presented with moderate ID, and 22% presented with
mild ID. Comparatively, a previous review paper reported
intelligence levels of participants with PWS from 57 stud-
ies and noted 5.6% with severe/profound ID, 27.3% with
moderate ID, 34.4% with mild ID, and 32.7% with border-
line/age-appropriate cognitive functioning (Curfs and Fryns
1992). Taken together, results of the current study highlight
that intellectual functioning differentiates PWS from Schaaf-
Yang syndrome, such that both populations are likely to
present with ID, though individuals with Schaaf-Yang syn-
drome appear to present with more severe ID.

Another difference between PWS and Schaaf-Yang syn-
drome highlighted by the current study is the difference in
prevalence of obsessive thoughts and compulsive behaviors
between the two syndromes. No parents in the current sam-
ple reported significant symptoms of obsessive thoughts or
compulsive behaviors, which is in direct contrast to studies
of children with PWS. Specifically, a study by Dykens et al.
(1996) reported high rates of symptoms on the YBOCS in
children and adults with PWS, with 45-80% of the sample
reporting that symptoms were time consuming, distressful,
or negatively impacting functioning, which suggests a diag-
nosis of obsessive—compulsive disorder in a large portion
of the sample rather than just obsessive—compulsive traits.

Strikingly, our sample of patients with Schaaf-Yang syn-
drome presented with a high prevalence of ASD, with 89%
of the sample receiving a diagnosis of ASD based on clini-
cal observation, diagnostic interview, and ratings from the
ADOS-2 and ADI-R. Furthermore, the one participant who
did not receive a diagnosis presented with significant ASD
symptomatology, though was too low functioning to reli-
ably make an ASD diagnosis. The prevalence of ASD in
this Schaaf-Yang syndrome sample represents a stark differ-
ence from PWS, where the prevalence of ASD is approxi-
mately 27% (Bennett et al. 2015). Furthermore, the clinical
presentation of ASD in this sample is indicative of a more
severe presentation, as the average comparison score from
the ADOS-2, a measure of clinical severity, fell within
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the moderate to high level of ASD symptoms. Addition-
ally, average ratings on the SRS-2 across the entire sample
were within the “severe” range of symptoms for both Social
Communication and Interaction and Restricted Interests and
Repetitive Behavior domains.

Other neurobehavioral features were present in the sam-
ple, including a clinically significant increase in concerns
related to atypicality, and subclinical concerns related to
hyperactivity, attention problems, and social withdrawal
compared to the normative population (per parent ratings
on the BASC-3). Atypicality and withdrawal are not surpris-
ing, given the high rates of ASD diagnoses within the cur-
rent sample. Additionally, the subclinical concerns related to
hyperactivity and attention problems are often seen in chil-
dren with ASD and/or ID. Several studies of the neurobe-
havioral phenotype of PWS were reviewed. No studies were
available that utilized the BASC-3, though several studies
were identified that utilized a measure with similar domains,
the Child Behavior Checklist (CBCL; Dykens et al. 1992,
1999; Dykens and Kasari 1997; Dykens and Roof 2008; Kim
et al. 2005; Skokauskas et al. 2011). Results of these stud-
ies indicated increased externalizing behaviors, social prob-
lems, and attention problems. Additionally, no studies were
found with a PWS sample that used the ABAS-3 to assess
adaptive functioning, though one study was identified that
used a measure with similar domains, the Vineland Adap-
tive Behavior Scale (Dykens and Roof 2008). Results of this
study indicated significantly impaired adaptive functioning
compared to the measure’s normative sample, consistent
with what was found in the current study of individuals with
Schaaf-Yang syndrome. However, comparison of results is
limited by the different measures used in PWS research com-
pared to the current sample.

It is currently unclear why individuals with Schaaf-Yang
syndrome may represent subsets of phenotypes that are more
severe than those seen among individuals with Prader-Willi
syndrome. This seems counterintuitive, as the entire pater-
nal copy of MAGEL?2 is missing among cases with PWS,
both as a result of paternal deletion of the 15q11q13 locus
and maternal uniparental disomy. Why would deletion of
the entire gene have less severe phenotypic consequences
than truncating point mutations? The MAGEL?2 gene is a
one-exon gene, which means that nonsense or frameshift-
ing mutations are expected to lead to a truncated protein
rather than undergoing nonsense-mediated decay. A trun-
cated protein could have a neomorphic function or could
cause some kind of dominant-negative effect. This may be
relevant, given that MAGEL?2 functions as part of a protein
complex, along with TRIM27 and USP7 (Hao et al. 2015).
Alternatively, the less severe consequences of MAGEL?2
deletion could have to do with the imprinted nature of the
15q11 chromosome locus. Deletion of the paternal allele of
MAGEL?2 may cause leaky expression of the maternal allele
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of MAGEL?2, as has been suggested in studies of the mouse
brain (Matarazzo and Muscatelli 2013). On the other hand,
patients with Schaaf-Yang syndrome have truncating point
mutations of MAGEL?2, leaving the paternal promoter intact,
and consequently no leaky expression from the maternal
copy would be expected.

Strengths, Limitations, and Future Directions

One strength of the current study is the comprehensive,
phenotypic assessment that was standardized across the
sample. This afforded clear characterization of intellectual
and adaptive functioning, ASD symptomatology, and other
parent-reported psychiatric features, including the previ-
ously unreported identification of common first concerns
(e.g., abnormal/absent crying at birth, hand contractures)
and difficulties with emotional expression (e.g., inability
to distinguish laughing from crying). Another strength is
the lack of ascertainment bias that is common in studies
examining the rates of ASD in various samples. Participants
were recruited through a genetic disorder registry, rather
than an autism clinic or foundation, which prevented the
effect of a recruitment bias on conclusions regarding ASD
prevalence in the sample. In contrast, the study is limited
by ascertainment bias from a genetic standpoint. Specifi-
cally, individuals often receive genetic testing because of
significantly impaired levels of functioning that prompt a
genetic work-up. Thus, individuals who have significant
developmental delays and neurocognitive deficits are poten-
tially overrepresented in this sample. It is unclear at this time
whether there are individuals with this genetic mutation in
the general population who remain undiagnosed because of a
lack of significant impairment motivating further evaluation.

The small sample size is another limitation of the current
study. However, at the time of recruitment, only 19 indi-
viduals had been diagnosed with Schaaf-Yang syndrome in
the United States, and 9 of these individuals completed the
current study. At the time this manuscript was written, over
100 individuals had confirmed Schaaf-Yang syndrome glob-
ally, affording the opportunity for more in depth examina-
tions of this population in the future with larger samples.
Additionally, the comparisons made between the phenotypes
of Schaaf-Yang syndrome and PWS were made based on
the results of the current study in comparison with previ-
ously published research on samples of youth with PWS.
These conclusions would be stronger had the current study
included a PWS comparison group.

In conclusion, this study highlighted significant differ-
ences between the clinical presentations of individuals with
PWS and individuals with Schaaf-Yang syndrome. Spe-
cifically, compared to individuals with PWS, patients with
Schaaf-Yang syndrome were more likely to present with
more severe cognitive deficits/ID, less likely to present with
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obsessions or compulsions, and more likely to qualify for
a diagnosis of ASD. Results reflect that the Schaaf-Yang
population is at significant risk for impaired functioning
across multiple domains as a result of their genetic con-
dition. Further evaluation of treatments and services that
would be effective for use with this population specifically
is important, considering that traditional methods may not be
appropriate, given their broad functional limitations.
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