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Smaller and larger deletions of the Williams Beuren
syndrome region implicate genes involved in mild
facial phenotype, epilepsy and autistic traits

Carmela Fusco1,6, Lucia Micale1,6, Bartolomeo Augello1, Maria Teresa Pellico1, Deny Menghini2,
Paolo Alfieri2, Maria Cristina Digilio3, Barbara Mandriani1,4, Massimo Carella1, Orazio Palumbo1,
Stefano Vicari2 and Giuseppe Merla*,1,5

Williams Beuren syndrome (WBS) is a multisystemic disorder caused by a hemizygous deletion of 1.5 Mb on

chromosome 7q11.23 spanning 28 genes. A few patients with larger and smaller WBS deletion have been reported.

They show clinical features that vary between isolated SVAS to the full spectrum of WBS phenotype, associated with

epilepsy or autism spectrum behavior. Here we describe four patients with atypical WBS 7q11.23 deletions. Two carry

B3.5 Mb larger deletion towards the telomere that includes Huntingtin-interacting protein 1 (HIP1) and tyrosine

3-monooxygenase/tryptophan 5-monooxigenase activation protein gamma (YWHAG) genes. Other two carry a shorter deletion

of B1.2 Mb at centromeric side that excludes the distal WBS genes BAZ1B and FZD9. Along with previously reported cases,

genotype–phenotype correlation in the patients described here further suggests that haploinsufficiency of HIP1 and YWHAG

might cause the severe neurological and neuropsychological deficits including epilepsy and autistic traits, and that the

preservation of BAZ1B and FZD9 genes may be related to mild facial features and moderate neuropsychological deficits.

This report highlights the importance to characterize additional patients with 7q11.23 atypical deletions comparing

neuropsychological and clinical features between these individuals to shed light on the pathogenic role of genes within

and flanking the WBS region.
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INTRODUCTION

The 1.5–1.8 Mb hemizygous deletion of roughly 28 annotated genes at

7q11.23 region causes Williams Beuren syndrome (WBS; OMIM

number 194050). WBS patients display a characteristic pattern of

symptoms including typical facial dysmorphism, supravalvular aortic

stenosis (SVAS), weakness of connective tissue, short stature, mild-to-

moderate intellectual disability (ID), and a characteristic cognitive

profile that includes relative strengths in verbal short term memory

and lexical comprehension, alongside severe weakness in visuospatial

construction. Other clinical features include growth retardation,

hyperacusis, premature ageing, hypercalcemia, glucose intolerance,

renal anomalies, dental defects, gastrointestinal problems, urinary

tract abnormalities, weakness in daily living skills, and motor

abilities.1

The dissection of the WBS phenotype relies mainly on
evidences from functional studies of single genes, animal models,

and analysis of WBS individuals with atypical deletions. These studies

suggest correlations between haploinsufficiency of some WBS genes

and WBS phenotypic features. For instance, reduced BAZ1B protein

level has been linked to cardiac, craniofacial, and hypercalcemia

defects; hemizygosity of LIMK1, CLIP2, GTF2IRD1, and GTF2I is
associated to the specific WBS cognitive profile and craniofacial
features.2,3

Here we describe four patients with atypical 7q11.23 deletions and
complex WBS phenotypes. Two carry B3.5 Mb larger deletion
towards the telomere that includes Huntingtin-interacting protein 1
(HIP1) and tyrosine 3-monooxygenase/tryptophan 5-monooxigenase
activation protein gamma (YWHAG). The other two carry shorter
deletions of B1.2 Mb at centromeric side that do not include the
more distal WBS genes.

SUBJECTS AND METHODS

Subjects and clinical evaluation
Blood samples were obtained from proband and available parents after

acquiring informed consent approved by the institutional review board. In

WBS154 and WBS166 patients, the global cognitive evaluation was conducted

by the Wechsler Intelligence Scale for Children Third Edition (WISC-III).4

As WBS160 had a severe ID and WBS179 was very young, both were not able

to complete the WISC-III, and therefore their global cognitive abilities were

assessed by using the Leiter International Performance Scale-Revised5 and the

Griffiths Scales of Mental Development),6 respectively.
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Complete evaluation concerning linguistic (production and comprehen-

sion), visuo-motor, praxic, coordination, adaptive abilities, and behavior

aspects was reported for all the patients (Table 1).

Multiple-ligation probe amplification and quantitative
real-time PCR
The multiple-ligation probe amplification (MLPA) analysis was performed

with SALSA kit P029 (MRC Holland, http://www.mlpa.com), according to the

manufacturer’s instructions. Quantitative real-time PCR (qPCR) was carried

out as described,3 with oligo pairs reported in Supplementary Table S2 and

based on the UCSC GRCh37/hg19 assembly.

CytoScan HD array and junctions fragment mapping
The CytoScan HD assay was performed according to the manufacturer’s

protocol. Briefly, genomic DNA was digested, ligated to an adapter, and

subjected to PCR amplification. After DNase I digestion, PCR products were

labeled and hybridized. After that washing and staining were performed using

the Fluidics Station 450 (Affymetrix, Santa Clara, CA, USA). The array was

then scanned with the Scanner 3000 7G (Affymetrix), and both quality control

step and copy number analysis were performed using the Chromosome Analysis

Suite Software (Affymetrix): (i) the raw data file (CEL) was normalized using the

default options; (ii) an unpaired analysis was performed using as baseline the

270 HapMap samples in order to obtain copy numbers value from CEL files

while the amplified and/or deleted regions were detected using a standard

Hidden Markov Model method. The Database of Genomic Variants (http://

www.projects.tcga.ca/variation/) was used to compare findings with previously

reported studies. Coordinates of copy number variants, deletion breakpoints and

oligo pairs used in qPCR are based on the UCSC GRCh37/hg19 assembly.

RESULTS

Neuropsychological and clinical features of WBS patients are sum-
marized in Table 1 and Supplementary Table S1, respectively.

Patient WBS160
The proband, a 14.6-year-old female, is the only child of healthy non-
consanguineous parents. At birth, the mother was 32 years old, the
father 34. The patient was born by vaginal delivery at term of an
uneventful pregnancy. Birth weight was 2700 g, length 48 cm, and
head circumference 34 cm. Phenotypic examination showed truncal
obesity, microcephaly, strabismus, characteristic WBS facial anomalies
(for example, periorbital fullness, epicanthal folds, stellate iris, malar
flattening, short nose with anteverted nares, long philtrum, large
mouth with thick lips), small teeth with dental malocclusion, and
scoliosis. Weight was 70 kg (90th centile), height 148 cm (o3rd), and
head circumference 50 cm (o3rd). The voice was coarse. Feeding
difficulties were referred during the first year of life. Hyperacusia was
present. Blood calcium dosage was normal. Screening for celiac
disease was negative. She was pharmacologically treated for tonico-
clonic epilepsy from the age of 2 years with antiepileptics (actually
with Lamotrigine). Cerebral and renal ultrasound examinations,
cerebral MRI, 2-dimensional color-Doppler echocardiography were
normal. Neuropsychological profile was characterized by a severe ID
with diffuse neuropsychological deficits (Table 1 and Supplementary
Table S1). Moreover, anxiety and obsessive behavior were documen-
ted by the psychopathological examination.

Patient WBS179
The proband, a 5.5-year-old female, is the second child of healthy
non-consanguineous parents (Figure 1a). At birth, the mother was 33
years old, the father 34. The patient was born by cesarean section at
term of pregnancy. Ultrasound examinations after the 34th week
showed intrauterine growth retardation. Birth weight was 2840 g,
length 47 cm, and head circumference 33 cm. Apgar scores were 6
and 8 at 1 and 5 min, respectively. Congenital heart defect was
diagnosed shortly after birth. Echocardiography showed valvular and

Table 1 Scores of WBS subjects on the neuropsychological testing

WBS154 WBS166 WBS160 WBS179

CA: 15.0 y.m CA: 6.6 y.m CA: 14.6 y.m CA: 5.5 y.m

MA: 6.6 y.m MA: 3.0 y.m MA: 3.0 y.m MA: 3.3 y.m
Total IQ or DQ* 43 (WISC-III) 46 (WISC-III) 36 (LIPS-R) *39 (GSMD)

Verbal IQ 50 56

Performance IQ 49 48

y.m Difference from MA y.m Difference from MA y.m Difference from MA y.m Difference from MA

Lexical productiona 10.0 (BNT) þ3.6 6.0 (BNT) þ3.0 3.6 (BNT) þ0.6 1.5 (CDI) �1.8

Lexical comprehensiona 11.0 (PPVT) þ4.6 4.5 (PPVT) þ1.5 4.0 (PPVT) þ1 1.5 (CDI) �1.8

Sentence comprehensiona NE NE 5.8 (GCT) þ2.8 3.0 (GCT) 0 2.0 (FLT) �1.3

Nonverbal abilitiesa 5.6 (VMI) �1.0 4.10 (VMI) þ1.10 5.0 (PCET) þ2 2.0 (VMC) �1.3

Adaptive Abilities (VABS)

Communicationa 13.2 þ7.2 6.6 þ3.6 3.11 þ0.11 2.2 �1.1

Daily livinga 3.1 �3.5 8.3 þ5.3 2.11 �0.1 2.8 �0.5

Socializationa 7.10 þ1.4 8.0 þ5.0 3.2 þ0.2 2.2 �2.2

Motor skillsa NE NE 5.2 þ3.2 2.6 �0.6 3.3 0

Abbreviations: BNT, Boston Naming Test; CDI, MacArthur-Bates Communicative Development Inventory; DQ, developmental quotient; FLT, first language test; GCT, grammar comprehension test;
GSMD, Griffiths Scales of Mental Development; IQ, intelligence quotient; LIPS-R, Leiter International Performance Scale-Revised; NE, not explored; PCET, Praxic and Coordination Evaluation Test;
PPVT, Peabody Picture Vocabulary Test; VMI; Developmental Test of Visuo-Motor Integration; WISC-III, Wechsler Intelligence Scale for Children Third Edition; VABS, Vineland Adaptive Behavior
Scales; VMC, the Visual Manual Coordination subtest of the Griffiths Scales of Mental Development.
Deviation from mental age (MA) is expressed in year and month (y.m).
aAll scores are age-corrected scaled scores and expressed in equivalent age.
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Figure 1 Facial and molecular features of representative WBS patients. (a) Representative images of facial characteristics of WBS patient carrying larger

(WBS 179, top) and smaller deletion (WBS 166, bottom). (b, c) Mapping WBS atypical deletion by qPCR. Relative DNA quantity was quantified for the four

probands. (b) shows patients with largest deletion (WBS 179 and WBS 160) and (c) those with smallest ones (WBS 154 and WBS166) as well as an

unaffected control (CNTL) and a WBS patient carrying the classical deletion (WBS).
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supravalvular pulmonary stenosis with mild peripheral pulmonary
stenosis. Feeding difficulties were referred during the first 2 years of
life. Cerebral and renal ultrasound examinations were normal.
Bilateral convergent strabismus was operated at 4 years of age.
Developmental milestones were retarded. The baby was able to walk
alone at 27 months; first words appeared at 42 months. Phenotypic
examination showed microcephaly, typical facial anomalies of WBS
(periorbital fullness, epicanthal folds, stellate iris, flat nasal bridge,
anteverted nares, large mouth with thick lips), small teeth, and
umbilical hernia. Weight was 13 500 kg (o3rd centile), height 101 cm
(3rd–10th centile), and head circumference 47.5 cm (o3rd centile).
Echocardiography at 5 years of age showed mild suprapulmonary
stenosis. Blood calcium dosage was normal. Neuropsychological
profile was characterized by a severe ID with diffuse deficits
compared with her mental age. Behavior was characterized by
aggressivity, acts of self-injury, social communication problems,
stereotypes, hyperactivity/impulsivity, and temper tantrums. On
child behavior checklist,7 this patient obtained clinical results on
syndromic scale ‘withdrawn’ and ‘pervasive developmental disorder’.
Critical scores for the pervasive developmental disorder derived also
from the Social Communication Questionnaire (total score 415)8

and for an attention deficit and hyperactivity disorder from the
Conners Scale (T score 90).9

Patient WBS154
The proband, a 15-year-old female, is the first child of healthy non-
consanguineous parents. Family history was unremarkable. At birth,
the mother was 32 years old, the father 35. The baby was born by
cesarean section at the 42th week of an uneventful gestation. Birth
weight was 3460 g, length 50.5 cm, and head circumference 34.4 cm.
Apgar scores were 8 and 9 at 1 and 5 min, respectively. Develop-
mental milestones were retarded. Two-dimensional echocardiography
and renal ultrasound examination were normal. Phenotypic exam-
ination at 15 years showed mild facial features of WBS, including
mild malar hypoplasia and thick lips. Epicanthal folds, flat nasal
bridge, stellate iris, anteverted nares, large mouth, and small teeth
were not present in this patient. Weight was 52 kg (25th–50th
centile), height 160 cm (25th–50thcentile), and head circumference
54 cm (25th–50th centile). Strabismus was treated with eye occlusion
and lens. Kyphosis and subluxation of both rotulae were noted at 13
years of age. Screening for celiac disease was negative. Abdominal
ultrasound examination and echo-Doppler ultrasound of renal
vessels were all normal. Neuropsychological profile was characterized
by a moderate ID with neuropsychological functioning characterized
by linguistic abilities and some features of adaptive abilities (that is,
communication and socialization) more proficient than those pre-
dictable on the basis of her mental age (Table 1). Moreover, anxiety
and attention deficit hyperactivity disorder were also found.

Patient WBS166
The proband, a 6.6-year-old male, is the third child of healthy non-
consanguineous parents (Figure 1a). An older brother was deceased
after cardiac surgery for transposition of the great arteries with
ventricular septal defect. At birth, the mother was 29 years old, the
father 31. The proband was born by cesarean section at term of an
uneventful pregnancy. Birth weight was 3200 g, length 50.5 cm, and
head circumference 35 cm. Apgar scores were 8 and 9 at 1 and 5 min,
respectively. Congenital heart defect was diagnosed in the first days of
life. Echocardiography showed SVAS, which was operated at 12
months of age, and mild peripheral pulmonary stenosis. At 3 years
of age, hypertension needing pharmacological treatment was

diagnosed. Developmental milestones were retarded. At 6 years,
weight was 28 kg (90th centile), height 126 cm (90th–97th centile),
and head circumference 49.8 cm (10th centile). Phenotypic examina-
tion showed mild atypical features of WBS, including flat face, narrow
palpebral fissures, malar hypoplasia, thick everted lower lip, low-set
ears, and narrow shoulders. Neuropsychological profile was charac-
terized by a moderate ID (Supplementary Table S1) with a proficient
neuropsychological profile especially when compared with his mental
age (Table 1). Specifically, scores obtained in verbal, nonverbal, and
adaptive tasks were above his mental age level. Finally, no psycho-
pathological disorder was observed.

Deletion mapping
FISH and MLPA analysis confirmed WBS clinical diagnosis by
detecting a de novo heterozygous deletion at chromosome 7q11.23
for all four patients (data not shown and Supplementary Figure S1).
Notably, MLPA results were indicative of smaller atypical deletions in
WBS154 and WBS166 samples. aCGH and qPCR were carried out to
precisely map the extents of the deletion (Figure 1 and
Supplementary Table S3) and to exclude the contribution of other
copy number variants (CNVs) to the observed phenotypes. No
additional pathological CNVs were identified in all four patients,
suggesting that the observed complex phenotypes are consequences
of the 7q11.23 deletion. The deletion of WBS160 and WBS179
patients showed a similar extension. Both are heterozygous for the
common WBS deletion, encompassing the proximal 1.43 Mb of the
Williams Beuren Syndrome Chromosomal Region (WBSCR) but
extending to B2 Mb beyond it, with CCDC146 as the first preserved
two copies-gene located distally to WBSCR deletion (Figure 1b and
Supplementary Table S3). RepeatMasker analysis of the regions
flanking each deletion breakpoint showed that the sequence imme-
diately upstream and downstream the WBS160 deleted region fell
within a simple tandem repeat 50-(CTTTAAGAAAAGAAACG)-30

mapping inside the STAG3L3 gene and within the long interspersed
nuclear element (LINE) and short interspersed elements (SINE)
repeats, respectively. Similarly analysis for the WBS179 revealed an
enrichment of LINE and SINE repeats at the distal breakpoint
junction and the presence of a L1MC3 element (LINE L1 family
element) at the proximal breakpoint.

The minimum deletion for WBS154 was 1.04 Mb in size (chr7:
73 092 574–74 141 493) spanning the whole WBSCR distal to ELN,
including GTF2I, and preserving the TBL2 gene at the proximal end
of the deletion. At the sequence level, we found that the breakpoints
of the region implicated in the WBS154 rearrangements were located
in SINE dense regions.

WBS166 carried a 1.03-Mb deletion (chr 7:72 974 959–74 005 314)
with an intact BCL7B gene at the centromeric end of WBSCR and
preserving GTF2I at the telomeric end (Figure 1c and Supplementary
Table S3). Analysis of the sequence flanking the distal breakpoint
revealed an enrichment of SINE elements within GTF2IRD1 gene,
whereas the proximal breakpoint was found close to Alu elements.

DISCUSSION

WBS patients with uncommon deletion size at 7q11.23 are of
particular interest for WBS genotype–phenotype correlation
(Figure 2). In particular, larger WBS deletions extending distally
show a more severe developmental delay (DD) or ID phenotype with
serious impairments in cognitive function sometimes accompanied by
infantile spasms and epilepsy, infrequently diagnosed in WBS patients
with common deletion.10 In this study, we identified two WBS
patients with larger deletions towards the telomere. Both patients
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presented severe DD, ID, and neuropsychological deficits. WBS179
showed recurrent self-injurious acts, impulsivity, hyperactivity,
aggression, and autistic traits, as reported by SCQ test, while
WBS160 was pharmacologically treated for tonico-clonic epilepsy.
Among the genes deleted distally to the WBS common deletion
interval, HIP1 and YWHAG have been proposed as the most
compelling candidate genes for susceptibility to autistic traits,
epilepsy, and ID.10 In a loss-of-function model, mice with targeted
mutation in the Hip1 gene developed a neurological phenotype,
characterized by failure to thrive, tremor, gait ataxia, and epilepsy.11

Moreover, Hip1 is crucial for a-amino-3-hydroxy-5-methyl-4-
isoxazolepropionic acid (AMPA) and N-methyl-D-aspartate (NMDA)
receptor trafficking in primary hippocampal neurons whose defects
are associated with major progressive neurological deficits.12 Thus, the
haploinsufficiency of HIP1 is sufficient to alter neuronal homeostasis
predisposing the human brain to epilepsy through a mechanism
involving abnormal AMPA and NMDA iGluR trafficking.
YHWAG is a member of a highly conserved family of phos-

phopeptide-binding proteins involved in signal transduction,
protein localization, cell-cycle checkpoint control, and apoptosis.13

The loss of function of zebrafish ywhag1 leads to brain DD and
heart tube enlargement, indicating that YWHAG may have a
role in both brain and heart development. Moreover, based on
ywhag1 knockdown phenotype and expression pattern, the
hemizigosity of YWHAG has been proposed to contribute to
epilepsy and cardiomegaly.14

In a recent study, Ramocki et al10 reported individuals with
heterozygous microdeletions distally adjacent to the WBS region
inclusive of HIP1, but not YWHAG in patients with variable
expression and/or incomplete penetrance of epilepsy, learning
difficulties, intellectual disabilities, and/or neurobehavioral
abnormalities, suggesting that deletion of HIP1 is sufficient to cause
neurological disease. Together with these collective findings, our
results led to the postulation that HIP1 and YWHAG genes might

contribute to the WBS neurological dysfunction when deleted along
with other WBS genes.

The comparison of the phenotype of both patients with smaller
WBS deletion with that of classical WBS patients revealed some
interesting clues. Both patients have a mild facial gestalt of WBS; they
do not present stellate iris, short upturned nose, wide mouth, dental
abnormalities, and the malocclusion commonly observed in WBS
patients. Notably, three other fairly common WBS features as
microcephaly, full lips, and long philtrum are not present in
WBS154, suggesting that the genes proximal to TBL2, including
TRIM50, FKBP6, FDZ9, and BAZ1B, might be involved for the onset
of such phenotypes. The cognitive profile investigation documented a
moderate ID. Moreover, WBS154 and WBS166 resulted particularly
proficient in language and communication skills and not only in
lexical comprehension (Table 1). This neuropsychological profile with
relatively intact language and, concerning adaptive behavior, strength
in communication is in line with that observed in typically deleted
WBS individuals.15–17

Careful analysis of facial features of patients with atypical deletion
and varying degrees of craniofacial abnormalities and animal model
studies suggest that genes at both proximal and distal ends of the
deletion are involved in WBS craniofacial features.3,18–21 In particular,
two genes have been postulated to be mainly involved in the
craniofacial features of WBS, GTF2IRD1, and BAZ1B.
GTF2IRD1 was proposed as a key gene in facial morphogenesis

based on the finding of reported craniofacial defects reminiscent of
the WBS in a mouse lines homozygous for a chromosomal
translocation disrupting the Gtf2ird1 gene.22 In addition, GTF2IRD1
regulates the goosecoid gene involved in craniofacial morphogenesis23

as well, as mice haploinsuficient for a mouse model carrying a
deletion between Clip2 and Gtf2ird1 show hypoplasia of the mandible
and other craniofacial defects resembling the defects and dental
problems of WBS individuals.24 However, another targeted knockout
of Gtf2ird1 failed to find craniofacial dysmorphology,25 suggesting
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that this phenotype may be influenced by different genetic
background of diverse strains.
BAZ1B was implicated in craniofacial development through a

mouse model generated by random chemical mutagenesis resulting
in the heterozygous L733R change in a highly conserved amino acid.
Although this mouse line is not a true knockout, and thus we cannot
know a priori whether it recapitulates the assumed Baz1b haploin-
sufficieny seen in WBS cell lines, this substitution resulted in reduced
protein level compared with its wild-type countepart.26 Notably, mice
homozygous for this mutation died within the first week of life,
similar to the Baz1b knock-out mice described inYoshimura et al.27

Baz1b heterozygote mice present slightly narrower and shorter
craniums compared with wild-type mice as well as reduced size of
the posterior region of the lower jaw, indicating a role for Baz1b in the
craniofacial development. Moreover, the reduction of the Baz1b
protein level produces some craniofacial features similar to those
shown by typical WBS patients, such as a small upturned nose with
flat nasal bridge, malocclusion, bitemporal narrowing, and prominent
forehead.26 Notably, WBS154 and WBS166, both with two copies of
BAZ1B, do not present any of the above features, suggesting that
BAZ1B and genes mapping at the proximal end of the WBS deletion
are tantalizing candidates for WBS facies.

Insights about WBS craniofacial features come from full-deletion
mice model. Although the most remarkable abnormalities in cranio-
facial development are observed for mice lacking the entire WBS
syntenic region,28 mice lacking the human proximal region spanning
Trim50:Limk1 (that includes Baz1b) showed only very mild facial
defects. On the contrary, no differences in cranial morphology were
reported in mice lacking the human distal region (Limk1:Gtf2i), in
contrast to reported cases of individuals with atypical deletions that
postulate a role for the most WBSCR distal genes as involved in the
craniofacial phenotype.2,3,22,29 Overall, these results highlight the
complexity of craniofacial development and WBS.
FZD9 gene is selectively expressed in the hippocampus throughout

life with a strong expression in the neuroepithelium. Fzd9 null and
heterozygous mice have increased apoptotic cell death and increased
precursor proliferation during hippocampus development. Moreover,
Fzd9 null mutants exhibit defects in learning and memory, reflecting
hippocampus functional deficits.30 Overall, these evidences point out
that Fzd9 has an important role in hippocampus development,
and therefore, Fzd9 may be an intriguing candidate for the
neurodevelopmental and behavioral phenotype of WBS individuals.
Overall, these observations suggest that BAZ1b and FZD9 remain two
good candidate genes for the facial features and neurodevelopmental
phenotype of WBS patients, respectively.

At the sequence level, we found that the sequences surrounding the
deleted regions in all cases analyzed container repetitive elements,
reported to give rise to genomic deletions by promoting recombina-
tional instability. Although the vast majority of WBS deletions result
by nonallelic homologous recombination between large regions of
very high identity, the nonrecurrent deletions are likely random
events that could be facilitated by other repetitive elements
flanking the deleted intervals. However, the location of the break-
points in nonhomologous or with low similarity sequences suggests
that the most likely mechanism leading to this atypical rearrange-
ments may be nonhomologous end joining or other processes that do
not required high homology at the breakpoint, and support the
proposal that other mechanisms predisposes to genomic instability of
the WBS region31

This study underscores the importance to map precisely the WBS
deletion boundaries to revaluate the significance of the WBS genes

hemizygosity in the pathogenesis of epilepsy, facial features, and
neurological phenotypes.32–40
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