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illiams–Beuren syndrome (also known as Williams’ syndrome;
Online Mendelian Inheritance in Man [OMIM] number, 194050), a multi
system disorder, is caused by deletion of the Williams–Beuren syndrome
chromosome region, spanning 1.5 million to 1.8 million base pairs and containing
26 to 28 genes. Exactly how gene loss leads to the characteristic phenotype of
Williams–Beuren syndrome is unknown, but hypoexpression of gene products is
likely to be involved. Estimated to occur in approximately 1 in 10,000 persons,1
Williams–Beuren syndrome is a microdeletion disorder, or contiguous-gene-deletion
disorder, that can serve as a model for the study of genotype–phenotype correlations
and potentially reveal genes contributing to diabetes, hypertension, and anxiety.
The first cases of Williams–Beuren syndrome were described as two seemingly
unrelated disorders. One presentation was characterized by hypercalcemia plus per
sistent growth failure, characteristic facial appearance, “mental retardation,” heart
murmur, and hypertension,2,3 while the other was characterized by supravalvular
aortic stenosis (narrowing of the ascending aorta above the aortic valve, involving
the sinotubular junction) plus a distinctive facial appearance, “mental retardation,”
“friendly” personality, and growth retardation.4,5 Subsequent description of a patient
with features common to both phenotypes indicated that these were variations of the
same disorder,6 now referred to as Williams–Beuren syndrome.
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C ause s a nd Cur r en t Di agnos t ic Te s t s
Vitamin D teratogenicity was first considered as the cause of Williams–Beuren syn
drome, on the basis of experiments showing supravalvular aortic stenosis and cranio
facial abnormalities in rabbit fetuses exposed to high-dose vitamin D.7,8 Two com
pelling lines of evidence later showed that Williams–Beuren syndrome was genetic,
not teratogenic: transmission of Williams–Beuren syndrome from parent to child9,10
and characterization of the phenotypically overlapping autosomal dominant familial
supravalvular aortic stenosis syndrome (OMIM number, 185500). Familial supraval
vular aortic stenosis, which is caused by disruption of the elastin gene (ELN), is
associated with cardiovascular abnormalities that are characteristic of Williams–
Beuren syndrome but with few of the syndrome’s other features.11,12 The screening
of patients with Williams–Beuren syndrome for ELN mutations revealed none; rather,
one ELN allele was completely lacking, suggesting that Williams–Beuren syndrome
was a microdeletion disorder, not a point-mutation disorder.13
Recognition of Williams–Beuren syndrome usually starts with the astute clini
cian. Clinical diagnostic criteria14,15 have only modest usefulness as compared with
rapid and accurate laboratory testing. Fluorescence in situ hybridization (FISH) in
volving ELN-specific probes establishes the diagnosis of Williams–Beuren syndrome
by showing the presence of a single ELN allele only rather than two alleles (Fig. 1A).
Although FISH remains the most widely used laboratory test, the diagnosis can
also be established by means of microsatellite marker analysis, multiplex ligation-
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dependent probe amplification, quantitative Cardiovascular Abnormalities
polymerase-chain-reaction assay, or array com
parative genomic hybridization (Fig. 1B). Though
not yet cost-competitive, array comparative ge
nomic hybridization offers advantages if the clini
cal impression is not clearly consistent with
Williams–Beuren syndrome or if the patient has
an “atypical” deletion, since this method can de
lineate the deleted genes.

C OM MON CL INIC A L FE AT UR E S
Williams–Beuren syndrome has a characteristic
constellation of findings. The facial features range
from subtle to dramatic (Fig. 2). Young children
are often described as cute or pixielike, with a flat
nasal bridge, short upturned nose, periorbital puff
iness, long philtrum, and delicate chin, whereas
older patients have slightly coarse features, with
full lips, a wide smile, and a full nasal tip.
The extent of medical and developmental prob
lems in patients with Williams–Beuren syndrome
is highly variable. Common features affecting each
organ system are listed in Table 1. This review
emphasizes findings in the cardiovascular, endo
crine, and nervous systems that most affect mor
bidity and mortality.
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Stenosis of medium and large arteries owing to
thickening of the vascular media from smoothmuscle overgrowth constitutes the prototypical
cardiovascular abnormality of Williams–Beuren
syndrome. Stenosis is most commonly located
above the aortic valve at the sinotubular junction
(e.g., supravalvular aortic stenosis) (Fig. 2E and 2F).
Supravalvular aortic stenosis, the severity of
which ranges from trivial to severe, is found in
approximately 70% of patients and is rare except
in Williams–Beuren syndrome16 and the related
familial supravalvular aortic stenosis syndrome.
Arterial narrowing may be isolated or may occur
simultaneously in numerous locations, including
the aortic arch, the descending aorta (Fig. 2G and
2H), and the pulmonary, coronary, renal (Fig. 2G),
mesenteric (Fig. 2H), and intracranial arteries.
Noninvasive imaging such as echocardiography17-21
reveals, in most patients, lesions ranging from
discrete (e.g., “hourglass”) narrowing to multiple
stenotic areas or, occasionally, even diffuse hypo
plasia. An increased carotid artery intima–media
thickness,22 consistent with a generalized elastin
arteriopathy, is present in all cases. Rarely, patients
are found to have “middle aortic syndrome,” in
which the thoracic aorta and abdominal aorta and
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Figure 2. Patients with Williams–Beuren Syndrome.
Four unrelated patients with Williams–Beuren syndrome are shown in Panels A through D. The young child (Panel A) has a flat nose
bridge, upturned tip of nose, long philtrum, mild periorbital puffiness, full cheeks, and a delicate chin. The school-age child (Panel B)
has full lips, a wide mouth, and mildly increased interdental spacing. The young adult (Panel C) has a prominent nose and nasal tip, a
wide mouth, and a full lower lip. Panel D shows a patient at 12 years of age (left) and at 83 years of age (right). Vascular stenoses in unrelated patients are shown in Panels E through H. Left ventriculography in a 5-year-old boy with Williams–Beuren syndrome shows a severe discrete (so-called hourglass) supravalvular aortic stenosis (Panel E, arrow). The aortic (Ao) root is dilated, and the proximal ascending aorta is mildly hypoplastic. Volume-rendered gadolinium-enhanced three-dimensional magnetic resonance angiography in a
44-year-old woman with Williams–Beuren syndrome shows moderate discrete supravalvular aortic stenosis (Panel F, arrow) and poststenotic dilatation. Panels G and H show the anteroposterior and lateral views, respectively, from computed tomographic angiography
in a 13-year-old boy with hypertension and an abdominal bruit. There is marked tapering of the descending aorta (Panel G, arrowhead)
and stenosis at the origin of the renal arteries
(arrows);
renal arteries
1st is also visible. Tapering of the descendAUTHOR:
Pober an aberrant course of the RETAKE:
2nd
ing aorta (Panel H, bracket and arrowhead) with stenosis of celiac and superior mesenteric arteries
(arrows) can be seen. LV denotes
FIGURE: 2 of 3
3rd
left ventricle.
Revised

ARTIST: MRL

narrowed.23,24

TYPE:

Line

Combo

4-C

H/T

SIZE
7 col
36p6
pressures

in patients with
its branches are
Intracardiac lesions that the higher blood
AUTHOR,
PLEASE NOTE: syndrome than in controls may
Williams–Beuren
such as ventricular or atrial septal defectsFigure
are un
has been redrawn and type has been reset.
check
carefully.
reflect
a physiological
adaptation to abnormal vas
common, whereas myxomatous degeneration of Please
30
culature.
aortic or mitral-valve leaflets, or both,
occur
in
up
JOB: 36203
ISSUE: 01-21-10
to 20% of patients.17,25 Left-sided stenoses may
Cardiovascular complications are the major
remain stable, but obstruction can progress, es cause of death in patients with Williams–Beuren
pecially during the first 5 years of life. However, syndrome. A formal assessment of the life expec
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spontaneously.21,26 Stenosis or occlusion of coro 1 to 55 years of age, with Williams–Beuren syn
nary ostia can occur in the absence of supraval drome showed a cardiovascular-associated mor
vular aortic stenosis.27
tality 25 to 100 times that among the controls.31
Hypertension, occasionally beginning in child The administration of general anesthesia for car
hood, ultimately develops in approximately 50% diac catheterization or for cardiac surgery in pa
of patients.28,29 The basis for hypertension is of tients with Williams–Beuren syndrome who have
ten not identified; surgically repairable renovascu biventricular outflow obstruction, biventricular
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Table 1. Common Features of Williams–Beuren Syndrome, According to Organ System.*
Feature†

Comments‡

Auditory and ear, nose, and throat
Hyperacusis

Noise sensitivity can negatively affect quality of life

Mild-to-moderate high-tone sensorineural hearing loss

Clinically detected in adolescents and adults

Recurrent otitis media
Cardiovascular
Vascular stenosis (e.g., SVAS, PPS)

Change in stenosis most likely to occur during childhood;
surgery often indicated for greater-than-moderate SVAS

Hypertension

Renovascular cause occasionally found

Valve abnormality (e.g., MVP)
Intracardiac lesion (e.g., VSD)
Stroke

Very rare; can be secondary to intracranial stenosis

Sudden death

Very rare; risk factors are use of anesthesia, biventricular
outflow obstruction, biventricular hypertrophy, coronaryartery obstruction

Development and cognition
Global cognitive impairment (mean IQ, about 55)

IQ ranges from 40 to 100; a few patients have IQs within the
normal range

Characteristic pattern of cognitive strengths and weak
nesses (known as the Williams–Beuren syndrome
cognitive profile)

Strengths are in selected language skills and weaknesses in
visuospatial skills

Dental
Small or unusually shaped primary teeth
Malocclusions
Hypodontia
Endocrine
Early onset of puberty

Menarche occurs about 2 years early

Glucose intolerance or diabetes mellitus

Reported in 75% of adults

Osteopenia or osteoporosis

Vitamin D or calcium supplementation should be used with
caution

Hypothyroidism (subclinical)

Can be associated with mild thyroid hypoplasia; drug therapy required in minority

Hypercalcemia

Documented in a minority of patients; not restricted to
infancy

Gastrointestinal and weight-related
Colic, difficulty feeding, textured-food intolerance
Abnormal weight gain

Many infants gain weight poorly; as adults, two thirds have
a body-mass index >25§

Constipation
Gastroesophageal reflux
Abdominal pain of unclear cause
Diverticular disease

Possibly occurs in up to one third of patients; diverticulitis
can occur in young adults

Rectal prolapse
Celiac disease
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Table 1. (Continued.)
Feature†

Comments‡

Genitourinary
Delayed toilet training
Voiding frequency, urgency, enuresis
Structural renal anomalies
Bladder diverticula
Recurrent urinary tract infections
Nephrocalcinosis
Miscellaneous
Short stature

Common but not obligatory; cause is probably multifactorial

Sleep dysregulation, possibly including restless legs
syndrome

Prevalence is currently unknown

Musculoskeletal
Joint laxity
Joint contractures

Worsening lower-extremity contractures with increasing age

Lordosis
Scoliosis
Neurologic
Hypotonia
Hyperreflexia

More prevalent in adolescents and adults than in younger
patients, especially in lower extremities

Cerebellar findings

Poor balance and coordination

Type I Chiari malformation
Ophthalmologic
Strabismus
Altered visual acuity
Reduced stereopsis
Narrowing of lacrimal duct
Personality, behavior, and emotional well-being
Friendly personality

Endearing, friendly personality that can confer
vulnerability to inappropriate advances

Impulsivity and short attention span (ADHD)

Lifelong ADHD, declining hyperactivity after childhood

Anxiety and phobias, obsessive–compulsive traits

Anxiety and other traits develop over time and are present
in a majority of adolescents and adults

Dysthymia
Skin and integument
Soft skin with mild premature aging
Premature graying of hair

Can start in young adulthood

Inguinal (and other) hernias
* ADHD denotes attention deficit–hyperactivity disorder, MVP mitral-valve prolapse, PPS peripheral pulmonary stenosis,
SVAS supravalvular aortic stenosis, and VSD ventricular septal defect.
† Common features are listed in descending order of prevalence.
‡ Comments are listed for the features for which the trajectory is particularly distinctive in Williams–Beuren syndrome.
§ The body-mass index is the weight in kilograms divided by the square of the height in meters.
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ostia has been reported to increase the relative In one study of 20 adults with Williams–Beuren
syndrome, oral glucose-tolerance testing showed
risk of adverse outcomes.27
that 7 had silent diabetes, 9 had impaired glucose
Endocrine Abnormalities
tolerance, and only 2 had normal results; the re
Among endocrine abnormalities associated with maining 2 patients had previously diagnosed dia
Williams–Beuren syndrome, hypercalcemia has betes that contraindicated oral glucose-tolerance
received the most attention for historical reasons, testing.44 Obesity was an additional risk factor;
even though it is often documented less frequently glucose tolerance was abnormal in 10 of the 12
than other problems such as diabetes mellitus or patients with Williams–Beuren syndrome who had
subclinical hypothyroidism.
a body-mass index (BMI; the weight in kilograms
divided by the square of the height in meters)
Calcium Abnormalities
greater than 25, as compared with only 2 of 12
It has been reported that 5%32,33 to 50%34,35 of healthy controls matched with regard to age, sex,
patients with Williams–Beuren syndrome have one and BMI. However, among subjects with a BMI
or more episodes of hypercalcemia; this factor- below 20, three of six with Williams–Beuren syn
of-10 variation is most likely due to differing study drome, as compared with none of six matched
designs and methods. Hypercalcemia is generally controls, had impaired glucose tolerance. Overt
mild (with calcium levels up to 11.5 mg per deci diabetes has been reported in several adults with
liter [2.9 mmol per liter]), though it can be moder Williams–Beuren syndrome.18
ate or severe, particularly during infancy.36,37 An
episode of hypercalcemia can be asymptomatic or Thyroid Abnormalities
associated with nonspecific symptoms (e.g., colic Subclinical hypothyroidism, diagnosed in 15 to
or irritability, hypotonia, diminished appetite, and 30% of patients screened,47,48 is often accompanied
constipation) that commonly occur even in patients by mild thyroid hypoplasia on ultrasonography.
with Williams–Beuren syndrome who have eucal Overt hypothyroidism appears to be infrequent.
cemia. Hypercalciuria generally accompanies hy Antithyroid antibodies have not been reported in
percalcemia, but isolated hypercalciuria, especially children with Williams–Beuren syndrome.
after infancy, can also occur. Nephrocalcinosis
is relatively rare, found in less than 5 to 10% of Other Endocrine Issues
patients undergoing renal ultrasonography.32,38-40 Most children with Williams–Beuren syndrome
Various mechanisms have been suggested to have decreased annual height velocity and an early,
cause hypercalcemia, but none have been con attenuated adolescent growth spurt; this growth
firmed. The proposed mechanisms include vita pattern contributes to diminished adult stature.
min D sensitivity,41 increased 1,25-dihydroxyvita Menarche occurs, on average, 2 years earlier than
min D levels,42 and defective calcitonin synthesis in controls.18,44,49,50 No specific endocrine dis
or release.43
turbances responsible for early menarche have
Nine of 20 adult subjects in one study had de been reported. Data from patients with Williams–
creased bone mineral density at multiple sites on Beuren syndrome have been used to construct
dual-energy x-ray absorptiometry; all had normal growth curves that can be used to monitor linear
blood calcium levels, save 1: a 41-year-old man growth.18,49,51
whose calcium level was 10.6 mg per deciliter
(2.7 mmol per liter) (normal range, 8.8 to 10.2 Neurodevelopmental Abnormalities
[2.2 to 2.6]).44 Since decreased bone density is Development and Cognition
more prevalent among adults with developmental Young children with Williams–Beuren syndrome
disabilities45 than among adults in the general have delays in acquisition of early motor skills and
population, this finding may be nonspecific.
in achievement of language milestones. Standard
ized testing in older children and adults demon
Diabetes Mellitus
strates a full-scale IQ averaging 50 to 60, indica
The prevalence of impaired glucose tolerance is tive of mild-to-moderate intellectual disability.52,53
unusually high among patients with Williams– Across the entire spectrum of children and adults
Beuren syndrome ― even higher than the increased with Williams–Beuren syndrome, IQ ranges from
prevalence reported among the Pima Indians.46 40 to 100.53 However, cognition in Williams–Beuren
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syndrome is more complex than indicated by IQ
alone.
Many — but not all — studies report a higher
average verbal IQ than performance IQ in patients
with Williams–Beuren syndrome. The Williams–
Beuren syndrome cognitive profile, describing a
common pattern of cognitive peaks and valleys,
encompasses relative strengths in auditory rote
memory (e.g., digit recall) and selected aspects
of language, combined with dramatic weaknesses
in visuospatial and visuomotor skills (the ability
to spatially relate objects, such as assembling a
jigsaw puzzle).54 Patients with Williams–Beuren
syndrome also have relative strengths in facial
recognition and discrimination and in social and
interpersonal skills.53
Few studies have examined the IQ of patients
with Williams–Beuren syndrome over time, but
limited data suggest it remains stable.55,56 None
theless, several older adults have exhibited declin
ing performance on selected memory tasks, and
a few patients with premature senile dementia
have been reported.44,57
Personality and Behavioral and Emotional Well-Being

The friendly, social (perhaps overly so), “cocktail
party” personality of patients with Williams–
Beuren syndrome patients is well described, and
most patients are, indeed, highly social and em
pathic. Many also have coexisting behavioral dif
ficulties, even psychopathology. Notably, patients
have excessive worry and fears; parents and care
givers report that more than 80% of adults with
Williams–Beuren syndrome have anxiety, preoc
cupations or obsessions, distractibility, and irri
tability.58 Expert assessments reveal that 50 to 90%
of adolescents and adults meet the diagnostic cri
teria of the Diagnostic and Statistical Manual of Mental
Disorders, Fourth Edition, for anxiety disorder, pho
bic disorder, attention deficit–hyperactivity disor
der, or a combination thereof. In spite of the
friendly personality of patients, many are socially
isolated.44,59,60 Almost all have prominent antici
patory anxiety (e.g., about upcoming events) but
an absence of social anxiety (e.g., about meeting
strangers). These difficulties have a great effect on
the quality of life of most people with Williams–
Beuren syndrome.
Enjoyment of music is nearly universal in pa
tients with Williams–Beuren syndrome. However,
initial suggestions that a high proportion are musi
cally gifted, with perfect pitch, have not been
n engl j med 362;3

substantiated.61 In a seeming paradox, sensitivity
to certain noises, particularly thunderstorms or
fireworks, develops in up to 90% of cases.62
Neurologic Examination and Brain Imaging

Standard magnetic resonance imaging (MRI) of
the brain reveals an overall 10 to 15% reduction in
cerebral volume, with preserved cerebellar vol
ume.63 The most commonly detected medically
important structural abnormality is type I Chiari
malformation64; its prevalence is unknown, be
cause MRI imaging is not routinely performed,
but as many as 10% of patients may be affected.65
Hyperreflexia, clonus, extrapyramidal signs, and
cerebellar signs occur in 40 to 70% of subjects
across a wide range of ages.66,67
Studies involving functional MRI scanning are
ongoing to delineate the neurologic underpinnings
of distinctive manifestations of Williams–Beuren
syndrome, such as deficient visuospatial skills and
increased anxiety.52 In one study, patients per
forming object-matching tasks showed normal
activation of the visual cortex’s ventral-stream
circuit (used in addressing “what” questions), but
while performing tasks requiring spatial localiza
tion, the same patients showed hypoactivation and
hypoplasia of the relevant intraparietal sulcus cir
cuit (used for “where” questions).68 Patients also
show diminished amygdala activation when view
ing threatening or angry faces but increased ac
tivation in response to threatening stimuli of a
nonsocial nature, suggesting that impaired lim
bic circuitry may underlie the unique anxiety pro
file of Williams–Beuren syndrome.69
Problems across the Life Span

Patients with Williams–Beuren syndrome need
lifelong medical attention. Some conditions com
mon in infants — such as colic, sleep dysregula
tion, recurrent ear infections, and strabismus —
occur even more frequently in infants with
Williams–Beuren syndrome, prompting an aver
age of almost 10 extra visits to the pediatrician
during the first year of life.18 Certain findings
that are highly particular to Williams–Beuren
syndrome, such as hypercalcemia or progression
of vascular stenosis (e.g., supravalvular aortic steno
sis), are most likely to be noted during, but are
not restricted to, the first 3 to 5 years of life.
Premature graying of the hair, diverticulosis, dia
betes mellitus, and sensorineural hearing loss
commonly develop during adolescence or young
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adulthood; their occurrence relatively early in life,
in combination with instances of declining mem
ory skills or dementia, raises the possibility that
Williams–Beuren syndrome is a disorder of mild
accelerated aging. Most adults with Williams–
Beuren syndrome require ongoing supervision at
both their home and workplace. Only a few live
independently or have full-time employment in
competitive work environments.

Genomic a nd Gene t ic B a sis
of W il l i a ms –Beur en S y ndrome
The chromosome 7 microdeletion underlying Wil
liams–Beuren syndrome occurs because of the
unique genetic architecture in this region. Specifi
cally, the deleted region, referred to as the Wil
liams–Beuren syndrome chromosome region, is
flanked by highly homologous clusters of genes
and pseudogenes organized into low-copy–repeat
blocks known as duplicons (Fig. 3A). The high de
gree of sequence homology among these flanking
duplicons, as well as their proximity to each other,
predispose the Williams–Beuren syndrome chro
mosome region on each chromosome 7 to misalign
during meiosis; if unequal crossing over ensues,
the region can be deleted (Fig. 3C). The deletion
arises on either the maternally or the paternally
inherited chromosome 7 and is sporadic (e.g., de
novo) in virtually all cases. Thus, healthy parents
do not carry the deletion, which occurs sponta
neously during gamete formation, so the proba
bility of their having a second child with Williams–
Beuren syndrome child is far less than 1%. Most
adults with Williams–Beuren syndrome choose
not to reproduce, but those who do have a 50:50
chance that each offspring will inherit the syn
drome.9,10
In more than 98% of patients who receive a
clinical diagnosis of Williams–Beuren syndrome,
the breakpoints in the Williams–Beuren syndrome
chromosome region occur within the duplicons
(Fig. 3A).70,71 Most breaks occur in the medial and
centromeric duplicons, specifically the B blocks,
and lead to the deletion of approximately 1.5 mil
lion DNA base pairs encoding 26 to 28 genes;
less often, a slightly larger deletion of 1.8 million
base pairs encoding all 28 genes occurs.71 No
phenotypic differences, apart from the risk of hy
pertension, have been noted between patients who
have deletions of either size.
About 2% of patients have atypical deletions
246
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Figure 3 (facing page). The Williams–Beuren Syndrome
Chromosome Region (WBSCR) on Chromosome 7.
Panel A (top) shows the WBSCR located between
flanking blocks of low-copy DNA repeats, known as
duplicons. Panel A (middle) also shows the most
common WBSCR deletions, approximately 1.5 Mb and
1.8 Mb in size; breakpoint regions responsible for these
deletions occur in the centromeric and medial duplicon
B blocks and the A blocks, respectively. An enlargement
of the WBSCR, depicting the genes unique to this interval, is shown in Panel A (bottom, with the width of the
rectangle roughly corresponding to gene size). Panel A
(bottom) also shows an example of WBSCR deletions
of atypical size. Cen denotes centromere, and Tel telo
mere. Panel B shows normal pairing of the two copies
of the WBSCR during meiosis, caused by alignment of
the centromeric, medial, and telomeric duplicons on
the chromosome 7 homologues. Panel C shows abnormal pairing of the two copies of the WBSCR during meiosis, caused by misalignment of the centromeric and
medial duplicons due to their partial homology. Crossing over can result in abnormal recombinant products,
either deletion of the WBSCR (causing Williams–Beuren
syndrome) or duplication of WBSCR. The open circles
in Panels B and C denote the centromere. Panels A, B,
and C are schematized, not drawn to scale.

(Fig. 3A).72 Those with a small atypical deletion
involving the telomeric portion of the Williams–
Beuren syndrome chromosome region have com
mon characteristics of the syndrome whereas,
conversely, those whose atypical deletion spares
this portion of the chromosome region have
milder features of Williams–Beuren syndrome.73,74
Taken together, these findings indicate that de
letion of genes near the telomeric end only is suf
ficient to lead to the typical neurodevelopmental
profile of Williams–Beuren syndrome. Several pa
tients with a more complex phenotype, including
severe developmental delays and seizures, have a
larger-than-typical deletion.75
The duplicons flanking the Williams–Beuren
syndrome chromosome region also predispose the
intervening region to genetic changes such as du
plication (Fig. 3C) or inversion. Patients with du
plication of the Williams–Beuren syndrome chro
mosome region, who therefore carry three copies
of all the genes therein, do not physically or cog
nitively resemble patients with Williams–Beuren
syndrome; their cognitive profile includes impair
ment of expressive language skills, developmental
delays, and, in some cases, autistic-like features.76,77
Inversion (e.g., flipping) of the entire Williams–
Beuren syndrome chromosome region is consid
ered a benign polymorphism, since carriers are
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phenotypically normal.78 However, inversion car
riers are more likely to produce a gamete harboring
the deleted Williams–Beuren syndrome chromo
some region, because of an increase in chromo
some 7 mispairing events during meiosis.79,80 The
presence of a small deletion or duplication within
a low-copy–repeat block is another risk factor for
meiotic mispairing.81

Initial speculation that variation in the size of the
deletion accounted for this variability was dis
proven. Probable explanations include polymor
phisms in the nondeleted copies of genes in the
Williams–Beuren syndrome chromosome region
that affect protein function or expression level,
variable effects of the deletion on the expression
of neighboring genes, or the effects of modifier
genes, including epigenetic alterations, elsewhere
Genes Contributing to the Williams–Beuren
in the genome. Currently, there is no genetic test
Syndrome Phenotype
that predicts the severity of the Williams–Beuren
Although the loss of an ELN allele produces the syndrome phenotype in a given patient.
cardiovascular pathology of Williams–Beuren syn
drome, the phenotypic consequences of losing oth
M a nagemen t
er alleles within the Williams–Beuren syndrome
chromosome region are much less clear. The ef The primary care physician remains the principal
fects of hemizygosity (in which only one member provider and care coordinator for patients with
of a gene pair, rather than the usual two, is pres Williams–Beuren syndrome. Current management
ent) have been inferred from the study of patients guidelines are based on expert opinion rather than
with atypical deletions and mouse models that prospectively collected data. Treatment involves a
either overexpress or underexpress genes of in combination of medical monitoring, anticipatory
terest. The Williams–Beuren syndrome chromo guidance, direct therapies, pharmacotherapy, sur
some region in humans and its corresponding gery, and adaptive changes (e.g., using a micro
region in mice are similar, containing nearly the wave rather than a conventional range for cooking
same genes in the same order. Single-gene–knock and wearing shoes with hook-and-loop closures
out mice and a new multigene-knockout mouse rather than shoelaces). None of the available
model, in which all genes in the Williams–Beuren treatments are curative. Examples of treatments
syndrome chromosome region are simultaneously with specific modifications for Williams–Beuren
deleted, may further define each gene’s role and syndrome are highlighted below; a more global
whether selected phenotypes require combinato synthesis of management guidelines is presented
rial loss of several genes.82 Genes currently im in the Supplementary Appendix.15,44,85-89
plicated in the phenotype of Williams–Beuren syn
Surgery is the preferred approach for repair of
drome are listed in Table 2 (see also a complete discrete moderate-to-severe aortic stenoses. Less
listing of genes in the Williams–Beuren syndrome invasive procedures such as balloon angioplasty
chromosome region in the Supplementary Appen and stent insertion have been successful but carry
dix, available with the full text of this article at a higher risk of rupture, aneurysm, or restenosis,
NEJM.org, and in a recent review by Schubert 83). as might be expected given the characteristic over
The presence of only one copy, rather than growth of vascular smooth muscle.90-92 The pul
two copies, of each gene in the Williams–Beuren monary arteries have less smooth muscle and are
syndrome chromosome region should reduce the candidates for angioplasty, but pulmonary-artery
expression of encoded proteins by half. Although lesions in patients with Williams–Beuren syn
empirical data confirm that this occurs with most drome, particularly in the absence of supravalvu
of the genes, there are tissue-specific exceptions, lar aortic stenosis, can often be monitored, since
such as GTF2IRD1 (the gene encoding general tran many resolve spontaneously. To date, there have
scription factor II-I repeat domain–containing pro been no systematic studies identifying optimal
tein 1).84 In addition, several nondeleted genes medication to treat hypertension in Williams–
that flank the Williams–Beuren syndrome chro Beuren syndrome, so treatment has been indi
mosome region unexpectedly display diminished vidualized.
expression, possibly due to the position effect.
Williams–Beuren syndrome can be viewed as
Despite genetic advances, the considerable phe a polyendocrine disorder with potential involve
notypic variability observed among patients with ment of all endocrine organs. Subclinical hypo
Williams–Beuren syndrome remains unexplained. thyroidism is far more common than “true”
248
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Table 2. Human Genes That Are Hemizygous in Patients with Williams–Beuren Syndrome with a Putative Effect
on Phenotype.*
Likelihood
of Effect

Hemizygous Gene and Putative Effect

Data Sources†

FZD9
Osteopenia

Possible

Mouse models

Possible

Mouse models

Possible

Mouse models, other human populations

Arteriopathy with vascular stenoses, hypertension,
vascular smooth-muscle-cell overgrowth

Definite

Mouse models, other human populations,
and atypical deletions

Soft skin with premature aging, hoarse voice, inguinal
hernias

Probable

Other human populations

Facial dysmorphology

Possible

Other human populations

Possible

Mouse models, atypical deletions

Possible

Mouse models, atypical deletions

Possible

Mouse models, atypical deletions

Possible

Fine mapping of WBSCR

BAZ1B
Hypercalcemia, intracardiac malformations
STX1A
Impaired glucose tolerance
ELN

LIMK1
Impaired visuospatial abilities
CLIP2
Impaired visuospatial and motor abilities
GTF2I family, including GTF2IRD1
Craniofacial abnormalities, dental abnormalities, growth
retardation, behavioral abnormalities, intellectual disability, WBS cognitive profile, decreased retinal thickness, impaired visual responses
NCF1
Reduced risk of hypertension

* In patients with Williams–Beuren syndrome (WBS), the unique sequence genes that map to the WBS chromosome region (WBSCR) are hemizygous, having one copy present rather than the usual two. Listed here are only the subgroup
of WBSCR genes currently implicated in specific aspects of the WBS phenotype: the frizzled 9 gene (FZD9); bromodomain adjacent to a zinc-finger domain protein 1B gene (BAZ1B, which is also called Williams syndrome transcription
factor gene [WSTF]); syntaxin 1A gene (STX1A); elastin gene (ELN); LIM domain kinase 1 (LIMK1); CAP-GLY domain
containing linker protein 2 gene (CLIP2); the general transcription factor II-I gene (GTF2I) family, including GTF2I repeat domain-containing protein 1 gene (GTF2IRD1); and neutrophil cytosolic factor 1 gene (NCF1).
† The data source “other human populations” refers to inferences drawn from patients with familial supravalvular aortic
stenosis syndrome or populations not affected by Williams–Beuren syndrome. “Atypical deletions” refer to genotype–
phenotype inferences drawn from patients with nonstandard (i.e., atypical) deletions involving the WBSCR. See the
Supplementary Appendix for additional details.

hypothyroidism, requiring monitoring but not nec
essarily treatment with thyroid hormone. Some
patients receiving thyroid hormone may benefit
from a brief, carefully supervised period in which
no treatment is given, to determine whether on
going supplementation is needed. Given the high
prevalence of glucose intolerance, adults with
Williams–Beuren syndrome should undergo rou
tine screening; though glucose homeostasis is
achievable through weight loss and increased physi
cal activity, the addition of an oral hypoglycemic
agent or insulin under careful medical supervision

n engl j med 362;3

may be required. Early puberty, a common occur
rence in patients with Williams–Beuren syndrome,
does not require treatment per se; however, giv
en the challenges faced by a menstruating 8- or
9-year-old girl with Williams–Beuren syndrome,
some families opt to reversibly delay menarche
with the use of a gonadotropin-releasing hormone
agonist such as leuprolide.93 Finally, symptoms of
hypercalcemia may be absent or nonspecific, neces
sitating periodic but lifelong screening of calcium
levels. There are several treatment options for hy
percalcemia, ranging from dietary calcium restric

nejm.org

january 21, 2010

249

The

n e w e ng l a n d j o u r na l

tion (accomplished in infants by means of spe
cialized low-calcium formulas or elimination of
hard water for formula preparation) to bisphos
phonate therapy.37 Whether or not osteopenia in
patients with Williams–Beuren syndrome repre
sents a specific defect in calcium metabolism, it
can be particularly challenging to treat, in that
calcium and vitamin D supplementation may pro
mote hypercalcemia; administration of a bisphos
phonate is currently the treatment of choice for
markedly decreased bone density in these pa
tients.44
The presence or absence of emotional and psy
chiatric issues largely determines the quality of
life for adults with Williams–Beuren syndrome.
When present, these can be especially challenging
to manage. Approximately half of adolescents and
adults are being treated or have been treated with
an anxiolytic agent. Typically, a selective sero
tonin-reuptake inhibitor is the initial drug of
choice, even though reports of efficacy are anec
dotal. Patients with Williams–Beuren syndrome
appear particularly sensitive to the disinhibiting
effects of these drugs, so treatment should be
judicious. Other agents, including antipsychotic
drugs, are occasionally prescribed, but to date
there are no systematic data on their use in pa
tients with Williams–Beuren syndrome. Patients
with relatively strong verbal skills may benefit from
counseling, including the practice of relaxation
techniques and rehearsal of strategies to use in
potentially anxiety-provoking situations. Finding
appropriately experienced therapists willing to
evaluate and treat patients with Williams–Beuren
syndrome remains an enormous obstacle.
For individuals with special needs or intel
lectual disabilities, transitioning from pediatric to
adult-oriented medical providers can be problem
atic, potentially resulting in fragmented, subopti
mal care. The core impediments to improving care,
as well as potential solutions, are discussed else
where.94 The Internet is an increasingly valuable
tool, not only for identifying resources regarding

of
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this transition but also for promoting commu
nication and family support among people with
rare disorders and for promoting clinical re
search and treatment trials (see the Supplemen
tary Appendix).

F u t ur e Dir ec t ions
Williams–Beuren syndrome is a complex medical
and neurodevelopmental disorder with a charac
teristic constellation of problems but also con
siderable phenotypic variability. The complexity
arises from the deletion of more than two dozen
genes in the Williams–Beuren syndrome chromo
some region, whereas the variability may be due to
their interaction with products from other genes
outside this region. Microdeletion syndromes of
fer powerful opportunities for studying genotype–
phenotype correlations. In the case of Williams–
Beuren syndrome, such study has been particularly
successful, linking the deletion of an elastin al
lele to vascular stenosis. Less progress has been
made in drawing connections between aspects of
the neurodevelopmental profile and specific genes
within the Williams–Beuren syndrome chromo
some region. Nevertheless, the Williams–Beuren
syndrome may ultimately provide important in
sights into causation and potential treatments of
overlapping disorders occurring sporadically in
the general population.
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