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Abstract
In the nearly 50 years since the description of Williams syndrome by Williams et al. in 1961, the
focus of scientific inquiry has shifted from identification, definition, and description of the
syndrome in small series to genotype-phenotype correlation, pathophysiologic investigation in
both humans and in animal models, and therapeutic outcomes in large cohorts. Study of this rare
syndrome has provided insight into the structure and function of the extracellular matrix, has
contributed to understanding of genomic structure and rearrangement, and is beginning to
elucidate genetic underpinnings of learning, language, and behavior. The results of current
research not only recommend interventions that can be implemented now, but also identify areas
requiring additional investigation, and suggest future therapeutic approaches.
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INTRODUCTION
Williams syndrome (WS) (OMIM 194050) is a multisystem disorder caused by the deletion
of 26 contiguous genes, including elastin (ELN) (OMIM 130160) on chromosome 7q11.23.
WS is a genomic disorder with an incidence of 1/7500 [Strømme et al.,2002] that occurs due
to nonallelic homologous recombination (NAHR) in a region of chromosome 7 containing
blocks of low copy repeats with high sequence homology that predispose to rearrangements
during meiosis [Dutly and Schinzel,1996; Urban et al., 1996]. The Williams syndrome
chromosome region (WSCR) is 1.55Mb-1.8Mb, the size depending on which blocks of low
copy repeats are involved in NAHR. The WS phenotype is characterized by dysmorphic
facial features, intellectual disability, elastin arteriopathy, short stature, connective tissue
abnormalities, infantile hypercalcemia, and a unique personality and cognitive profile. This
review will summarize the historical background, genetic etiology, phenotype and medical
complications of WS in order to introduce the papers in this issue of the Seminars in
Medical Genetics.

Historical Background
The first cases of Williams syndrome were included in early reports detailing the clinical
characteristics of children who had infantile hypercalcemia, short stature, and variable
congenital malformations [Fanconi et al., 1952]. After an epidemic of infantile
hypercalcemia in Britain resolved with adjustment of vitamin D supplementation in food,
Stapleton et al. [1957] noted that there was a group of infants with persistent symptoms
including failure to thrive, developmental delay, and systolic murmurs. The next decade saw
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cardiology reports describing a condition with dysmorphic facial features, supravalvar aortic
stenosis (SVAS) (OMIM 185500) and mental retardation [Williams et al., 1961; Beuren et
al., 1962]. Isolated SVAS, a rare cause of left ventricular outflow tract obstruction, had been
described by Chevers [1842], and more recently Eisenberg et al. [1964] reported autosomal
dominant inheritance. In 1963, geneticists recognized that SVAS could segregate in
families, but also could occur sporadically as part of a syndrome that included mental
retardation [Merritt et. al., 1963]. Astute clinicians observed that the facial features of
idiopathic hypercalcemia of infancy (IHC) and syndromic SVAS were similar [Black and
Carter, 1963; Hooft et al., 1963]. The connection was proven when Garcia et al. [1964]
described SVAS in a child who had documented IHC. The early recognition of
hypercalcemia in WS led to a hypothesis that hypersensitivity to vitamin D caused the
syndrome. Friedman and Roberts [1966] found that rabbits exposed prenatally to high doses
of vitamin D developed aortic lesions and abnormal shortened craniofacies. (Interestingly,
because high doses of vitamin D inhibit tropoelastin deposition, the observed phenotype was
likely due to a secondary elastin deficiency.) These first reports of WS also made note of the
characteristic behavioral phenotype, describing loquacity, anxiety, and friendliness [Beuren
et al.,1964; von Arnim and Engel, 1964].

In the 1970s, larger series defined the WS phenotype [Beuren 1972; Jones and Smith, 1975].
However, by 1984, there were few reports of adults with WS. A mother’s questions, “What
happens when they grow up? Do they grow up?” inspired me to initiate a study of the
natural history of WS during my fellowship in medical genetics and dysmorphology at the
University of Utah [Morris et al., 1988, Morris et al., 1990]. Subsequently, a colleague, Dr.
Cynthia Moore at Indiana University, had observed some members of a family with
autosomal dominant SVAS who had learning disabilities and some facial features
reminiscent of WS. We wondered if WS could represent an “iceberg dominant” with WS
being the most severe manifestation SVAS. A visit to Indiana University revealed a 25-year
archive of families evaluated by their genetics program, including several multigenerational
families with SVAS. Dr. Gregory Ensing, pediatric cardiologist at Indiana University,
performed echocardiograms to classify family members in several SVAS kindreds as
affected or unaffected. Samples were collected for linkage analysis performed by Amanda
Ewart in the molecular genetics laboratory of Dr. Mark Keating at the University of Utah.
Linkage to the elastin gene was established [Ewart et al.,1993a]. Subsequently, one of the
SVAS families was found to have a 6;7 translocation that disrupted the elastin gene [Curran
et al., 1993; Morris et al., 1993], demonstrating that elastin mutation caused SVAS. Ewart et
al. [1993b] then discovered that WS was associated with ELN deletion, a finding that was
rapidly confirmed [Lowery et al., 1995, Mari et al., 1995], and led to the first laboratory test
for the disorder. The family that had prompted the genetic study was later found to have a
~500 kb deletion in the WSCR that included the elastin gene [Morris et al., 2003]. Currently,
diagnostic testing for the deletion may be accomplished by fluorescent in situ hybridization
(FISH), multiplex ligation-dependent probe amplification (MPLA), or chromosome
microarray.

GENETICS AND GENOTYPE-PHENOTYPE CORRELATION
In most families, WS is a sporadic occurrence, but familial cases including male-to-male
transmission have been reported (Fig 1) [Morris et al, 1993;Mulik et al., 2004;Sadler et al.,
1993]. Farwig et al. describe the first study of genetic counseling in adults with Williams
syndrome in this issue. The genomic structure of the WS region predisposes to
rearrangements secondary to meiotic NAHR, and thus can lead to deletion, duplication, or
inversion of the WS region [Schubert, 2009]. Individuals who have duplication of the WS
region have a phenotype that includes facial asymmetry, long nasal columnella, speech
difficulty, and separation anxiety [Somerville et al., 2005;Berg et al., 2007;van der Aa et al.,
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2009]. The fact that both deletion and duplication of the WSCR is associated with anxiety
suggests that there is a dosage sensitive gene in the region that contributes to anxiety
disorders [Osborne and Mervis, 2007]. An individual who has the inversion polymorphism
has a normal phenotype, but has an increased chance to have offspring with WS or
duplication of the WS region [Osborne et al.,2001;Bayes et al., 2003]. In this issue, Hobart
et al. report the population incidence of the inversion polymorphism and supply recurrence
risks for genetic counseling.

Individuals with typical WS who have the 1.8Mb deletion that includes NCF1 are less likely
to have hypertension [Del Campo, et al, 2006]. Those with much longer deletions typically
have a more severe phenotype; if the deletion includes MAG12, severe cognitive disability
and infantile spasms are more likely [Marshall et al., 2008]. In contrast, individuals with
shorter deletions in the WSCR have a subset of WS signs and symptoms, depending on
which genes are deleted. Study of individuals with short deletions has provided some insight
regarding the possible roles for various genes in the WS phenotype, but the small numbers
of such individuals has made interpretation of the findings challenging [Sharp, 2009]. Dr.
Osborne discusses the challenges of genotype-phenotype correlation in WS, details the
characteristics of knock-out mouse models, and discusses how further study of these animals
will contribute to our understanding of the genes in the region and their phenotypic
contribution. The role of the elastin gene in WS is proven: its deletion is responsible for the
connective tissue phenotype of WS, which includes hoarse voice, some of the facial features
(periorbital fullness and full cheeks in infancy), soft skin, lax ligaments, elastin arteriopathy
(most commonly supravalvar aortic stenosis), hernias, bowel and bladder diverticuli, and
joint abnormalities. The most significant cause of morbidity and mortality in WS is the
cardiovascular disease. SVAS is present in ~70% and requires surgical correction in ~30%,
usually before age 5 years [Collins et al., 2010]. Arterial narrowing in the pulmonary
circulation usually improves over time, though infants who have biventricular outflow tract
obstruction are at particularly high risk for negative outcome [Burch et al., 2008]. Although
ELN haploinsufficiency is present in all individuals with WS, the connective tissue signs and
symptoms can be quite variable. Some phenotypic differences are due to age, gender [Sadler
et al., 2001], or treatment of the individual, but genetic factors that may contribute to the
variability have not been identified. An association of alpha 1 antitrypsin deficiency carrier
status with scoliosis and joint dislocation is reported in this issue.

PHENOTYPE AND MEDICAL COMPLICATIONS
The facial gestalt of WS is unique: young children typically have a broad forehead,
bitemporal narrowing, depressed nasal root, periorbital fullness, stellate/lacy iris pattern,
strabismus, bulbous nasal tip, malar flattening, long philtrum, thick vermilion of the lips,
wide mouth, full cheeks, dental malocclusion with small widely-spaced teeth, small jaw, and
prominent earlobes (Fig 2). Older children and adults usually have a more gaunt facial
appearance with a prominent supraorbital ridges, narrow nasal root of normal anterior
prominence, full nasal tip, malar flattening, wide mouth, thick vermilion of the lips, small
jaw, dental malocclusion, and a long neck accentuated by sloping shoulders (Fig 3 and 4).

Medical problems in infancy include strabismus, dacrostenosis, hypotonia, developmental
delay, feeding difficulties, failure to thrive, hypercalcemia, chronic otitis media, elastin
arteriopathy, inguinal hernias, gastroesophageal reflux, lax joints, and constipation.
Compared to the family background, individuals with WS have short stature. Older children
experience gradual tightening of hamstrings and heel cords, leading to a stiff awkward gait,
and have hyperreflexia of the lower extremities [Gagliardi et al., 2007]. Sleep disturbance is
a common complaint [Goldman et al., 2009]. The sensory modulation difficulties
experienced by children with WS are described in the paper by John and Mervis in this
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issue. Chronic constipation is common at all ages and should be vigorously treated; there is
an increased risk for diverticulosis in WS, and diverticulitis can occur at a young age
[Partsch et al., 2005]. Genitourinary problems are often symptomatic and include increased
urinary frequency, enuresis, and urinary tract structural anomalies [Sammour et al., 2005].
Despite recognition of WS for almost 50 years, there are certain clinical problems that have
been elucidated only recently. Pober et al. describe the high incidence of abnormal glucose
metabolism in adults with WS in this issue. Marler et al. report that sensorineural hearing
loss, often unrecognized, occurs in the majority of individuals with WS. For a recent review
of WS medical complications, the reader is referred to Pober [2010] and Morris et al.,
[2006], and for a comprehensive discussion of medical management in WS to Morris,
[2010].

The WS cognitive profile is characterized by intellectual disability (usually mild) with a
relative strength in language and verbal short term memory and an extreme weakness in
visuospatial construction [Mervis et al., 1999]. The WS personality is typified by empathy,
overfriendliness, attention problems, and anxiety [Mervis et al., 2000]. The cognitive and
behavior phenotype of WS is one of the key recognizable elements of the syndrome. In this
issue, Mervis and John discuss the cognitive and behavioral phenotype with an emphasis on
treatment recommendations. John et al. also describe a new study investigating sensory
modulation in Williams syndrome while Woodruff-Borden and colleagues explore the
longitudinal course of anxiety in children with WS.

Some of the recommendations that come out of the research reported in this issue have the
potential to improve the health and well being of individuals with WS.

• Anxiety is a common feature of WS, but few symptomatic children are treated for
it. Research is needed to evaluate prevention and intervention programs, and
clinicians should refer children for treatment.

• Sensory modulation impairment in WS results in problem behaviors and poor
adaptive function. Desensitization, sensory integration and occupational therapies
should be considered in individual treatment plans.

• High frequency sensorineural hearing loss, often undetected, is present in most
individuals with WS and may worsen with age. Yearly audiologic evaluation,
preferential seating, and hearing protection should be routine, and use of a personal
listening device in the classroom should be considered. Even though desensitization
therapy for specific phobias is helpful in WS, it should not be used to treat phobia
for loud noises, as hearing damage may result.

• Children with WS should be taught to read using phonics methods, as other forms
of reading instruction are not successful.

• Abnormalities of glucose metabolism are present in most adults with WS. Oral
glucose tolerance tests should be used to monitor for diabetes mellitus, and a
regular program of exercise should be prescribed.

• Recurrence risk information is now available for individuals who have an inversion
of the WS region. In addition, a method for providing genetic counseling to adults
with WS is described.

• As a group, people with WS have lower adaptive behavior skills than would be
expected for their IQ. Despite a social disinhibition, they have difficulty with
appropriate social skills. Applied behavior analysis based interventions and social
skills training have been successful in this population. It is critically important that
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children with WS do chores, and be required to master daily living skills if they are
to achieve a sense of mastery and reach their full potential.

FUTURE DIRECTIONS
Genotype-phenotype correlation continues to challenge geneticists who are searching for the
genes in the WSCR that contribute to anxiety, language, and behavior. Progress will be
made through continued study of mouse models, evaluation of individuals with unusual
deletions and duplications, functional neuroimaging experiments, and continued elucidation
of neurodevelopmental pathways. Advances in understanding the complex developmental
role of the extracellular matrix will likely result in new therapies for the connective tissue
abnormalities. Since WS was first described, medical treatment has been refined for the
condition, but mental health treatment has not been adequately addressed. Therapeutic
interventions for cognition, language, and behavior will have to be designed and tested for
efficacy.
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Figure 1.
Mother and daughter with Williams syndrome: Left, mother age 30 years (note graying
hair), daughter age 23 months; Center, daughter age 17 years; Right, mother age 46 years.
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Figure 2.
Young children with Williams syndrome (Left to Right): Asian female, age 19 months;
Caucasian male, age 2 years; Hispanic female, age 3 years; African-American female, age 5
years.
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Figure 3.
Older children and adult with WS (left to right): Hispanic male, age 9; Caucasian male, age
13; African American male, age 7; Caucasian male, age 30.
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Figure 4.
Changing facial phenotype over time in a male with WS: left, age 3.5; right, age 21.
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