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Abstract

Previous examination in a small number of individuals with Williams syndrome (also referred to

as Williams-Beuren syndrome) has shown subtly softer skin and reduced deposition of elastin, an

elastic matrix protein important in tissue recoil. No quantitative information about skin elasticity

in individuals with Williams syndrome is available; nor has there been a complete report of

dermatologic findings in this population. To fill this knowledge gap, 94 patients with Williams

syndrome aged 7-50 years were recruited as part of the Skin and Vascular Elasticity (WS-SAVE)

study. They underwent either a clinical dermatologic assessment by trained dermatologists (2010

WSA family meeting) or measurement of biomechanical properties of the skin with the

DermaLab™ suction cup (2012 WSA family meeting). Clinical assessment confirmed that soft

skin is common in this population (83%), as is premature graying of the hair (80% of those 20

years or older), while wrinkles (92%) and abnormal scarring (33%) were detected in larger than

expected proportions. Biomechanical studies detected statistically significant differences in dP

(the pressure required to lift the skin), dT (the time required to raise the skin through a prescribed

gradient), VE (viscoelasticity) and E (Young’s modulus) relative to matched controls. The RT

(retraction time) also trended longer but was not significant. The biomechanical differences noted

in these patients did not correlate with the presence of vascular defects also attributable to elastin

insufficiency (vascular stiffness, hypertension, and arterial stenosis) suggesting the presence of

tissue specific modifiers that modulate the impact of elastin insufficiency in each tissue.
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INTRODUCTION

To provide both a competent barrier to external exposures and to allow movement of the

body, the skin must be both strong and elastic. Tensile strength resists tearing of a tissue in

response to a force while elasticity allows a tissue to return to its original shape once an

applied force is removed. Two proteins, collagen and elastin, imbue human skin with these

qualities. Collagen constitutes 77% of the fat-free dry weight of the skin and is responsible

for its tensile strength, while elastin, makes up 4%, and provides elasticity to the skin

[Hussain et al., 2013]. Collagen defects that decrease the functional ratio of collagen to

elastin cause hyperelastic skin and poor wound healing in a family of conditions called

Ehlers Danlos syndrome (EDS). Scars in individuals with classic EDS are widened and

atrophic. Additionally, patients with EDS exhibit pathology associated with tissue

instability, including lax joints, hernias, organ prolapse and rupture. Abnormal elastic fiber

proteins, however, result in another family of conditions called cutis laxa. At least eleven

subtypes of cutis laxa have been identified [Mohamed et al., 2011; Uitto et al., 2013], all of

which are associated with loose, redundant skin that lacks recoil. Nondermal features such

as emphysema, heart valve dysfunction and hernias have also been described [Mohamed et

al., 2011; Roussin et al., 2011; Urban et al., 2005].

The most common cutis laxa subtype is autosomal dominant cutis laxa caused by mutations

in the elastin (ELN) gene (ELN-ADCL, MIM #123700) [Callewaert et al., 2011; Rodriguez-

Revenga et al., 2004; Tassabehji et al., 1998; Zhang et al., 1999]. Mutations (most

commonly frameshift mutations) in the 3′ end of the ELN gene (exon 28 to the C-terminus)

yield an abnormal protein with an aberrant C-terminus that multimerizes poorly, producing

ultrastructurally abnormal fibers and decreased crosslinked elastin. Skin in these patients

appears prematurely aged with poor recoil and excessive skin folds. Unlike individuals with

EDS, patients with ADCL caused by ELN mutations are felt to have normal wound healing.

In contrast to the proposed dominant negative and gain of function effects in ADCL, ELN

mutations (or deletions) that result in haploinsufficiency for the elastin protein lead to

familial supravalvular aortic stenosis (SVAS, OMIM #185500)[Curran et al., 1993; Ewart et

al., 1994; Li et al., 1997] a disorder in which affected individuals predominantly display

vascular features with relatively few findings reported to date in other elastic tissues

[Metcalfe et al., 2000; Urban et al., 2000a].

Individuals with a related disorder, Williams syndrome (Williams-Beuren syndrome, WS,

OMIM #194050) have vascular abnormalities that phenotypically overlap with those in

SVAS syndrome. WS, however, is a contiguous gene deletion syndrome caused by loss of

25-27 genes on chromosome 7q11.23, in addition to the loss of one copy of the elastin gene

[Meng et al., 1998]. Given the loss of additional genes in WS, many non-vascular features

are present, including characteristic facial dysmorphisms, a distinctive neurocognitive

profile, and polyendocrinopathy [Pober, 2010]. Because of the prevalent morbidity and

mortality associated with the vascular disease in this condition, there has been less analysis

of the effects of elastin haploinsufficiency on other elastic tissues. Case reports have noted

emphysema, bladder, and colonic diverticuli, [Ignacio et al., 2012; Partsch et al., 2005;

Sammour et al., 2006; Schulman et al., 1996; Wan et al., 2010] features potentially
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attributable to elastin insufficiency, and two studies have commented on the skin findings in

the condition. Urban et.al. [2000b] showed that individuals with WS (n=4) have subtly

softer skin with mild changes in elastin deposition as demonstrated by electron microscopy,

while Dridi et al., [1999] used light microscopy and immunofluorescence (n=10) to

demonstrate abnormal volume and organization of skin elastic fibers. In addition, individual

clinical reports have made note of early graying and soft skin patients with WS [Morris et

al., 1988]. To date, however, neither quantitative assessment of cutaneous elasticity nor

comprehensive clinical assessment of skin and integumentary findings in a large series of

individuals with WS has been reported.

This study aims to define more fully the dermatologic phenotype in individuals with WS.

Toward this end, we recruited individuals with a diagnosis of WS, aged 7 to 50, to

participate in the Williams Syndrome-Skin and Vessel Elasticity (WS-SAVE) study.

Qualitative assessment of the skin by trained dermatologists, and/or quantitative analysis of

skin elasticity using a DermaLab™ suction cup device, were performed. The study

identified biomechanical differences in skin of individuals with WS compared to matched

controls and also identified a subpopulation of the participants with WS who have

significantly less stiff skin than either the rest of the WS cohort or controls. In addition, we

describe previously under-appreciated dermatologic features of this syndrome, at least some

of which appear unrelated to the elastin insufficiency. We discuss the other WS deletion

genes that may be responsible for these findings.

MATERIALS AND METHODS

Human subjects

Human studies were conducted in accordance with the Institutional Review Board protocols

at Washington University School of Medicine (WUSM) and Massachusetts General

Hospital. Subjects with WS were recruited either through the Williams Syndrome Patient &

Clinical Research Registry (www.registry.williams-syndrome.org) or as walk-ins during

successive Williams Syndrome Association Family Conventions (St. Louis, MO, July 2010

or Boston, MA, July 2012). All parents/guardians consented, while all cognitively able

subjects assented. Parents completed a surgical and medical history questionnaire and signed

a release for medical records including laboratory confirmation of the WS diagnosis. Those

for whom molecular diagnosis was not obtainable from medical records had research genetic

testing to confirm the WS diagnosis (according to methods previously reported for this

cohort [Kozel et al., 2014]).

During the 2010 Family Convention, 50 participants with WS underwent a complete

dermatologic evaluation by one of two trained dermatologists (Drs. Bayliss or Berk). Race

was reported as follows: 39 white, one black/African American, and one white /Japanese

ancestry. Review of photographs in the nine patients who did not answer this question

showed white race in seven of nine and uncertain race in the remaining two. In terms of

smoking, 0/25 reported “no” to current or past smoking; the remainder declined to answer,

although based on the authors’ experiences the smoking prevalence is expected to be

extremely low. During the 2012 Family Convention, 61 participants with WS underwent a

series of biomechanical skin measurements using a DermaLab™ device. Study participation
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was open to any person with WS ≥ 7 yrs of age, attending either (or both) the 2010 and 2012

Conventions. Accordingly, 33 persons participated solely in the 2010 (dermatologic) portion

of the study, 44 in only the 2012 (DermaLab) portion of the study, and 17 in both.

Controls: 111 adult and pediatric control subjects were recruited and consented solely for

skin biomechanical (DermaLab) measurements from WUSM clinical and research

populations. Controls (or parents if the participant was a minor) also answered a directed set

of medical history questions. Controls were matched to patients with WS by age, gender and

body mass index (BMI).

Dermatologic exam

Participants’ hair, skin and nails were evaluated by trained dermatologists using a

specifically designed examination checklist. With consent, photos were taken of

representative findings. To assess for wrinkles and scars, photos were taken of the face and

of any scars detected on exam. Photos were rated by three observers who trained together on

sample images but were blinded to the other’s ratings on the WS set. Scars were rated as

normal=0, mild widening=1, or severe widening and/or hernia=2 (See Fig 2,G-J for

examples). Facial photos were assessed for wrinkles in three locations: forehead, peri-ocular

region, and peri-oral region. Photos were scored as no wrinkling=0, mild wrinkling/

creasing=1, or moderate or greater wrinkling/creasing=2 (See Fig 2, A-F for examples).

Scores were averaged among the three raters and scores of 0.66-1.33 (at least two scorers

rating the finding as mild) were used to denote mild findings and a score of 1.66 or higher

(at least two scorers rating the finding as moderate/severe) was used to denote more severe

features. In no case did the scores for a feature vary by more than one point among

examiners.

Biomechanical skin measurements

Quantitative skin measurements were obtained using the elasticity module for the Dermalab

suction cup (Cortex Technology, Hadsund, Denmark). The suction cup was placed on the

volar surface of each forearm midway between the wrist and the elbow using adhesive

stickers, and measurements were taken from each side independently. Pressure was applied

by the coupled vacuum in increasing increments to the small segment of skin under the

suction cup, causing the skin to be lifted into the apparatus. When the skin crosses a light

beam emitted at the base of the suction cup, P1 is recorded. The second pressure, P2, is

recorded after the skin has moved 1.5 mm further into the cup, as detected by interference

with a second light beam. This cycle is repeated two subsequent times. Data directly

collected by this device include 1) dP, (the pressure required to lift the skin 1.5 mm into the

device (P2-P1) measured in mBar), 2) dT, (the amount of time needed to raise the skin 1.5

mm using a prescribed pressure gradient, in milliseconds (ms)) and 3) RT, (retraction time,

the amount of time required for the raised skin to return to flat, in ms). Calculations were

then made for Young’s modulus (E: Δx = Ψ * dP1 * r4 / (E * s3), where Δx is skin

displacement (0.0015 m (1.5 mm) for this probe), Ψ is a constant, r is the radius of the skin

patch displaced and s is the thickness of the skin, estimated at 0.001 m (1 mm) and dP and

viscoelasticity (VE= E/RTn where RTn is a normalized retraction time obtained by dividing

RT with 260 ms, the average control underarm retraction time, also in MPa) using the
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assumption of constant skin thickness. Thus, E is proportional to dP and VE is proportional

to dP/RT. For the findings presented here, data from the first pull were analyzed. Subsequent

cycles showed similar trends but different magnitude. Measurements were excluded from

analyses when right versus left arm measurements were significantly discrepant (e.g., when

the left vs. right differed by a value greater than two standard deviations) as determined in

the patients with WS or control population.

Statistical analysis

1. The WS vs control comparison for skin biomechanical properties: RT, dP, dT, E

and VE were compared between matched WS and control participants using paired

t-tests.

2. Correlation of skin biomechanical properties with vascular features of WS: To look

for associations between biomechanical properties of the skin and vascular features

of WS (stenosis, hypertension, elevated pulse wave velocity (a proxy for vascular

stiffness)), t-tests were performed to evaluate for differences in RT, dP, dT, VE and

Y in those with and without the feature. Presence or absence of vascular features

(stenosis, hypertension, and pulse wave velocity) were determined as previously

described [Kozel et al., 2014]. Individuals were classified as having elevated PWV

when their measurement was >0.5 m/s faster than age-gender matched peers, and

were excluded from analysis if taking anti-hypertensive medication due to the

protective effect of these medications on PWV.

RESULTS

Demographic information for participants in WS cohort 1 (2010), WS cohort 2 (2012), and

the control cohort are summarized in Table I.

A. Family Convention, St Louis, MO., 2010 (Cohort-2010)

Fifty subjects aged 7-50 with WS underwent a complete examination of their hair, skin and

scalp by a board-certified dermatologist. The overall prevalence of common scalp, skin, and

hair findings in subjects participating in this portion of the study are noted in Table IIA and

B, and are further described below.

Hair and Scalp (Table IIA): Premature graying (Fig 1) was observed (or reported to be

present in those who dyed their hair) in 58% of the total cohort. The prevalence increased

with advancing age: 18% of those under 20 (3/18) had some amount of gray hair; the

youngest person in our cohort with currently graying hair was 11 years old. Eighty-one

percent of individuals 20 years of age or older (26/32) showed or reported some gray hair.

The oldest individual without gray hair was 33 years old. Hair texture was abnormally soft

in 22%. Hair distribution revealed a low posterior hairline in 58% while the hairline was

anteriorly advanced in five individuals (10%). Abnormalities of the scalp, mild in most

cases, were reported or observed in 64%; these included sebhorreic dermatitis, scalp

flakiness, and/or dandruff.
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Skin and Nails (Table IIB): Eighty-three percent (40/48) of individuals were deemed to have

soft skin (described as “doughy” or “babylike”) when clinically assessed. Facial wrinkling

(Fig 2A-D) was noted in 46/50 participants on at least one portion of the face (forehead,

periocular, or peri-oral) with occurrence of mild wrinkling as young as 7 years of age.

However, the age of onset and severity of wrinkling varied based on location. When

stratified by decade (Fig S1 in supporting information online), peri-ocular wrinkles were

noted earliest, with mild wrinkling/creasing already present in 9/11 of 11-20 year olds. Mild

peri-oral wrinkles were first seen in the 21-30 year age group, with 12/16 receiving a “mild’

score. These were noted to qualify as more moderate/severe by age 41-50 (i.e., all

individuals in this age group received a “moderate/severe” score). Finally, forehead wrinkles

were the last to appear, being initially detectable, on average, in the 31-40 year category

(with seven of nine being classified as “mild”).

Ten of 50 patients (20%, aged 10-37 years) had stretch marks, mainly on the abdomen, hips

and posterior arms. The BMI for these individuals ranged from 15-40; four of these ten had

normal or low BMI. Atrophic lesions on the extremities were present in 34% and scars were

noted in 30/50 (60%) of individuals, owing in large part to a history of surgery (19/30).

Scars varied in appearance, ranging from normal (Fig 2E) to moderately splayed and

disfigured (Fig 2F-H and Table IIb). Of note, scarring showed greater inter-individual than

intra-individual variability (Fig S3 in supporting information).

Dry skin and/or hyperkeratosis were relatively common, present in 10/50 (20%). It was

generally mild and patchy, though a few individuals displayed severe retention

hyperkeratosis (Fig 2I). This finding was noted predominantly on the extremities, especially

on the feet, but other skin regions such as the trunk and neck were occasionally affected.

Keratosis pilaris was noted in 40% of WS participants, most commonly mild and affecting

the extremities.

Nail structure was normal in the majority of individuals (only one showed hypoplastic nails

and two had nail ridging). However, 42% of individuals displayed evidence of, or gave a

history of, nail biting or periungual skin-picking (Fig 2J). Onychodystrophy was noted in

22%.

B. Family Convention, Boston, MA, 2012 (Cohort-2012)

Skin Elasticity: Sixty-one individuals with WS, aged 7-49, were consented for skin elasticity

testing as part of the WS-SAVE study. Eleven WS subjects were excluded from analyses for

the following reasons: five were unable to tolerate the noise generated by Dermalab™

elasticity suction cup evaluation; three had significantly discrepant readings between their

left and right arms; and three had BMIs >42 which precluded successful matching to a

member of our control cohort. Among our control cohort of 111 individuals, 11 were

excluded due to significantly discrepant left vs. right arm measurements.

Final analyses were therefore performed on 50 subjects with WS (21 male and 29 female),

each matched to one control. After matching, there were no statistically significant

differences in age or BMI between patients with WS and controls (data not shown), and all

were gender-matched.
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Individuals with WS demonstrate altered skin biomechanical characteristics

Subjects with WS differed significantly from matched controls in requiring less pressure to

lift the skin, (dP, 450.4 ± 120.2 (WS) vs. 564.5 ± 89.6 (control), p<0.0001, Fig 3B) and

decreased time to lift the skin through the prescribed pressure gradient (dT, 13.4 ± 7.4 (WS)

vs 26.5± 13.8 (control), p<0.0001, Fig 3C). Though skin retraction time (RT) trended longer

in participants with WS, the results were non-significant (541.4 ± 168.8 (WS) vs. 505.7 ±

100.5, p=0.14, Fig 3A). The calculated statistics VE and E were also altered, with with WS

showing reduced viscoelasticity (VE, 4.6 ±1.3 vs. 6.2± 1.1, p<0.0001, Fig 3D) and a reduced

Young’s modulus (E, 9.4±2.5 vs. 11.8± 1.9, p<0.0001, Fig 3E).

For each biomechanical property, a subpopulation of participants with WS had skin

mechanical parameters that were more extreme than the rest of the WS cohort and controls

(Fig 3). For example, five patients with WS required markedly decreased force to lift their

skin, while four additional subjects had markedly longer retraction time. These participants

could not be distinguished from the other WS participants on the basis of gender, BMI, or

age, suggesting the possibility of other genetic modifiers contributing to this variation.

Skin biomechanical properties do not predict severity of vascular disease in WS

We next compared biomechanical skin measurements between WS individuals who did and

did not have cardiovascular features of the disease (hypertension, stenosis, and vascular

stiffness (pulse wave velocity > 0.5 m/s faster than age and gender control norms)). No

association between skin biomechanical properties and vascular features was detectable nor

did p values trend in the direction of significance to suggest that a larger sample size would

reveal detectable differences (see Figure S2 in supporting information online). Similarly, no

correlation was identified between outlier status on any of the skin biomechanical

measurements and the vascular features of WS (data not shown); however, this analysis is

underpowered.

DISCUSSION

Elastic fibers contribute to the recoil capability of multiple tissues including the skin, blood

vessels, and lung. Much is known about the effect of elastin haploinsufficiency on the

vascular system in individuals with WS. Far less information is available about the skin in

these individuals. Previous investigation on a small number of patients by Urban et al.,.

[2000b] showed that patients with WS have subtly softer skin and some minor ultrastructural

abnormalities of elastic fiber deposition. There has been no quantitative assessment of the

biomechanical properties of skin in this population, nor has there been a complete

description of the dermatologic features.

Our study confirmed the clinically reported findings of early graying of hair and soft skin.

Hair graying is quite early, with all participants 34 or older reporting some gray hair. In fact,

onset of graying occurred as early as 11 years of age. By contrast, only 40% of Caucasians

without WS report some graying by age 40, with the average age of onset 34.2 ± 9.6 years

[Keogh and Walsh, 1965].
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Our dermatologists clinically appreciated “soft skin” in 83% of study subjects, independent

of age. This finding corroborates previous mention of soft skin in the literature [Urban et al.,

2000b]. It is unknown why elastin insufficiency would cause softer skin but it is possible

that the decreased elastin leads to a functional increase, either as a result of frank up-

regulation or simply due to relatively increased ratios of other matrix molecules, including

glycosaminoglycans, that retain water in the tissue giving it a softer texture.

Nail biting and skin picking were common and are likely physical manifestations of the

anxiety disorder that commonly complicates WS [Woodruff-Borden et al., 2010]. Other

common dermatological conditions in this population included keratosis pilaris (20%) and

excessive scalp flakiness and/or dandruff (64%). Increased sloughing of skin would not be

predicted as a result of elastin insufficiency as the elastic fibers are present lower in the

dermis. Similar skin and scalp changes have also been described in individuals with Down

syndrome [Weijerman and de Winter, 2010] and may be a non-specific finding in

individuals with cognitive impairment. However, the hyperkeratosis and scalp flakiness was

severe in several individuals suggesting the possibility of a common underlying pathology.

Because these and other findings, such as premature graying of the hair, have not been

described in individuals with isolated SVAS, we believe they are more likely to be

associated with deletion of other genes within the WS critical region. In the general

population, hair graying is thought to be caused by loss of melanocytes in the hair follicles

[Nishimura et al., 2005]. The mechanism for graying, and early graying in particular, is

unknown in WS but intriguingly, the gene BAZ1b (WSTF) has been implicated. BAZ1b is a

chromatin remodeling factor expressed by multiple cell types. When knocked out in neural

crest derivatives (such as melanocytes), the mice exhibit premature graying of their fur in

addition to developmental and behavioral abnormalities [Liu et al., 2012]. Excessive skin

turnover, on the other hand, may be related to changes in maturation of epidermal cells or

abnormal connections between them. Other than elastin, WS-deletion genes expressed in the

skin include the claudins (CLDN3 and CDN4), GTF2iRD1, LIMK1 and NCF1. The claudins,

in particular, are interesting candidates for this phenotype. CLDN3 and CLDN4 are

expressed by the keritinocytes of the epidermis and are components of tight junctions. In the

skin, tight junctions form a barrier for electrolyte and water loss. In mouse models,

knockdown Cldn4 changed skin permeability for certain ions and molecules and human

studies have shown altered CLDN3 expression in psoriatic plaques [Kirschner et al., 2013;

Watson et al., 2007]. No studies have investigated cell turnover in chronic CLDN3 or

CLDN4 haploinsufficiency. Additional work will be needed to solidify a role for these

proteins in the skin changes that we observed in WS.

Our report is the first to document variable skin scarring in WS, ranging from normal (5/30)

or minimally abnormal scars (15/30) to markedly widened and irregular lesions (10/30). In

the study participants who had undergone multiple surgical procedures, scars healed

comparably (i.e., all scars were normal, or all were abnormal). These observations, plus

identification of atrophic areas of skin in moderate numbers (17/50) of participants with WS,

suggest subtle and variable abnormalities in wound healing in this population. The presence

of facial wrinkling was noted in most participants (46/50), often starting in the second or

third decade, but generally remained mild until the fifth decade (age 41-50 years). In
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contrast, studies evaluating the onset of wrinkling in Caucasian populations reported that

mild peri-ocular wrinkling presented, on average, in the fifth decade [Daniell, 1971], three

decades later than when it was noted in our WS cohort. Similarly, moderate to severe

wrinkling is felt to be relatively rare in non-smoking individuals younger than 40 [Ernster et

al., 1995]. However, our cohort showed moderate to severe wrinkling in at least one facial

region in 7/11 of the 30-39 year olds. Though the craniofacial differences seen in patients

with WS, such as the periocular fullness and micrognathia, may contribute to earlier onset

wrinkling or drooping, its occurrence in WS also may reflect a mild end of the spectrum for

elastic fiber-related skin disease.

Biomechanical testing showed that participants with WS required less pressure to lift the

skin (dP) and that it took less time for the skin to be raised through a prescribed pressure

gradient (dT). This suggests that skin in patients with WS stretches more readily when force

is applied. Retraction times in patients with WS trend longer, with a few individuals with

significantly longer measurements. Similarly, the calculated factors VE (viscoelasticity) and

E (Young’s modulus) were both decreased in participants with WS. Viscoelasticity is

defined as the tendency for a material to deform only briefly when a stress is applied and

then removed quickly (elastic) but for the deformation to remain if the stress is prolonged

(viscous)[Hussain et al., 2013]. Typically the skin is described as having viscoelastic

properties, but our measurements show reduced viscoelasticity in WS skin relative to control

skin. VE is proportional to the ratio of dP to RT. Consequently, the change seen in WS

occurs predominantly due to decreased dP. The elastic modulus (E) reflects a deformed

material’s ability to return to its original shape once the deforming force is removed

[Hussain et al., 2013]. A lower elastic modulus is associated with lower stiffness in a

material. Taken together, these features suggest decreased stiffness in the skin in WS

compared to control skin. The biomechanical properties of the skin, however, do not

correlate well with the vascular disease present in individual WS patients. This lack of

correlation could be due to variations in tissue specific architecture including differences in

elastic fiber organization, structure, and quantity as well as the composition of remaining

extracellular matrix. Tissue specific alternative splicing of the elastin gene also likely plays

a role [Sugitani et al., 2012].

Two previous studies have identified an association between age of onset for hair graying

and risk for earlier onset cardiovascular disease in non-WS individuals [Erdogan et al.,

2013; Kocaman et al., 2012]. Though it would be interesting to examine the presence or

absence of this correlation in WS, the cross-sectional design of our study precluded this.

Specifically, we do not have data on age of onset for features such as hair graying or skin

wrinkling. Similarly, over-representation of surgical chest scars precluded unbiased analysis

of scar healing and vascular disease. We recommend that future studies evaluate for an

association between age of onset for these features and vascular pathology of WS.

In summary, this study broadens our understanding of the dermatologic features of Williams

syndrome. We have quantified previously reported findings in WS such as soft skin and gray

hair in a large cohort of individuals with WS. In addition, we have noted new findings

related to altered appearance of wound healing and tissue aging in this condition. The

biomechanical findings show reproducible differences between WS and control skin,
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highlighting the impact of elastin insufficiency on the mechanical properties of the skin.

However, because the biomechanical properties of the skin are not well correlated with the

vascular features of the condition, they cannot be presently be used as a proxy to predict or

to monitor vascular disease severity individuals with elastin insufficiency.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Graying hair in patients with WS. Photographs showing hair graying in WS individuals in

their 30s (A and B), 40s (C and D), and 50s (E and F).
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Figure 2.
Skin findings in patients with WS. Photos showing progression of facial wrinkles with age.

Participants aged 7 (A), 15 (B), 20 (C), 27 (D), 32 (E), and 50 years (F). Peri-ocular areas

evaluated in this study included the crow’s feet area lateral to the eye and the under-eye

area. Surgical scars ranging from normal spinal scar (G), to widened chest scar (H), widened

knee scar (I) and widened abdominal scar with hernia (J). Exfoliative dermatitis of the foot

(K) and skin picking on the thumb (L).

Kozel et al. Page 14

Am J Med Genet A. Author manuscript; available in PMC 2015 September 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



Figure 3.
Biomechanical characteristics of skin in patients with WS and matched controls.

Measurements are shown for retraction time (RT, panel A), lift pressure (dP, panel B), lift

time (dT, panel C), viscoelasticity (VE, panel D), and Young’s modulus (E, panel E). WS

participants are noted as circles and controls are squares. The mean (long line) and SD

(shorter line) are also noted. P values are recorded above each comparison.
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Table I

WS-SAVE Demographics in WS Subjects and Controls*

WS subjects
Cohort 1
(Family
Convention,
2010)

WS subjects
Cohort 2
(Family
Convention,
2012)

Control
subjects*

# Individuals
participating

50 61 111

Molecular
confirmation of WS
diagnosis

50 61 N/A

# examined by study
Dermatologist

50 0 0

# with quality
Dermalab™ data

N/A 53 100

Number successfully
matched

N/A 50 50

Age of studied
participants
Average± SD, range

24.7 ± 12.1,
7-54

23.7 ± 11.1,
7-49

24.0 ± 11.5,
7-50

Gender of
studied/matched
participants M:F

22:28 21:29 21:29

BMI of studied or
matched participants

24.9 ± 7.8 24.2 ± 6.9 24.0 ± 6.0

*
Only quantitative measure biomechanical skin properties performed on controls.
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Table IIa

Hair and scalp findings in WS

# with
Feature
/#Assessed

Percentage Comment

Hair graying (>20 yrs
old)

26/32 81% Oldest
subject w/o
gray hair =33

Hair graying (<20 yrs
old)

3/18 17% Youngest
subject with
gray hair =11

Low frontal and/or
posterior hairline

32/50 64% Slightly low
in most cases

Scalp
flakiness/dandruff/
seborrheic dermatitis

32/50 64% 30 current;
+ 2 with
history. Most
cases mild.

Soft hair texture 11/50 22%
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Table IIb

Skin and Nail Findings in WS

# With
feature/

# assessed

Percentage Comment

Soft skin 40/48 83%

Presence of a Scar 30/50 60% 18/30 are surgical

Mildly abnormal scar
if scar present

15/30 50%

Markedly abnormal scar
if present

10/30 33%

Forehead wrinkling 20/47 43%

Peri-ocular wrinkling 39/48 81%

Peri-oral wrinkling 30/49 61%

Nail biting and/or skin
picking

21/50 42% 19 current; + 2 with
history.

Keratosis pilaris 20/50 40% Most cases mild

Atrophic areas of skin 14/50 34%

Stretch Marks 10/50 20% 4/10 with normal/low BMI

Dry skin / Hyperkeratosis 10/50 20% Most cases mild
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