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ORIGINAL ARTICLE

Genetic Diagnosis and the Severity of 
Cardiovascular Phenotype in Patients With Elastin 
Arteriopathy
Sandar Min , MBBS, MPH; Caroline Kinnear , MSc; Lisa C.A. D’Alessandro, MD; Jade Bouwmeester , BSc;  
Roderick Yao, BCS; David Chiasson, MD; Fred Keeley , PhD; Seema Mital , MD

BACKGROUND: Elastin insufficiency causes recurrent vascular stenoses. Hemizygous deletion of the elastin gene (ELN) causes 
Williams-Beuren syndrome (WBS), while single nucleotide variants in ELN cause nonsyndromic supravalvar aortic stenosis 
(SVAS). Our objective was to compare cardiovascular disease outcomes in patients with WBS and nonsyndromic SVAS.

METHODS: Patients (81 WBS, 42 nonsyndromic SVAS) with cardiovascular disease were included in this retrospective single 
center study. Freedom from surgical and catheter interventions and reinterventions was compared. Vascular tissue from 8 
patients and 6 controls was analyzed for arterial wall architecture.

RESULTS: Patients with nonsyndromic SVAS presented at a younger age (median 0.3 [0.4–0.7] years) compared with patients 
with WBS (1.3 [0.2–3.0] years) and had lower freedom from surgical/catheter interventions compared with patients with 
WBS, with median event-free survival 1.1 (0.3–5.9) versus 4.7 (2.4–13.3) years, respectively (hazard ratio, 1.62 [95% CI, 
1.02–2.56]; P=0.04). Patients with nonsyndromic SVAS also had a lower freedom from reinterventions (P=0.054 by log-
rank test). This was related in part to a higher frequency of primary and reinterventions for concomitant valvar aortic stenosis. 
Histology revealed abnormal intimal and medial thickening, disorganized and fragmented elastic fibers, reduced smooth 
muscle calponin expression, and increased macrophage marker, CD68, expression in the arterial walls in patients with WBS 
and nonsyndromic SVAS compared with controls.

CONCLUSIONS: Patients with nonsyndromic SVAS require early and more frequent vascular and valvular interventions and 
reinterventions, in particular for concomitant valvar aortic stenosis compared with patients with WBS. This provides important 
prognostic information to guide counseling of affected families with cardiovascular disease and may guide primary intervention 
strategies based on predicted risk of restenosis.
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Williams-Beuren syndrome (WBS) is a rare autoso-
mal dominant disorder affecting 1 in 10 000 live 
births.1,2 It is caused by microdeletion of chromo-

some 7q11.23 typically involving 26 to 28 genes result-
ing in clinical manifestations that affect multiple organ 
systems and include short stature, cognitive impairment, 
cardiovascular involvement, and hypercalcemia. The car-
diovascular phenotype is predominantly due to elastin 

haplo-insufficiency caused by the deletion of one copy 
of the elastin (ELN) gene within this region.3

Elastin in the vasculature is produced primarily 
from smooth muscle cells as elastin polymers which 
form elastic fibers that arrange as concentric rings 
of elastic lamellae in the arterial wall alternating with 
a ring of smooth muscle cells.4 This organization is 
critical for the arterial response to hemodynamic 
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stress during systole and for maintaining blood pres-
sure during diastole.5 Elastin insufficiency results in 
impaired elastin assembly and lack of elasticity of the 
arterial tree causing increased arterial stiffness.6 Also, 
without elastin, smooth muscle cells migrate and pro-
liferate in the sub-endothelial region to cause medial 
hypertrophy and lumen occlusion.7–9 Important con-
sequences of decreased functioning elastin include 
reduced integrity of elastic fibers in the skin, lungs 
and large blood vessels, and proliferation of smooth 
muscle cells, which ultimately leads to a thickened 

media and arterial narrowing. This results in supraval-
var aortic stenosis (SVAS) in 70% of patients but can 
also involve other large arteries such as the pulmo-
nary, aortic, renal and coronary arteries.10–12 In addi-
tion to discrete stenoses, the phenotype may include 
a generalized arteriopathy characterized by stiff arter-
ies and systemic hypertension.13 Risk of progression 
of stenosis in WBS is variable and associated with 
severity of presentation.14 Thirty percent of patients 
require surgery to relieve stenoses with a mortality 
risk of 3% to 7%.15 Common alternatives to surgery 
for the repair of aortic stenosis are balloon angio-
plasty and stent insertion, but they have a higher risk 
of restenosis and vessel rupture.11 In addition, patients 
are susceptible to sudden death risk due to coronary 
spasm and ischemia in the context of coronary ste-
nosis.16 Patients, therefore, require lifelong follow-up 
even after surgical or catheter interventions.10

Nonstandard Abbreviations and Acronyms

SVAS supravalvar aortic stenosis
TGA transposition of the great arteries
WBS Williams-Beuren syndrome

Table 1. Patient Characteristics (N=123)

Williams-Beuren syndrome Nonsyndromic SVAS P value

N 81 42  

Median age at diagnosis (IQR), y 1.3 (0.3–3.0) 0.3 (0.04–0.9) 0.001

Median age at last follow-up (IQR), y 15.3 (8.1–17.8) 12.9 (7.2–17.6) 0.345

Gender (male) 42 (52%) 25 (60%) 0.418

Race

 White 31 (38%) 14 (33%) 0.111

 Asian 6 (7%) 2 (5%)  

 Black 0 (0%) 3 (7%)  

 Aboriginal 0 (0%) 1 (2%)  

 Mixed (>1 race) 1 (1%) 1 (2%)  

 Unknown 43 (53%) 21 (50%)  

Confirmed positive genetic test, n 50 9  

Type of positive genetic test, n

Karyotype 1   

 Chromosomal microarray 10   

 FISH for 7q11.23 deletion 37   

 MLPA for 7q11.23 deletion 2   

 ELN sequencing  9  

Cardiovascular lesions

 Supravalvar aortic stenosis 63 (78%) 42 (100%) 0.001

 Aortic stenosis 5 (6%) 8 (19%) 0.028

 Supravalvar pulmonary stenosis 14 (17%) 10 (24%) 0.386

 Pulmonary stenosis 22 (27%) 16 (38%) 0.213

 Coarctation, arch hypoplasia 23 (28%) 8 (19%) 0.258

 Branch PA stenosis, hypoplasia 39 (48%) 19 (45%) 0.759

 Coronary stenosis 4 (5%) 0 (0%) 0.298

 Mitral valve anomaly 8 (10%) 3 (7%) 0.614

 Bicuspid aortic valve 4 (5%) 5 (12%) 0.159

 Renal artery stenosis 11 (14%) 1 (2%) 0.055

ELN indicates elastin; FISH, fluorescence in situ hybridization; IQR, interquartile range; MLPA, multiplex ligation-dependent probe 
amplification; PA, pulmonary artery; and SVAS, supravalvar aortic stenosis.
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Nonsyndromic SVAS differs from WBS in that 
patients only have a cardiovascular phenotype with-
out the extra-cardiac phenotype seen in WBS. Iso-
lated nonsyndromic SVAS, in a majority of cases, is 
autosomal dominant, caused by pathogenic variants in 
the ELN gene.10 Almost 90% are heterozygous loss-
of-function variants and include frameshift, splice site, 
and 3′UTR variants that affect initiation of translation, 
and only a small proportion are missense variants. The 
severity of SVAS and other arterial stenoses varies 
among individuals. The objective of our study was to 
compare the cardiovascular phenotype and outcomes 
in patients with WBS and those with nonsyndromic 
SVAS. This knowledge would be important in risk prog-
nostication and tailored management of patients pre-
senting with SVAS as well as in appropriate counseling 
of affected families.

METHODS
The data that support the findings of this study are available 
from the corresponding author upon reasonable request.

The study was approved by the institutional Research Ethics 
Board, and waiver of consent was obtained for retrospective 
analysis of clinical data. In the subset of patients that were 
enrolled in the Heart Centre Biobank Registry with collection 
of DNA and tissue samples for research, DNA was used to 
confirm genetic diagnosis on a research basis. Written informed 
consent for biobanking was obtained from the patient, parent, 
or legal guardian, and the protocol was approved by the insti-
tutional Research Ethics Board. In addition, arterial samples 
acquired at the time of surgical repair from consented patients 
were retrieved from the biobank or from leftover tissue in 
Surgical Pathology and evaluated histologically for structural 
abnormalities and elastin expression in the arterial wall.

The full methods are available in the Data Supplement.

RESULTS
Clinical Characteristics
Patients <18 years old diagnosed with (1) WBS based 
on clinical evaluation and cytogenetic confirmation of 
7q11.23 deletion or (2) nonsyndromic SVAS with/with-
out those with ELN variants were screened in a single 
center retrospective cohort study. Only patients with a 
confirmed cardiovascular lesion were included. The pres-
ence or absence of syndromic features was determined 
through clinical evaluation by a clinical geneticist and a 
cardiologist. A total of 135 patients (86 WBS, 49 non-
syndromic SVAS) seen at our institution between 1995 
and 2017 were screened; 123 patients with cardiovas-
cular disease were included in the analysis—81 with 
WBS and 42 with nonsyndromic SVAS. There were no 
significant differences between the WBS and nonsyn-
dromic SVAS group in baseline characteristics except for 
younger age at diagnosis in nonsyndromic SVAS com-
pared with patients with WBS (P=0.001; Table 1). The 
most common cardiovascular lesion was SVAS affecting 
78% of WBS and 100% of patients with nonsyndromic 
SVAS (P=0.001). The frequency of valvar aortic steno-
sis was higher in nonsyndromic SVAS compared with 
patients with WBS (P=0.028). The frequency of other 
cardiovascular lesions was not different between the 2 
groups. Although frequency of confirmed coronary artery 
stenosis and of renal artery stenosis was higher in WBS 
compared with nonsyndromic SVAS, the differences 
were not statistically significant (Table 1).

Systemic hypertension, requiring antihypertensive 
medications at any time during follow-up, was diagnosed 
in 39 (32%) patients in the overall cohort. Median age 
at diagnosis of hypertension was 2.7 (0.8–9.9) years. 

Figure 1. Kaplan-Meier survival 
curve with 95% CIs for freedom 
from antihypertensive treatment in 
Williams-Beuren syndrome (WBS; 
blue) and patients with nonsyndromic 
supravalvar aortic stenosis (NS-
SVAS; red; P=0.253 by log-rank test).
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Thirty-six percent of patients with WBS and 24% of 
patients with nonsyndromic SVAS had a history of hyper-
tension with no difference in age at diagnosis (P=0.44). 

One-, 5-, and 10-year freedom from antihypertensive 
medications was 90%, 78%, and 68%, respectively, in 
patients with WBS and 90%, 83%, and 81% in patients 

Table 2. Genetic Characteristics of Nonsyndromic SVAS

ID Variant location*
Exon/ 
intron dbSNP

Variant  
type Predicted effect Diagnoses

No. (age†) 
interventions

Age† at last 
follow-up

1 1_28del, Exon 1 
(chr7:73442518–73442545 
del)

1 Novel Frameshift, 
start loss

28 bp deletion in exon 1 (signal 
peptide), including initiator Met.  
Allele not expressed

SVAS, branch 
PS

None 14.2

2 c.862_863insG (pAla288Fs), 
Exon 16, (chr7:73465893–
73466392)

16 rs727503028 Frameshift Alters phase of donor exon/intron 
boundary with generation of in-frame 
stop codon in exon 17

SVAS None 10.7

3 c.890-9 T>A, Intron 16. 
(chr7:73466245–73466245)

16 Novel Intronic Variant in acceptor site decreases 
splice probability from 0.71 to 0.24. 
May result in splicing out of exon 17, 
with effects on elastin assembly

SVAS, branch 
PS

None 7

4 c.1234_1235insACTG, Exon 
20

20 Novel Frameshift 4 base insertion alters phase of splice 
sites in exons 20, 21, and 23, with 
generation of an in-frame stop codon 
in exon 23

SVAS, 
coarctation, 
branch PS

2 (0.5 mo) 12.5

5 Q442X, Exon 21 
(chr7:73471010–73471010)

21 rs137854452 Stopgain In-frame stop codon in exon 21 SVAS, arch 
hypoplasia, 
branch PS

4 (3.5 mo) 7.3

6 Q442X, Exon 21 
(chr7:73471010–73471010)

21 rs137854452 Stopgain In-frame stop codon in exon 21 SVAS, PS, 
branch PS

1 (2.5 mo) 9.5

7 c.1785T>A (p.Tyr595X), 
Exon 27, (chr7:73475218–
73475718)

27 rs727503033 Stopgain In-frame stop codon in exon 27 SVAS, PS 3 (1.7 mo) 8.2

8 c.1909delG (p.Ala637Profs*5), 
Exon 29

29 Novel Frameshift Alters phase of donor exon/intron 
boundary, with generation of in-frame 
stop codon in exon 30

SVAS, SVPS 1 (1 mo) 3.7

9 c.1918+1G>A, Intron 29, 
(chr7:73477450–73477950)

29 rs727503035 Splicing Loss of donor site of exon 29. Read-
through into intron 29 with generation 
of in-frame stop codon

SVAS, branch 
PS

1 (6.8 mo) 17.8

PS indicates pulmonary stenosis; and SVAS, supravalvar aortic stenosis.
*All variants were heterozygous.
†Age in years.

Figure 2. Map of the elastin (ELN) gene illustrating positions of variants (red) from 9 patients with nonsyndromic supravalvar 
aortic stenosis (NS-SVAS).
(1) 1_28del; (2) c.862_863insG; (3) c.890-9 T>A; (4) Q442X variant; (5) c.1234_1235ins; (6) c.1785T>A; (7) c.1909delG; and (8) 
c.1918+1G>A. Chr indicates chromosome.
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Figure 3. Surgical or catheter interventions (n=123).
A, Kaplan Meier survival curve of freedom from any surgical or catheter interventions. Patients with nonsyndromic supravalvar aortic stenosis 
(NS-SVAS; red, n=42) had lower freedom from interventions compared with patients with Williams-Beuren syndrome (WBS; blue, n=81; 
hazard ratio, 1.62 [95% CI, 1.02] 2.56; P=0.04). B, Types of primary surgical and/or catheter procedures in WBS (blue) and nonsyndromic 
SVAS (red). Other category=septal myectomy, mitral valve replacement, tetralogy of Fallot repair, ventricular septal defect repair, inter-atrial 
communication repair, LV outflow tract fibromyectomy, and pacemaker insertion. **P<0.01 between WBS and NS-SVAS. PA indicates 
pulmonary artery; and SVPS, supravalvar pulmonary stenosis.
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with nonsyndromic SVAS (P=0.25 by log-rank test; 
Figure 1). Of patients receiving antihypertensive medi-
cations, 10% were on angiotensin-converting enzyme 
inhibitors, 19% on β-blockers, 14% on calcium channel 
blockers, 10% on diuretics, and 47% on combination 
therapy. Since fewer than 50% of patients in the over-
all cohort were on antihypertensive medications, median 
hypertension-free survival could not be calculated.

Genetic Characteristics
In the WBS group, 50 patients had confirmed evidence 
of a 1.5 MB deletion or larger in 7q11.23 on clinical test-
ing available in the medical records or through research 
testing. Fourteen of 42 patients with nonsyndromic SVAS 
had ELN sequencing done, of which 8 patients had con-
firmed pathogenic variants in ELN (including 2 patients 
with the same variant). All variants were heterozygous, 
and 4 variants were novel variants, that is, not previously 
reported. The details of ELN variants along with asso-
ciated patient phenotype and outcomes at last follow-
up are described in Table 2 and their genomic locations 
are shown in Figure 2. Results of evaluation by a clinical 
geneticist were available in 73 (59%) patients (56 WBS 
and 17 nonsyndromic SVAS). There was no difference in 
the clinical characteristics of patients who had genetic 
testing versus those who did not (data not shown).

Cardiovascular Outcomes
During a median follow-up of 14 years (interquartile 
range, 8–17 years), there were 3 deaths. One patient 
with nonsyndromic SVAS died preoperatively at age 26 
days, one postoperatively at age 3.8 years, and 1 patient 
with WBS died postoperatively at age 6 months. Forty-
eight patients with WBS (59%) and 30 (71%) nonsyn-
dromic SVAS required at least one surgical or catheter 
intervention for cardiovascular lesions. The median (95% 
CI) intervention-free survival was 1.1 (0.3–5.9) years in 
the patients with nonsyndromic SVAS compared with 4.7 
(2.4–13.3) years in the patients with WBS (Figure 3A). 
The risk of primary surgical or catheter intervention was 
higher in nonsyndromic SVAS compared with WBS after 
adjusting for sex (hazard ratio, 1.62 [95% CI, 1.02–2.56]; 
P=0.04). The types of primary surgical and catheter pro-
cedures are shown in Figure 3B. Patients with nonsyn-
dromic SVAS had a significantly higher proportion of 
aortic valve procedures than patients with WBS (19% 
versus 2%, respectively; P=0.003). To adjust for years 
of follow-up, we compared the intervention incidence 
rates per 100 patient years of follow-up and found that 
the aortic valve intervention rates remained higher in 
the patients with nonsyndromic SVAS compared with 
patients with WBS (P=0.001; Table 3). Of the 19 patients 
with aortic valve lesions, 9 had bicuspid aortic valves. The 
proportion of patients with bicuspid aortic valve was not 

different between the 2 groups suggesting that valve 
morphology was likely not the basis of the differences in 
need for valve intervention (Table 1).

Reinterventions
Of the 78 patients with a primary intervention, follow-up 
data was available in 72 patients. Of these, 46 (64%) 
patients (24 WBS and 22 nonsyndromic SVAS) required 
surgical or catheter re-interventions for recurrence of 
vascular stenoses. One-, 5-, and 10-year reintervention 
free survival was 60%, 49%, and 39%, respectively, 
in patients with WBS and 46%, 33%, and 19% in the 
patients with nonsyndromic SVAS (P=0.054 by log-rank 
test; Figure 4A). The types of reintervention procedures 
are shown in Figure 4B. When adjusted for follow-up 
duration, rates of reintervention per 100 years of patient 
follow-up were significantly higher in patients with non-
syndromic SVAS compared with patients with WBS for 
SVAS (P=0.006), aortic valve (P=0.002), aorta (P=0.03), 
and other lesions (P=0.013; Table 3).

Arterial Wall Architecture in Patients With WBS 
and NS-SVAS
Histological studies were performed on arterial tissue 
obtained at the time of cardiac surgery. This included 6 
control patients with transposition of the great arteries 
(TGA) undergoing arterial switch procedure in whom aor-
tic tissue was obtained, 7 patients with WBS (6 aorta, 1 

Table 3. Surgical or Catheter Intervention Rates per 100 
Patient Years (95% CI) in WBS and NS-SVAS

Site of primary intervention WBS NS-SVAS P value

 SVAS 4 (3–6) 6 (3–10) 0.225

 Aortic valve 0 (0–1) 3 (2–7) 0.001

 SVPS 0 (0–1) 1 (0–4) 0.094

 Pulmonary valve 1 (0–2) 1 (0–4) 0.175

 Aorta 2 (1–3) 3 (1–6] 0.123

 Branch PA 1 (0–2) 1 (0–4) 0.426

 Coronary 1 (1–2) 1 (0–4) 0.420

 Other 3 (2–5) 6 (3–10) 0.050

Site of re-intervention

 SVAS 1 (0–4) 7 (4–16) 0.006

 Aortic valve 1 (0–4) 7 (4–16) 0.002

 SVPS 0 (0–0) 0 (0–0)  

 Pulmonary valve 1 (0–4) 2 (1–9) 0.311

 Aorta 4 (2–8) 10 (6–20) 0.030

 Branch PA 5 (3–9) 10 (5–18) 0.075

 Coronary 1 (0–4) 2 (1–9) 0.211

 Other 0 (0–0) 3 (1–10) 0.013

NS-SVAS indicates nonsyndromic supravalvar aortic stenosis; PA, pulmonary 
artery; SVAS, supravalvar aortic stenosis; SVPS, supravalvar pulmonary stenosis; 
and WBS, Williams-Beuren syndrome.
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pulmonary artery), and 1 patient (patient 5) with nonsyn-
dromic SVAS harboring the heterozygous Q442X variant 
(pulmonary artery). Representative findings from arterial 
samples are shown in Figure 5. Compared with TGA, 

patients with WBS had thicker aortic walls due to more 
intimal and medial thickening (P=5.2×10−05; Figure 5A 
and 5B), as well as more disorganized and fragmented 
elastic fibers (Figure 5C, 5E, and 5F). Abnormal elastic 

Figure 4. Surgical or catheter reinterventions (n=72).
A, Kaplan-Meier survival curve of freedom from surgical or catheter reinterventions. Patients with nonsyndromic supravalvar aortic stenosis 
(NS-SVAS; red, n=29) had lower freedom from reinterventions compared with patients with Williams-Beuren syndrome (WBS; blue, n=43; 
P=0.054 by log-rank test). B, Types of reintervention procedures in WBS (blue) and NS-SVAS (red; n=72). Other category=mitral valve 
replacement, interatrial communication repair and pacemaker replacement. *P<0.05 between WBS and NS-SVAS.
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fiber assembly was also prominent in the one patient with 
nonsyndromic SVAS (Figure 5D). Compared with TGA, 
staining for calponin, a marker of smooth muscle cell 

differentiation, was lower in the arterial wall of WBS com-
pared with patients with nonsyndromic SVAS (P=0.03 
WBS versus TGA; Figure 5C through 5E and 5G), and 

Figure 5. Arterial wall structure in transposition of the great arteries (TGA; n=6, aortic), Williams-Beuren syndrome (WBS; n=7, 
6 aortic and 1 pulmonary artery), and nonsyndromic supravalvar aortic stenosis (NS-SVAS; n=1, pulmonary artery from patient 
number 5 with Q442X ELN variant).
WBS and NS-SVAS arterial tissue showed disorganized elastic lamellae and increased macrophage expression compared with TGA controls. 
A, Representative images of Movat pentachrome stained sections from TGA and patients with WBS showing elastic fibers (black), collagen 
(yellow), and muscle cells (red). B, The transmural aortic wall thickness was higher in patients with WBS than TGA. C–E, Elastic lamellae 
showed parallel alignment in TGA but showed disorganized alignment in WBS and NS-SVAS arterial walls. C–E and F, Elastin fragmentation 
was higher in WBS compared with TGA (*P<0.05). C–E and G, The expression of smooth muscle differentiation marker, calponin, was lower 
on immunostaining in NS-SVAS and WBS compared with TGA (*P<0.05, WBS vs TGA). C–E and H, The expression of macrophage marker, 
CD68, on immunostaining was higher in WBS compared with TGA (*P<0.05).
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staining for CD68, a macrophage marker, was higher in 
patients with nonsyndromic SVAS and WBS (P=0.01 
WBS versus TGA; Figure 5C through 5E and 5H).

DISCUSSION
Elastin arteriopathy is a serious genetic condition 
caused by elastin insufficiency that leads to severe 
and recurrent vascular stenoses.17 Our study found that 
patients with nonsyndromic SVAS had a more severe 
cardiovascular phenotype requiring earlier and more 
frequent interventions for vascular stenoses as well as 
earlier and more frequent reinterventions for recurrence 
of stenoses compared with patients with WBS. This 
appeared to be related to both a higher frequency of 
concomitant valvar aortic stenosis and a higher require-
ment for primary and reinterventions for aortic valve 
lesions in the patients with nonsyndromic SVAS which 
is consistent with the findings in a previous study by 
Wu et al.18 The reintervention rates for SVAS and aortic 
lesions were also significantly higher in patients with 
nonsyndromic SVAS compared with patients with WBS 
in our study. Wu et al18 who did not find a difference in 
reinterventions between patients with WBS and non-
WBS likely related to the shorter median duration of 
follow-up of 3.7 years for patients in their study.

Analysis of the genetic findings revealed that the 
most commonly deleted locus in the 7q11.23 region 
in our patients was from D7S489B to D7S1870 with 
an estimated deletion size of 1.5-2.5mbp. The deletion 
of one copy of ELN results in reduced but functionally 
normal elastin.19–21 Loss-of-function variants in ELN, on 
the other hand, can either cause a haplo-insufficiency 
or a dominant-negative effect. Our in silico predictions 
suggested that all the observed variants would lead to 
a premature stop codon that would result in nonsense-
mediated decay of ELN mRNA.22 Nonsense-mediated 
decay leads to destruction of the prematurely termi-
nated mRNA and loss of elastin production from the 
mutated allele, resulting in a single functioning allele and 
an elastin haplo-insufficiency phenotype.23 However, if 
truncated elastin escapes nonsense mediated decay, 
it could result in truncated functionally abnormal pro-
tein being generated that could affect the assembly of 
even normal elastin protein that is, a dominant-negative 
effect.24 While we were not powered for a genotype-phe-
notype analysis in the patients with nonsyndromic SVAS 
and did not have tissue to measure elastin protein levels 
in all our patients, we did note that patients with variants 
in distal exons (20 or higher) required more interven-
tions than those with variants in proximal exons 1 to 17. 
Others have hypothesized that a less severe phenotype 
in some WBS could be related to a deletion involving 
NCF1 (neutrophil cytosolic Factor 1). NCF1 encodes 
a cytosolic subunit of neutrophil NADPH oxidase that 

produces superoxide anion on activation resulting in 
oxidative stress. Previous studies have reported that 
patients with WBS in whom the deletion involves the 
loss of a functioning copy of NCF1 gene, are protected 
against hypertension and vascular stiffness.25,26 This 
protective effect would not be observed in patients with 
point variants in ELN.

Our histology analyses confirmed the abnormal vas-
cular structure with intimal and medial thickening and 
disorganized elastic fibers in all patients with ELN insuf-
ficiency, including the patient with nonsyndromic SVAS 
with a Q442X nonsense variant involving exon 21. We 
also assessed the expression of the macrophage marker, 
CD68, since smooth muscle cells within atherosclerotic 
plaques have been shown to undergo phenotype switch-
ing attracting immune cells, for example, macrophages, 
T cells, and B cells in the adventitia.27 Lineage tracing 
studies in human atheromas have reported that vascular 
smooth muscle cell phenotypic switching can also result 
in macrophage-like cells, expressing the CD68 marker.28 
The finding of increased CD68 expression in the intimal 
and medial layers of arteries from patients with WBS and 
nonsyndromic SVAS raises the intriguing possibility that 
elastin insufficiency can predispose to a proinflamma-
tory process which can potentially contribute to the high 
incidence of vascular restenoses after initial surgical or 
catheter intervention.

LIMITATIONS
The study had limitations inherent to a retrospective 
study including small cohort size and missing data. 
Since all patients did not have a confirmed genotype, 
we were unable to do genotype-phenotype compari-
sons within the WBS and nonsyndromic SVAS groups. 
Also, we were unable to analyze if elastin levels varied 
by genotype in the patients with nonsyndromic SVAS 
as a way to explain differences in phenotype. Coronary 
artery stenoses may be under-estimated since routine 
echocardiography may miss distal coronary stenoses, 
and renal artery stenoses may be underestimated since 
routine surveillance is not performed.

In summary, our findings indicate that patients with 
nonsyndromic SVAS are more likely to require early 
and more frequent vascular and valvular interventions 
and reinterventions, in particular for concomitant valvar 
aortic stenosis compared with patients with WBS with 
cardiovascular disease, although subgroup analyses of 
different intervention types was limited by sample size. 
Our findings have important clinical implications for 
patients with cardiovascular disease that is confirmed 
or suspected to be caused by elastin insufficiency. They 
highlight the importance of increasing physician aware-
ness regarding the need for ELN sequencing in patients 
with nonsyndromic SVAS and in patients with SVAS who 
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are negative for 7q11.23 deletion. The identification of 
a genetic cause of elastin insufficiency in patients with 
cardiovascular disease can help in family and reproduc-
tive counseling regarding recurrence risk in future preg-
nancies as an autosomal dominant condition. Importantly, 
our findings that patients with nonsyndromic SVAS have 
more severe disease with higher reintervention rates, 
provides important prognostic information for surgeons, 
interventionalists, and families although a larger study 
with more genetic and tissue information is needed to 
validate genotype-phenotype associations. Future efforts 
should be directed towards understanding the genetic 
basis of inter-individual variability in disease phenotype 
and severity.
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