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ABSTRACT

Extracellular matrix (ECM) and associated molecules have a myriad of roles comprising cell-cell
communication, cell proliferation, migration, cell differentiation, development and survival. Elastic fibers
are major insoluble components of ECM that are vital for connective tissues including large arteries, skin,
lung, ligaments, and auricular cartilage. Their function is to provide elastic stretch and recoil to the
conncevtive tissues. Elastin (ELN) is the key insoluble protein in the elastic fibers and it is the primary
provider of elasticity and resilience. Structural abnormalities in elastin lead to a decrease in the integrity of
elastic tissues including skin, lungs and large blood vessels. Therefore, elastin gene mutations lead to
several skin, cardiovascular and pulmonary phenotypes including Williams Beuren syndrome, autosomal
dominant cutis laxa (ADCL) and supravalvular aortic stenosis (SVAS). ADCL is characterized by loose
and inelastic skin, pulmonary emphysema, aortic root dilation, and peripheral pulmonary aortic stenosis.
SVAS is characterized by narrowing of the ascending aorta. While ADCL is caused by the frameshift
mutations at the 3’ end of the ELN gene, missense and truncation mutations throughout the ELN gene lead
to SVAS. In this review, we discussed and compared the latest information including clinical presentation,
mutational spectrum and molecular mechanisms in ADCL and SVAS.
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INTRODUCTION

Elastic fibers are components of the extracellular matrix that contribute resilience to
tissues and bind and regulate transforming growth factor beta (TGFp) [1]. Elastin is the
crucial part of elastic fibers. Elastin gene (ELN) mutations cause several phenotypes
including WBS, SVAS and ADCL. The purpose of this review is to describe heritable
diseases caused by elastin gene mutations. First, this review discusses the extracellular
matrix, elastic fibers and the elastin protein. In the final section, the review focuses on the
inherited diseases caused by elastin mutations including ADCL and SVAS and describes
the clinical presentation, mutational spectrum and molecular mechanisms of each disease.

EXTRACELLULAR MATRIX
The ECM acts as a scaffold that supports cells in all tissues and organs. The ECM is

comprised of a fibrous material, including collagen fibers, microfibrils and elastic fibers
and ground substance surrounding the fibers, including proteoglycans and glycoproteins.
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The ECM has roles in cell-cell communication, cell proliferation, migration, cell
differentiation, development, and survival. The ECM is also crucial for the storage of
growth factors, cytokines and ECM-remodeling enzymes [1].

Collagen fibers are a major component of ECM, which provide tensile strength and
have roles in cell adhesion, chemotaxis and migration and tissue morphogenesis [2].
Elastic fibers complement collagen fibers to provide resilience to the tissues, whereas
glycoproteins contribute to tissue cohesiveness. Proteoglycans are bulky polysaccharides
(glycosaminoglycans, GAGs) covalently attached to relatively smaller core proteins,
which counteract compressive forces and are important in cell signaling and wound
healing [3].

Elastic fibers

Elastic fibers are major insoluble components of ECM that are vital for connective
tissues including large arteries, skin, lung, ligaments, and auricular cartilage. Elastic
fibers show tissue-specific and morphologically distinct networks based on the elasticity
requirements of tissues [4]. Elastic fibers are composed of two primary components: an
inner core of cross-linked elastin and microfibrils [4]. In addition, several ‘accessory’
molecules interact with microfibrils and elastin as well as its precursor, tropoelastin [4].

The thick elastic fiber networks in the reticular dermis and thin fibers in the papillary
dermis provide skin elasticity. Highly branched networks of elastic fibers that provide
respiratory expansion and recoil are main providers of pulmonary elasticity. Arterial
elastic fibers form lamellar layers for vascular elasticity [5]. Elastic fibers also have a
crucial role in vascular smooth muscle cell differentiation during arterial development
[6]. In addition, elastic fibers also regulate the bioavailability of TGF family [7].

Elastin

Elastin is the key insoluble protein in the elastic fibers (90%) [7] and it is the primary
provider of elasticity and resilience. At first, elastin is synthesized as tropoelastin, a
precursor protein of 60-70 kDa secreted from elastogenic cells such as fibroblasts, smooth
muscle cells (SMCs) and auricular chondrocytes [7]. Its primary structure includes valine-
, proline-, and glycine-rich hydrophobic domains and hydrophilic cross-linking domains,
which are rich in lysine and alanine (Hydrophobic domains are important during the self-
aggregation of tropoelastin by coacervation [8]. Coacervation brings tropoelastin
monomers together, and their association is stabilized by cross-links, known as
desmosines or isodesmosines [9]. The asymmetric structure of elastin includes an N-
terminal part that provides spring-like properties and a C-terminal part that has a role in
cell adhesion by avf3 integrin and cell surface proteoglycans [10]. The human elastin
gene is localized to chromosome 7q11.2 and has 34 exons spanning 45 kb of the genome
[11]. Human elastin primary transcript undergoes alternative splicing leading to many
different mRNA isoforms.

Elastin is a crucial protein in the aorta and great arteries. ELN"" mice die immediately
after birth due to the vascular obstruction, caused by an enhanced proliferation of smooth
muscle cells [12]. In contrast, ELN"" mice survive until adulthood and show systemic
hypertension, enhanced a number of elastic lamellae, the elastin layers associated with
SMCs [12, 13] and a thinner wall of blood vessels [14].
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INHERITED DISEASES CAUSED BY ELASTIN MUTATIONS

Elastin gene mutations result in several skin, cardiovascular and pulmonary
phenotypes.  Elastinopathies, including Williams-Beuren Syndrome (WBS),
supravalvular aortic stenosis (SVAS), and autosomal dominant cutis laxa (ADCL) are all
caused by the mutations in the ELN gene [15, 16, 17] (Table 1). Familial SVAS and
ADCL are caused by two distinct groups of point mutations within the elastin gene. In
contrast, WBS is caused by the microdeletions of the region on 7q11, which includes the
ELN gene [15] and approximately 26-28 other neighboring genes [18]. The clinical
characteristics include intellectual disability, connective tissue defects, metabolic defects,
and cardiovascular malformations, including SVAS.

Table 1. Elastinopathies

Disease Mutations Clinical presentations Molecular
mechanisms
SVAS  Heterozygous loss-of- Narrowing or obstruction  Haploinsufficiency
function mutations of the aorta
WBS Microdeletions of the region  Connective tissue and Haploinsufficiency
on chromosome 7q11.23; metabolic defects,

25-28 genes including ELN  cardiovascular

abnormalities
ADCL  Heterozygous frameshift Loose skin, aortic Dominant-negative or
mutations stenosis, pulmonary toxic gain of function
emphysema

SVAS: supravalvular aortic stenosis; WBS: Williams-beuren synrome; ADCL: autosomal dominant cutis
laxa

Autosomal dominant cutis laxa

Cutis laxa (CL) is a heterogeneous group of connective tissue disorders caused by the
elastic fiber abnormalities [19]. Acquired and inherited forms of cutis laxa patients show
loose, inelastic, redundant and sagging skin. There are autosomal dominant, autosomal
recessive and X-linked recessive inherited forms of CL and each has different clinical
manifestations [19]. Human genetic studies have identified several genes in different
forms of cutis laxa comprising ALDHI18A41, ATP6V0A2, ATP7A, EFEMPS/FBLN4, ELN,
FBLNS, LTBP4, PYCRI and RIN2 [19].
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Clinical presentation

The ADCL (OMIM #123700) is mostly diagnosed during early childhood, however,
it might appear in late childhood or early adulthood. An aged-appearance as a result of
redundant and inelastic skin, prominent ears, long philtrum, high forehead, hoarse voice
and beaked nose are the most important facial characteristics of ADCL patients [19].
Clinical characteristics of ADCL can be mild to benign [19]. However, severe systemic
manifestations can be present including pulmonary emphysema [20,21], aortic root
dilation (ARD) [22], hernia [22] and peripheral pulmonary aortic stenosis [17]. The
pulmonary and aortic lesions can result in significant morbidity and mortality and to date
only symptomatic treatments are available. For example, severe pulmonary emphysema
was addressed in at least one patient with ADCL using lung transplantation with
satisfactory results [21]. Aortic root dilatation can be delayed by administration of beta-
adrenergic blockers and rupture of aneurysms can be prevented by timely aortic root
replacement [22].

Mutational spectrum

ADCL is mostly caused by frameshift mutations within the last five exons of the ELN
gene which result in C-terminally elongated and secreted tropoelastin [20, 22,17, 23, 24,
25]. Unusual mutations include a heterozygous mutation in exon 25 of the elastin gene
[28] and tandem duplication in the elastin gene [21]. A recent de novo intronic mutation
has been found in intron 31 of a young ADCL patient [29]. Approximately 30% of the
ADCL patients have de novo dominant ELN mutations. Recessively inherited missense
mutations in ELN have been described in one family with cutis laxa to date, suggesting
heterogeneity in terms of inheritance patterns in ELN-related cutis laxa [30]. Furthermore,
identification of a heterozygous tandem duplication in the fibulin-5 gene of a cutis laxa
patient raised the possibility of locus heterogeneity in ADCL [31].

Molecular mechanisms

The mutations in ADCL have several cellular and biochemical effects. Alternative
splicing of exon 32 of the ELN gene and mutation-induced exon skipping often result in
several mutant mRNA isoforms, and this makes harder to analyze the molecular
consequences of the ADCL mutations in exons 30-32 [32]. ADCL mutations produce
stable mutant mRNAs, and their protein products are secreted into the extracellular space
[17,23,20,21,22], albeit with reduced efficiency in some cases [17, 21]. The histological
abnormalities in ADCL include a disorganized and reduced amount of elastic fibers that
result in loss of elasticity in the connective tissue [22]. The weak fibrillin-binding capacity
of mutant tropoelastins leads to increased compliance and reduced stiffness of lung tissue
[32].

A transgenic mouse model expressing human ADCL mutant elastin was generated
using a human elastin cDNA with a c.2114 2138del mutation in exon 30 of ELN [32].
ADCL transgenic mouse had healthy skin and blood vessels. However, lung disease
including airspace enlargement and severe emphysema was observed. Also, ADCL mice
had enhanced endoplasmic reticulum stress, activation of the unfolded protein response
(UPR), enhanced apoptosis and increased TGFp signaling [32]. Similar findings were
found in ADCL patient dermal fibroblasts with exon 30 mutations with longest missense
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peptide sequence [25]. Lower amounts of insoluble elastin were found as a result of
increased coacervation and elastin globule formation [25]. The partially secreted mutant
tropoelastin hinders the binding of tropoelastin to fibulin-5 and fibrillin-1 and results in
changes in elastic fiber assembly such as abnormalities in elastin accumulation on
microfibrils in ADCL cells [26].

A human ADCL mutation (c.2012delG) in exon 30 was introduced into the human
elastin bacterial artificial chromosome (BAC), then the mutant BAC was expressed as a
transgene in mice with the wild-type human gene [34]. The mutant protein was
incorporated into elastic fibers in the skin and lung resulting in some abnormalities,
however, relatively low levels of the mutant protein was found in the aorta suggesting
tissue-specific effects on elastin assembly [34]. These findings suggest different
mechanisms of elastin assembly in aorta and lung and skin [34].

Enhanced TGFp signaling has been found in patient fibroblasts [25] and in a transgenic
mouse model [33], however, the precise mechanisms of TGFP signaling alterations
remain unclear, as does the possible contribution of these changes to the development of
ADCL. The exact molecular mechanisms of how ELN mutations cause ADCL are still
unknown, but dominant negative and toxic gain-of-function mechanisms have been
proposed as molecular mechanisms for ADCL [33, 25].

Supravalvular aortic stenosis

Clinical presentation

SVAS (OMIM # 185500) occurs approximately 1 in 5,000 individuals. SVAS can
occur as an isolated vascular disease that characterized by narrowing or obstruction of the
ascending aorta [35] or as part of the WBS with identical clinical and structural
characteristics [36, 37]. Segmental narrowing of major arteries such as pulmonary,
carotid, cerebral, renal and coronary arteries may also be part of SVAS [38, 39]. In
children, SVAS might result in more severe conditions, such as myocardial infarcts and
sudden death [40]. Systemic hypertension, cerebrovascular accident, myocardial
infarction and obstructive cardiomyopathy are the most severe and life-threatening
clinical characteristics. Severe forms of SVAS may result in dyspnea, angina, systemic
murmur and left ventricular hypertrophy. The primary treatment of SVAS is vascular
surgery, which has an increased risk of morbidity and mortality.

Mutational spectrum

SVAS can be a part of WBS, a complex developmental genomic disorder, caused by
microdeletions of the region on chromosome 7ql1.23 encompassing 26-28 genes
surrounding ELN [15, 18] or might be isolated. Several mutations consisting
translocations [41, 42], gene deletions [43, 44, 45] and point mutations in the ELN [45,
46, 47, 48, 49] lead to the isolated form of SVAS. SVAS is inherited in an autosomal
dominant manner. Most of the mutations produce premature termination codons and
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result in haploinsufficiency through nonsense-mediated decay (NMD) [48]. If left
untreated, SVAS might result in progressive heart failure and death.

Molecular mechanisms

Different types of heterozygous loss-of-function mutations in the ELN gene lead to
SVAS [51]. As a result of point mutations, translocations and partial deletions in the ELN
gene, premature stop codons, and unstable mRNA has been observed [50, 48]. Decreased
levels of elastin mRNA [48, 51] and protein levels as well as the reduced elastin
deposition indicate that SVAS is caused by null mutations in ELN [51] through
haploinsufficiency.

Decreased levels of elastin in SVAS arteries leads to enhanced proliferation of
vascular smooth muscle cells [53]. Hyperproliferation of smooth muscle cells (SMCs) in
turn yields thicker, narrower arteries that lack flexibility [4]. Similar to SVAS patients,
heterozygous elastin knockout mice (Elnt/-) showed hypertension, enhanced lamellar
units in all elastic arteries, enhanced number of SMC layers and decreased elastin amount
similar to SVAS patients [54]. Ge et al. generated a human induced pluripotent stem cell
(iPSC) model of SVAS to study the mechanism of the disease [55]. Their model showed
that SVAS SMCs had less organized networks of smooth muscle alpha-actin and
increased proliferation rate than control iPSC-SMCs. Adding recombinant ELN or
decreasing ERK1/2 activity have been reported as promising therapy, causing inhibition
of SMC overproliferation [55]. Another potential SVAS therapy is rapamycin, an
inhibitor of mTOR signaling, which rescues increased SMC proliferation and aortic
obstruction [56]. Human iPSCs model of SVAS, SVAS patients, and elastin mutant mice
showed enhanced integrin B3 expression and activation [57]. In addition, the inhibition
of integrin 3 rescued aortic hyperproliferation and aortic stenosis, uncovering a potential
therapeutic strategy for SVAS patients [57].

Comparison of ADCL and SVAS

SVAS and ADCL are two phenotypically different autosomal dominant inherited
diseases caused by the mutations in the ELN gene. The clinical phenotype of ADCL
includes predominantly abnormalities in skin and lung including aged appearance,
pulmonary aortic stenosis, emphysema and aortic root dilatation and aneurysms. However
SVAS patients have mostly stenoses the aorta and other elastic vessels, such as the
pulmonary and coronary arteries. Thus, generally, ADCL predisposes to aneurysms
whereas SVAS is associated with stenoses, an opposite vascular phenotype. However a
shared vascular manifestation of both disorders is pulmonary artery stenosis [58].

Loss-of-function mutations including premature stop mutations, large intragenic
deletions in SVAS lead to degradation of mRNA through NMD as a result of
haploinsufficiency, whereas ADCL-causing mutations yield stable mRNAs and their
protein products are secreted into the extracellular space, where the mutant protein
interferes with elastic fiber assembly in a dominant-negative manner [17, 23, 20, 21, 22].
In addition, mutant ADCL tropoelastin also activates the unfolded protein response and
apoptosis considered to be a toxic gain of function effects [33, 25]. ADCL is mostly

78



Akcay: Consequences of Elastin Gene Mutations in Autosomal Dominant Cutis Laxa and Supravalvular Aortic Stenosis

caused by the mutations within the 3’ end of the ELN gene while SVAS mutations are
broadly distributed in the ELN gene.

CONCLUSION

ECM and associated molecules have a myriad of roles comprising cell-cell
communication, cell proliferation, and survival. Elastic fibers are integral parts of ECM
of the connective tissues such as skin and large arteries. Their function is to provide elastic
stretch and recoil to the connective tissues. The elastic fibers are assembled from fibrillin
microfibrils and elastin and many accessory molecules facilitate the assembly process
such as fibulins, LTBPs and lysyl oxidases. Structural abnormalities in elastin lead to a
decrease in the integrity of elastic tissues including skin, lungs and large blood vessels.
Therefore, elastin gene mutations lead to several skin, cardiovascular and pulmonary
phenotypes. Microdeletions of the chromosome 7ql1 including the ELN gene lead to
WBS [15] and characterized by mental retardation, dysmorphic features, and arterial
stenosis. Missense and premature truncation mutations throughout the ELN gene lead to
SVAS [41]. ADCL is caused by the frameshift mutations at the 3’ end of the elastin gene.

This review focused on the clinical presentation, mutational spectrum and molecular
mechanisms of SVAS and ADCL. Dominant-negative and toxic gain-of- functions are
the most important ELN-related ADCL mechanisms and happloinsufficiency is the SVAS
disease mechanism. However, the exact molecular mechanisms of ADCL and SVAS are
still under investigation. In addition, molecular insights into rare diseases might be
relevant to common, complex diseases characterized by elastin degradation including
aneurysms, chronic obstructive pulmonary disease and emphysema.

The genetic profile of ADCL and SVAS are known, but the genotype and phenotype
spectrum is incomplete, and the genotype-phenotype correlations are unclear.
Understanding the disease etiology, genetic profile and molecular and physiological
mechanisms of each disease can improve diagnosis and the development of molecularly
targeted treatments.

REFERENCES

[1] Naba, A., K. R. Clauser, S. Hoersch, H. Liu, S. A. Carr and R. O. Hynes (2012):The
matrisome: in silico definition and in vivo characterization by proteomics of normal and
tumor extracellular matrices. Mol Cell Proteomics 11(4): M111.014647.

[2] Kadler, K. E., C. Baldock, J. Bella and R. P. Boot-Handford (2007): "Collagens at a glance."
J Cell Sci. 120(Pt 12): 1955-1958.

[3] Gandhi, N. S. and R. L. Mancera (2008): The structure of glycosaminoglycans and their
interactions with proteins. Chem Biol Drug Des. 72(6): 455-482.

[4] Baldwin, A. K., A. Simpson, R. Steer, S. A. Cain and C. M. Kielty(2013):Elastic fibres in
health and disease. Expert Rev Mol Med.15: e8.

[5] Kielty, C. M. (2006): Elastic fibres in health and disease. Expert Rev Mol Med. 8(19): 1-23.

[6] Karnik, S. K., B. S. Brooke, A. Bayes-Genis, L. Sorensen, J. D. Wythe, R. S. Schwartz, et al.
(2003): A critical role for elastin signaling in vascular morphogenesis and disease.
Development. 130(2): 411-423.

[7] Nistala, H., S. Lee-Arteaga, S. Smaldone, G. Siciliano, L. Carta, R. N. Ono, et al. (2010):
Fibrillin-1 and -2 differentially modulate endogenous TGF-beta and BMP bioavailability
during bone formation. J Cell Biol. 190(6): 1107-1121.

79



Akcay: Consequences of Elastin Gene Mutations in Autosomal Dominant Cutis Laxa and Supravalvular Aortic Stenosis

[8] Vrhovski, B., S. Jensen and A. S. Weiss (1997):Coacervation characteristics of recombinant
human tropoelastin. Eur J Biochem. 250(1): 92-98.

[9] Viglio, S., L. Annovazzi, M. Luisetti, J. Stolk, B. Casado and P. Iadarola (2007): Progress in
the methodological strategies for the detection in real samples of desmosine and
isodesmosine, two biological markers of elastin degradation. J Sep Sci. 30(2): 202-213.

[10] Bax, D. V., U. R. Rodgers, M. M. Bilek and A. S. Weiss (2009): Cell adhesion to tropoelastin
is mediated via the C-terminal GRKRK motif and integrin alphaVbeta3. J Biol Chem.
284(42): 28616-28623.

[11] Fazio, M. J., D. R. Olsen, H. Kuivaniemi, M. L. Chu, J. M. Davidson, J. Rosenbloom et
al.(1988): Isolation and characterization of human elastin cDNAs, and age-associated
variation in elastin gene expression in cultured skin fibroblasts. Lab Invest. 58(3): 270-277.

[12] Li, D. Y., G. Faury, D. G. Taylor, E. C. Davis, W. A. Boyle, R. P. Mecham, et al.(1998):
Novel arterial pathology in mice and humans hemizygous for elastin. J Clin Invest. 102(10):
1783-1787.

[13] Faury, G., M. Pezet, R. H. Knutsen, W. A. Boyle, S. P. Heximer, S. E. McLean, et al. (2003):
Developmental adaptation of the mouse cardiovascular system to elastin haploinsufficiency.
J Clin Invest. 112(9): 1419-1428.

[14] Wagenseil, J. E., N. L. Nerurkar, R. H. Knutsen, R. J. Okamoto, D. Y. Li and R. P. Mecham
(2005): Effects of elastin haploinsufficiency on the mechanical behavior of mouse arteries.
Am ] Physiol Heart Circ Physiol. 289(3): H1209-1217.

[15] Ewart, A. K., C. A. Morris, D. Atkinson, W. Jin, K. Sternes, P. Spallone, et al. (1993):
Hemizygosity at the elastin locus in a developmental disorder, Williams syndrome. Nat
Genet. 5(1): 11-16.

[16] Olson, T. M., V. V. Michels, N. M. Lindor, G. M. Pastores, J. L. Weber, D. J. Schaid, D. Jet
al. (1993): Autosomal dominant supravalvular aortic stenosis: localization to chromosome 7.
Hum Mol Genet. 2(7): 869-873.

[17] Tassabehji, M., K. Metcalfe, J. Hurst, G. S. Ashcroft, C. Kielty, C. Wilmotet al. (1998): An
elastin gene mutation producing abnormal tropoelastin and abnormal elastic fibres in a patient
with autosomal dominant cutis laxa. Hum Mol Genet. 7(6): 1021-1028.

[18] Pober, B. R., M. Johnson and Z. Urban (2008): Mechanisms and treatment of cardiovascular
disease in Williams-Beuren syndrome. J Clin Invest.118(5): 1606-1615.

[19] Berk, D. R., D. D. Bentley, S. J. Bayliss, A. Lind and Z. Urban (2012): Cutis laxa: a review.
J Am Acad Dermatol. 66(5): 842.¢841-817.

[20] Rodriguez-Revenga, L., P. Iranzo, C. Badenas, S. Puig, A. Carrio and M. Mila (2004): A
novel elastin gene mutation resulting in an autosomal dominant form of cutis laxa. Arch
Dermatol. 140(9): 1135-1139.

[21] Urban, Z., J. Gao, F. M. Pope and E. C. Davis (2005): Autosomal dominant cutis laxa with
severe lung disease: synthesis and matrix deposition of mutant tropoelastin. J Invest
Dermatol. 124(6): 1193-1199.

[22] Szabo, Z., M. W. Crepeau, A. L. Mitchell, M. J. Stephan, R. A. Puntel, K., et al. (2006):
Aortic aneurysmal disease and cutis laxa caused by defects in the elastin gene. ] Med Genet.
43(3): 255-258.

[23] Zhang, M. C., L. He, M. Giro, S. L. Yong, G. E. Tiller and J. M. Davidson (1999): Cutis
laxa arising from frameshift mutations in exon 30 of the elastin gene (ELN). J Biol Chem.
274(2): 981-986.

[24] Hadj-Rabia, S., B. L. Callewaert, E. Bourrat, M. Kempers, A. S. Plomp, V. Layet, D., et
al.(2013): Twenty patients including 7 probands with autosomal dominant cutis laxa confirm
clinical and molecular homogeneity. Orphanet J Rare Dis. 8: 36.

[25] Callewaert, B., M. Renard, V. Hucthagowder, B. Albrecht, I. Hausser, E. Blair, et al. (2011):
New insights into the pathogenesis of autosomal-dominant cutis laxa with report of five ELN
mutations. Hum Mutat. 32(4): 445-455.

80



Akcay: Consequences of Elastin Gene Mutations in Autosomal Dominant Cutis Laxa and Supravalvular Aortic Stenosis

[26] Sato F, Wachi H, Starcher BC, et al. (2006): The characteristics of elastic fiber assembled
with recombinant tropoelastin isoform. Clin Biochem. 39(7):746-753.
doi:10.1016/j.clinbiochem.2006.02.017

[27] Siefring ML, Lawrence EC, Nguyen TC, et al. (2014): A novel elastin gene mutation in a
Vietnamese patient with cutis laxa. Pediatr Dermatol.31(3):347-349. doi:10.1111/pde.12334

[28] Okuneva EG, Kozina AA, Baryshnikova NV, et al. (2019): A novel elastin gene frameshift
mutation in a Russian family with cutis laxa: a case report. BMC Dermatol. 19(1):4.
Published 2019 Jan 31. doi:10.1186/s12895-019-0084-6.

[29] Graul-Neumann, L. M., . Hausser, M. Essayie, A. Rauch and C. Kraus (2008): Highly
variable cutis laxa resulting from a dominant splicing mutation of the elastin gene. Am J Med
Genet A. 146a(8): 977-983.

[30] Vodo, D., O. Sarig, A. Peled, M. Frydman, S. Greenberger and E. Sprecher (2015):
Autosomal-dominant cutis laxa resulting from an intronic mutation in ELN. Exp Dermatol.
24(11): 885-887.

[31] Megarbane, H., J. Florence, J. O. Sass, S. Schwonbeck, M. Foglio, R. de Cid, et al. (2009):
An autosomal-recessive form of cutis laxa is due to homozygous elastin mutations, and the
phenotype may be modified by a heterozygous fibulin 5 polymorphism. J Invest Dermatol.
129(7): 1650-1655.

[32] Markova, D., Y. Zou, F. Ringpfeil, T. Sasaki, G. Kostka, R. Timpl, et al. (2003): Genetic
heterogeneity of cutis laxa: a heterozygous tandem duplication within the fibulin-5 (FBLNY)
gene. Am J Hum Genet. 72(4): 998-1004.

[33] Hu, Q., A. Shifren, C. Sens, J. Choi, Z. Szabo, B. C. Starcher, et al. (2010): Mechanisms of
emphysema in autosomal dominant cutis laxa. Matrix Biol. 29(7): 621-628.

[34] Sugitani, H., E. Hirano, R. H. Knutsen, A. Shifren, J. E. Wagenseil, C. Ciliberto, et al.
(2012): Alternative splicing and tissue-specific elastin misassembly act as biological
modifiers of human elastin gene frameshift mutations associated with dominant cutis laxa. J
Biol Chem. 287(26): 22055-22067.

[35] Eisenberg, R., D. Young, B. Jacobson and A. Boito (1964): Familial supravalvular aortic
stenosis. Am J Dis Child. 108: 341-347.

[36] Urban, Z., J. Zhang, E. C. Davis, G. K. Maeda, A. Kumar, H. Stalker, et al. (2001):
Supravalvular aortic stenosis: genetic and molecular dissection of a complex mutation in the
elastin gene. Hum Genet. 109(5): 512-520.

[37] Micale, L., M. G. Turturo, C. Fusco, B. Augello, L. A. Jurado, C. Izzi et al. (2010):
Identification and characterization of seven novel mutations of elastin gene in a cohort of
patients affected by supravalvular aortic stenosis. Eur J Hum Genet. 18(3): 317-323.

[38] Rein, A. J., T. J. Preminger, S. B. Perry, J. E. Lock and S. P. Sanders (1993): Generalized
arteriopathy in Williams syndrome: an intravascular ultrasound study. J Am Coll Cardiol.
21(7): 1727-1730.

[39] Kaplan, P., M. Levinson and B. S. Kaplan (1995): Cerebral artery stenoses in Williams
syndrome cause strokes in childhood. J Pediatr. 1995; 126(6): 943-945.

[40] Conway, E. E., Jr., J. Noonan, R. W. Marion and C. N. Steeg. (1990): Myocardial infarction
leading to sudden death in the Williams syndrome: report of three cases. J Pediatr. 117(4):
593-595.

[41] Curran,(1993): M. E., D. L. Atkinson, A. K. Ewart, C. A. Morris, M. F. Leppert and M. T.
Keating The elastin gene is disrupted by a translocation associated with supravalvular aortic
stenosis. Cell 73(1): 159-168.

[42] von Dadelszen, P., D. Chitayat, E. J. Winsor, H. Cohen, C. MacDonald, G. Taylor, et al.
(2000): De novo 46,XX,t(6;7)(q27;q11;23) associated with severe cardiovascular
manifestations characteristic of supravalvular aortic stenosis and Williams syndrome. Am J
Med Genet. 90(4): 270-275.

81



Akcay: Consequences of Elastin Gene Mutations in Autosomal Dominant Cutis Laxa and Supravalvular Aortic Stenosis

[43] Ewart, A. K., W. Jin, D. Atkinson, C. A. Morris and M. T. Keating. (1994): Supravalvular
aortic stenosis associated with a deletion disrupting the elastin gene. J Clin Invest. 93(3):
1071-1077.

[44] Olson, T. M., V. V. Michels, Z. Urban, K. Csiszar, A. M. Christiano, D. J. Driscoll, et al.
(1995): A 30 kb deletion within the elastin gene results in familial supravalvular aortic
stenosis. Hum Mol Genet. 4(9): 1677-1679.

[45] Li, D. Y., A. E. Toland, B. B. Boak, D. L. Atkinson, G. J. Ensing, C. A. Morris, et al. (1997):
Elastin point mutations cause an obstructive vascular disease, supravalvular aortic stenosis.
Hum Mol Genet. 6(7): 1021-1028.

[46] Fryssira, H., R. Palmer, K. A. Hallidie-Smith, J. Taylor, D. Donnai and W. Reardon. (1997):
Fluorescent in situ hybridisation (FISH) for hemizygous deletion at the elastin locus in
patients with isolated supravalvular aortic stenosis. ] Med Genet. 34(4): 306-308.

[47] Boeckel, T., A. Dierks, A. Vergopoulos, S. Bahring, H. Knoblauch, B. Muller-Myhsok, et
al. (1999): A new mutation in the elastin gene causing supravalvular aortic stenosis. Am J
Cardiol. 83(7): 1141-1143, a1149-1110.

[48] Urban, Z., V. V. Michels, S. N. Thibodeau, E. C. Davis, J. P. Bonnefont, A. Munnich, B., et
al. (2000): Isolated supravalvular aortic stenosis: functional haploinsufficiency of the elastin
gene as a result of nonsense-mediated decay. Hum Genet. 106(6): 577-588.

[49] Urban, Z., V. V. Michels, S. N. Thibodeau, H. Donis-Keller, K. Csiszar and C. D. Boyd.
(1999): Supravalvular aortic stenosis: a splice site mutation within the elastin gene results in
reduced expression of two aberrantly spliced transcripts. Hum Genet. 104(2): 135-142.

[50] Metcalfe, K., A. K. Rucka, L. Smoot, G. Hofstadler, G. Tuzler, P. McKeown, et al.(2000):
Elastin: mutational spectrum in supravalvular aortic stenosis. Eur J] Hum Genet. 8(12): 955-
963.

[51] Urban, Z., J. Zhang, E. C. Davis, G. K. Maeda, A. Kumar, H. Stalker, et al.
(2001):Supravalvular aortic stenosis: genetic and molecular dissection of a complex mutation
in the elastin gene. Hum Genet. 109(5): 512-520.

[52] Urban, Z., S. Riazi, T. L. Seidl, J. Katahira, L. B. Smoot, D. Chitayat, et al. (2002):
Connection between elastin haploinsufficiency and increased cell proliferation in patients
with supravalvular aortic stenosis and Williams-Beuren syndrome. Am J Hum Genet. 71(1):
30-44.

[53] Brooke, B. S., A. Bayes-Genis and D. Y. Li. (2003): New insights into elastin and vascular
disease. Trends Cardiovasc Med. 13(5): 176-181.

[54] Li, D. Y., G. Faury, D. G. Taylor, E. C. Davis, W. A. Boyle, R. P. Mecham, et al. (1998):
Novel arterial pathology in mice and humans hemizygous for elastin. J Clin Invest. 102(10):
1783-1787.

[55] Ge, X., Y. Ren, O. Bartulos, M. Y. Lee, Z. Yue, K. Y. Kim, et al. (2012): Modeling
supravalvular aortic stenosis syndrome with human induced pluripotent stem cells.
Circulation 126(14): 1695-1704.

[56] Li, W., Q. Li, L. Qin, R. Ali, Y. Qyang, M. Tassabehji, B. R. Pober, et al.(2013): Rapamycin
inhibits smooth muscle cell proliferation and obstructive arteriopathy attributable to elastin
deficiency. Arterioscler Thromb Vasc Biol . 33(5): 1028-1035.

[57] Misra, A., A. Q. Sheikh, A. Kumar, J. Luo, J. Zhang, R. B. Hinton, et al. (2016): "Integrin
beta3 inhibition is a therapeutic strategy for supravalvular aortic stenosis." J Exp Med. 213(3):
451-463.

[58] Milewicz, D. M., Z. Urban and C. Boyd (2000): Genetic disorders of the elastic fiber system.
Matrix Biol. 19(6): 471-480.

82



	INTRODUCTION
	Mutational spectrum
	SVAS can be a part of WBS, a complex developmental genomic disorder, caused by microdeletions of the region on chromosome 7q11.23 encompassing 26-28 genes surrounding ELN [15, 18] or might be isolated. Several mutations consisting translocations [41, ...
	Molecular mechanisms
	Different types of heterozygous loss-of-function mutations in the ELN gene lead to SVAS [51]. As a result of point mutations, translocations and partial deletions in the ELN gene, premature stop codons, and unstable mRNA has been observed [50, 48]. De...
	Decreased levels of elastin in SVAS arteries leads to enhanced proliferation of vascular smooth muscle cells [53]. Hyperproliferation of smooth muscle cells (SMCs) in turn yields thicker, narrower arteries that lack flexibility [4]. Similar to SVAS pa...
	Comparison of ADCL and SVAS
	SVAS and ADCL are two phenotypically different autosomal dominant inherited diseases caused by the mutations in the ELN gene. The clinical phenotype of ADCL includes predominantly abnormalities in skin and lung including aged appearance, pulmonary aor...
	Loss-of-function mutations including premature stop mutations, large intragenic deletions in SVAS lead to degradation of mRNA through NMD as a result of haploinsufficiency, whereas ADCL-causing mutations yield stable mRNAs and their protein products a...
	CONCLUSION
	ECM and associated molecules have a myriad of roles comprising cell-cell communication, cell proliferation, and survival. Elastic fibers are integral parts of ECM of the connective tissues such as skin and large arteries. Their function is to provide ...
	This review focused on the clinical presentation, mutational spectrum and molecular mechanisms of SVAS and ADCL. Dominant-negative and toxic gain-of- functions are the most important ELN-related ADCL mechanisms and happloinsufficiency is the SVAS dise...
	The genetic profile of ADCL and SVAS are known, but the genotype and phenotype spectrum is incomplete, and the genotype-phenotype correlations are unclear. Understanding the disease etiology, genetic profile and molecular and physiological mechanisms ...


