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Genetic testing for bicuspid aortic valve
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Bicuspid aortic valve (BAV) is a congenital defect in which the aortic valve has two rather than three leaflets. In many patients

valve function may be normal but valve decompensation may occur due to other associated congenital abnormalities and

secondary valve and aortic complications. Decompensation manifests as stenosis or regurgitation and thoracic aortic aneurysm

and dissection. Cystic medial necrosis plays an important role in the pathogenesis of BAV. Prevalence of BAV is estimated at
0.5-2.0%. In children, 70-85% of stenotic aortic valves are bicuspid, compared to at least 50% in adults. BAV has autosomal
dominant inheritance. This Utility Gene Test was developed on the basis of an analysis of the literature and existing diagnostic
protocols. It is useful for confirming diagnosis, as well as for differential diagnosis, couple risk assessment and access to clinical

trials.
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Bicuspid aortic valve
(Other synonyms: Bicuspid aortic valve stenosis, aortic valve disease)

General information about the disease

Bicuspid (or bicommissural) aortic valve (BAV) describes an aortic valve with two rather
than three leaflets. It is frequently an antecedent to aortic valve stenosis or insufficiency
and is often associated with other cardiovascular malformations, including aortic root
dilation (1). This malformation may have normal valve function but due to associated
secondary valve and aortic complications, such as calcific aortic valve disease and aortic
dilation, valve decompensation may occur (2). The consequences of this condition may
have serious long term health risks including progressive aortic valve disease (stenosis or
regurgitation) and thoracic aortic aneurysm and dissection (3). Cystic medial necrosis
plays an important role in the pathogenesis of BAV, and is associated with increased
metalloproteinase activity and apoptosis of vascular smooth muscle cells (4).

A prevalence of 0.5% to 2.0% has been estimated, making BAV the most common
cardiovascular malformation in humans (5, 6). In children, 70-85% of stenotic aortic
valves are bicuspid, compared to at least 50% in adults (7, 8). If there are no associated
congenital defects or secondary pathologies, BAV functions well, unlike other types of left
heart obstruction (coarctation and interrupted aortic arch).

Late cardiac complications due to BAV were approximately 40% at a mean age of 52
years in the Olmsted County study (9). Clinical features of Turner syndrome (e.g. short
stature in females with webbed neck and broad chest) or Williams syndrome (e.g. elfin
facies, mild retardation) associated with other malformations suggest the possibility of
BAV. The most common abnormal heart sound with BAV is a systolic ejection click (10).

Diagnosis is based on clinical assessment to identify symptoms, echocardiogram,
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electrocardiogram, chest radiogram, integration of septal
and color Doppler with two-dimensional echocardiography;,
angiography by retrograde femoral arterial catheterization
and angio-NMR (nuclear magnetic resonance), spin-echo MR
imaging, CT, diagnostic catheterization and genetic testing.

Differential diagnosis should consider aortic coarctation,
interruption of the aortic arch and hypoplastic left heart
syndrome.

BAV has autosomal dominant inheritance with incomplete
penetrance and variable expressivity (3).

Non-syndromic BAV (3,11, 12, 13)

e Aortic valve disease 1 (AOVDI1, OMIM disease 109730) -
NOTCHI (OMIM gene 190198);

e Aortic valve disease 2 (AOVD2, OMIM disease 614823) -
SMADG6 (OMIM gene 602931);

e GATA5 (OMIM gene 611496);

e AXINI (OMIM gene 603816);

e NKX2-5 (OMIM gene 600584).

Syndromic BAV (13-15)

e Marfan syndrome (MFS, OMIM disease 154700) - FBN1
(OMIM gene 134797);

e Loeys-Dietz syndrome 1,2 and 4 (LDS1, LDS2 and LDS4,
OMIM diseases: 609192, 610168 and 614816) - TGFBRI
(OMIM gene 190181), TGFBR2 (OMIM gene 190182),
TGFB2 (OMIM gene 190220);

¢ Andersen-Tawil syndrome (ATS, OMIM disease 170390) -
KCNJj2 (OMIM gene 600681);

e Aortic aneurysm, familial thoracic 6 (AAT6, OMIM disease
611788) - ACTA2 (OMIM gene 102620).

Other likely candidate genes for BAV (12, 14, 16)
AXIN2 (OMIM gene 604025), EGFR (OMIM gene 131550),
ELN (OMIM gene 130160), ENG (OMIM gene 131195), FGF8
(OMIM gene 600483), FLT1 (OMIM gene 165070), FN1 (OMIM
gene 135600), GATA4 (OMIM gene 600576), GATA6 (OMIM
gene 601656) (17), GLI1 (OMIM gene 165220), JAGI (OMIM
gene 601920), MCTP2 (OMIM gene 616297), MMP9 (OMIM
gene 120361), MSX1 (OMIM gene 142983), NFATCI (OMIM
gene 600489), NOSI (OMIM gene 163731), NOS3 (OMIM gene
163729), NOTCH2 (OMIM gene 600275), NOTCH3 (OMIM
gene 600276), PAX6 (OMIM gene 607108), PDIA2 (OMIM
gene 608012), PIGF (OMIM gene 600153), PPP3CA (OMIM
gene 114105), PTCHI (OMIM gene 601309), PTCH2 (OMIM
gene 603673), SLC35B2 (OMIM gene 610788), SNAI3 (OMIM
gene 612741), SOX9 (OMIM gene 608160), TBX5 (OMIM gene
601620), UFDI1L (OMIM gene 601754), VEGFB (OMIM gene
601398), VEGFC (OMIM gene 601528), WNT4 (OMIM gene
603490) and ZNF236 (OMIM gene 604760).

Other research associates ZEB2 (OMIM gene 605802) with
a complex syndrome manifesting with intellectual disability,
facial dysmorphia, speech delay, hydronephrosis, bicuspid
aortic valve and absence of corpus callosum (18) and MATR3
(OMIM gene 164015) with bicuspid aortic valve, aortic

coarctation and patent ductus arteriosus (19).

Pathogenic variants may include missense, nonsense,
splicing, small indels, small insertions and deletions, gross
insertions and deletions, and complex rearrangements.

Aims of the test

e To determine the gene defect responsible for the disease;

e To confirm clinical diagnosis;

o Toassess the recurrence risk and perform genetic counselling
for at-risk/affected individuals.

Test characteristics
Specialist centers/ Published Guidelines
The test is listed in the Orphanet database and is offered by 12
accredited medical genetic laboratories in the EU, and in the
GTR database, offered by 1 accredited medical genetic labora-
tories in the US.

Guidelines for clinical use of the test are described in “Ge-
netics Home Reference” (ghr.nlm.nih.gov).

Test strategy

Clinically distinguishable syndromes can be analyzed by se-
quencing only those genes known to be associated with that
specific disease using Sanger or Next Generation Sequencing
(NGS); if the results are negative, or more generally if clinical
signs are ambiguous for diagnosis, a multi-gene NGS panel is
used to detect nucleotide variations in coding exons and flank-
ing introns of the above genes.

Potentially causative variants and region with low coverage
are Sanger-sequenced. Sanger sequencing is also used for fam-
ily segregation studies.

Multiplex Ligation Probe Amplification (MLPA) is used to
detect duplications and deletions in FBNI, NKX2-5, TGFBR1
and KCNJ2.

To perform molecular diagnosis, a single sample of biologi-
cal material is normally sufficient. This may be 1 ml peripheral
blood in a sterile tube with 0.5 ml K.EDTA or 1 ml saliva in a
sterile tube with 0.5 ml ethanol 95%. Sampling rarely has to be
repeated.

Gene-disease associations and the interpretation of genet-
ic variants are rapidly developing fields. It is therefore possible
that the genes mentioned in this note may change as new sci-
entific data is acquired. It is also possible that genetic variants
today defined as of “unknown or uncertain significance” may
acquire clinical importance.

Genetic test results

Positive

Identification of pathogenic variants in the above genes con-
firms the clinical diagnosis and is an indication for family stud-
ies.

A pathogenic variant is known to be causative for a given
genetic disorder based on previous reports or predicted to be
causative based on the loss of protein function or expected sig-
nificant damage to protein or protein/protein interactions. In
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this way it is possible to obtain a molecular diagnosis in new/
other subjects, establish the risk of recurrence in family mem-
bers and plan preventive and/or therapeutic measures.

Inconclusive

Detection of a variant of unknown or uncertain significance
(VUS): a new variation without any evident pathogenic signif-
icance or a known variation with insufficient evidence (or with
conflicting evidence) to indicate it is likely benign or likely path-
ogenic for a given genetic disorder. In these cases, it is advisa-
ble to extend testing to the patient’s relatives to assess variant
segregation and clarify its contribution. In some cases, it could
be necessary to perform further examinations/tests or to do a
clinical reassessment of pathological signs.

Negative

The absence of variations in the genomic regions investigated

does not exclude a clinical diagnosis but suggests the possibility

of:

e alterations that cannot be identified by sequencing, such
as large rearrangements that cause loss (deletion) or gain
(duplication) of extended gene fragments;

e sequence variations in gene regions not investigated by this
test, such as regulatory regions (5" and 3° UTR) and deep
intronic regions;

e variations in other genes not investigated by the present test.

Unexpected

Unexpected results may emerge from the test, for example in-
formation regarding consanguinity, absence of family correla-
tion or other genetically based diseases.

Risk for progeny

In autosomal dominant transmission, the probability that an

affected carrier transmit the variant to his/her children is 50%

in any pregnancy, irrespective of the sex of the child conceived.
Incomplete penetrance and/or variable expressivity may in-

fluence the manifestation of clinical symptoms in individuals

harboring a disease-causing variation.

Limits of the test
The test is limited by current scientific knowledge regarding the
gene and disease.

Analytical sensitivity (proportion of positive tests
when the genotype is truly present) and specificity
(proportion of negative tests when the genotype is
not present)

NGS Analytical sensitivity >99.99%, with a minimum coverage
of 10X; Analytical specificity 99.99%.

SANGER Analytical sensitivity >99.99%; Analytical specificity
99.99%.

MLPA Analytical sensitivity >99.99%; Analytical specificity
99.99%.

Clinical sensitivity (proportion of positive tests

if the disease is present) and clinical specificity
(proportion of negative tests if the disease is not
present)

Clinical sensitivity: the variations in the aforementioned
genes are associated with BAV, but in many cases, these are
individual variations (identified in one or few families) and
total epidemiological data is therefore not available. Clinical
sensitivity will be estimated based on internal cases (20).

Clinical specificity: data not available.

Prescription appropriateness
The genetic test is appropriate when:

a) the patient meets the diagnostic criteria for BAV;

b) the sensitivity of the test is greater than or equal to that of
tests described in the literature.

Clinical utility
Confirmation of clinical diagnosis Yes
Differential diagnosis Yes
Couple risk assessment Yes

Availability of clinical trials can be checked on-line at
https://clinicaltrials.gov/
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