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Inherited Cardiomyopathies: From Genotype to Phenotype
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Inherited Cardiomyopathies are a set of heterogeneous heart muscle
diseases which include for example Arrhythmogenic Cardiomyopathy
(ACM), Hypertrophic Cardiomyopathy (HCM) and Dilated
Cardiomyopathy (DCM). At broader level these cardiomyopathies are
considered genetically and phenotypically distinct diseases, showing
an autosomal-dominant inheritance with incomplete penetrance and
variable expressivity [1]. In particular they are associated with an
increased risk of heart failure, heart transplantation, malignant cardiac
arrhythmias and stroke. Moreover, they are the most common causes
of sudden cardiac death in the young and athletes [2,3]. Understanding
the relationship between genotype and phenotype is fundamental for
a better diagnosis and management of patients affected with inherited
cardiomyopathies.

ACM is characterized by the progressive loss of ventricular
cardiomyocytes with replacement by fibro-fatty tissue, predominantly in
the right ventricle, triggering arrhythmia, heart failure and sudden cardiac
death. Its prevalence is estimated at between 1:2000 and 1:5000. Most
of the ACM causing mutations have been identified in genes encoding
proteins of the intercalated disc, in particular in desmosomal proteins as
for example desmoplakin (DSP), plakophilin-2 (PKP2) and desmoglein-2
(DSG2) [4]. HCM is characterized by unexplained cardiac hypertrophy of
theleft ventricle, cardiomyocyte disarray and fibrosis, leading to contractile
dysfunction, heart failure, and sudden cardiac death. Its prevalence is of
1:500 in the general population. HCM is commonly described as a disease
of the sarcomere and the majority of the causative mutations have been
identified in the myosin-binding protein C (MYBPC3) gene and the P
myosin heavy chain (MYH?) gene [5]. A significant proportion of ACM
and HCM patients resulted to carry compound or double mutations
in their respectively associated genes, showing a more severe form of
cardiomyopathy than family members harboring a single mutation [6,7].

In the last 20 years, the increased knowledge of genetic causes and
longitudinal follow-up of individuals affected with cardiomyopathies
have demonstrated that in many cases there may be an overlap not only in
phenotypical features but also in molecular etiology. Different mutations
in the same gene were reported to cause different cardiomyopathies,
for instance mutations in genes encoding for sarcomere proteins were
reported to cause both HCM and DCM [8] and mutations in genes
encoding for desmosomal proteins were reported to cause both ACM
and DCM [8].

Even if, in the era of next generation sequencing with the huge
number of identified sequence variants, it has become crucial the
interpretation of the clinical significance of any single mutation, it
must be considered that causative mutations are only the first step
to understand the entire mechanism leading to the specific disease
phenotype. It is becoming increasingly evident that the causative
mutations identified in the patients affected with cardiomyopathy are
often insufficient to predict the phenotype of other mutation carriers
in the same family, whom could be asymptomatic, show minor signs
of the disease or a more severe phenotype compared to the proband.
There are numerous factors affecting gene expression and protein
function that could modulate the effect of causative mutations on the
cardiac phenotype. Modifier genes are one of the factors that may
explain differences in the disease phenotype as for example expression,

progression, severity, penetrance and age at onset. In order to improve
diagnosis, prognosis and management of patients it will be necessary, in
addition to the identification of the causative mutation, to understand
the impact of modifier genes, epigenetic and environmental factors on
the phenotype. The identification of very frequent founder mutations,
as described in Italian (20%) and Icelandic (58%) HCM patients [9,10],
provides a rare opportunity to assess the relationship between genotype
and phenotype and could facilitate the identification of modifier factors
involved in the disease. Patients with the same mutation eliminate the
bias introduced by using subjects with different mutations, giving the
possibility to discover modifier genes playing a significant role on the
disease variability. In this way, it is possible to avoid the confounding
effects due to the genetic heterogeneity of patients carrying different
mutations which per se could be associated with a different expression
of the cardiac phenotype. Identification of such modifier genes increases
our understanding of the molecular components that affect the
phenotypic variability in patients with inherited cardiomyopathies and
thereby could improve the genetic based diagnosis, risk stratification,
prognosis and enhance the implementation of preventive and
therapeutic measures resulting in a more personalized health care and a
subsequent life improvement of patients and their relatives.
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