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Introduction:  Cardiomyopathies are a heterogeneous group of myocardial diseases
associated with mechanical and / or electrical dysfunction, which usually have inappropriate
ventricular hypertrophy or dilation and are due to a variety of genetic causes.
Cardiomyopathies are divided into two main groups: primary cardiomyopathies, which are
mainly limited to the heart muscle, and secondary cardiomyopathies, which are related to
generalized systemic disorders. Two important cardiomyopathies are being studied in our
laboratory: the Dilated Cardiomyopathy (DCM), developed in subjects with Duchenne
Muscular Dystrophy (DMD), and the Hypertrophic Cardiomyopathy (HCM), which is
associated with various mutations, most of which reside in the genes that code for
sarcomere proteins. During the first year of PHD, | focused on the study of a gene mutation
present in the MYBPC3 gene, encoding the cardiac myosin binding protein C (cMyBP-C).
This mutation is associated with the development of HCM, which is characterized by left
ventricular hypertrophy and diastolic dysfunction. The genetic mutation is called E258K-
cMyBP-C and it is a highly penetrant missense mutation with founder effect in Tuscany. We
have recently investigated the mechanics and kinetics of contraction using the left ventricular
(LV) tissue from three patients affected by HCM, with E258K mutation, and compared to
those from donor hearts. The results suggested that the mutation may impair the energy of
the sarcomere. To better explore the direct and indirect impact of the mutation, we generated
induced pluripotent stem cells (hiPSCs), which were obtained by reprogramming monocytes
isolated from HCM patients, with the E258K mutation, and from healthy subjects. hIPSCs
have been differentiated into cardiomyocytes (hIPS -CMs) to provide information on the
early stage of disease mechanisms.

Methods: Three different hIPSC lines were used: a control line, obtained from healthy
subjects, a mutated cell line, obtained from patients with the E258K mutation, and an
isogenic cell line, generated by the CRISPR-Cas9 gene correction of the E258K mutation.
Through a differentiation protocol, cardiomyocytes were generated from all three hIPSC
lines with visible spontaneous contraction after 8 days of culture. On day 20 of differentiation,
individual cardiomyocytes were transferred to nanopatterned surfaces, which mimic the
extracellular matrix, to improve cell maturation. Despite this process, such cardiomyocytes
have showed more immature characteristics than native cardiomyocytes and therefore
could help identify the molecular mechanisms that precede the hypertrophic phase of
patients.

Results: At different time points of differentiation, protein C expression was observed; the
data showed a reduced protein expression in the early stages of maturation in the mutated
cardiomyocytes compared to controls. On day 60 after differentiation, cardiomyocytes were



used to perform optical action potential and calcium transient measurements. The results
showed similar calcium transient decay in mutants and controls cardiomyocytes and similar
cell shortening, suggesting a similar E-C coupling in earlier stages. To better understand the
effects of the mutation, studies on the mechanics of myofibrils will be carried out and
engineered cardiac tissues (EHTSs) will be created with hIPS-CMs to perform contractile
force measurements and to test some drugs on cardiomyocyte contraction.
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