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ABSTRACT

Cell interacts actively with the extracellular matrix (ECM) recognizing mechanical cues which reg-
ulate processes such as cell differentiation, migration, proliferation, and apoptosis. These processes
are essential for the tissue development and the definition of the tissue architecture. Cardiac tissue
development, which shows a high level of cellular organization, depends on the adequate coordina-
tion of the mechanical, and electrical cues [1]. Determine the optimum condition on multi-stimulus
environments for the cardiac tissue development, implies the development of a large number of
in-vitro assays with an elevated time and economic cost. In this sense, computational models can
offer a clear advantage to define the optimum cell culture conditions. Single-cell models are able to
study the specific condition to which each cell is subjected, and cell-cell and cell-ECM interactions,
can be precisely determined. Thus, it is possible to study cell response to different stimulus in a
wide range, giving support to experimental studies.

We have developed a 3D computational model to study cell processes such as cell differentiation,
migration, proliferation, and apoptosis, as well as complex cell-cell and cell-ECM interactions. This
model, developed through the Finite Element Method (FEM), has been applied to study the early
stages of cardiac tissue development. Cells interact with the ECM, due to the contraction of the
Actin-Myosyn machinery, perceiving the mechanical conditions of its surrounding. Through the
cell internal deformations we define cell processes such as cell migration, differentiation and po-
larization, as well as the development of cell-cell stable adhesions. Thus, cell polarization, as well
as groups morphology, depend on the mechanical and electrical cues. Different mechanical and
electrical configurations, including the variation of the ECM stiffness, and electric stimulation with
an external electric fields (continuous, pulsating, and alternating), are studied [2, 3]. Mechanical
stimulus triggers cell differentiation into cardiac cell phenotype. As the mechanical stimulus in-
creases, cells maturation is faster, and cell proliferation increases. Cells tend to polarize in the
direction of the applied stimuli, proportional to the stimulus intensity. The electric field orientates
the cells and stimulates the formation of elongated groups. Due to the coupling of the mechanical
and electrical cues, groups with higher aspect ratios are obtained for high electric field intensities
and low stiffness ECM.
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