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Fabrication of Transmurally Oriented Myocardial
Fibers on a Chamber-like Structure via 3D Bioprinting-based
Tissue Assembly
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The left ventricle of the heart has a distinctive fiber arrangement that twists as it contracts, generating contractile
forces and improving the ejection fraction. The advancement of biofabrication technology has enabled the study
of cardiac physiology through engineered heart tissue (EHT), and efforts have been made to control cardiomyocyte
alignment to comprehend the underlying mechanisms that govern the structure and function of the heart. There
are two conventional methods used to induce cell alignment: one involves seeding cells on highly aligned structures,
while the other involves encapsulating cells in extracellular matrix (ECM)-based hydrogels and subjecting them
to tensile stress. These methods are effective in inducing cellular alignment; however, they lack the flexibility
to generate multi-axial alignment. Recently, integration of conventional methods and bottom-up approaches (e.g.,
tissue assembly) has been suggested to achieve multi-axial cellular alignment. It has been demonstrated that
multiple-axis control can be achieved by stacking or wrapping aligned cells. Another approach is to control
directionality through printing using anisotropic elements (e.g., microtissue, ECM fibers). However, the alignment
can be attenuated by externally applied tensile stress during tissue maturation.

Here, we propose a bioprinting-based method for rapidly prototyping tissue modules and creating structural
complexity by assembling them. We developed EHT generation and assembly platforms, and they were used to
generate and assemble EHT modules that recapitulate cardiac physiologies (e.g., contractile force, electrophysiological
properties, and cellular alignment). These platforms were demonstrated to enable the fabrication of cardiac tissues
with various structures and the control of structural and functional changes. Finally, we utilized the bioprinting-based
tissue assembly to create myocardial fiber orientation on a chamber-like structure. This structure consists of
three distinct layers, each of which exhibits a different fiber orientation. This method can serve various applications,
such as disease modeling by employing disease modules or a multi-organ platform by assembling multiple organ
modules.
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