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Modular Assembly of 3D Bioprinted Heart Tissue to Facilitate
Multiaxial Contractions

Mr Dong Gyu Hwang?, Mr Uijung Yong?, Ms Jinah Jang'*?

1School of Interdisciplinary Bioscience and Bioengineering, Pohang University of Science and Technology, Pohang,
Republic of Korea, 2Department of Convergence IT Engineering, Pohang University of Science and Technology,
Pohang, Republic of Korea, 2Department of Mechanical Engineering, Pohang University of Science and
Technology, Pohang, Republic of Korea

Biography:

Mr. Dong Gyu Hwang is a MS and Ph.D. course student in the School of Interdisciplinary Bioscience and
Bioengineering at Pohang University of Science and Technology (POSTECH) in the Republic of Korea. He
received his Bachelor’s degree in Biomedical Engineering from Dongguk University, Seoul, the Republic
of Korea in 2017. He starts his research after joined Prof. Jinah Jang’s group in 2018. His research is
focused on 3D bioprinting of engineered multi-scale encapsulation system for islet transplantation,
and iPSC-derived engineered heart pump for in vitro application. He awarded Global PhD Fellowship
(NRF) from 20189.

Cardiovascular disease is the leading cause of death in the world, and the treatments and prognoses
are diverse due to complicated disease mechanisms. Therefore, the heart has been studied in a
laboratory to understand its function in health and disease and to test the safety and efficacy of
potential therapeutics.

An engineered heart tissue (EHT) derived from human induced pluripotent stem cells (hiPSCs)
enables to study of human pathophysiology. The spheroid has been utilized as a basic model to
generate multicellular cardiac tissues. In addition, strip- or ring-type EHT has been developed to
study contractility and electrophysiological properties of the native heart. As an alternative, modular
tissue engineering is a bottom-up fabrication approach to creating larger or more complex construct
using small building blocks. Most of the EHT models generated using modular tissue engineering
were fabricated in the form of strips, rings, or cylinders based on spheroid building blocks. Recent
advances in 3D bioprinting technology allow fabricating cardiac chamber-like structures that
reproduce volume-pressure relationships. Although these models are well-established to represent
cardiac-specific features, the orientation of cardiac muscle fibers to maximize blood ejection has not
been achieved.

In this study, we suggest a strategy to modulate the contractile direction of cardiac tissue. Using the
versatility of 3D bioprinting technology, we manufactured various sizes and shapes (strip and ring) of
EHT modules (m-EHTSs), which have a contraction direction individually. as a building block. In brief,
poly(ethylene-co-vinyl acetate) (PEVA) constructs were designed to consist of posts and connecting
parts. The post is devised to provide tensile stress to the m-EHT in the opposite direction of tissue
contraction. The connecting parts are designed to attach the multiple m-EHTs to ensure sufficient
assembly. Then, iPSC-derived cardiomyocytes (iPSC-CMs) were mixed with cardiac fibroblasts (CF)
and human umbilical vein endothelial cells (HUVECs) within the porcine heart-derived extracellular
matrix (hdECM) and printed onto the PEVA construct to form EHT.

The developed m-EHTs were confirmed to form well-aligned cellular structures. In addition, these
models exhibited spontaneous and synchronized contractile force, electrophysiological properties,
and drug responsiveness. Afterward, the m-EHTs were assembled to create complicated EHT models
(A-EHTSs) that could generate multiaxial contractions. We investigated the changing contractility
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when assembling m-EHTs (strip-strip) of the same type in series or in parallel. Furthermore, we also
examined varying contractility by assembling different types of m-EHT (ring-strip). Finally, A-EHT
which generates multiaxial contractions was developed.

These results could further be advanced to build swirling musculature of cardiac ventricle chamber
which could generate effective contraction to eject blood. Moreover, the heart model will be utilized
as promising tools for a wide range of applications such as drug screening, tissue regeneration, as
well as a platform for disease models with more biomimetic conditions.





