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In this project, we develop 3D cardiac tissue construction (bio-heart) composed of iPS-derived
cardiac cells, and apply the constructed tissue to regenerative medicine.

As a component technology for preparation of bio-heart, KYOWA HAKKO BIO group developed
xeno-free medium for culture of iPS-derived cardiac cells. Akashi and RICOH group developed the
three-dimensional cell printing system using inkjet printing device, and achieved deposition and
orientation control of vascular endothelial cells into cardiac tissue by using this system. TORAY group
constructed 3D cardiac tissue with arbitrary shape by 3D printing of bioink including thermosensitive
polymer and cardiac cells. Sawa group examined the therapeutic effect of 3D cardiac tissue on chronic
cardiac failure rat models. The 3D cardiac tissue transplanted rat showed significant improvement
effects of cardiac function, and a large number of influxed neovascularity into transplanted tissue was
observed.

As for evaluation of 3D cardiac tissue, Morishima group demonstrated that when tensile strain was
loaded to the tissue, cardiac contraction force increased with increasing stain, and the cardiac
contraction force was stable for 1 week. Tamiya group found that the orientation of cardiac tissue
affects cardiac contraction parameter by image analysis. RICOH group established quantifying
method of the cardiac tissue motion (cross sectional direction) by using optical coherence tomography.
Shimoda group observed 3D cardiac tissues after transplantation by electron microscopy. The
maturation of implanted tissue was found due to the blood vessel connection between host and
implanted tissue.

Regarding blood vessel construction, Akashi group constructed blood vessels with a small diameter
by tabulation of blood wall models prepared by cell accumulation technique. Ishikawa group
implanted 3D construct composed of smooth muscle cells to rat ventral aorta. The implanted blood
wall model showed high biocompatibility and strength over 5 months. Arai group prepared tubular
artificial blood vessel model with smooth muscle cells using pulsation applied type circulation culture

system. After 1 month implantation of the blood vessel model into rat, thrombus formation was not
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