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(¥ 7E) Development of innovative manufacturing technology for three—dimensional cardiac

constructs based on cell sheet engineering
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Our project’s aim is to develop technology for structuring three-dimensional (3D) tissues and
organs based on cell sheet engineering, that is the first technology in the world from Japan, and to
establish a manufacturing technology of clinically applicable 3D cardiac constructs with vascular
networks.

3D “planar or tubular” cardiac constructs have been constructed by the method of stepwise
laminating of human iPS cells-derived myocardial cell sheets “on or in” vascular beds, and performed
perfusion culture using by a bioreactor which would imitate biological environment. The pig small
intestine vascular beds, that would be capable to implant and anastomose arteriovenous vascular

network, have been produced by decellularization and reseeding of human vascular endothelial cells.

This year’s annual achievements of the project are summarized below.



@ The development of clinically applicable vascular beds

We have considered conditions of “pig intestine decellularization” and “human vascular
endothelial cells reseeding”, in reference to our research evidence of rat small intestine conditions.
We have succeeded that the residual DNA amount is under 50 ng/mg, which is the target value, in
pig small intestine after decellularization. Moreover, using tissue perfusion bioreactors, by seeding
and culture of human vascular endothelial cells in blood vessel, we have established the production
method of human vascular beds with vascular networks that would be possible perfusion.

@ The development of tissue perfusion bioreactors

We have established tissue perfusion bioreactors that would be able to perform series of steps,
namely, decellularization, deplating of human vascular endothelial cells, laminating of human iPS
cells-derived myocardial cell sheets, and perfusion culture. To develop the culture chamber with the
mechanism of electrical and mechanics measurement technology, we have been able to measure
potential, contractile force, and internal pressure in the 3D cardiac constructs.

And we have achieved stable long-term perfusion culture of two-step laminating of 3-layer
human myocardial cell sheets for over six days by using the non-decellularizated rat intestine
vascular beds.

By using non-decellularizated pig intestine planar vascular beds, we have succeeded in
producing planar cardiac constructs, which could have independence beating and could measure
0.5mN of contractile force.

@ The optimization of media for organ perfusion

We have selected the Leibovitz's-15 (Ii-15) as basic media for perfusion culture under open air
condition, and established basic perfusion media that enable stable long-term perfusion culture of
the tubular tissues of small animals for over six days, and the planer cardiac constructs of large
animals for over 15 days. And we have screened components of perfusion media, such as cytokines
that would be suited to angiogenesis, and fatty acids that could be expected improvement of energy
metabolism.

@ The establishment of the methods for stepwise laminating of cell sheets

We have developed and produced temperature-responsive culture dishes for production of many
kinds of size and shape of cell sheets that would be necessary for manufacture of 3D cardiac
constructs. We have performed the basic design for a circular cross-section device for attachment of
human myocardial cell sheets with expansion and fold-back scheme.

® The establishment of the function evaluation system for 3D cardiac constructs

We have developed the continuous automatic measuring device with disposable glucose and
lactate sensors to enable us to evaluate metabolism in 3D cardiac constructs by using very small
amount of perfusion media. We have also developed the Optical Coherence Tomography (OCT),
which enables us to perform real-time observation of laminated state of myocardial cell sheets and
beating of 3D cardiac constructs.

®The establishment of the methods of transplantation and for 3D cardiac constructs

We have produced 3D planar cardiac constructs to perform perfusion culture of laminated
co-culture of human myocardial and endothelial cell sheets with endothelial network structure on
non-decellularized vascular beds using perfusion bioreactor. We have observed the binding of

capillaries between the 3D planar cardiac constructs and the vascular beds. Moreover, we have
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transplanted 3D planar cardiac constructs to pig heart by vascular anastomosis, and verified
resumption of the beating of the cardiac constructs after blood flow recanalization. It would prove

that in vitro 3D cardiac constructs with artery and vein could be functional in vivo.

In future, we would aim at realization of regenerative medicine for heart diseases using
improvement of cardiac function and hemodynamics by measurement physically beating as index,
ever before, to perform (1) establishment of continuous organ manufacturing process, (2) production
of high-performance 3D cardiac constructs by further technology of laminating of cell sheets and
optimization of perfusion conditions, and (3) improvement of cardiac function by further technology

of transplantation of 3D cardiac constructs.
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