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Development of Cardiac Tissues with the Ability for Independent Cardiac Assistance
Using Cell Sheet Based Tissue Engineering
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For severe heart failure because of congenital heart disease, coronary artery disease, and dilated cardiomyopathy,
heart transplantation is the definitive treatment approach for patients. However, a lack of donor organs remains
a longstanding and serious problem worldwide. Artificial hearts, such as left ventricular assist devices, present
problems related to thromboembolism, infection, gastrointestinal bleeding, and finite durability. Direct injec-
tion of isolated skeletal myoblasts and bone marrow-derived cells or cardiac stem cells has already been used
clinically as a method to improve heart function by regenerating the myocardium and blood vessels. However,
direct injection of the dissociated cells has shown to be slightly effective, and it is often difficult to control the
form, dimensions or position of implanted cells. In an attempt to solve these problems, research has been
initiated on reconstructing functional three-dimensional cardiac grafts using tissue engineering methods as a
treatment for the next generation. Cell sheet transplantation has already been shown to be able to cure damaged
hearts. In addition to cardiac patches transplanted directly onto damaged hearts, the next challenge is to fabri-
cate organ-like tissues, such as tubular or spherical structures that are able to function as a cardiac pump with
the potential for circulatory support.
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Fig. 1 Cardiac tissue reconstruction using a tissue engineering approach
A: Dissociated cells are seeded into prefabricated porous scaffolds or decellularized tissue matrices. B: A mixture of
dissociated cells and biodegradable liquid biomolecules is seeded into an appropriate mold, and the molecules are then
polymerized. C: Mixtures of cells suspended within biodegradable liquid biomolecules are set into the injector. D: Entire
cell sheets released from temperature-responsive culture surfaces are layered. Cell sheets adhere to each other via a
biological extracellular matrix, resulting in scaffold free 3-D tissue.
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Below 32°C

Cell adhesive surface

Fig. 2 Cell-sheet-based tissue engineering

Above 32°C

Cell non-adhesive surface

Culture cells can be harvested as cell sheet using temperature-responsive culture dishes created by grafting the tem-
perature-responsive polymer poly(N-isopropylacrylamide) to tissue culture dishes. Under culture conditions at 37°C, the
dish surfaces are relatively hydrophobic and cells attach and proliferate. Wheh the temperature is reduced below 32°C,
the polymer surface becomes hydrophilic, allowing spontaneous cell detachment.
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Fig. 3 Induction of microvascular network within the engineered 3D cardiac tissues in vitro

Cardiac cell sheets co-cultured with endothelial cells were transferred onto a vascular bed containing connectable blood

vessels, which was perfused with a bioreactor system.
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Resected aorta

Wrapping of cardiac cell sheets

Fig. 4

Fabrication and replacement of cardiac tubes

Aortic replacement

Individual cardiac cell sheets are sequentially wrapped around a resected aorta to produce pulsatile cardiac tubes in
vitro. After resection of the host aorta, the myocardial tube is replaced in a host blood vessel.
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