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Final Lecture
Development of Cell Sheet Technology in Regenerative Medicine and Its Future Prospects

Teruo OKANO
Institute of Advanced Biomedical and Science (TWIns), Tokyo Women's Medical University

We developed unique tissue culture dishes equipped with inner-bottom surfaces coated with the
temperature-responsive polymer poly (N-isopropyl acrylamide) (PNIPAAm). The “intelligent surface” of these
dishes possessed a hydrophobicity similar to regular tissue culture polystyrene dishes at 37C. However, the sur-
face reversibly became hydrophilic at a lower temperature and spontaneously released the cultured cells as a
single layer without the need for trypsin or EDTA, thus leaving the extracellular matrix (ECM) intact. All of the
cultured confluent cells were harvested as a single contiguous cell sheet from the temperature-responsive cul-
ture dishes and were readily applied to other biological and non-biological surfaces. We proposed this novel sys-
tem of preparation, manipulation, and transplantation of cell sheets, called “cell sheet engineering.” Human clini-
cal studies have been initiated for cell sheet engineering therapy using oral mucosal cell sheets for the treatment
of cornea epithelium deficient disease and recovery from endoscopic submucosal dissension surgery for esopha-
geal epithelial cancer; we also succeeded in treating cardiomyopathy using myoblast cell sheets. Furthermore, a
new strategy was required, and the construction of multi-layered cell sheets that have more than one type of cell
was necessary to create the desired prevascular networks in three-dimensional biological constructs.

Key Words: cell sheet, cell sheet regenerative medicine, multi-layered cell sheets, three-dimensional tissue recon-
struction, cell sheet automated production system
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R.Yoshida, K. Uchida, Y. Kaneko, K. Sakai, A. Kikuchi, Y. Sakurai and T. Okano :
“Comb-type grafted hydrogels with rapid de-swelling response to

temperature changes ", Nature, 374,240 (1995).!

Fig. 2 Control of the swelling-deswelling response by the network structure design
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Fabrication of functional three-
dimensional tissues by stacking cell
sheets in vitro

YH , T Shimizu, T Sasag , H Sekine, K Sekaguchi,
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Fig. 3 Fabrication of cell sheet layered three-dimensional tissue
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Fig. 4 Current targets for the development of cell sheet tissue engineering
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