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The global medical market is expected to increase due to the progress of aging in the world and the
expansion of medical demand in developing countries. Japan agency for medical research and
development, founded by partnerships among the Ministry of Education, Culture, Sports, Science
and Technology, the Ministry of Health, Labour, and Welfare and the Ministry of Economy, Trade and
Industry, proposes a system to support the development of the world’s most advanced medical
devices. This is one of “the projects for the research and development of medical devices and
systems to achieve the future medical care” in order to produce internationally and highly
competitive medical devices from Japan.

In this project, our aim is to promote the practical use of regenerative medicine with data
processing and utilization technology. We developed the technology to predict the quality and the
efficacy of cell processed products from culturing processes and raw material cells information.
Moreover, we confirmed the accuracy and practical utility of the technology to predict product
efficacy via a clinical trial. Futhermore, we also promoted the use of cultured corneal epithelial
sheets (CCES) as a therapy for damaged corneal epithelium. By doing so, we obtained proof of the

precision and practicality of our product, which was the main goal of this project.

During the production process of CCES, we exhastively analyzed the expression of proteins,
cytokines, medium solubles content and tissue structure that we judged as important and
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determinant factors that influency final product performance. Based on this analysis, we selected
quality indicators to establish a method for efficacy assessment. At the same time, we selected
materials and developed a culture method that not only results in the stable production of CCES, but
also addresses a common problem observed in autologous culture, which is patient variability. Using
the established production process, we stably manufactured CCES to conduct a clinical trial.

The clinical data obtained from the trial was evaluated to establish a correlation with the quality
indicators selected during the sheet production process. We found out that the sheet’s physical
properties correlates to the stemness of the CCES, and the cell cultivation period. Moreover, we
quantitatively analyzed the culture supernatant of the sheets and were able to establish a
relationship between the sheet quality and the supernatant content to estimate the optimal
cultivation period to produce transplantable sheets. In addition, we used image data and analysis to
model cell behaviors in computer simulation and built up a cell kinetics simulator. This simulator
provided results that were comparable to cell behavior observed in vitro (e.g. proliferation,

differentiation).

In conclusion, we demonstrated that we are able to evaluate the efficacy of CCES
pre-transplantation in a non-destructive manner using quality indicators selected in this study. This
technique can also be applied to other cell types. This project paves the way to the automation of the

production of highly variable autologous cultured cells.
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