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3-dimentional tissue model for drug screening using layered cell sheet
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In this project, we aim to develop three-dimensional myocardial and liver tissue models and a system
for evaluating the states of these models, which are applicable to pharmacological toxicity tests based on
the cell sheet layering technology, by collaborating with Professor Tatsuya Shimizu of Institute of
Advanced Biomedical Engineering and Science, Tokyo Women’s Medical University, and his research
group.

In this fiscal year, we improved our prototype system which simultaneously measures electrical potential
and isometric contraction force made by the myocardial tissues. In addition, we executed a verification
test by using positive and negative control drugs to confirm the effectiveness of our model as a toxicity
evaluation model with a pharmaceutical company, one of the potential users. We confirmed that the
contraction ability of our myocardial tissues was not affected by the negative control drugs, while it was
decreased by the positive control drugs. Furthermore, we applied various improvements on the
construction of culture chambers and myocardial tissues to improve the stability of this system for a
long-term measurement.

For the development of a liver tissue model, we firstly set a goal to develop a model whose
performance in drug metabolism is better than commercially available existing models. In this fiscal year,
one of the models which are easily available in Japan and particularly prominent in drug metabolism was
selected as a benchmark. Using this benchmark model, we obtained data of daily changes in the albumin
production and the cytochrome P450 (CYP) enzymatic activities towards drug metabolism. Subsequently,
we obtained the corresponding data by using our improved liver tissue model, and quantitatively
compared the performance of our model with that of the benchmark model. The results implied that the
albumin production rate was higher in our model than the benchmark model, and the CYP enzymatic
activities in our model were equal to or higher than the benchmark model. In the future, to demonstrate
the utility of our model as a liver tissue model for predicting drug metabolism, we will execute the
reproducibility experiment under the same condition and improve our model by optimizing culture
conditions, including selection of the culture medium.

Finally, in the development of an automatic layered device that support simultaneous fabrication of
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multiple three-dimensional tissue models, we investigated mechanism design for preparing myocardial
tissue sample for measuring contraction force and designed the first prototype in advance. We measured
the contractile force of myocardial tissue sample in this system and tested drug administration with basic
positive / negative control drug. In addition, we are currently developing prototypes of systems

incorporating multiple links and perfusion mechanisms.
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