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(0) Research field
CPR Subcommittee: Biology and Engineering
Keywords: In vitro tissue formation, Tissue imaging, Organ on a Chip,
Culture Control

(1) Long-term goal of laboratory and research background

The overall objective is the development of in-vitro experimental platform to reconstitute
the biological system outside our bodies by controlling cellular micro-environments.
Especially lung airway is the one of my major targets. The scientific question is how the
airway cells can organize such a sophisticated structure by themselves. The repetitive
feedbacks between in-vitro experiments and mathematical model give us a tremendous
amount of useful information, and I am challenging to unveil the system underlying
self-organization of tissue formation by directing complex tissue structure. Development of
Organ or Body-on-a-Chip system is another research target for the animal testing
alternative.

(2) Current research activities (FY2019) and plan (until Mar. 2025)

A multicellular organization is a complex system and the mechanisms are poorly
understood. The mathematical model could provide a powerful tool for elucidating the
mechanism, but various mathematical models have been proposed for a single tissue
formation because there is no evaluation. In this year, we have achieved to establish the
system of assessing the validity of those mathematical models quantitatively. We have
developed “in vitro-in silico interface platform” which performs repetitive feedbacks of in
vitro results and in silico results. Controlling the initial conditions in vitro can reduce the
experimental noise to improve the reproducibility of the developed pattern formation. Then,
feature extraction of reproducible data of collective cells converts a large amount of data
into the meaningful information. By comparing these features with in silico results
repetitively, the mathematical model can be validated and optimized.

We have also developed the system for Organ-on-a-Chip, which emulates the circulating
system in our body to express organs communications. A cartridge type microfluidic system
to counter the complexity of the system in OoC has been developed. By employing the
system, we can develop arbitrary combinations of multi-organ network with in a minutes.

For the future plan, we are going to develop time-lapse imaging system to measure
cellular behaviour during tissue morphology. By rotating the cubic device automatically
under a microscope, multi-directional imaging can be conducted so that fine imaging with
large scale can be achieved. The new in-vitro model with barrier function will be also
developed to be applicable for drug screening tests.
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Fig.1 3D blood-brain barrier model in a cubic device



(3) Members as of March, 2020
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