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The self-organizing tissue-based approach coupled with induced pluripotent stem cell
(iPSC) technology has just begun as a promising field for designing a miniature organ,
namely an organoid, in culture and is expected to achieve valuable outcomes in ‘(re-)
generative medicine’ and ‘drug development’. However, how the complex but
stereotyped tissue shapes self-organize still remains largely unknown. To understand

such complex self-organizing mechanisms, conventional cell-level systems biology is
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simply not applicable as complete quantitative descriptions of the dynamic parameters
of multicellular components and their interactions at biochemical, physical, genetic and
epigenetic levels in space and time are completely unrealistic. Therefore, Takebe lab
proposes to take a ‘reverse reductionism approach’ for a holistic mechanistic
understanding of the dynamic nature of a self-developing system. Specifically, we would
like to achieve three interactive and complementary aims:

1. The deductive development of a complex human organoid model

2. The multidisciplinary dissection of self-driven mechanisms of organogenesis

3. The technology prototyping towards drug discovery / transplant applications

Representative Figure:

Molecular and cellular logics governing digestive
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Organogenesis directed “organoid-genesis” design principles to direct three-dimensional
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in human liver organoids. Figures modified from

Nature, 2013; Nature, 2017; Cell Metab, 2019;

Takebe, Wells, Science, 2018

Nature 2019; Science, 2019.
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