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The gut in our body digests food and absorbs nutrients regardless of external
environmental changes. This is because of robust homeostasis exerted by this organ. A
disruption of the gut homeostasis would cause diseases including irritable bowel syndrome (IBS),
but how such diseases are caused remains unknown. We aim to understand the mechanisms
underlying the gut homeostasis with a particular focus on the autonomic nervous system, which
plays an essential role in connecting the gut and central nervous system (gut-brain axis). In the
fiscal year of 2016, we pursued three major research projects. First, we studied the mechanisms
underlying the development of nervous systems that innervate the gut. Second, we explored the
technology that allows artificial cell programming, which is expected to be used to cure neural
degeneration in the gut. Third, we continued to establish mathematical simulation that explains
remodeling of blood vessels.

1. Studies of the mechanisms underlying the development of nervous systems that innervate
the gut.

We used Remak ganglion as a model system, which is a parasympathetic ganglion seen
in avians. Remak ganglion is formed outside the gut, thus enabling detailed studies concerning
how the parasympathetic ganglion forms. We clarified spatio-temporal distribution of precursors
of the Remak ganglion. We also developed a method of transgenesis specifically applied to this
tissue. This technique further enabled us to test the usefulness of DREADD system, which
allows artificial activation of specific neurons reported for mice and Drosophila. We found that
the DREADD system appears to work in chickens. Therefore, this technology is expected to
allow us to understand the role of Remak parasympathetic neurons in the regulation of
physiology of the gut.

2. Exploration of the technology that allows artificial cell reprogramming for the potential use
to cure neural degeneration.

The finding by Dr. Ohta that lactic acid bacterial incorporation induces cell
reprogramming was further explored with a particular focus on the role of ribosomes. We
observed that ribosomes isolated from both prokaryotic and eukaryotic cells are potent. And
fibroblast-originated cells reprogrammed by these methods were found to be potent to
differentiate into neurons.

3. Establishment of mathematical simulation that explains remodeling of blood vessels.

The autonomic nervous system has intimate functional relationships between blood
vessels. Blood vessels undergo dynamic morphogenetic changes called vasculature remodeling.
However, how the vasculature remodeling is regulated remains poorly understood. We were
engaged on establishment of mathematical simulation that explains the vasculature remodeling
occurring in vivo, and a simulation model emerged that properly reflects behaviors of
endothelial cells during vasculature remodeling.

Our study will provide the bases for a development of prevention and treatments of digestive
homeostatic disorders.
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