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The peripheral nerve injury caused by surgery or traumatic injury always requires surgical
treatment because automatic nerve regeneration never occurs. As a standard treatment, autologous
nerve transplantation is the most optimal treatment, but it has drawbacks such as the prolonged
the operation time, and loss of sensation in donor site harvested as the autologous nerve.
Autologous nerve transplantation also cannot be applied in cases of severe nerve defects with
large gaps. Several artificial nerves are commercially available, they cannot be applied to large
defects, and degree of therapeutic effect does not surpass that of autologous nerve
transplantation. Therefore, it has long been expected to develop an artificial nerve that can be
transplanted regardless of the size of the nerve defect and has a high therapeutic effect

Our group started collaborative research project for enhancing a peripheral nerve regeneration.
We carried out peripheral nerve regeneration research by transplanting cells differentiated into
a specific nervous system lineage derived from human iPS cells, which demonstrated a certain
therapeutic effect. However, with the transplantation of human iPS cell-derived cells, it was
detected that a certain percentage of proliferating cells can be observed even after
transplantation. For clinical application to humans, there are inevitably concerns about safety.
Therefore, our group focused on the novel technology of nerve organoids, which is produced with
special culture devices which can separately culture cell bodies and axons. To create novel
artificial nerves with higher safety and higher therapeutic efficacy, we utilize the technology
to culture the iPS cell-derived human nerve organoids. We extracted and bundle up only with the
axons of human neurons, that do not contain cell nuclei or cell bodies

We decided to start this research project to create new artificial nerves wrapped in
bioabsorbable materials. Primary we carried out the examination of various culture method of
human iPS cell-derived nerve organoid adoptable for axon bundle transplantation. Secondary, we
established the procedure for preparing new artificial nerve from axon bundles using bioabsorbable
materials, and also established the procedure of transplantation techniques for evaluating these
candidate’ s artificial nerve. Thirdly, we carried out the examination of the safeties and
effectiveness by transplantation of various types of artificial nerves with axon bundles

In this project, we evaluated various novel nerve organoid culture method, with the patented
technology for separately culturing cell bodies and axons with the special device. Improving the
culture device itself and culture procedure enabled us to produce optimal axon bundles with
sufficient length and the best subtype of human iPS cell derived neuron. Human iPS cells were
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induced to differentiate into specific subtype of neurons and were cultured using this special
culture device with the cell body and axons separated. The axon bundles without any cell body nor
nucleus were packed for transplantation utilizing and optimizing for nerve transplantation surgery.
This artificial nerve was transplanted into the sciatic nerve defect model of the wild type and
immunodeficient rat. Time course dependent motor and sensory functional change was evaluated, and
the condition of peripheral nerve regeneration by axonal bundle transplantation was evaluated at
8-12 weeks after transplantation. The histological evaluation was performed over time in detail
using an optical microscopy and an electron microscope. We obtained a great therapeutic effect
for promoting nerve regeneration in this animal experiments using axonal bundles sealed in novel
nerve conduits.

By combining the sophisticated surgical skills, patented special culture device technology,
and imaging special skills, this project team completely developed novel artificial nerve from
iPS cell-derived nerve organoid as a new medical material. We hope to continue this research
project that contributes to many patients with the large nerve defects suffering from chronic

pain and delayed functional recovery, in near future



