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As a cell therapy for cerebral infarction, clinical trials using mesenchymal stem cells are currently underway
both in Japan and internationally. However, the transplanted cells disappear within a few months, and their
mechanism of action—mediated by neuroprotective and anti-inflammatory effects through cytokines and
extracellular vesicles secreted by the transplanted cells—does not fundamentally differ from that of
pharmacological therapy. In this research project, we aimed to develop a novel therapeutic strategy based on
neural circuit reconstruction through neural cell transplantation. To this end, we conducted behavioral and

histological analyses following transplantation in models of cerebral infarction.

Project 1: Analysis of Neural Circuit Connectivity Mediated by Transplanted Cells

Following transplantation into the normal mouse brain, synaptic connections from transplanted cells to the
host brain, as well as from the host brain to the transplanted cells, were confirmed using rabies virus-based
tracing techniques. We identified and quantitatively analyzed both the output targets and input sources of the
transplanted neurons. Furthermore, through optogenetic functional analyses, we successfully generated
hM4Di-expressing neurons and demonstrated their involvement in motor function. A manuscript describing

these findings is currently in preparation.

Project 2: Analysis of Neural Circuit Reconstruction in a Mouse Cerebral Infarction Model

We established a mouse model of cerebral cortical infarction and transplanted iPS cell-derived cortical neurons
into the prefrontal cortex. After a three-month observation period, we confirmed improvements in motor
function, along with axonal extension to the medulla oblongata and spinal cord (Yamashita et al., Stem Cell
Reviews and Reports, 2025).

Project 3: Cell Transplantation in a Macaque Cerebral Infarction Model

We established a macaque model of middle cerebral artery perforator branch infarction and transplanted iPS
cell-derived cortical neurons into the frontal lobe. In parallel, we developed a behavioral assessment system
for functional evaluation. Cell transplantation was performed one month after infarction induction, and three
months later, successful cell engraftment and axonal outgrowth extending to the cerebral peduncles were

confirmed.

Significance of the Research and Development

The finding that cortical neurons derived from human iPS cells via brain organoids extend axons along the
corticospinal tract, form synaptic connections with spinal neurons after transplantation into the mouse brain,
and improve motor function in a cerebral infarction model strongly supports the feasibility of cell
transplantation therapy for cerebral infarction. Furthermore, in the macaque cerebral infarction model, cell
engraftment and axonal extension have been confirmed up to three months after transplantation. If long-term
safety and efficacy can also be demonstrated in the macaque model, the potential for advancing to clinical

trials will be substantially strengthened.



