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Neuronal induction from human iPS cells, particularly those implicated in neurological diseases, is a
complex process that necessitates the development and wide dissemination of robust methodologies.

Our study involves the transfection of transcription factors NEUROG2 and ASCL1 into human iPS cells
using a TetO-driven PiggyBac vector, followed by drug selection and cell sorting. The application of
doxycycline (Dox) treatment facilitated selective differentiation into TUBB+ and MAP2+ neurons, with a
high efficiency of 90-100% within 10 days of culture. Subsequent incorporation of miRNA-9,124 accelerated
neuronal differentiation and maturation. Also, our findings suggest that this method allows for expansion,
culturing, and cryopreservation of iPS cells post-gene transfer and cell sorting. The ability to distribute these
cells across various research facilities and perform neural induction via Dox treatment underpins the
robustness of this differentiation technique.

We further strived to establish a selective differentiation process for forebrain-specific glutamatergic
neurons, subtype-specific GABAergic neurons, dopaminergic neurons, and lower motor neurons. We
evaluated gene expression using scRNA-SEQ in our differentiation induction system and previous reports.
Our temporal goal was to identify effective differentiation induction methods via a cycle of scRNA-SEQ,
candidate gene search, gene transfer evaluation, and transgene re-extraction.

We also prepared cells for neurological disease analysis, including familial Alzheimer's disease, Dravet
syndrome, Angelman syndrome, PCDH19-related syndromes, familial ALS, and familial Parkinson's disease.
Our induction system consistently replicated previously reported phenotypes, suggesting its potential as a
future therapeutic target screening system. In addition, comprehensive gene expression analysis revealed
disease-related GO terms and pathways, which further supports its utility in analyzing disease markers and
internal phenotypes. We also conducted electrophysiological analysis in MEA, which yielded significant
findings in familial ALS. We discovered that rectifying potassium channel activators and autophagy inducers
suppressed both cell death and overactivity, contributing to our understanding of ALS pathogenesis.

Reproducibility of our method was verified across various institutions, demonstrating its robustness.
However, to fully elucidate the pathogenesis of intractable central nervous system diseases, future research
should focus on co-culture studies and mimicking tissue-like structures. In conclusion, our research project
has demonstrated the robustness of a selective, subtype-specific neural differentiation method derived from
iPS cells. It has potential applications in drug discovery, complex biological intervention tools, and

regenerative medicine.



