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In Down syndrome, intellectual disability is an invariable feature, yet no effective treatment currently exists. Our
previous studies have shown that Down syndrome is associated with impaired proliferation of neural stem cells,
abnormal proliferation of astrocytes, and activation of neuroinflammation. DYRKIA, located on chromosome 21,
has been identified as a causative gene underlying these phenotypes and is emerging as a promising therapeutic
target. However, excessive suppression of DYRK A4 expression has been reported to cause microcephaly and severe

developmental disorders, indicating the need for technologies that enable precise correction of gene dosage.

In this research project, we focused on DYRK A, a key regulator of central nervous system development in Down
syndrome. We aimed to establish a precise method for dosage correction using a novel genome editing approach—
CRISPR-Cas3 combined with allele-specific SNPs. Furthermore, we explored lipid nanoparticle (LNP)-based drug
delivery technologies, with the ultimate goal of developing the world’s first gene therapy targeting intellectual
disability in Down syndrome. As no treatment currently exists for Down syndrome, this project is expected to lay

the groundwork for pioneering therapeutic strategies.

In vitro, we used neural progenitor cells, neurons, and astrocytes differentiated from a panel of Down syndrome-
derived iPS cells to elucidate disease mechanisms. Through these studies, including co-culture systems of neurons
and astrocytes, we revealed that a single additional copy of DYRK 1A was sufficient to cause impaired proliferation

of neural progenitor cells, excessive astrocyte proliferation, and enhanced inflammatory responses in astrocytes.

We then applied CRISPR-Cas3 to Down syndrome iPS cells and their neural derivatives, demonstrating that
precise correction of DYRKIA copy number led to rescue of neurodevelopmental deficits. To advance this gene
therapy approach toward clinical application, development of an effective delivery system to the nervous system
was essential.

We constructed a library of pH-sensitive cationic lipids with varying pKa values, and mixed them with helper
and PEGylated lipids in different ratios to screen for LNP candidates capable of efficient nucleic acid delivery to
neural cells. As a result, we successfully developed an LNP with more than 50-fold higher delivery efficiency than
conventional formulations. This LNP also exhibited over 4-fold higher nucleic acid delivery efficiency compared
to existing commercial LNPs. Using this optimized LNP to deliver GFP mRNA into the cerebral ventricles of mouse

fetuses, we achieved GFP expression not only around the ventricles but throughout the entire brain, confirming its
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robust delivery capacity.

While the annual number of births in Japan has declined by 30% over the past decade, the incidence of Down
syndrome is increasing due to advanced maternal age and rising use of infertility treatments. Moreover, as the
average lifespan of individuals with Down syndrome now exceeds 60 years, there is growing social demand for
effective interventions. Since different genes are responsible for different pathological features of Down syndrome,
the establishment of allele-specific dosage correction could serve as a versatile platform for treating a wide range
of Down syndrome-related complications.

LNP-based delivery of mRNA has gained attention as a cutting-edge technology, especially through the
development of COVID-19 vaccines. It has already been applied in liver-targeted in vivo genome editing therapies,
and results from Phase I clinical trials have been reported. Compared to AAV or lentiviral vectors, LNPs can deliver
larger nucleic acid payloads and can be administered repeatedly without inducing neutralizing antibodies. However,
efficient delivery to the nervous system had not yet been demonstrated. Our success in developing LNPs with high

delivery efficiency to neural tissue represents a major advancement in gene and nucleic acid therapeutics.



