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[Purpose of the study]

The recent progress in genome editing technology allows us to rapidly and
systematically generate animal models for diseases. Now that many of causative genetic
elements for various muscular, neurological and psychiatric diseases have been identified
in genome-wide association studies, it is highly expected that those elements, if evaluated
in animal models, could stand as immediate targets for diagnosis and therapy. However,
studies and modeling of neuropsychiatric and muscular diseases are still in an immature
state and little is established to treat those diseases by regenerative means of medicine.

Based on useful information accumulated in the bioresource bank of NCNP, a novel
platform for big data analyses, and our advanced protocols for genome editing, our group
aims at development of various useful animal models for neuropsychiatric and muscular

diseases to better understand the intricate pathology

[Members]

Chief scientist: Mikio Hoshino (NCNP)
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[Results]

Regarding research for technology and bioresource development, Dr. Inoue’s
group drastically improved CRSIPR/Cas9 based genome editing methods as well as bacterial
artificial chromosome mediated functional genome mapping strategies to generate over three
hundreds of disease model mouse lines. Dr. Iwasaki’ s group surgically collected human brain
samples from epileptic patients in NCNP hospital in an ethically approved manner to
establish the useful bioresource bank.

As for studies and modeling of psychiatric diseases, Dr. Hoshino' s group

revealed complex gene regulatory features for the autism spectrum disorder (ASD),



schizophrenia, attention deficit hyperactivity disorder, substance dependence and mental
retardation related gene locus, Auts2. They also found out three types of human disease
associated missense mutations in DSCAML1, the causative gene for epilepsy and modeled
the mutations by knock-in mice. Dr. Mi Yamada and Furuie’ s group tried to generate various
schizophrenic model mice based on the GABA hypotheses for effective drug screenings. Dr.
Kabuta' s group investigated the RN/DNautophagy system to find out the essential function
of DNA/RNA transporters in lysosomes. Dr. Nakashima’s group showed ideal ways in
investigating complex mechanisms of neuropsychiatric diseases such as ASD, Rett syndrome,
bipolar disorders and mental retardation. Dr. Takumi’ s group shared the useful information
in editing huge genomic territory to recapitulate intricate ASD pathology with us

Regarding studies and modeling of neurological diseases, Dr. Wakatsuki’ s group
revealed possible roles of ZNRF1, NHE5 and vault RNAs in neural circuit formation
maintenance and modification. Dr. Muramatsu’ s group screened molecules involved in neural
circuit repair processes to identify several candidates. Dr. Nagai’s group established
the useful fruit fly bank for the modeling of various neurodegenerative diseases and
clarified the correlation between GGGGCC repeat elongation and amyotrophic lateral
sclerosis pathology in the fly model. Dr. Ma Yamada’ s group focused on the transcriptional
cascade for mouse adult neurogenesis and visualized the process 7n vivo by means of
CRSIPR/Cas9 based genome editing methods to finally achieve the optical control of adult
neurogenesis. Dr. Dohi tried visualization of Extracellular Vesicles 7n vivo to elucidate
the novel ways of brain—tissue communication machinery.

For muscular diseases, Dr. Noguchi’s group comprehensively modeled mutations
identified from various familial muscular diseases by using the CRSIPR/Cas9 system. Dr.
Aoki’s group successfully generated transgenic mouse lines to reliably monitor
exon—skipping efficiency of Dystrophin gene 7n vivo and established the screening platform
for nucleic acid medicine to treat Duchenne muscular dystrophy (DMD). They also tried to
understand molecular pathology of DMD associated neuropsychiatric diseases

As for in-silico and artificial intelligence (AI) based studies, Dr.
Yamashita’ s group established protocols allowing effective extraction of feature values
in using the deep neural network—-based AI from various high dimensional medical bigdata
such as chronologically changing brain waves and fMRI images. Dr. Miyashita’ s group found
out a new method for the dimensional compression in analyzing variety of single cell RNA-seq
data to better specify human epileptic pathology from NCNP brain bank and composition of
interneurons in the mouse cerebellum.

We held the annual meeting where the results of our research were reported on
Oct. 19, 2023. We realized that the genome editing technology and AI based methodology
indeed accelerates animal modeling and understanding of diseases. Our findings also
suggested considerable cross—talks among causative genes for different neuropsychiatric

diseases, such as ASD, Rett syndrome, bipolar disorders, schizophrenia and so on.



