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General Summary

Regenerative medicine is rapidly moving towards being translated to clinical medicine. 
However, for regenerative medicine to succeed, the molecular pathways that lead to 
human diseases must be better understood. To better understand the pathophysiology of 
neurodegenerative diseases, key roles with be played by studies with good animal mod-
els. On the other hand, to study the mechanisms of disease in human cells, differentiated 
cells of various types can generated and expanded from patient-derived cells via induced 
pluripotent stem cell (iPSC) technology; these differentiated cells can also be applied to 
cell therapy. Advances in disease modeling using cells derived from human patients and 
other primates will have great effects on future opportunities and progress in biomedical 
research.
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Embryonic lethal and abnormal vision gene-like protein 3 regulates neuronal polarity 
through the alternative splicing
The importance of RNA metabolism in the process of neuronal differentiation and matu-
ration has been widely reported. The RNA-binding proteins modulate RNA metabolism 
by interacting with target RNAs and regulating the stability, translation, and alternative 
splicing of RNAs. Neuronal embryonic lethal and abnormal vision gene (Elav)-like 
(Elavl) proteins, composed of Elavl2, Elavl3, and Elavl4, have 3 RNA recognition motifs. 
A previous study has shown that the long form of Elavl4 localizes in the cytosol and pre-
dominantly regulates the stability of RNAs. In contrast, the short form of Elavl4 localizes 
in the cytosol and nucleus and regulates the alternative splicing of RNAs. The Elavl3 
knockout mice exhibited slowly progressive motor deficits and late-onset cerebellar 
ataxia, and axons of Elavl3 knockout Purkinje cells were swollen (spheroid formation), 
after which the synaptic formation of axonal terminals was disrupted. A deficit of axonal 
transport and abnormalities in neuronal polarity were observed in Elavl3 knockout Pur-
kinje cells. We found that the alternative splicing of ankyrin-G (AnkG) exon 34 was mis-
regulated in the cerebella of Elavl3 knockout mice. AnkG localizes at the axon initial seg-
ment and nodes of Ranvier in neurons and assembles voltage-gated sodium channels, IV-

spectrin, neurofascin, and other related proteins. The clustering of AnkG at the axon 
initial segment generates the molecular-size-restricted diffusion barrier and substrate-
selective filter between the soma and axon and then maintains neuronal polarity. Our 
study demonstrated that exon 34 of AnkG is alternatively spliced during neuronal devel-
opment and that misregulation of the alternative splicing of this exon would affect neuro-
nal function. Purkinje cells of Elavl3−/− mice have unique characteristics, and neurons 
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expressing the “embryonic form” of AnkG, containing exon 34, are observed even in the 
mature brain. Recently, the existence of immature neurons in adult brains and the abnor-
mal activities of these neurons have been implicated in several psychological disorders. 
The study of Elavl3−/− mice might also contribute to a better understanding of the relation-
ship between the existence of immature neurons and neurological disorders (Ogawa Y. et 
al. Neurosci Res. 2018).

Cell biological study of an Okinawan large pedigree with bipolar disorder and recurrent 
depressive disorder
Because bipolar disorder is a psychiatric disease characterized by high genetic heteroge-
neity, its pathophysiology remains unclear. Despite a genetic component to bipolar disor-
der, the genomic variations that strongly and directly contribute to this disease have not 
been specified. A research group of Ryukyu University, our collaborator, found a large 
family with an autosomal dominant inheritance pattern of bipolar disorder and recurrent 
depressive disorder in an isolated island of Okinawa. The researchers obtained informed 
consent from participants and collected blood samples of 8 affected and 8 unaffected indi-
viduals. Detected with parametric linkage analysis in a chromosome region was a signifi-
cant linkage peak, which previous studies have repeatedly reported as a link to bipolar 
disorder and depression. Whole genomic sequencing-based haplotype phasing determined 
that a rare haplotype in the chromosomal linkage region was shared among affected indi-
viduals of the pedigree. Furthermore, we generated iPSC lines from 3 affected and 4 unaf-
fected individuals of the pedigree and differentiated iPSCs into neurons. An investigation 
of the phenotype of the iPSC-derived neurons is underway and is expected to uncover the 
relationship between the genomic variant and the neuronal phenotype.

Primates brain imaging repository for comparative neuroscience
High-resolution magnetic resonance imaging (MRI) and computational analysis technol-
ogy enable various primate brains to be compared in a 3-dimensional electronic format 
and to provide precious information about common features across primates and species-
specific features in neuroanatomy. To facilitate scientific discoveries in the field of com-
parative neuroanatomy and brain evolution, we launched a collaborative project to 
develop as an open resource a repository of nonhuman primate brain images with ex vivo 
MRI. In an initial attempt, we released a collection of structural MRI and diffusion tensor 
images obtained from 12 species: pygmy marmoset, owl monkey, white-fronted capu-
chin, crab-eating macaque, Japanese macaque, bonnet macaque, toque macaque, Sykes’ 
monkey, red-tailed monkey, Schmidt’s guenon, De Brazza’s guenon, and Lar gibbon. Six-
teen postmortem brain samples from the 12 species, stored in the Japan Monkey Centre 
(JMC), were scanned with a 9.4-T MRI scanner of The Jikei University and made avail-
able through the JMC collaborate research program (http://www.j-monkey.jp/bir/index.
html). The JMC Primates Brain Imaging Repository would contribute as a resource for 
comparative neuroscience research, an optimizing method to scan large fixed brains, and 
a reference for veterinary neuroradiology and would preserve various primate brains, 
including those of endangered species, in a permanent digital form (Sakai T. et al. Pri-
mates. 2018).
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