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博士論文の要旨

氏 名 村野 友幸

論文題目  Transcriptomic immaturity inducible by neural hyperexcitation is shared by 

multiple neuropsychiatric disorders 

Neuropsychiatric disorders  such as schizophrenia, bipolar disorder, major 

depressive disorder, and autism spectrum disorder—are common, with over a third of 

the population in most countries being diagnosed with at least one such disorder at some 

point in their life. Almost all neuropsychiatric disorders are currently classified mainly 

on the basis of clinical signs and symptoms. However, there is evidence that patients 

with different clinical diagnoses share similar biological features, such as genetic 

mutations, molecular expression, and brain activity. Recently, psychiatry has undergone 

a tectonic shift to incorporate the concepts of modern biology. There have been recent 

attempts to reclassify psychiatric disorders according to biological domains (e.g., genes, 

neural circuits, behavior), such as through the Research Domain Criteria initiative. 

Therefore, identifying appropriate biomarkers that can be used for transdiagnostic 

assessment of neuropsychiatric disorders is essential for improving the classification of 

these diseases and understanding their biological basis. Recent studies suggest that the 

neural hyperexcitation may induce pseudoimmaturity of the brain in adulthood. 

Additionally, some studies suggest that hyperexcitation of neurons may underlie 

abnormalities related to certain types of neuropsychiatric disorders. Considering these 

findings, I hypothesized that the immature-like gene expression patterns induced by 

neural hyperexcitation may overlap with the abnormal gene expression patterns in the 

brains of patients with neuropsychiatric disorders and the related animal models. If this 



is the case, I hypothesized that this overlap can be used to perform transdiagnostic 

characterization of neuropsychiatric disorders. I characterized different disease 

conditions by mapping changes in the expression patterns of maturation-related genes 

whose expression was altered by experimental neural hyperexcitation in published 

studies.  

I performed a meta-analysis of datasets comparing the changes in gene expression 

of the neural tissues from patients and corresponding animal models. The 99 gene 

expression datasets used in this study were obtained from publicly available databases. 

The similarities between any two datasets were evaluated by overlap p-values using the 

Running Fisher test, which is a rank-based nonparametric statistical method. In this 

study, I demonstrated that neural hyperexcitation induces changes in the pattern of gene 

expression in the DG that are significantly similar to the patterns in the immature 

hippocampus of typically developing human fetuses. From the pool of genes, I identified 

two groups of genes, which I named hyperexcitation-induced maturity-related genes 

(hiM genes) and hyperexcitation-induced immaturity-related genes (hiI genes). I 

investigated whether and to what extent the expression changes in maturation-related 

genes induced by hyperexcitation overlap with gene expression patterns in various 

neuropsychiatric disorders.I found that the expression changes in maturation-related 

genes are shared by multiple neuropsychiatric disorders, such as schizophrenia, 

Alzheimer disorders, and amyotrophic lateral sclerosis. 

Many of the datasets from patients with schizophrenia and from the postmortem 

brains of patients with Alzheimer’s disease exhibited hiM- dominant pattern changes. 

The hiM genes include genes encoding a GABA receptor, voltage-dependent calcium 

channel, glutamate receptor, and voltage-dependent sodium channel. These genes have 

been implicated in the pathological changes in the brains of patients with schizophrenia 

and Alzheimer’s disease. Thus, many of the synaptic genes that changed in the brains 

of patients with schizophrenia or Alzheimer’s disease could be genes whose expression 



increases during maturation and decreases with neural hyperexcitation. Most of the 

datasets from patients with amyotrophic lateral sclerosis and Alzheimer’s disease 

exhibited hiI- dominant patterns. The hiI genes include genes that are known to be 

important in chromosomal modification and DNA repair, and abnormal functioning of 

these systems has been observed in patients with amyotrophic lateral sclerosis and 

Alzheimer’s disease. Thus, some of the genes that are considered to be important in the 

development of these disorders are immaturity-related genes, whose expression 

decreases during maturation and can be increased by neural hyperexcitation. As for the 

datasets from patients with Parkinson disease, Bipolar disorder, Huntington disease, and 

Major depressive disorder, most of them did not show significant overlap with either 

hiM or hiI genes, suggesting that there might not be major pathological changes in 

transcriptomic pseudoimmaturity inducible by neural hyperexcitation in the datasets of 

these four diseases. Thus, I was able to characterize the gene expression patterns in 

disease datasets of each disease category using the hiI- and hiM-indexes. 

In conclusion, the biological domain of pseudoimmaturity inducible by neural 

hyperexcitation is a common endophenotype among several neuropsychiatric disorders. 

Future studies are needed to find translational indices that correspond to these features 

and can be applicable to human patients for better diagnosis of these neuropsychiatric 

disorders. My findings here may promote the development of biomarkers, leading to a 

better diagnosis of neuropsychiatric disorders. 






