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Takei N and Nawa H. (2014) mTOR signaling and its roles
in normal and abnormal brain development. Front Mol
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Dept. of Brain Tumor Biology
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Cells receive extracellular stimuli and change their functions.
We analyze these mechanisms using brain cells (neural stem
cells, neurons, glial cells, and brain tumor cells) and extracellular
stimuli (neurotransmitters, peptides, neurotrophic factors, growth
factors, cytokines, nutrients, temperature change, etc.). We are
studying the processes by which biochemical reactions such as
changes in intracellular signal transduction systems and changes
in metabolism are converted into biological responses such as
proliferation and differentiation. Using rodent primary cultures and
human iPS cells, we will follow the process of normal development
and pathological changes. By comparing the signaling system and
metabolic system of normal cells and tumor cells, we elucidate
the switch mechanism of proliferation / differentiation of neural
stem cells, and feed it back to tumor growth suppression leading
to the cancer therapy. Using neural stem cells of chipmunk,
which is a hibernating mammal, we also analyze the mechanism
of intracellular metabolic changes due to temperature changes,
aiming at application to human cells by approaching the mystery
of longevity and carcinogenic resistance of chipmunks.
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Dept. of Cellular Neuropathology
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Our goal is to understand the physiology and pathophysiology
of the brain at the cellular and molecular levels. We established
“SLENDR?”, a technique based on in vivo genome editing, to image
endogenous proteins with high specificity, resolution and contrast
in single cells in mammalian brain tissue (Cell, 2016). In addition,
we recently developed “vSLENDR”, a genome editing method
to target virtually any cell-types, areas and ages across the
brain, widely expanding the applicability of genome engineering
technologies in the broad field of neuroscience (Neuron, 2017).
Using “SLENDR” and “vSLENDR”, we will explore the cellular and
molecular mechanism underlying long-lasting memory, and further
investigate how the mechanism is impaired in memory disorders
to provide new therapeutic strategies.
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Nishiyama*, Mikuni* et al. Virus-mediated genome editing
via homology-directed repair in mitotic and postmitotic cells
in mammalian brain. Neuron. 2017; 96(4):755-68. Mikuni
et al. High-throughput, high-resolution mapping of protein
localization in mammalian brain by in vivo genome editing.
Cell. 2016; 165(7):1803-17.
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Dept. of System Pathology for
Neurological Disorders

R % RE % #AfekE 8B 1L -
30AXA—I VT IZLNBRBAL £ 9,

TN T, e MNAR - BT Y IV o S T, YL TR
FRARRR IR U S R R Yt o S AR L 2 I e L £ 02D
REEGOBEIE SV TTbNTEEL T, KR 2O &
P BV e MO B AR 0 3D 5 % {1 IS T & AU, N A4
<= — DERM « CFEHIRNTIZEE O SRR 1Y e W
HEDRERER, FT: BB A D = X b DEBEEFTEET,
ZITRGE TR, e Ml E m EICER T BT Y
BAFE 35 L & bicy — MR T A BT & B L 72 mE 00
ERGRE DIDAR—Y V7 BN OMEL T HE L £ 90 b MMAHRR
DBEWIZBNTIE, BT O FEFE N D &> B %
FRPUEME DR EE T, 7, B O e MKH
BOBEICL D A EBOAZEBRROE T, YRTZAF VI
CITHBRTEHE R A FEAIL. DNV F VT —ARX—D VT
B DHENREREL T >TWES, IO DRER LIRS 215
LT e ML 35 L3I R D2DMEREZ TH Wb T ET:
RIS B EAT I b 2 B AEIDHO GG H AT D
[ F& R0 3D S8 YL B 12 T o Bl F % 38 U, T 72 e 3D AT AR L &
DOFESLEHIELE 9

Current biopsy and histology have long relied on thin-sectioned
2D images with several chemical staining methods and specific
immunohistochemistry. Facile 3D visualization of human brain
tissue with single-cell resolution would provide a novel concept of
the neuropathological diagnosis and contribute our understanding
of pathological mechanisms based on comprehensive and
quantitative analysis of individual biomarker. In this laboratory,
we aim at establishing a novel 3D neuropathology by developing
a highly efficient clearing protocol for human brain tissue and
combining with a rapid 3D imaging using light-sheet fluorescence
microscopy.

(A) CAG-EGFP Y7 ABDE/MA X =22 T
(B) CAG-EGFP ~ 7 AR K&
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Dept. of System Pathology for
Neurological Disorders
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Central nervous system injuries due to stroke or trauma disrupt
neural circuits and result in severe deficits of functions. The
brain and spinal cord have very limited capacity to reconstruct
the circuit once it is damaged, and therefore none of effective
therapeutic methods have been developed so far. We previously
demonstrated that spared motor and autonomic circuits are
dynamically reorganized after injuries and influence the recovery
process of functions. These results suggest that controlling
the rewiring of the circuit would lead to make proper neuronal
connections that achieve functional recovery. The goal of our
study is to understand the process of rewiring and its underlying
molecular mechanisms and neural functions. Toward this aim,
we are analyzing neural systems of both normal and injured brain
and spinal cord, using cutting-edge techniques including, mouse
genetics, viral tracers, optogenetics, chemogenetics, and 3D
behavior analysis. We believe that this study paves the way to
develop novel strategies to regenerate circuits and restore neural
functions.
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Ueno M, et al. Corticospinal circuits from the sensory and
motor cortices differentially regulate skilled movements
through distinct spinal interneurons.

Cell Reports 23: 1286-300, 2018
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Yoshida K., et al. Chromosome fusions repatterned
recombination rate and facilitated reproductive isolation
during Pristionchus nematode speciation, Nature Ecology &
Evolution, 7, 424-439, 2023

Yoshida K. and Kitano J., Tempo and mode in karyotype
evolution revealed by a probabilistic model incorporating
both chromosome number and morphology, PLOS genetics,
17 (4), e1009502, 2021
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Dept. of System Pathology for
Neurological Disorders
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The genetic causes and susceptibility to brain disorders are
encoded in the genome sequence. Recent advancements in
sequencing technology give easy access to an individual's
genome sequence. However, understanding the "meaning" of
this genome sequence is extremely challenging. One reason for
this is that the genome sequence is not like a book written all at
once but formed over long periods of evolutionary time through
events such as mutations, recombination, selection, introgression,
and genetic drift. Furthermore, the diversification of the genome
through these changes contributes to differences in susceptibility
to diseases among individuals. Evolutionary genomic biology aims
to elucidate how these evolutionary events occur and to reveal the
principles of genome diversification using model organisms such
as nematodes. Applying this knowledge to the analysis of the
genetic background from which disease-causing mutations arise,
we analyze publicly available human and mammalian genome and
aim to uncover the origins of brain diseases.
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Dept. of Pathology
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Mission
To provide the highest quality pathology services and scientific
evidence focused on the advancement of developments in the
field of neuropathology.

Vision
As an academic pathology department, we aim to deliver a
high degree of professionalism in clinicopathological diagnostic
services and neuropathology research, utilizing comprehensive
and innovative approaches and building departmental
competence to meet the needs of patients, institutions, and
society.

Our approach will involve taking full advantage of opportunities
to advance both the science and practice of neuropathology
through individual and collaborative research, which hopefully
will produce leading practitioners and researchers.
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Fujita A et al. An integrated genetic analysis of epileptogenic
brain malformed lesions. Acta Neuropathology Commun
2023; 11: 33.

Vi

Ty aA—- T U—- by —AR2A2E (CMT2A2/. EEHERIEHREECMT D
hT2EBICEZVVRERITYT ., CMT2A2(ES OV NU PHEDERESRZ I— N7
BDINTIU2(MFN2) DEREZERE L. SR MEAREEE & R OZMBOFH
T, CINFETEL DEREMEDIRE SN TUVE LD i3 RIEL A0SR
TL7. ShE. SHEDEBHICHOTMINER Z BT 5 26| DERFRRIEZ AV
HMERMHRICHBITIBI NIV NUFZOBMHMEEREZ2HRELE L.
Hayashi H, Saito R, Kakita A, et al. Acta Neuropathol Commun.
2023;11:207



R BRI Rl 2 20T
Ny 'L‘&)M = =
D FIRREF (% 8) 7 B

Dept. of Molecular Pathology
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QOur research activities are generally based on morphologica
lobservation of central and peripheral nervous systems of
patients suffering from various neurological diseases. Abnormal
accumulation of protein in neurons and glial cells is a histological
hallmark of neurodegenerative disorders. The goals of our research
are to elucidate molecular mechanisms of neurodegenerative
movement disorders as well as of dementing disorders and to
develop novel therapeutics for these intractable diseases. We
are currently focusing to determine the molecular mechanism of
autophagy and inclusion body formation in neurodegenerative
diseases, including Parkinson’s disease and related disorders. We
are also developing animal models of multiple system atrophy. The
main topics of our current researches are as follows:

1. Mechanism of inclusion body formation and neurodegeneration
in neurodegenerative disorders (Parkinson’s disease, dementia
with Lewy bodies, multiple system atrophy, tauopathy and
motor neuron disease)

2. Activation of autophagy and therapeutic approach to neurodegenerative
diseases

3. Pathological, biochemical and behavioral analysis of animal
models of neurodegenerative disorders

Synaptophysin
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Dept. of Neurosurgery
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We are a clinical department specializing in neurosurgery,
uniquely affiliated with the Brain Research Institute of Niigata
University. We aim to precisely answer clinical questions through
basic and translational research and using the results to improve
clinical medicine, which has been continued ever since the Brain
Research Institute was founded. Currently, our clinical focus
includes skullbase surgery, endovascular treatment, malignant
brain tumors, epilepsy and functional surgery in collaboration
with the National Nishiniigata Chuo Hospital. The main research
areas we are currently investigating include: elucidating treatment
methods for brain tumors using cultured cells and xenograft
models, investigating nerve axon regeneration and growth
mechanisms, developing assistive surgical technology to enable
accurate simulation for complex neurosurgical cases, and
education of young neurosurgeons. Additionally, we are exploring
non-invasive fluorescence methods and ways to visualize
intraoperative neural activity, aiming to significantly advance future
neurosurgical treatments. Our clinical environment offers a unique
opportunity to consult with top researchers at the Brain Research
Institute on experimental methods and related matters.
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Daiju Mitsuhashi, Ryuichi Hishida, Makoto Qishi et. al

Visualization of cortical activation in human brain by
flavoprotein fluorescence imaging. J Neurosurg. 2022 Feb

18;1-9.
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Hara K, Shiga A, Fukutake T, et al. Association of HTRAT
Mutations and Familial Ischemic Cerebral Small-Vessel
Disease. N. Engl. J. Med. 2009 Apr; 360(17):1729-39
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We conducted a multicenter, investigator-initiated clinical trial
from 2020 to 2022 to evaluate a treatment for spinocerebellar
degeneration type 6 (SCAB), an inherited disorder that commonly
occurs in Japan and for which the development of an effective
treatment is anticipated. The clinical trial has been successfully
completed according to the planned timeline, and the results will be
published in due course.

HRPR AR B8

ARt N LA 0 BT
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The Niigata University Brain Research Institute possesses not
only a basic neuroscience branch but also a clinical neuroscience
branch: Departments of Neurology and Neurosurgery. Thus, the
aim of our Institute is to overcome brain diseases. We study a
wide variety of brain diseases by using genetic, biochemical, cell
biological, histological, and imaging approaches, in collaboration
with other departments in the Institute. In the past 50 years,
we have produced favorable results of clinical and basic
research. In the beginning, we revealed Niigata Minamata and
SMON diseases, which are caused by toxic reagents, making
us to have profound connections with society. Up to now, we
established entities of novel brain diseases and elucidated their
etiologies and disease mechanisms by genetic, biochemical, and
histological approaches. We have also educated a large number
of neurologists. Careful observation of patients by the excellent
neurologists brought us fruitful success in a new discovery. Our
research is attributable to the support of patients and clinicians,
and we will keep tight connection with them. Neurologists need
comprehensive knowledge of medicine and a wide range of social
skills including communication, leadership, and problemsolving
skills. We actively train young doctors to acquire the knowledge
and skills to become a specialist in various fields from a cutting-
edge basic neuroscience to practical neurology. We are
professional for brain diseases and will ensure the best possible
support for our patients.
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A final objective of human neuroscience is the elucidation of
brain functional organization of human-specific brain functions,
for example, language and abstract thinking. The Department of
Integrated Neuroscience focuses on the research and education
of physiological human brain function based on integrated
applications of state-of-the-art, non-invasive technologies such
as functional MRI, diffusion tensor analysis, and high density
electrical mapping.
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Continuous technological development represents an
indispensable component of the recent remarkable
advancements in the state of our knowledge of
human brain function. Magnetic resonance is a field
which provides a number of versatile non-invasive
methodologies applicable to the analysis of human
specific brain function. The Department of Biological
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Magnetic Resonance focuses on the research,
development and education of magnetic resonance
technologies as well as the research and education of
human brain function based on integrated knowledge
of advanced engineering and non-linear computational
analysis.
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Dept. of Functional Neurology &
Neurosurgery
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Recent development of in vivo imaging enable us to track
disruption of brain environment, such as abnormal protein
deposition and neuroinflammation in addition to neuronal function.
The aims of our department are to investigate the watershed
between healthy brain aging and brain diseases, and to reveal
pathological bases of diverse brain disorders using multimodal
imaging technique including PET (positron emission tomography)
and MRI (magnetic resonance imaging). We will execute the
clinical imaging study contributing to finding out pathological
bases of neuropsychiatric disorders, leading to the establishing
novel techniques of early diagnosis, treatment and prevention,
by collaborating with government, industry, and academic
researchers inside and outside Brain Research Institute. As a
leading laboratory in this field, we have ambitious plans to cultivate
human resources capable of conducting translational study.
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Dept. of Molecular Genetics
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New anti-amyloid-B antibody drug, Lecanemab was introduced into clinical
practice in 2023, and the therapeutics of dementia in Japan has entered a
new stage. Although clinical diagnosis of dementia was used to be based
on clinical symptoms and morphological imaging, biomarkers that reflect
brain pathology have become more important in the diagnostic process of
dementia. Disease-modifying therapy that act directly on the pathological
proteins has become the focus of therapeutic development for dementia.
To lead this paradigm shift, our laboratory has been engaged in research
and development for better clinical practice in dementia. The two pillars of
our laboratory are biomarker development and genomic research. Using
blood and CSF samples collected by various dementia cohort studies, we
have developed biomarkers to reveal the progression of brain pathology
from preclinical to symptomatic stages. We showed that the measurement
of amyloid-B and phosphorylated tau, which biologically define Alzheimer's
disease (AD), significantly improved the accuracy of clinical diagnosis. In
addition, neurofilament light chains, GFAP, and a-synuclein are measured
to better understand pathophysiology occurring in brain of dementia
patients. In the near future, blood-based biomarkers will play a major
role in the diagnosis of dementia. We have conducted joint research to
develop efficient blood-based biomarkers by collaborations with industries
that possess cutting-edge technology. We believe that it is important to
understand dementia based on genomic information. We have established
one of the largest dementia genome cohort in Japan. We are conducting
whole genome/exome analysis using next-generation sequencer to find
genetic risks unique to the Japanese
population. We showed that the polygenic
risk score has been successfully adapted to
Japanese AD patients to predict the inborn
risk. We also making an effort to promote the
implementation of clinical sequencing and
APOE testing to realize genomic medicine
for dementia. Although the environment
surrounding dementia research may changes
with the times, we will make progress of our
research keeping our mission in mind to
contribute to better society for patients of
dementia and their family.
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Dopamine is thought to play an important role in motor control, memory,
learning and motivation. We focus on Parkinson's disease (PD), which
is one of the most common neurological disorders associated with
dopamine dysfunction. As PD animal models, we have developed
genetically modified mice targeting dopamine receptors and related
molecules. Through analyzing the behavior and neural circuits of these
model animals, we aim to elucidate the role of dopamine signaling on
motor control, learning and memory, and to develop a new therapeutic
approach for PD. Additionally, we are studying RNA-binding proteins
involved in neural circuit formation and function, as well as the effects of
in vitro culture of early-stage mouse embryo on individual development.
We are responsible for managing the university-wide animal
experimental facility, providing ethical and appropriate environments
for experiments involving a variety of animals, such as mice, rats,
rabbits, guinea pigs, dogs, pigs, Japanese macaques, marmosets, and
medaka fish. Moreover, we provide research support using reproductive
biotechnologies such as in vitro fertilization, embryo transfer,
cryopreservation of embryo and sperm. This support is crucial for
maintaining Specific Pathogen-Free (SPF) environment for experimental
animals and facilitating efficient research through planned animal
production. Furthermore, we are advancing the creation of genetically
modified animals using genome editing technologies, aiming to promote
animal experiments in the university.
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Our research efforts are focused on understanding of molecular
mechanisms of higher brain functions such as learning and
memory. Making good use of current methods in molecular
biology and developmental engineering, we are now engaged
in the following projects: 1) functional assay of neurotransmitter
receptors and related molecules with gene-targeting techniques,
2) generation and analysis of animal models for human nervous
diseases, 3) establishment of germ line-competent embryonic
stem cells derived from rat embryos, and 4) development of basic
methods for generation of gene-modified animals using gene-
editing technology.
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Dept. of Pathology Neuroscience
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Tada M et al. Characteristic microglial features in patients
with hereditary diffuse leukoencephalopathy with spheroids.
Ann Neurol 80: 554-565, 2016

The neurosurgeons, neurologists, and neuropathologists of
Brain Research Institute, Niigata University, have performed
highquality clinicopathological practice for over 50 years. Through
the experience, as an academic pathology department, we have
built a comprehensive collection of human brain tissue resource
obtained from consecutive autopsies and surgical resections. We
take advantage of opportunities to advance the medical science
through individual and collaborative research by using the tissue
resource, for understanding pathomechanisms underlying brain
disorders.
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Our brain diseases are unique, while we have no therapeutic
strategy for these diseases. We aim to develop diagnostic
methods and therapeutic strategies for these diseases. For this
purpose, we have to know the unique property of the brain and
brain diseases. The brain has a neurovascular network consisting
of unique cells. Most of the brain disease is accumulating the
particular protein within distinct nervous systems. We focus
on both these characters in our research by using more than
thousand human brain samples stored in our institute. The brain
bank gives us an excellent opportunity to elucidate the human
brain disease. Our current research projects are, 1) elucidation of a
fluctuation of RNA metabolism in the amyotrophic lateral sclerosis,
2) explanation of a mechanism for maintaining the neurovascular
coupling which contributes a higher function of our brain, 3)
developing the therapy and the new evaluation system for ataxia.
From an entirely new perspective, we will address these issues.
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neuroscience and evolutionary approaches, leveraging the esteemed
Brain Bank of our institute, and employing research methodologies that
cannot be replicated by Al for the next 20 to 50 years. We strive to unravel
the evolutionary origins of brain disorders and establish a fundamental
understanding of the pathophysiology rooted in the comprehension of the
physiological functions of molecular factors that underlie these disorders.

1. Conquering difficult diseases.
2. Supporting individuals with disabilities.
3. Leaving a significant mark on the history of science.

By shedding light on the essence of brain disorders, we aim to expand our
research achievements to areas such as industry-academia collaboration,
drug development research, and preventive medicine, making substantial
contributions to the treatment of brain disorders and the promotion of
healthy longevity. Furthermore, we actively propose approaches to foster
coexistence with disabilities and aging.
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Neurodegeneration such as Alzheimer's disease, Parkinson's disease,
amyotrophic lateral sclerosis, and Cerebrovascular diseases including
stroke and cerebral hemorrhage, as well as Developmental disorders
and Mental illnesses, present significant challenges in terms of treatment
and management. Many of these disorders and disabilities have a high
incidence rate and are of utmost importance both in medicine and in
society.

Brain disorders may be perceived as highly complex and unique to
humans. However, various organisms naturally develop brain disorders
through aging or other processes similar to humans. For instance,
our laboratory has revealed that African Killifish exhibit a disease state
reminiscent of Parkinson's disease during aging, leading to numerous
insights that contribute to the understanding of novel pathological
mechanisms in this disorder. Cognitive impairment in various animals is
also occasionally reported in news and scientific articles. Furthermore,
a-synuclein, a molecular factor implicated in Parkinson's disease, is found
in fish, and the amyloid precursor protein, a molecular factor in Alzheimer's
disease, exists in fish and insects as well.

In our laboratory, we integrate the study of various research subjects,
primarily focusing on small fish species. We combine the cutting-edge
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In our laboratory, we focus on 'elucidating the mechanisms of
neuronal robustness' and 'contributing to the study of neurological
disorders." Our research explores how neurons withstand excessive
activity and how this resilience changes in neurodegenerative
conditions. As part of this research, we have developed a model of
neuronal hyperactivity in the optic neurons of fruit flies induced by
light stimulation, and have elucidated its pathological mechanisms.
Furthermore, we have developed an automated quantification
program using machine learning, '"MeDUsA,’
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Yamada et al., European Journal of Medical Genetics
(2023) Heterozygous loss-of-function DHX9 variants are
associated with neurodevelopmental disorders.

Nitta et al., Human Molecular Genetics (2023) Direct
evaluation of neuroaxonal degeneration with the causative
genes of neurodegenerative diseases in Drosophila using
the automated axon quantification system, MeDUsA.
Richard et al., The Journal of Neuroscience (2022) A
Quantitative Model of Sporadic Axonal Degeneration in the
Drosophila Visual System.

Sugie et al., Neuron (2015) Molecular remodeling of the
presynaptic active zone of Drosophila photoreceptors via
activity-dependent feedback.

advancing the identification and understanding of
molecules related to the robustness of neurons.

Additionally, by utilizing fruit flies, we have clarified
the pathological significance of genetic mutations, >
contributing to the research of rare diseases and %
autosomal dominant optic atrophy, among other
neurological disorders. The use of fruit flies allows
us to efficiently test the effects of many unexplored
genetic mutations, even within time and budget

@ MeDUsAI

Mounting = Scanning
|

R, SRR REOHRE BT
) EEIAWMFBMHIF OIS L
sy

Making Spot e
Surface = Detection = !Qmuanhfy,,

MeDUsA: a Method for the
quantification of Degeneration

= = - Using fly Axons
HREEEDES\VE, TBENERD

B2 R ARTET. BF
TEEBITBHIENTED

constraints. The simplicity and rapid genetic

analysis of fruit flies complement human disease
research and have the potential to lead to the
development of new treatments.

We aim to serve as a bridge between basic and
clinical research, contributing to the understanding
of neurological survival mechanisms, advancing our
knowledge of neurological diseases, and aiding in
diagnosis.
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Our department was newly established at the Brain Research
Institute in 2023.The NSG Group offered a donation to establish
an endowed research department with several clinical faculty
members at the Brain Research Institute, and an agreement
was concluded on 29 March 2023 for the establishment of this
department, which was determined to be for a period of three
years from 1 April of the same year. Tomohiko Ishihara and
Manabu Natsumeda are specially appointed associate professors
from the Departments of Neurology and Neurosurgery of the Brain
Research Institute, respectively.

Now we are expanding on the research conducted by our
members. We are also involved in new research, therapeutic
developments, and educational activities. Our department's
establishment aligns with one of Niigata University's Future Vision
2030 missions, which is "to be a front-runner in life innovation."
Likewise, the NSG Group's corporate motto is "to contribute to the
development of local, national, and international society through
business creation." In order to achieve these goals, we will build
upon the activities of the Brain Research Institute and implement
them in practical terms.
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