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Neurons and glial cells communicate to each other not only via
neurotransmitters but also using various bioactive proteins, namely
neurotrophic factors and cytokines. Our long-term objective is
to elucidate the molecular and pathologic mechanisms of how
these bioactive proteins regulate brain development or perturb
neural functions related with neuropsychiatric diseases. We have
established animal models for schizophrenia by perturbation of
cytokine signals during neonatal development. Using these models,
we aim to clarify neuropathological and therapeutic mechanisms of
the disease. Our efforts have been paid to the following projects:
(1) the molecular and system neuropathology of schizophrenia
and its animal modeling (hallucination, auditory-evoked potential,
social withdrawal), (2) the cytokine-dependent regulation of
monoaminergic development and function (EGF, NRG1, EGFR,
ErbB4), and (3) the specificity and functionality of the intracellular
signaling driven by these bioactive proteins and their possibility as
therapeutic targets for schizophrenia. Currently we are addressing
these questions employing all types of biological approaches
including molecular genetic, biochemical, cell biological,
electrophysiological, pharmacological, and behavioral tools and
techniques. We hope these studies will lead to the understanding
of how bioactive factors control the onset and progression of
developmental brain diseases such as schizophrenia, which might
hint at developing new drugs.
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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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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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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.
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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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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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Our research activities are generally based on morphological
observation 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

NUE1
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Department of Neurosurgery, University of Niigata was founded by
Professor Mizuho Nakata, “the father of Neurosurgery in Japan”, in
1953, becoming the first independent Department of Neurosurgery
in Japan. Since then, the department has led the field of preclinical
research and surgery for brain tumors, cerebral vascular disease,
brain trauma, and functional surgery. Also, the department is unique
in that it is affiliated with the Brain Research Institute, enabling
collaboration with many basic neuroscience laboratories within
the Institute. Answering clinical questions through basic research
and using the results to improve clinical medicine, is precisely what
Professor Nakata envisioned when he founded the Brain Research
Institute. It is our obligation to carry on this spirit, and all staff is
dedicated in discovering new insight into neurosurgical practice.
The main research areas we are currently focusing on include: (1)
establishing brain tumor cell lines and intracranial xenografts to
develop the best strategies to treat each tumor, (2) diagnosing
brain tumors by detecting driver mutations from cell free DNA of
cerebrospinal fluid (Fig 1), (3) identifying molecular makers of human
axonal regeneration and development, (4) developing assistive
surgical technology to enable accurate simulation for complex
neurosurgery cases and education of young neurosurgeons, (5)
collaboration with Nishi-Niigata Chuo National Hospital to elucidate
the complex pathophysiology of epilepsy.

1. IR ER Y —H— (GAP-43 T172UVB{bARHEE) DREFE
(A) &EH%&@&%@%FEW“‘ 1'% (7'721‘33%%@]1%1%%,‘&815@)
Eig (& hPSHBIREER AR ER)

Fig 1.The phospho-specific GAP-43 T172 (pT172) antibody is a
marker for nerve growth.

(A) Super resolution microscope image of growth cone in murine
primary neuron culture. (B) Confocal laser microscope image of
growth cone in human iPS induced neuron culture.
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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 problem-
solving 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 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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Recent development of /7 vivo imaging enable us to track disruption
of brain environment, such as abnormal protein deposition and
neuroinflammation in addition to neuronal function. The aim 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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Shigemizu D, Mitsumori R, Akiyama Sieet al. Ethnic
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disease risk. Translational psychiatry™11:151, 2021

Recent research and development of dementia has drastically
changed. Therapeutic approach to dementia has shifted from
symptomatic drugs to disease-modifying drug. More attention has
been paid in dementia to pathophysiological diagnosis based on
biomarker rather than symptom-based diagnosis. Prospering in
research by virtue of paradigm shift, we have pioneered research
that will bring revolution in clinical practice of dementia. Our
mission has two elements; one is biomarker development, and the
other is genome research of dementia. We attempt to see through
pathological changes occurring in the brain affected with dementia
using blood and cerebrospinal fluid samples from preclinical phase
to symptomatic phase. We have established large sample collection
of genomic DNA for dementia disorders. Whole genome/exosome
analyses have been applied in the genome analysis of dementia
to explore novel genetic factors in Japan. We have provided a
clinical sequence examination for physicians across Japan for
genetic diagnosis of dementia. By this effort, we will contribute
to the realization of genome medicine of dementia in Japan. Even
though the environmental surrounding of dementia research has
been drastically moving, we keep pioneering the dementia research
without forgetting our mission that we will deliver a bright future to
patients with dementia.
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Kitahara, et al., Generation of Lungs by
Blastocyst Complementation in Apneumic
Fgf10-Deficient Mice. Cell Reports. 31(6):
107626, 2020.
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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 diseases,
and as a PD model animal, we develop a genetically modified
mouse for dopamine receptors and their related molecules. By
analyzing animal behavior and neural circuit activities of the PD
model mice, we aim to clarify the role of dopamine signaling on
motor control, learning and memory, leading to develop a new
therapeutic approach for PD. At the same time, we are studying RNA-
binding proteins that are responsible for development and function
of neural circuits by using mouse genetics. In collaboration with
Dept. of Animal Model Development, we are conducting research
to regenerate defective organs by embryo manipulation using the
blastocyst complementation method. In addition, we are focusing on
development of an innovative embryo manipulating system for the
generation of genetically modified marmosets.
We are in charge of administration and management of core facility
for animal experiments in Niigata University with mice, rats, rabbits,
guinea pigs, dogs, pigs. Japanese monkeys, marmosets, medaka etc.
In addition to setting up the experimental environment, we support
researchers by providing reproductive engineering technologies such
as in vitro fertilization, embryo transfer, cryopreservation of embryos
and spermatozoa, and DNA injection to oocytes. We also use
genome editing technology to create genetically modified animals
in a short time period. Using these experimental
techniques, we maintain the animal facility in the
Specific Pathogen Free (SPF) environment, and also
contribute to the implementation of efficient research
through planned animal production.

21



22

@!

R BHOMRBENIL. EE -

FBIREMBRERED D FHFZ
fRBAT B2 ETHY . TOEDICHTFEDZEBLURETFOF
EERVWTIHRZED TNE T, PIRMBRRZEN T DA
BV FTREVWSIEEENUCBEREGELE TN, HDEHT
(&, DTTXEﬁfb@@ﬁébﬂmﬁ%ﬁﬂ@%%ﬂ?W*

bTCC57BL/6N%7'?XES?&H]E@E’?HL\TC%‘%E'\]ETE?%E?@Z}%;
K. BERDFERBHBIVIEWEUCNYDRZELHL, NS
DEGTFUEBSYOXRRUNZTEIZN. PN, EEZ.
BREBEZNFEL. FRARSNCRERDOEAMZEREL T
T2 LT BN FHIE TV SEBKAEZEEEL )L T
SMCULTVWET, oo MRERICEET BT FZRNEL
T, EMBRERETILEMMDREFEEZ DBERBITO>TVET,
TF, VOREHRUCHBICHE CHDEEASNTELS VM
AR R DRI OB EF i Sy MERICERIIL. &BICY
J MRERIMNZER T 2ZET. KUERSNICE T THEERY)
ERBMOBREEZRITLCVE T, EHIC. BLFUEEYE
RCBEDDEIMBEBDBERICHNIZANTNE T,

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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The neurosurgeons, neurologists, and neuropathologists of Brain
Research Institute, Niigata University, have performed high-
quality 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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There exist approximately 100,000,000,000 neurons in each human
brain, and the number of glia cells is much more than that of
neurons. Supposed that each neuron is a star in the Universe, we
could compare the brain to a small Universe within. However, things
are more complicated because each neuron extends long fibers to
other neurons for communicating signals. In one sense, the brain, a
small Universe, is much more complicated than the Universe itself.

It is theoretically, technically and physically impossible to study all
the twinkling stars in the sky. But we could estimate the characters
of stars or planets by carefully observing and analyzing the sun
and planets in the solar system. It is also impossible to elucidate
functions, anatomies and networks of all the neurons one by one,
but we are able to reach a right conclusion if we handle a miniature
brain and deduce common principles from the mini-brain.

This is the way that we have followed. We will disclose the phenomenon
occurring in human brain by studying Fish brain. Especially our
aim is to elucidate the mechanism of neurological diseases and
disorders, deepening scientific and social understanding for some,
or finding a drug for others. We human beings have evolved
exactly from Fish, and most of the functions and structures in the
human brain are preserved in Fish brain. Our laboratory has tried
uncovering the physiological functions and pathophysiology of the
human brain by comparing Fish and human brains, and we will
surely find therapies for neurological diseases and disorders.
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Neural circuits of the brain usually maintain their function over a
long duration; therefore, it is believed that circuit-forming neurons
sustain a long-term health-maintenance mechanism via unique cell-
cell interactions, unlike somatic cells that preserve tissue health
via cell turnover. Disruption of this circuit-maintenance mechanism
could lead to aging, neurodegenerative diseases, and mental
disorders. However, intercellular communication mechanism to
maintain neuronal health has not been fully elucidated owing
to such an investigation being time consuming. We overcome
this complication by taking advantage of the short life cycle and
rarely duplicated genes of Drosophila that enable rapid genetic
analyses. We are conducting research that focuses on synapses
that serve as transmission sites for neuronal information. Further
studies are also being undertaken to investigate the metabolism
of the phospholipids that constitute the cell membranes between
adjacent cells. From these studies, we expect to propose novel
findings on the molecular basis of neuroprotection through
regulation of synapse transmission and lipid metabolism.
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