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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. Our efforts have been paid to the following projects:
(1) the specificity and functionality of the intracellular signaling
driven by these bioactive proteins (BDNF, mTOR, S6 kinase,
AMPK), (2) the cytokine-dependent regulation of monoaminergic
development and function (GDNF, EGF, NRG1, EGFR, ErbB4), and
(3) the molecular and system neuropathology of schizophrenia and
its animal modeling (hallucination, auditory-evoked potential, social
withdrawal). 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 these bioactive factors control
the onset and progression of developmental brain diseases such as
schizophrenia, autism, which might hint at developing new drugs.
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Dept. of Cellular Neurobiology
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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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Determination of kainate receptor subunit
ratios in mouse brain using novel chimeric
protein standards. J Neurochem. 136(2):295-
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Yoshitake K, et al. Visual map shifts
based on whisker-guided cues in
the young mouse visual cortex. Cell
Reports, 5: 1365-1374 (2013)

The skull of mice is thin and transparent. Therefore, cortical
activities are easily visualized using endogenous flavoprotein
fluorescence signals reflecting the activity-dependent changes
in oxidative metabolism in mice. We are investigating cortical
activities in the auditory, visual and somatosensory cortices using
this technique. However, there are higher association cortices
between these primary sensory areas, and their functions are
largely unknown in mice. In general, neurons in the association
cortices respond to various stimuli, and therefore, may be involved
in association (integration) of information. Another point is that
some neural activities in the association cortices can be maintained
after stimulus offset, suggesting that they are related to certain
types of short-term memory. Integration of information and short-
term memory are important elements of consciousness, so that the
associative cortices are likely related to consciousness. Generally
speaking, consciousness research is not easy in the framework
of falsifiable scientific studies in mice. Fortunately, we have found
a particular strain of mice that exhibit specific and simultaneous
impairment of sensory integration and short-term memory. Using
these mice, we are now challenging to investigate the neural
mechanisms of consciousness in the framework of falsifiable
scientific studies.
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Mission: To expand our understanding of human diseases of the
nervous system, by clinical service, education, and research.

Clinical pathology: Over 400 surgical cases and 40 to 50 autopsy
cases annually, from the Departments of Neurosurgery and
Neurology, as well as from various other institutes in Japan.
Research: Clinical, translational, and basic science of human
disorders of the nervous system, including neurodegenerative,
developmental, infections, cerebrovascular, and immune-mediated
diseases.

Education: Teach medial and graduate students, residents, and
fellows.
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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 in Lewy body disease
and multiple system atrophy

2. Abnormal protein aggregation in dementing disorders

3. Alteration of glial cells in various pathological conditions

4. Pathological, biochemical and behavioral analysis of animal
models of neurodegenerative disorders
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Dept. of Neurosurgery
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Kurabe S, Itoh K, Nakada T, Fujii
Y. Evidence for cerebellar motor
functional reorganization in brain
tumor patients: an fMRI study.
Neurosci Lett (in press).

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 investigating include:
(1) developing new treatment methods including manipulation
autophagy and targeting of glioma stem cells to eradicate the
deadly disease malignant glioma, (2) developing assistive surgical
technology to enable accurate simulation for complex neurosurgery
cases and education of young neurosurgeons, (3) collaboration
with Nishi-Niigata Chuo National Hospital to elucidate the complex
pathophysiology of epilepsy.
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Figure legend

Figure 1 Glioma stem-like cells expressing (A.) Nestin and (B.) Musashi. C.
Colony formation is greatly inhibited by combination treatment with Notch
inhibitor (NI) and autophagy inhibitor (Al) in glioma stem-like cells.
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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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The ultimate purpose of clinical brain functional investigation is the
development of effective methods for the functional restoration of
patients who have sustained brain damage of various causes. The
research and education of the Department of Functional Neurology
and Neurosurgery, a newly established clinical department,
concentrates on delineating the exact brain functional abnormalities
associated with structural brain changes and functional brain
reorganization. The approach is interdisciplinary and accomplished
in close collaboration with previously established clinical
departments.
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Rapid advancements of medical technology have dramatically
increased the number of specialists required for the care of a single
patient, and introduced the paradoxical situation where people in
developed countries do not necessarily benefit from further medical
advancements. One of the solutions is to take advantage of virtual-
world technology. The Department of Digital Medicine focuses on
the research, education, and technological development for creating
an advanced virtual environment for medical practice.
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During the last decade, there has been significant progress in
understanding the pathophysiology of dementia. Although several
candidate disease-modifying drugs against dementia including
Alzheimer’s disease have been developed, clinical trials using these
disease-modifying drugs have been failed to show the clinical
efficacy. Considering that degenerative dementia develops the
symptoms after long asymptomatic silent phase over decade,
we need to establish biomarkers that enable the very early
detection of the pathological process occurring in the brain. The
aim of our research is the development and clinical application of
cerebrospinal fluid (CSF) biomarkers for degenerative dementia.
In addition to CSF biomarkers, we have explored blood-based
biomarkers for Alzheimer’s disease that is less invasive and simple to
perform in clinical practice. We recently reported that desmosterol
is a novel blood-based biomarker candidate for Alzheimer’s disease.
The other goal of our group is to elucidate the susceptible genes
for dementia by comprehensive genome-wide analysis using next
generation sequencer. In order to facilitate biomarker and genetics
researches, we have established research consortium to collect
large number of biofluid samples and genomic DNAs from patients
with dementia by the collaboration with many clinical sites across
Japan. Thus, we are working to translate research advances into
improved diagnosis and therapeutics for patients with dementia
and to find a way to cure and possibly prevent dementia.
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Dopamine is considered to be closely related to controlling of
motor function, learning and memory and motivation. Our research
interest is focusing on understanding of the mechanism of motor
control and developing of a novel therapeutic strategy regarding
the motor symptoms of Parkinson’s disease, one of the major
neurological disorder. We develop various model animals such as
the genetically modified mice of dopamine receptor and related
molecules and examine them by biochemical analysis of gene
expression, behavioral analysis of motor and cognitive function and
electrophysiological analysis of neuronal activity.

Another mission of our group is management of the animal facility
of Niigata University and improvement of environment of animal
experiments using mice, rats, rabbits, guinea pigs, dogs, pigs.
monkeys and Japanese medaka. We perform research support
activity using the reproductive and developmental engineering
technologies such as in vitro fertilization, cryopreservation of
embryos/sperms and provide services of production of genetically
modified mice by the rapidly evolving genome editing technique.
We ensure the microbiologically-controlled environment as the SPF
(specific pathogen free) grade and contribute to facilitating progress
of research by efficient production of animals using techniques
described above.
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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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We are in charge of the molecular neuropathological studies of
brain tumors (especially pediatric tumors, malignant glioma) and
effects of psychotropic drugs. In connection with these studies, we
are engaged in molecular cloning of genes for brain-specific proteins
and glioma-specific proteins. We are also engaged in producing
genetically engineered mouse model of brain tumors, by destroying
the function of tumor suppressor genes cell-type specifically.
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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. It is 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
and Fly 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 share the same ancestor with Insects in the phylogenetic
tree, and have evolved exactly from Fish. It is true that there exist
human specific structures, but most of the functions and structures
in the human brain are preserved in Fish brain, and central functions
and molecules are shared even with Fly brain. Furthermore we
could replicate human neurological diseases in the miniature
brain of the Fish and Fly. Our laboratory has tried uncovering the
physiological functions and pathophysiology of the brain using Fish
and Fly brains, and we will surely find therapies for neurological
diseases and disorders.
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