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| Career Summary

2006 Graduate School of Agricultural and Life Sciences,
The University of Tokyo

2008 Assistant Professor, Graduate School of Medicine,
Osaka University

2012 Visiting Researcher, Division of Developmental Biology,
Cincinnati Children's Hospital Medical Center

5 gﬁ ﬂ’ ‘ [ | i’ 2021 Professor, Brain Research Institute, Niigata University
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3 Ueno et al. Corticospinal circuits from the sensory and motor
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prof. Masaki Ueno

cortices differentially regulate skilled movements through distinct
spinal interneurons. Cell Rep 23: 1286-300, 2018
Sato et al. Scg2 drives corticospinal circuit reorganization with
spinal premotor interneurons and astrocytes for motor recovery
after stroke in mice. Nat Commun 2026, in press
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Restoring neural circuits and function in CNS injury and disease.

B MEREEPIMBICKUMPEREIRET D & MEREO B
LEREDREEZ5ISRILET. MAICEWTHERBEIPBET S
BENIFIERICZ LW, INSEET 2T 2B RBFEE
REHILEINTOWELTA, FARARETIE. BEBRICEVTRREL L
AR A AR UKEREICEREZRHT JEZBEELTOE
T EBIRINET. RERICET LHEEED. RENTIE
HYVEDSHRERMEED L. BECERMROEEZER
SEOBHIEERELTER L. ZOMREREDPBRT 2HFZ
FEL. BEARREEVEYT ZET, HEZREANCBIAERE
BELZVWEZATVNET, TOLOAMEETIE. BEREES
Bf. WA OERBOBRR 2B L T #ERBOBREEPZ O
B DFADZAL, BEREORBICHKATVET ., BERFRE
NOIARTAIWAE D L—T— - (CEEEE. F I T A8,
SIRTATENHEMT . 70 E S IHERBROBEITY —ILZ L), BEN
BT EEDTNET, INODMEDS. #iEEEEHE LKEE
ZEENCB AR EEA LT CEEBIELTOET,

QR
BzEep, M8 75 &

Oz
KRR E

S BHBERICRI 2MERIBOE
&t : HBE, BE% HEEHICER
REBEEHEEORBRISBRY S
(Ueno et al, Brain 2012).

Neural circuit reorganization after
CNS injury. After the injury, the
corticospinal circuits essential
for voluntary movement undergo
reorganization (Ueno et al, Brain
2012).
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Central nervous system (CNS) injuries due to stroke and trauma disrupt
neural circuits and result in severe functional deficits. The brain and
spinal cord have very limited capacity to reconstruct the circuits once
they are damaged, and therefore no 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 suggest that
controlling the rewiring of neural circuits could help establish proper
neuronal connections to support functional recovery. The goal of our
study is to understand the process of rewiring and the underlying
neural and molecular mechanisms to restore functions. To this end,
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, omics analyses, and 3D
behavior analysis. We believe that this study will pave the way to
develop novel strategies to restore neural circuits and their functions.
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Analyses of neural circuits using diverse
approaches. Genetic mice labeling the
corticospinal tract (1) and spinal neurons (2),
neuronal labeling with viral tracers (3), optogenetics
=2t evoking muscle responses (4), corticospinal-spinal

i - neuron connectivity (5), three-dimensional motor
analysis (6).
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Understanding the brain in health and disease through cellular and molecular imaging
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| Career Summary

2003 M.D., Kyoto University School of Medicine
(followed by 5 years of clinical practice in pediatrics and
pediatric neurology)

2012 Ph.D., Graduate School of Medicine,
The University of Tokyo

2013 Research Fellow, Max Planck Florida Institute for
Neuroscience, USA

2018 Professor, Brain Research Institute, Niigata University
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Uchigashima et al., Single-cell synaptome mapping of endogenous
protein subpopulations in mammalian brain. Nat Commun. 2025;
16(1):9705.

Liu et al., SeeThrough: a rationally designed skull clearing technique
for in vivo brain imaging. Nat Commun. 2025; 16(1):7584.
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Our laboratory aims to visualize and understand the brain in
health and disease at the cellular and molecular levels. To this
end, we have developed original technologies such as SLENDR
(Cell, 2016) and VSLENDR (Neuron, 2017), which enable genome
editing in single cells in the brain to visualize the localization and
dynamics of endogenous proteins. We have also developed
single-cell synaptome mapping (Nat Commun, 2025a), a method
for analyzing thousands of synapses within single neurons, and
SeeThrough (Nat Commun, 2025b), a skull-clearing technique for
minimally-invasive, high-resolution in vivo brain imaging. By using
these technologies, we aim to uncover the mechanisms of brain
functions such as learning and memory and to better understand
neurological diseases, including Alzheimer’s disease.
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Uchigashima et al., Nat Commun 2025

Mikuni et al., Cell 2016; Nishiyama et al., Neuron 2017

SeeThrough

Liu et al., Nat Commun 2025
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We visualize and understand brain physiology and
disease using technologies we have developed,
including SLENDR and vSLENDR for in vivo genome
editing and molecular labeling, single-cell synaptome
mapping, and the skull-clearing technique SeeThrough.
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Elucidating the molecular mechanisms underlying brain function and disorders
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using genetically modified animals

LMREE. EfE - FBGEDOMWEEPHE - BHRERFEEDOD
FHFEORAZEME L TEBHLTOWET, INET. MEERRT

B L7z CO7BL/6 RDERFREN T AL MR L. T78%F
By, fEZERY. e, BREEEHFEC. KREHDOHM 25K
ELTHERT S ETERFPEO TV EERKEZROMICLT
BERU, Flen NUACHBLUTHRICRETHDEEAONT
EeTy MEEFMREOBI CBEFRET Y MEEP. HBRFE
T FETEREMOBILICHER L TEY . 7/ LREEZE
RT%ZETRUERENCEGCTFREDMEREMOREEEN
BICED TOET REREICARAANY M LEPFILYNA Y —
WOFEHF IR LT MRIE - > F 7 ABHEOHIH. #HA
Bl T b7 7O —REICHELEMAZED TVET, EHIC

ETHBRETILEE L TUNLF o0 T — (Octodon
degus) ZEAL THEMTHICER LIZMREBRODTNET.

Our laboratory is dedicated to elucidating the molecular mechanisms
underlying brain functions such as memory and learning, as well as the
pathogenesis of neurological and psychiatric disorders. To date, we have
generated numerous genetically modified C57BL/6 mice suitable for analyzing
brain function. By employing behavioral, histological, biochemical, and
electrophysiological methods, as well as cutting-edge technologies, we
have elucidated the physiological roles of various molecules. In addition to
establishing rat embryonic stem cell lines and generating genetically modified
rats—tasks that have long been considered far more challenging than
those involving mice—we have successfully developed new techniques in
developmental and reproductive engineering. Furthermore, we are actively
advancing the development of more sophisticated techniques for generating
genetically modified animals through the application of genome editing.
Currently, | am focusing primarily on the mechanisms underlying autism
spectrum disorder and Alzheimer’s disease, conducting research related to the
regulation of neurotransmission and synaptic plasticity, as well as cellular aging
and autophagy. More recently, we have introduced the degu (Octodon degus),
a small rodent, as a new model animal and have begun research focusing on
social behavior.
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(A)RENKA cells, a C57BL/6N mouse embryonic stem (ES) cell line that we established. (B)Generation of chimeric mice using the microinjection method. (C)The
higher the proportion of cells derived from ES cells in a chimeric mouse, the darker its coat color becomes. (D)Knock-in mice expressing the fluorescent protein
GFP, generated using an electroporation method with an adenovirus-associated vector as the donor DNA—a technigue we developed(Abe M. et al., Sci Rep (2023)
13, 2245). (E) Degu, a small rodent species bred and housed at the Niigata University Animal Experiment Facility.
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Decoding brain pathology — from living brains to postmortem tissue — through clearing and 3D imaging
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| Career Summary

2006 Ph.D. in Engineering, Kyoto University

2010 Research Scientist, RIKEN

2013 Lecturer, Graduate School of Medicine,
The University of Tokyo

2017-2021 Specially Appointed Professor and Tenure-track
Professor, then Professor, Brain Research Institute,
Niigata University
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Liu X, Uchigashima M, ..., Tainaka K*, Mikuni T*. SeeThrough:
a rationally designed skull clearing technique for in vivo brain
imaging. Nat Commun. 2025;16:7584.

Sakamoto DM, Tamura |, ..., Tainaka K*, Sando S*. Whole-Body
and Whole-Organ 3D Imaging of Hypoxia Using an Activatable
Covalent Fluorescent Probe Compatible with Tissue Clearing.
ACS Nano. 2024;18(6):5167-5179.
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Our department develops tissue clearing techniques combined
with high-speed three-dimensional fluorescence imaging to
establish "3D neuropathology" of the brain and other tissues.
Recently, we developed SeeThrough, a skull-clearing reagent
that enables minimally invasive, longitudinal imaging of the living
mouse brain without skull removal (Liu et al., Nat Commun, 2025).
We also rationally designed an activatable covalent fluorescent
probe compatible with tissue clearing, enabling whole-body and
whole-organ 3D mapping of tissue hypoxia (Sakamoto et al., ACS
Nano, 2024). In an international collaboration, we have further
contributed to whole-brain cell mapping by combining highly
multiplexed in situ hybridization with Al-driven analysis (Murakami
et al., Neuron, 2026). Building on these tissue-clearing platforms,
we aim to elucidate disease mechanisms and translate these
technologies into next-generation diagnosis and treatment of
neurological disorders.
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(A) Light-sheet fluorescence microscope MVX10-LS
(Olympus), used for wide-field 3D imaging of medium-
sized cleared samples such as mouse brain.

(B) Light-sheet fluorescence microscope BLAZE
(Miltenyi Biotec), used for high-speed, high-resolution
3D imaging of large cleared samples such as whole
brains and whole organs.
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Dedicated to understanding higher human cognitive functions and their pathological conditions,

we pursue integrative research bridging neuroscience, neuroimaging, and experimental psychology.
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SIGNA Architect 3.0T MRI scanner. A 3-tesla MRI
system capable of high-resolution visualization of diverse
information—including brain structure, function, white matter
fiber tracts, and metabolite concentrations—serving as the
core neuroimaging platform of our laboratory.

EICHITBMETA

Understanding higher cognitive functions unique to humans — such
as language, music, and abstract reasoning — along with their
pathological conditions, necessarily requires research conducted on
humans themselves. Yet these capacities did not appear suddenly
on Earth; rather, they were shaped through approximately four
billion years of biological evolution. This division employs a range
of non-invasive neuroimaging techniques, including MRI, PET,
and electroencephalography, to investigate human brain function
and its pathological conditions from an integrative perspective
that encompasses evolutionary considerations. By harnessing the
methodological frameworks of data science, we engage in both
research and education that broadly synthesizes neuroscience,
neuroimaging, and experimental psychology.
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Relative pitch assessment task. Through a behavioral task
in which participants discriminate the interval relationship of
tones relative to a tonic, we examine how musical experience
and training influence pitch processing abilities.




