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Summary (April, 2023 - March, 2024)

We have constructed a mesoscale brain-body model distributed simulation environment,
enabling simulations to be executed in synchronization across multiple computers, including
the supercomputer "Fugaku." This effort resulted in the publication of one international co-
authored paper and one review article. We have also initiated the development of a simulator
for running microscopic-level neural circuit simulations. Additionally, we proposed an
implementation of reinforcement learning using a cerebellar spiking network model, leading

to one of our students receiving an junior research award at a domestic conference.

TabteERE GisC, FEfay)

(1] i E. THARDFHDETIVT EIaL—av il ATINMAE17 A5, Vol.55(8), pp.24-27, =2
— AT R%t, 2023 %7 A 20 A.

[2] Yusuke Kuniyoshi, Rin Kuriyama, Shu Omura, Carlos Enrique Gutierrez, Zhe Sun, Benedikt Feldotto, Ugo
Albanese, Alois C. Knoll, Taiki Yamada, Tomoya Hirayama, Fabrice O. Morin, Jun Igarashi, Kenji Doya, Tadashi
Yamazaki. Embodied bidirectional simulation of a spiking cortico—basal ganglia—cerebellar-thalamic brain model
and a mouse musculoskeletal body model distributed across computers including the supercomputer Fugaku.
Frontiers in Neurorobotics, 17, 1269848, 2023.
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(Lo ST

http://www.hi.is.uec.ac.jp/www/

e F & (2023 4 4 H~2024 4 3 H)

B DEHEERITIE & IO 2 MkFe L TR L £ L 72, AFEE RIS EHRERITIE O R
ZRAT L 72 G2 ICEL Y fH A, EE IS 281 L W BRI EROTE &g BT, SR
PTA AT VAR L 2 EHEBVEORE EMER 2T E L. 2h b O
FRICT2 L TENZ RG] A 7 4 7TH2OEFRKRE &, HRLHEY S OB E %
HaInE L %7, Fic CNBE EMEEFROFAEZNRE LMEHRED 7 — 1+ T v
TV F v —% AR OE R - KEE LTEBL £ L7

Summary (April, 2023 - March, 2024)

We continued our research on the computational theory of vision and its software applications.
In this year, we have focused on applied research based on our computational theory; a new
method of displaying re-colored-images for colorblind person, and a new method of color-
correction/reproduction independent of light source and display characteristics of color
gamut. For those researches, we received the Best Presentation Award from ITE and the
Encouragement Award from IPS]J. Continuing from 2021, We also opened a one-week lecture

series on statistics, mainly for students in CNBE labs.
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(1] AR kkEs “WRAFHFOUEEZFALL 2 2R EROBERERIRTAL" BREFRA
TAT7#R55 (accepted, ENRIH)

[2] BRIZGIERATATER 2023 EERRKRZFHEBRFHERE,
https://www.uec.ac.jp/news/prize/2024/20240104_5902 html

(3] FMMEF R 86 AIEERRPEEME
https://www.uec.ac.jp/news/prize/2024/20240415_6194 html
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Summary (April, 2023 - March, 2024)

We recently published a paper on stroke [with an impact factor of 8.4]. Our study
demonstrated that the narrowing of capillary lumen space can trigger capillary stall. We also
conducted an experiment on mice to evaluate their behavioral learning while suppressing
functional hyperemia specifically during neurovascular coupling. The results showed that the
learning function with the suppressed vascular dilation was significantly delayed compared to
the normal conditions (without suppression of functional hyperemia). Furthermore, we
observed that the presence of another mouse facing the experimental animal showed
suppressed neurovascular coupling, probably due to an increase in spontaneous neural activity
caused by changes in animal states. These results confirm the environmental dependence of
neurovascular coupling, which should be separately examined when conducting suppressed
neurovascular coupling experiments. Additionally, we conducted a morphological analysis of
brain microglia to determine the phenotype differences depending on their location, such as

in vicinity of cerebral arteries or veins where tissue oxygenation is different.

TabteERE GisC, FEfay)

[1] Murata J, Unekawa M, Kudo Y, Kotani M, Kanno I, Izawa Y, Tomita Y, Tanaka KF, Nakahara J, Masamoto K.
Acceleration of the Development of Microcirculation Embolism in the Brain due to Capillary Narrowing. Stroke.
2023 Aug;54(8):2135-2144. doi: 10.1161/STROKEAHA.122.042416. Epub 2023 Jun 13.

[2] Natsubori A, Kwon S, Honda Y, Kojima T, Karashima A, Masamoto K, Honda M. Serotonergic regulation of
cortical neurovascular coupling and hemodynamics upon awakening from sleep in mice. J Cereb Blood Flow
Metab. 2024 Mar 13:271678X241238843. doi: 10.1177/0271678X241238843. Epub ahead of print. PMID:

38477254.
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[Invited]

[1] Kazuto Masamoto [Invited] Optical imaging and manipulation of brain capillary flow. 2023 Online Symposium of
the Korea Society for Cerebral Blood Flow and Metabolism 2023.7.21. Online conference

[2] Kazuto Masamoto [Invited] Spatiotemporal manipulation of capillary network flow. The 12th World Congress of
Microcirculation 005—-SS3 Symposium 5: Capillary Sensing. 2023.9.21. Beijing, China

[3] Kazuto Masamoto [Invited] Presidential Lecture 1: Imaging and quantification of cerebral microcirculation

dynamics. International Society on Oxygen Transport to Tissue ISOTT) 2023 in Tokyo 2023.9.28. Tokyo, Japan
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Summary (April, 2023 - March, 2024)

Our research group performed the study on improving spatio-temporal resolution of human
brain activity measurement and analysis, and succeeded in developing the signal analysis
methods of magnetoencephalography (MEG) to some extent and applying them to real data.
A measurement and analysis method of cortical layer-wise signals using ultra-high field
functional magnetic resonance imaging (fMRI) was officially published. In addition, we
showed that the spatiotemporal characteristics of human eye movements were consistently
observed independently of the models. We have also studied the changes in brain activity
associated with the embodiment of extended body parts, and published our results in review

articles and books to introduce our research activity and this emerging research field itself.

TabeEm G Rt d)

(1] FFE, BHEE ERE— “FBEHAAZ1—JILAVEI—IETIILOESREGFHEICH T HE
BOBERMN\(TRAOEBN," BEFIFMBEFRMIEE vol.J107-D, no.6 (2024).

[2] Koiso K., Muller A. K., Akamatsu K., Dresbach S., Wiggins C. J., Gulban O. F., Goebel R., Miyawaki Y., Poser B.
A., Huber L., “Acquisition and processing methods of whole—brain layer—fMRI VASO and BOLD: The Kenshu
dataset,” Aperture Neuro (2023).

[8] EMifE—. Gowrishankar Ganesh, “¥ 31 Hll{HI T #E7%2 A T HKERML D HiK1E,” KB DRZE, vol73, no9,
pp.604-610 (2023).

[4] Yoichi Miyawaki, “Chapter 3: Discovering the Mysteries in the Brain Through the Internal Representations of
Extended Bodies,” in “Theory of JIZAI Body: Towards Mastery Over the Extended Self” ed. Masahiko Inami,
Springer; 1st ed. (2023).

[6] Kenshu Koiso, Kazuaki Akamatsu, Renzo Huber, Yoichi Miyawaki, “Laminar—level object information
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representation in higher visual areas revealed by VASO layer fMRI,” OHBM2023, Montreal, Canada, July 2023.
[6] Yoichi Miyawaki, “Body ownership and embodiment of supernumerary limbs,” Workshop of Advances in

Sensorimotor Augmentation, EMBC 2023, Sydney, Australia, July 24th, 2023.
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Summary (April, 2023 - March, 2024)

We have developed the optogenetic tool which can inhibit the induction of LTP in a light
dependent manner. By using this tool, we showed that the cerebellar LTP plays essential roles
for the learning of VOR gain down adaptation. Now we are preparing the manuscript to report
that the cerebellar LTP directly controls certain kinds of motor learning. Furthermore, we
recently showed that the Toll-like receptors, which play an important role in innate immune

system, are also expressed in hippocampal neurons. We published the paper showing that the

TLRO plays essential for the induction of LTD.

TEapEsEs Giss Rt d)

[1] Activation of innate immune receptor TLR9 by mitochondrial DNA plays essential roles in the chemical long—
term depression of hippocampal neurons. Atarashi N, Morishita M, Matsuda S. J Biol Chem. 2024
Mar;300(3):105744.
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Summary (April, 2023 - March, 2024)

Acute cardiovascular exercise improves cognitive performance, as evidenced by a reduction
in reaction time (RT). However, the mechanistic understanding of how this occurs is elusive
and has not been rigorously investigated in humans. Using the neurochemical specificity of
[11C]raclopride positron emission tomography, we demonstrated that acute supine cycling
released endogenous dopamine (DA), and that this release was correlated to improved RT.
Additional electrical muscle stimulation studies demonstrated that peripherally driven muscle
contractions (i.e., exercise) was insufficient to improve RT. The current study suggests that
endogenous DA is an important neuromodulator for RT improvement, and that RT is only

altered when exercise is associated with central signals from higher brain centres.

TR GRd, itk )

[1] Akagi R, Miyokawa Y, Shiozaki D, Yajima Y, Yamada K, Kano K, Hashimoto Y, Okamoto T, Ando S. (2024)
Eight—week neuromuscular electrical stimulation training produces muscle strength gains and hypertrophy,
and partial muscle quality improvement in the knee extensors. J Sports Sci.

[2] Ando S, Fujimoto T, Sudo M, Watanuki S, Hiraoka K, Takeda K, Takagi Y, Kitajima D, Mochizuki K, Matsuura K,
Katagiri Y, Nasir FM, Lin Y, Fujibayashi M, Costello JT, McMorris T, Ishikawa Y, Funaki Y, Furumoto S, Watabe
H, Tashiro M. (2024) The neuromodulatory role of dopamine in improved reaction time by acute
cardiovascular exercise. J Physiol. 602(3), 461-484.

[3] Williams TB, Badariotti JI, Corbett J, Miller—Dicks M, Neupert E, McMorris T, Ando S, Parker MO, Thelwell
RC, Causer AO, Young JS, Mayes HS, White DK, Carvalho F, Tipton MJ, Costello JT. (2024) The effects of
sleep deprivation, acute hypoxia, and exercise on cognitive performance: A multi—experiment combined
stressors study. Physiol Behav. 274, 114409

[4] Ando S, Ogoh N, Saito S, Watanabe H, Ohsuga M, Hasegawa T, Ogoh S. (2023) Cognitive function among

young women’ s football players in the summer heat. Transl Sports Med. 2023:5516439
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[5] Ando S, Tsukamoto H, Stacey BS, Washio T, Owens TS, Calverley TA, Fall L, Marley CJ, lannetelli A,
Hashimoto T, Ogoh S, Bailey DM. (2023) Acute hypoxia impairs posterior cerebral bioenergetics and memory
in man. Exp Physiol. 108(12), 1516-1530

[6] Sudo M, Kano Y, Ando S. (2023) The effects of environmental enrichment on voluntary physical activity and
muscle mass gain in growing rats. Front Physiol. 14, 1265871

[7] Zou L, Herold F, Ludyga S, Kamijo K, Muller NG, Pontifex MB, Heath M, Kuwamizu R, Soya H, Hillman CH,
Ando S, Alderman BL, Cheval B, Kramer AF. (2023) Look into my eyes —What can eye—based measures tell
us about the relationship between physical activity and cognitive performance? J Sport Health Sci. 12(5),

568-591
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Summary (April, 2023 - March, 2024)

Our laboratory is developing technique for live imaging of signaling substances in myocyte by
excitation of light at specific wavelengths. By making full use of this novel device, we aim to
discover new physiological functions and apply it to medical technology. This year, we
constructed an animal model of skeletal muscle adaptation to temperature and physical
stimulations. We succeeded in evaluating the dynamics of intracellular calcium ions and

reactive oxygen species induced by temperature and physical stress.

TabeER Gisd, FEfay)

[1] Tabuchi A, Tanaka Y, Horikawa H, Tazawa T, Poole DC, Kano Y. In vivo heat production dynamics during a
contraction—relaxation cycle in rat single skeletal muscle fibers. J Therm Biol. 2024 Jan;119:103760. doi:
10.1016/j,jtherbio.2023.103760. Epub 2023 Nov 30. PMID: 38048655.

[2] Takagi R, Takegaki J, Osana S, Kano Y, Konishi S, Fujita S. Cooling—promoted myogenic differentiation of
murine bone marrow mesenchymal stem cells through TRPM8 activation in vitro. Physiol Rep. 2023
Dec;11(23):15855. doi: 10.14814/phy2.15855. PMID: 38086691; PMCID: PMC10716030.

[3]. Kano R, Tabuchi A, Tanaka Y, Shirakawa H, Hoshino D, Poole DC, Kano Y. In vivo cytosolic H202 changes
and Ca2+homeostasis in mouse skeletal muscle. Am J Physiol Regul Integr Comp Physiol. 2024 Jan
1;326(1):R43-R52. doi: 10.1152/ajpregu.00152.2023. Epub 2023 Oct 30. PMID: 37899753.

[4] Osana S, Kitajima Y, Naoki S, Murayama K, Takada H, Tabuchi A, Kano Y, Nagatomi R. The aminopeptidase
LAP3 suppression accelerates myogenic differentiation via the AKT-TFE3 pathway in C2C12 myoblasts. J
Cell Physiol. 2023 Sep;238(9):2103-2119. doi: 10.1002/jcp.31070. Epub 2023 Jul 12. PMID: 37435895.

[5] Takagi R, Tabuchi A, Hayakawa K, Osana S, Yabuta H, Hoshino D, Poole DC, Kano Y. Chronic repetitive
cooling and caffeine—induced intracellular Ca2+elevation differentially impact adaptations in slow— and fast-
twitch rat skeletal muscles. Am J Physiol Regul Integr Comp Physiol. 2023 Aug 1;325(2):R172-R180. doi:
10.1152/ajpregu.00063.2023. Epub 2023 Jun 19. PMID: 37335015.

22



SRR SEE

http://www.hi.mce.uec.ac.jp/togolab/

e F L (2023 4 4 H~2024 4 3 H)

2023 FEICEUATOMREBRR 2 G2, LAKEMe Ry MhiiiZAREL, v b EFRKD
FEHOBEENE 2R L £ L7, 2 AR+ FEBEi 2L, T oK CHRLZ
BAETLL0D, BHko VA Y CiiaT oL B 2P Lan oAz 5
TlERRLELZ. 3. b OFKEE OHIEE 7N TH 2 (RAAHE I E-D < HE Y R L Hl{H
e, FHPUTRERE nI A MBI E o HIENCE ] - IRk 5 2 & T, B XA F 17 ARV
HERITR D MIPEEDS R TH > T HPUEIBREDS ATRETH 5 Z L Z/R L £ L7z,

Summary (April, 2023 - March, 2024)

In the 2023 year, we achieved the following research results. 1. We developed an
anthropomimetic robotic forearm and demonstrated that the developed wrist joint has a range
of motion similar to that of a human wrist; 2. we developed an anthropomimetic robotic
shoulder and demonstrated that the ligament-like wires can be used to prevent dislocation
with less resistance force than a rubber membrane can be used to connect bones; 3. By
applying and extending the repetitive control method based on virtual trajectories to the
control of an agonist-antagonist type joint with variable stiffness mechanism, we showed that
trajectory tracking was achieved even when the dynamics of the joint and the stiffness values

before and after the change are unknown.
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Summary (April, 2023 - March, 2024)

We conducted the following research projects to clarify the mechanisms of exercise-induced
muscle and whole-body adaptation. 1.We examined the effects of the deficiency of CMP-
Neu5Ac hydroxylase (Cmah), which produces a sialic acid, Neu5Gc, on cellular senescence
in adipose tissues and whole-body glucose metabolism. The results showed that the lack of
Cmah ameliorated cellular senescence of adipose tissues and dysfunction of glucose
metabolism in aged mice 2.The effects of local cooling on gene expression after muscle
contraction were examined. The results showed that the cooling partially suppressed the
increased gene expression along with decreased glycogen utilization and the volume of high-

intensity contractions.
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Summary (April, 2023 - March, 2024)

In 2023, we investigated the relationship between step length and lower limb joint kinetics
and kinetics of lower limb muscles with the aim of identifying the causes of step length
reduction in walking among the elderly. Kinematic and kinetic analysis were performed using
gait motion data of 299 healthy adults registered in the AIST Gait Database 2019 of the
National Institute of Advanced Industrial Science and Technology. We also estimated lower
limb muscle tension and power using musculoskeletal mechanics analysis software. The
results showed that the angular impulse from the ankle plantar flexion torque just before the
foot-off and the power of the gastrocnemius during the support phase contributed to the

increase in step length.
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Summary (April, 2023 - March, 2024)

A health promotion project focusing on bridging the digital divide and human connections is
being promoted with Chofu City and Aflac Life Insurance Company for elderly residents of
Chofu City. This year was the final year of the three-year plan, and we reported on the baseline
survey and nutrition education program related to the project. In addition, research on activity

volume and activity classifications for people with disabilities was also pursued.
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Summary (April, 2023 - March, 2024)

In 2023, continuing from last year, we improved the device that measures the ossicular
mobility of the middle ear with the aim of practical application. In addition, we clarified the
sound transfer function and vibration characteristics of middle ear diseases through numerical
simulations using the finite element method [1], and also evaluated the efficiency of bone
conduction hearing aids as an effective treatment for the diseases and investigated how to use
them effectively [2, 4]. As an application of vibration technology, we investigated a method
to control pests by applying vibrations that repel pests to plants, and conducted demonstration

experiments in actual fields [3].
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Summary (April, 2023 - March, 2024)

Our laboratory aims to develop welfare applications using cyborg technology. Cyborg
technology consists of multiple directions of mechatronics and robotics issues. Furthermore,
the issues of rehabilitation using functional electrical stimulation of the sensory motor system
of impairment is also a target. Until five years from 2023, myoelectric prosthetic hands with
the Sensory feedback system, myoelectric prosthetic hands, and the body-powered upper-
limb prosthesis for children with finger congenital disabilities has developed. In 2023, the
commercial products of small myoelectric prosthetic hands and cosmetic hands for children
have been developing, and their products were applied to the Ministry of Health, Labour and
Welfare for designation of the developed prosthetic hand as a component for completion of

prosthetic devices.
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Summary (April, 2023 - March, 2024)

Our Me-DiglIT(Medical-DiglTalization) laboratory is developing the field of mechanism,
control, image processing, and algorithm with the help of robotics and artificial intelligence
technologies to incorporate medical skills into medical support systems as digital functional
functions through technologization and digitalization of medical professional skills, and to
advance and optimize medical skills on the system. In this fiscal year, a system that integrates
not only an ultrasound diagnosis and treatment robot but also a prototype of a patient robot
implanted with a diseased part to be diagnosed was materialized. In this connection, the
system was adopted by the International Journal of Computer Assisted Radiology and Surgery
(JCARS), the top conference of medical Al and robotics, etc. (CARS).
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Summary (April, 2023 - March, 2024)

Due to the most competitive advantage in allowing users fully unconstrained, noncontact bio-
measurement technology will play a vital role in future clinical practice. Guanghao SUN
Laboratory focus on developing novel medical devices based on noncontact bio-measurement

technology, such as, infection screening system, home healthcare monitoring system.
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Summary (April, 2023 - March, 2024)

In FY 2023, (1) we applied a 2-DoF gravity compensation mechanism to a humanoid waist
robot. The results of the verification experiments suggested that the gravity compensation
mechanism reduces the energy consumption and improves the movement accuracy. (2) A
wearable motor point tracking device with moving electrodes to tracking the shift of the motor
point was developed for functional electrical stimulation. We also developed a conductive gel
refill mechanism for the moving electrode to maintain the electrode’s electrical properties.
(3)A robotic hand with an embedded camera was developed to enable a user with insufficient
biosignals to fully control a highly functional prosthetic hand. A semi-autonomous control
method was develop for the robotic hand to automatically grasp an object with robot vision.
In addition, we also developed a robotic hand with improved ability to manipulate objects

using embedded conveyor belts.
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Summary (April, 2023 - March, 2024)

In the field of medical imaging engineering, we successfully introduced an attention-based
deep learning method for segmentation tasks, achieving performance improvements.
Additionally, we compared brain image representations with deep learning representations,
revealing that deep learning representations tend to lack certain components necessary for
accurate three-dimensional representation. Furthermore, in materials science, we refined
spectral decomposition methods and established a Bayesian approach to address cradle effects

originating from observational instruments.
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Summary (April, 2023 - March, 2024)

We conducted a study on the social implementation of the firefly NIR luciferin “AkaSuke”, in
collaboration with the company. Analyzing compounds produced in industrial
manufacturing and those synthesized in the laboratory proved challenging due to
discrepancies. However, through the efforts of our collaborative partners, we successfully
synthesized the same compound as the one in the laboratory, and obtained promising results
in animal experiments. Currently, we are distributing free samples for product development

and engaging in user discover.
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Summary (April, 2023 - March, 2024)

We are developing a high-power mid-infrared laser system for molecular vibration imaging.
As a preliminary step, we developed a photothermal microscope using a visible LD and
successfully detected sub-nm phase differences in biological tissues. We are also working on

developing a solid-state visible laser as a brighter visible light source.
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Summary (April, 2023 - March, 2024)

Firefly luciferin analogues, AkaLumine and TokeOni can generate luminescence in the mouse
liver when these reagents are administered to mice, even though the firefly luciferase gene
has not been introduced. Luminescence was also observed in invertebrates, blow flies and pill
bugs. In 2023, to elucidate this luminescence mechanism, we investigated whether fatty acid
CoA synthase, whose function is similar to that of firefly luciferase, is involved in the
luminescence mechanism. was investigated and that cytochrome P450 was involved in the
luminescence as in mice. Our results showed that fatty acid CoA synthase is unlikely to be
involved in the luminescence caused by Tokeoni. This suggests that cytochrome P450, which
has been shown to be involved in the luminescence mechanism, plays important role for the

luminescence.
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Emergence of Tool Use in Robots: A framework for tool cognition in robots

Humans can effortlessly use objects from their environment as tools. Even a human
child can, not only recognize a fallen tree branch as a potential tool to reach a fruit
on the tree, but also pick it up and immediately use it. It would be amazing if robots
could do this as well- immediately recognize and use objects as tools for the benefit
of a task. We propose a framework to enable similar abilities in robots. We first
characterized human tools to identify a special category of tools that humans are able
to use immediately through a process of skill transfer from their limbs, rather than
tool learning. Motivated by the tool characterization and our neuroscientific studies
on human tool use and embodiment, we then developed a tool cognition framework
that enables a robot to recognize a previously unseen object as a tool for a task, plan
the grasp and actions with the tool considering the task motions and obstacles, before
finally performing the task with the tool. Furthermore, the framework allows for
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flexibility in tool use, where the same tool can be adapted for different tasks, and
different tools for the same task, all without any prior learning or observation of tool
use. In this talk I will briefly explain our tool cognition framework and show several
robot experiments with both toy and real objects as tools.
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BOLD fMRI and beyond

In this talk I will discuss some of my lab’s efforts to explore the temporal specificity
of functional Magnetic Resonance Imaging (fMRI) methods, including Blood
Oxygen Level Dependent (BOLD) fMRI, Diffusion fMRI (DfMRI), and Direct
Imaging of Neuronal Activity (DIANA). The first part will focus on gradient echo
BOLD fMRI. BOLD fMRI signals reflect hemodynamic changes in response to
neuronal activity. The spatial and temporal specificity of BOLD fMRI is therefore,
in part, shaped by the vascular system. The spatial specificity of BOLD fMRI has
been studied extensively using high resolution fMRI, but the temporal dynamics at
high temporal frequencies are less well explored. Therefore, we investigated high
frequency stimulus driven BOLD signals in two functionally and vascularly distinct
cortical areas (somatosensory (S1) and motor (M1)). The second part will focus on
DfMRI. DfMRI aims to create fMRI signals that reflect neuronal activity more
directly. However, the DIMRI sequence has many similarities with the spin-echo
BOLD. Indeed, many attempts at DEMRI revealed BOLD like functional signals. We
endeavoured to minimize BOLD contaminations in DIMRI to reveal distinct DIMRI
signal components. In the final part of this talk will discuss our initial experiences
with DIANA in human subjects and even more recently in rats and human brain
organoids.
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