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Abstract— We have demonstrated the critical role of
interhemispheric inhibition in the monkeys with spinal cord
injury using the pathway-selective manipulation, and in aged
humans using fMRI. We are also studying the involvement of
dopamine system in the global disinhibition I the rodent model.
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Abstract—In the FY2021, our research group aimed to
establish an physiological way to manipulate sensory prediction
error by artificially changing sensory feedback at specific
peripheral afferent. As the first step, we developed a novel method
to introduce marker gene into the specific type of peripheral
afferent.
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Abstract— The present research project (A04) is designed to test
the hypothesis that the alteration of neural dynamics following
abnormal DA or ACh neurotransmissions may lead to the change
of “rule of the conduct” as an underlying mechanism of “hyper-
adaptation”. For this purpose, we employed both basic animal
studies and clinical human studies in elder persons. In the third
year, Takakusaki and colleagues has examined the role of
brainstem ACh system and the brainstem-spinal cord pathways
involved in postural control in the cat. Hanakawa and colleagues
has been developing simultaneous EEG-fMRI for evaluating a
dynamic profile of functional connectivity between distinct neural
networks. They also examine neuromelanin MRI and DA
transporter (DAT) SPECT for evaluation of dopamine systems.
These studies will clarify relationship across cognitive functions,
neural network dynamics and neurotransmitters underlying the
generation of hyper-adaptation.
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Figure 2: Comparison of 4 dFC patterns (dense, sparse, and two
intermediate connections) across Healthy elderly (HC), Parkinson’s disease
(PD), PD with cognitive disturbance (PDD/DLB) and Alzheimer’s disease
(AD).
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Figure 3: High-resolution TIW and T2W MRI of the midbrain of a
postmortem human brain.
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Abstract—In order to elucidate the Hyper-Adaptability
mechanism of motor function under aging and pathological
condition, it is essential to understand hyper-adaptability of the
premotor cortex that integrates the information top down from
the prefrontal cortex and bottom up from the parietal lobe. We
record electrocorticogram (ECoG) in epilepsy patients who
undergo intracranial electrode implantation in the frontal and
parietal lobes for preoperative evaluation of epilepsy surgery.
We probe neural signatures of higher-order motor control by
recording wide-band ECoG activities during higher-order motor
tasks. In order to understand the brain network associated with
motor control and hyper-adaptic reorganization, we made an
electrophysiological connectome by using cortico-cortical evoked
potentials (CCEPs) as an index of effective connectivity, which
were obtained by systemic evaluation of the whole implanted
electrodes. We explored the network property of higher brain
functions such as the premotor and language areas, and the
effect of epilepsy upon the network integrity. For its clinical
application, we validated the safety and feasibility of CCEP both
for acute and chronic evaluations with intracranial electrodes,
and proposed the intraoperative CCEP protocol.
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Abstract— In the FY2021, we performed selective blockage in
the cerebellum-rubral pathway using double-virus infection

method, following to confirmation of optimum infection condition.

In the skilled reaching test, CNO treatment caused the inhibition
of the functional recovery that is induced by forced-limb use after
intracerebral hemorrhage. The CNO effect to the cerebellum-
rubral pathway is also supported by the electrophysiological
analysis.
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Abstract—Due to fearful memories of an excess aversive
experience, animals fall into maladaptation states in which the
animals take inadequate behaviors (e.g. freezing in safe
environments). The animals recover adaptive behavior through
the following hyper-adaptation process induced by extinction
learning. It is well established that the amygdala is essential for
fear-related maladaptation and hyper-adaptation. In addition,
recent studies indicate other brain regions, such as the ventral
hippocampus and prefrontal cortex, are also involved in the
maladaptation and hyper-adaptation processes. However, it
remains unclear how these brain regions interact with each other
and whether the interaction changes with transitions to
maladaptation or hyper-adaptation states. To investigate these
points, we performed multi-regional large-scale electrophysiology
in fear-conditioned rats. We found that cell-ensembles, groups of
synchronously activated neurons, in the amygdala, ventral
hippocampus, and prefrontal cortex are simultaneously activated
during sleep periods following the fear-conditioning. Such
synchronous activation was not detected in sleep preceding the
conditioning. We also revealed that the triple-activation
accompanies fast network oscillations in the involved regions.
These findings suggest that the development of inter-regional
interaction supports the transition to mal-adaptation states, and
fast network oscillations may have important roles in the inter-
regional interaction. Further studies are warranted to elucidate
how inter-regional ensemble coactivations are involved in the
maladaptation and hyper-adaptation process.
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Abstract—Hand choice is an unconscious decision that we
frequently make in our daily lives. It has been shown that the
probability of hand choice was biased by modulating neural
activity in the posterior parietal cortex by magnetic or electrical
stimulation using the transcranial magnetic stimulation or the
transcranial direct current stimulation. However, the effect of
transcutaneous electrical stimulation from peripheral body
regions such as the wrist on hand selection has not been
investigated. In this study, we focused on hand choice at the
equilibrium point of the left and right-hand choice during a
quick reach to a target in front of us and examined whether
sensory stimulation by electrical stimulation to unilateral hand
immediately before hand choice facilitates or inhibits subsequent
hand choice. Electrical stimulation of the wrist significantly
increased the choice of the stimulated hand. These results suggest
that the prior sensory stimulation facilitates subsequent action
selection.
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Abstract— Synapse connector “CPTX” is an synthetic
chimeric protein inspired by a synaptic organizer ”Cbln1”, and
has rapid and strong synaptic formation ability by cross-linking
pre-and post-synaptic molecules. We have shown that this
synaptic connector enables recovery from chronic-phase of spinal
cord injury (chronic-SCI) models. This chronic phase was
difficult despite various trials for recovery of SCI. In addition, a
synaptic connector and a system for improving the regenerative
environment that facilitates the hyper-adaptation have been
prepared. In order to analyze the physiological recovery process
by these interventions after SCI, we also proceeded with the
constructions of Al systems that analyzes motor function in detail.
Taking advantage of this result, we will challenge the control of
inhibitory neuronal circuits using next generation- synaptic
connectors (2" Ver CPTX).
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RGeS UV T—ar” OEEMNERE
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Abstract— In the present research project, we have
investigated neuronal plastic changes, which underlie motor
recovery after brain damage, using macaque models. In the
studies reported here, we examined both functional and
structural changes after focal infarction of the macaque internal
capsule. Brain imaging using functional near-infrared
spectroscopy (fNIRS) suggested compensatory increase of brain
activity in the ventral premotor cortex during voluntary
movements after motor recovery. Voxel-based morphometry
(VBM) analysis using T1-weighted magnetic resonance imaging
(MRI) and immunohistochemical staining using SMI-32 antibody
suggested compensatory structural changes in pyramidal
neurons in the ventral premotor cortex of the contralesional
hemisphere. In the next step, we plan to elucidate the changes of
neuronal projections that occur after brain damage. Specifically,
we will perform diffusion tensor imaging (DTI) using MRI after
recovery in order to clarify the projection changes underlying
functional compensation. In addition, compensatory projection
changes will be investigated at cellular level using anatomical
tracers. We will also perform pharmacological inactivation
experiments to investigate a causal relationship between the
anatomical changes and functional recovery.
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FRO—ERDT AT LT 72V, BHE & AZE LI el
THET 2 DEEERE) oREMEET S Z 2150
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AEBHEAT NI A &% 7 7 v a SRR

FHE TA L2 MHM-CHENREIZ /D Z 3%, £
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MEZRET D,
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Fig. 1 fNIRS imaging of bain activation during voluntary hand
movements before infarcts (A, C) and after motor recovery from the internal
capsular infarcts in the macaque (B, D). Before infarcts, focal activation was
observed in the hand area of the primary motor cortex (arrowhead in A, C).
After motor recovery, increased activation of the premotor area was identified
(arrowhead in B, D). The cortex contralateral to the stroke plays a greater role
in recovery when lesions are more severe (D)..

Fig. 2. Brain activation during voluntary hand movements in the inatact
macaque. Color map of t-values (activated-area map) for HbO that exceeded
th significance level of 0.5%. Plots are based on the reconstruction results
using a DOT algorithm.

B. ~¥ 7 VA PNENHERE T 7 IIC 1) S 1HE L
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T, BRI BDMSL LTmNEESE~ B 7 Ve T V& %t
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VBM it TR ONTZ Y 7 F AL D R L L TRk
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DTDZ1T 9, & OICHRRUEFIESICAEN Y h L —H—%
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Abstract— Unilateral spatial neglect (USN) is a phenomenon
characterized by an inability to response to the contralateral
stimuli in patients with damages in the (mainly right) brain. Our
group (A05-17) aims to establish an animal model of USN by
making lesions in the ventral attention network of common
marmosets. In this fiscal year, we tried to establish 1) the target
and the method of the lesion, 2) how to evaluate their behavior
and 3) how to measure the brain activity. For 1), we identified
area TPO using ECoG. For 2), we established how to evaluate
saliency-guided eye movements during free-viewing. For 3), we
succeeded in measuring Ca signals simultaneously from bilateral
posterior parietal cortices.
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Fig. 1. Candidate of the lesion site
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Fig. 2. ECoG #HHl Dk F
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Fig. 3. Free-viewing task
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Fig. 4. Caimaging from bilateral PPC
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Fig. 5. Caimaging from bilateral PPCs
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Abstract—To understand the adaptability mechanism of a
large-scale and complex network system such as the brain,
constructive approach is indispensable, where a phenomenon
can be modeled with the minimum degrees of freedom, and
behavior of the model is verified by computer simulations.
This research project aims to realize systems modeling of
hyper-adaptability mechanism with functional “dis-inhibition”
observed in the impaired brain, especially from the viewpoint
of reconstruction of neural structure.
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Fig. 1. Tensor decomposition and TVGL with GGM for brain modeling.

Fig. 2. Constructive modeling approach.
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Abstract—Deep reinforcement learning (DRL) offers
a promising model-free approach for handling high-
dimensional control problems. It still remains an open
problem on how we can create human-like synergetic
motion using learning algorithms. In this study, we
apply DRL for managing full-dimensional arm manip-
ulation. Although synergy information has never been
encoded into the reward function, the synergy naturally
emerges along with feedforward control, leading to a
similar situation as human motion learning. To the best
of our knowledge, this is a pioneer study demonstrating
the error and energy optimization issue exists behind
the motor synergy employment.
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Fig. 2. Bar plots showing the result of the E-E index with PD, DRL
and PDRL control under different hand load for (a) 3-DOF robotic
arm case (b) 7-DOF robotic arm case.
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Abstract—Last year, we investigated how the postural control
system adapts to a new dynamical environment using a closed-
loop electrical muscle stimulation (EMS) system. This year, we
pursued the possibility of the closed-loop EMS system to alter the
human movement pattern through the adaptation process.
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Fig. 1. Musculoskeleta model of the Japanese macaque. A: 3D whole-body
model. B: 2D model used in the present study.
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Fig. 2. Simulation results. A: Stick diagram of the simulated locomotion. B:
Virtual alteration of foot morphology. C: Comparisons of the changes in
vertical ground reaction force (vGRF).
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Abstract—This project aims to find low-dimensional space in
the brain networks and manipulate its state using non-invasive
brain stimulation to understand the mechanism of the “hyper-
adaptability.” In this year, we continued to develop a method to
identify the low-dimensional state based on the time-varying
graphical lasso. In addition, we tried to develop a method to find
directed graph information using auto-regressive models and

Kalman filter. We tested these two methods for different datasets.
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Fig. 1. Task transitions in the low dimensional states for BCI competition
datasets.

Fig. 2. Task transitions in the low dimensional states for the reaching data.
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Fig. 3. Two-dimensional (left) and three-dimensional representation of the
states using AR-based models for the reaching data.
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Abstract—The goal of this research is to enable an operator to
enhance robotic embodiment through robot operation, which is
under a shared control with an AI robot controller. As a result,
the operator could operate skillful manipulation remotely, using
the robot as if it were a part of his or her own body. In this
year, we constructed an experimental environment to evaluate
effects of intervention of the robot controller with AI on the
operator’s sense of agency under different auditory feedback
conditions and then conducted experiments to evaluate them.
In this environment, an operator sends motion commands to
a robot for object handling through an intuitive teleoperation
system with VR devices and then the robot controller adjusts
the operator’s commands to achieve a target task if necessary.
Through experiments, we confirmed that auditory feedback
during robot operation affects the operator’s sense of agency
when manipulation intervention occurs. It was also suggested that
the simultaneous presentation of operator’s sounds and sounds
around the robot may obscure the judgment criteria related to
the sense of agency.
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Fig. 1. Manipulation intervention to maintain or change arm velocity
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Fig. 2. Experimental environment
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Fig. 3. System configuration for teleoperation between 1st and 2nd floors
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Fig. 4. Average of differences in agency ratings in each auditory feedback
condition
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Abstract—Beta rebound after execution and/or suppression of
movement has been studied in the context of motor decision-
making processes. However, fewer study focused on the beta
rebound during postural control in upright stance. Here, we
examined beta rebound of electroencephalogram (EEG) activity
during perturbed upright stance to investigate supraspinal
contributions to postural stabilization. To this end, EEG signals
were acquired from nine healthy young adults in response to a
brief support-surface perturbation, together with the center of
pressure, the center of mass and electromyogram (EMG)
activities of ankle muscles. Event-related potentials (ERPs) and
event-related spectral perturbations were computed from EEG
data using the perturbation-onset as a triggering event. After
short-latency ERPs, our results showed a decrease in high-beta
band oscillations (event-related desynchronization), which was
followed by a significant increase (event-related synchronization)
in the same band, as well as a decrease in theta band oscillations.
Unlike during upper extremity motor tasks, the beta rebound in
this case was initiated before the postural recovery was
completed, and sustained for as long as three seconds with small
EMG responses for the first half period, followed by no excessive
EMG activities for the second half period. We speculate that
those novel characteristics of beta rebound might be caused by
slow postural dynamics along a stable manifold of the unstable
saddle-type upright equilibrium of the postural control system
without active feedback control, but with active monitoring of the
postural state, in the framework of the intermittent control.
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Fig. 1. Postural responses to the support-surface
perturbation. (A) CoM position, (B) ERSP, (C) ITC, and
(D) ERP at Cz electrode in resp.

HLEbDOTHY, ZhAMKEEIC I % K50k
(=% U 7 b Bl LT\ 5 iTREMEASRIE X h B [6)].

IV. bV iz

AWML T, MREIEOMN A B =X L OfER % B 5
L, SENZERIEIT: TR ENANELIC 69 2 i o DO NI EEL -
M - A ERISE 2 fAT L, AMELIC X Rl TERA w6
AUTe BB NN BT R s 5 B FR CHORD N
S THATDHNNEES BV AT RERELEZ. 5%
ZDNNIEEA B U N RIS, ANELSERE DI 72 55,
Ffr I STAL BB BN TR O NEEIBRRIC B W T H AT S
EWIORERE N T, EORGEE BT, BXHIEET v
WX E, UNEERR TN EBE S DAL v T &4
T2 D 2L BT AR A RO T, MUNNEE B O
FAELBIVNRTURORAEDHA IV THR—E+HZ L
oRENNE, EEFESOAL v F AT 7ICTH L E
BIRT D72 DOMNEHRLE RN B Y NN FELT
FZHLTWAZ LERIBTE S, IHIC, N—F Vv
o3 B DO/ INERB] « B0 NEIE B FR O BN & B - fEAT
DUMENRBH D, N—F Y IREBE OBUNEIERTED B
YNV REEEDIKTFH D WIEEENTHEINDS. 1k,
BUNT Y RIE, KK - KEZL— 7 (EHEE - FEK)
DORERE L #&8, T - FEREEEEND Go/NoGo FfH(1THEh i
PR IZB W TSN TERY, £ZTlE, N—F v
VURBEDO BV ANT Y R NHRE SNTHD. b L,
WN—=F ) IRBEDOSINLEE BV N T v R3S - 1M
KT 57 061E, T Go/NoGo ETOH A LHET
5. N, BEBRIENCET 2 EEETO AL v TF AT
Z HERIICEINT 2 Z & & Go/NoGo #E T NoGo # &
BRI D Z & &R — T iuL, /=% Y U REE
DNNLEE BV Ny v ROWEIE, S—F Y UIREE
DEBEINC BT AR RO RIME b FETH. 2D
U AN, F R SR B O R R EIAEN F5 T REBN A I 4E
DAA v FH 7 HBIRT D A B = X LR REE L
TWNWBHIZ L ERET S,

REFERENCES

[1] Bottaro, A., Yasutake, Y., Nomura, T., Casadio, M., and Morasso, P.
(2008). Bounded stability of the quiet standing posture: An intermittent
control model. Hum. Mov. Sci. 27, 473-495.

[2] Asai, Y., Tasaka, Y., Nomura, K., Nomura, T., Casadio, M., and
Morasso, P. (2009). A Model of Postural Control in Quiet Standing:
Robust Compensation of Delay-Induced Instability Using Intermittent
Activation of Feedback Control. PLOS ONE 4, ¢6169.

[3] Suzuki, Y., Nakamura, A., Milosevic, M., Nomura, K., Tanahashi, T.,
Endo, T., et al. (2020). Postural instability via a loss of intermittent
control in elderly and patients with Parkinson’s disease: A model-based
and data-driven approach. Chaos 30, 113140.

[4] Engel, A. K., and Fries, P. (2010). Beta-band oscillations—signalling
the status quo? Curr. Opin. Neurobiol. 20, 156-165.

[5] Nakamura, A., Suzuki, Y., Milosevic, M., and Nomura, T. (2021) Long-
Lasting Event-Related Beta Synchronizations of EEG Activity in
Response to Support-Surface Perturbations During Upright Stance.
Front. Syst. Neurosci. 15:660434.

[6] Takakusaki K. (2017). Functional Neuroanatomy for Posture and Gait
Control. J. Mov. Disord. 10, 1-17.



B05-8 HfZ%

8 H ORI R

WA —H

FACERFER R « A, ALK PR -

Abstract—The real world is an indefinite environment in
which the probability space is not specified in advance. Here, we
developed a learning model in which the state space is expanded
so that it refers to the arbitrary length of previous states, based
on two criteria: experience saturation and decision uniqueness of
action selection. The model was tested by a behavioral task called
a two-target search task, and compared with ordinary infinite
hidden Markov models (iHMMs). In contrast to the iHMMs, our
model performed well by generating only necessary states with
high reproducibility. The proposed model will serve as a basis
hyper-adaptability to an indefinite environment by using these
criteria defining the appropriateness of state expansion.
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Fig. 1. Overview of the two-target search task. Schematic of several trials
before and after a valid pair change. The pair change triggers the transition
from the exploitation phase to the exploration phase. Dashed lines, empty
arrows and green spots denote valid pairs, gazes and correct targets,
respectively. Note that the subjects were not instructed to move their eyes by
the green spot before gaze shift.
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Fig. 2. Schematics of the proposed model. (A) Our dynamic state scheme
hypothesizes that the agent receives only partial information from the
environment. However, unlike POMDP, these observations are temporarily
stored in working memory and serve to generate a new state not prepared a
priori, based on the two criteria experience saturation and decision uniqueness.
(B) Expansion and contraction of the state space. Flowchart of the expansion
and contraction process.
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Fig. 3. Comparison of the proposed model and the iHMM in terms of the
reproducibility of two-target search task learning. (A—C) Time courses of the
correct response rate (A), increase in number of states (B), and increase in the
cumulative number of target pair-switches (C) exhibited by the proposed
model. (D-F) Identical plots of the Dirichlet process version of the iHMM.
Black arrows indicate the same calculation of poor performance.
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Abstract— This study focuses on the optimal rehabilitation
strategy for generating illusory visual stimuli in situations where
the difference between the actual motion and the illusory-induced
visual stimuli varies step by step over time. I discuss how to
generate the illusory visual stimuli that have an intervention on
proprioceptive sense, taking into account the learning effect on
stimulus variability.
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Abstract— From early developmental phase, human infants

exhibit complex and various spontaneous whole-body movements.

It is often assumed that sensorimotor experiences evoked by such
kinds of spontaneous movements have an essential role for
development of sensorimotor coordination. In the same phase,
they also exhibit acute physical growth, which would affect
sensorimotor interactions. Although developmental changes of
motor patterns have been well characterized, how a human
infant develops their sensorimotor coordination in the midst of
drastic changes remains wunclear. Here, we conducted
musculoskeletal dynamic simulation to understand how
maximum muscle power and joint angle restriction affect to
sensorimotor interaction during infantile spontaneous movement.
Furthermore, we develop the soft skin and uterine model to
simulate the physical interaction in twins.
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