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Abstract—We have demonstrated the polarity of the
connectivity associated with disinhibition after spinal cord injury,
visualization of trainability and plasticity of interhemispheric
inhibition between left and right motor cortices and cellular
mechanism underlying the interhemispheric inhibition in mice.
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Abstract—In FY2023, the aim of our research group was mainly to
summarize the experimental and modeling results. In addition, we
made significant progress in research on rehabilitation for stroke,
a concrete example of hyper-adaptive changes in clinical settings.
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Abstract— Our research projects aimed at testing the hypothesis
that the alteration of neural dynamics following abnormal DA or
ACh neurotransmissions may lead to the change of the “rule of the
conduct” as one of the mechanisms of “hyper-adaptation.” In the
fifth year, we performed animal experiments and human clinical
studies. Takakusaki and colleagues have examined the role of
midbrain DA-ACh interaction acting on the posture-gait control
system in the brainstem-spinal cord in the cat. Hanakawa and
colleagues have been developing simultaneous EEG-fMRI to
evaluate a dynamic profile of functional connectivity between
distinct neural networks in elders relating to DA content and Af
accumulation. These studies will clarify the relationship across
cognitive functions, neural network dynamics, and neurotrans-
mitters underlying hyper-adaptation generation.
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Figure 1. Effects of PPN-DA injection on brainstem-spinal cord pathways
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Figure 2. DA-ACh interaction for network plasticity
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Abstract—We develop a brain stimulation technology that
reinforces a target brain state by precisely timed stimulation of
the brain reward system toward beneficial reorganization of the
neural circuit in the brain to control brain disorders. Toward the
goal, the following three research milestones have been achieved
during this fiscal year: A, Control of pathological fear memory of
rats by time targeted stimulation of the brain reward system; B,
Control of depression-like behaviors in rats; C, Improvement of
Alzheimer’s disease model mice.
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A BROEMPEGECEB R OFRERET DL 2H L2
WL, T b ORI, MEFBREOHEERLME - 178
DR EZZAMNCHEBRTE I LCEETEbDLEELD. U
FOHRBREOR UL b ERICHED .

L ZL®iz
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Hz, BEOEZFE LLERI LEENTND.

RS 5R A NS  aIE<3 SRAN AN ) I a2 B/ AVA
T HT0, TAVE TISHRARRE R O R[22 % g &
T DX IR BB S C& . LinL, MMzt
FRELOJRRE & [BIEIEFRIIZETH Y, ThE KL T
BN FITITMMAEZRNKE V. lx OBFIC EDIRER
7 2 T AU LWV B R R TN ST e,
T, BFRxRIBESITOMET LI TNDD, &K
AT ORIEL # A 2 ZIEH LTI 20,

INSOMBEATART 5720, Fox i3 e TR E I
THOHREROEREBEOIRE VB Y T —2 3 9k
ORIV A TE ., ZO—HEOM%EDOH T, &
KE#HDO~—T—D—>2 L L THRITERAICHT Hh

LR TH L H R RMEEE 2 E LT 2 Tz L,

&M 26 BB CIIRAE D B ORI 23R < FHREERE M
RWEFIZEGRBEAETFENMET LTS Z EEH S
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25, DI, FIEN DB E CIoE 5 RFFRMEE
B, ERESERAEES X O EEEREO RN EIE 2 b
DOEMRE LI LTZ[2]. 2 b D B0 RE B
BEORETEE TS L THIGHATREN & 5 D& BREE
L7ofER, FTROFREEEETEEOER(LIZKRZIL, T
JHERE DELEI DIE N & B RFFRMEE B O BRI OV T
HLEB] AT, EEREBEITIT 2 00 S
EHIRERROBGRE L0 ESEET 572012, TELIN
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L72[4]. YL EDO—EDZE 5, M9 5 B (K5
PRV & REE ORMRICET 2 HEERMAZ G-, L
LR B, MEEEH 4 O [BIEIRFR 31T 2 BRELI O i
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1w H%, 29 Ak, 6 » Ath L Uic. BEAE BRI
WEGHA M FEICHEAE L TEHML, REHEAEIL Fugl-
Meyer Assessment (FMA) ZHIE L7, Mtae I IH&RERY
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R, BB ASEE & BEGEEEIT 6 » A £ ToMIMICUGE
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I LT O 38R (hand selection) <°H L& (KFREN D&% E| %
O mR A OREE) &L MR Z R L, Z4L D OsEk %
Hefor 3 D AR O FEHBEMN ) A HEEM FA EoO
(FA ) 1 35f&m7e (6 » A) FERSEE BN B - 72,
Bt Ry 78 FIBHE AR I TEB) ) 12 B9 2 SRS — YGEE)
B OGBS L OB EHFK O FA L MBERH -7, L
b, WEEFH% O EREIEERICWT, EHITE
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oML, ZRHORRIT, LROFMAITE) &bk
HE - fIE & DBMRICOWTH 2 RARE 72 b L, MEE
FEO EBERAZRET 2 Y 7 — 2 a RIS ORE
FICHIRT D AIREER B 5.

B. WMZAH BB O KT A R O B E i E Eh s
~NBEZBHE .~y R N T 4 AT LA RN
72 %Ll F45 5 (Virtual hand illusion: VHI) % FV 7248
2RO U AN T — g ZBWT, BEAETRIC

B 2 RHEE ORI 225 1L, EERREOOE ST
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72 PO RO L0 EREND. T/3— 1 R
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b5, ZOWRTE, #HBREILIEORNZH S T LDOFN

HODFETHLINDO L IR LS. AFZETIE, Mz

AR E 254 & L, RHI OJFBEAFIH L= ks

HBEOMEFICH T Z LI2k - T, BFEOMEIZ

T 5 HEITAROZECOERRD, BT\ TEmIND

FEAOE BN E OB H ) et 5 & 5 A A L.

A RS 13 A ERtG e L, ~v F~¥vTU 2 b
F 4 AT VA S LTRSS S N BT A 2 4R
HZEIZEY, RHI OFFZIEH L7z 5L TR (VHI
\Z X 2 BET RS & BUBUEE R 2 MG o T KR A AT
o7z, AT ORI U2 fBRIC X o> TR NFHE S vl
BIAT > TEOEBNC BT, MBETO LY K& AT
MEiAEDOENBIES N, Z0Z &b, BELT
WD FARSOFTA A NIER) 72 BB RE ) O3 2 R
HZEEHALMMNILE, 20X FAEAERICERD L
EEBIEHE X, WMoY e YT —T 3 BT
L LW ATHEDOBFEIZE BT 5 FIREMENR & 5 [6].

IV. b vic

fpzErh B o FRERIEEFRIC BT, T HATE) & KR
DOEEIZIZ R D dfEiEk - RS EET L2 L2056
M LTz, ZOFERIE, BB O RITE) & NEERE - 5
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TARREERDS. S5, FEFHEROEBIEN EED
FGEE) ORI G- 2 DB E T L, BT O (KT
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L7z, 2o, MzE % oS ERR 2 H5R UEEEEE
RfFEHBEE A @D D U ALY T — g VERIE ORI
54250 EE 2D, ZiVE TOHFINEEAIZE T,
iz B 721 T <, PRI o2 2 H W73 T
FERBE I BT D B (R B 1 B O FRAFIE D BN %
B S22 L, BAER B i o MR o SR & B (R
MEBEORBGRE LV ES BT H7-00MAEHSD Z &
WCRRZH L7z, 2D ORRIE, Mzsr B L YIEE o &
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ITEOBRE ZAMICERT 5 2 LIZHGTHrb0LE
2 5. AR RHATENC B AR S O AP S A 5
AR, BMze B O REIRRIZ IS 1T D KRR &
FATENCBE 59 2 MbkEE - M~ b U —27 ORI
BEREPF ST D.

REFERENCES

[1] N. Aizu, Y. Oouchida, and S. Izumi, “Time-dependent decline of
body-specific attention to the paretic limb in chronic stroke
patients,” Neurology, vol. 91, pp. €751-758, 2018, doi:
10.1212/WNL.0000000000006030.

[2] R. Otaki, Y. Oouchida, N Aizu, T Sudo, H Sasahara, Y Saito, S
Takemura, S. Izumi et al., “Relationship Between Body-specific
attention to a Paretic Limb and Real-World Arm Use in Stroke
Patients: A Longitudinal Study,” Front. Syst. Neurosci., vol. 15,
2022, doi: 10.3389/fnsys.2021.806257.

[3] N. Aizu, R. Otaki, K. Nishii, T. Kito, R Yao, K Uemura, S. Izumi, K.
Yamada et al., “Body-Specific Attention to the Hands and Feet in
Healthy Adults,” Front. Syst. Neurosci., vol. 15, Jan. 2022, doi:
10.3389/FNSYS.2021.805746/FULL.

[4] N. Aizu, Y. Oouchida, K. Yamada, K. Nishii, and I. S. Izumi, “Use-
dependent increase in attention to the prosthetic foot in patients with
lower limb amputation,” Sci. Rep., vol. 12, no. 1, p. 12624, Dec.
2022, doi: 10.1038/S41598-022-16732-Z.

[5] K. Ataka, T. Sudo, R. Otaki, E. Suzuki, and S. Izumi, “Decreased
Tactile Sensitivity Induced by Disownership: An Observational
Study Utilizing the Rubber Hand Illusion,” Front. Syst. Neurosci.,
vol. 15, Jan. 2022, doi: 10.3389/FNSYS.2021.802148/FULL.

[6] N. Aizu, T. Sudo, Y. Oouchida, and S. Tzumi, “Facilitation of
imitative movement in patients with chronic hemiplegia triggered by
illusory ownership,” Sci. Rep., vol. 13, no. 1, Dec. 2023, doi:
10.1038/S41598-023-43410-5.



A05-3 BFZ2TE H OF 72 Rk 4 45

AFT Fita
WHRRT BEESEMNE =2 —u A o7 U U= o AEEMF S

Abstract— Blindly over-adapting or failing to adapt to the
external environment often leads to mental and physical illnesses
and, in many cases, a decline in our quality of life (QOL).
Optimal adaptation is thought to be essential to improving QOL.
Using rats performing visual discrimination tasks, we aim to
clarify how the adaptation to changes in visual stimulation is
influenced by mental stress and developmental disorders. By
examining the visual responses in the multidimensional brain
systems across multiple regions, we aim to understand the neural
basis of optimal adaptation to the external environment.
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Fig. 1. Schematic diagram of optimal
adaptation to the external environment.
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Abstract— Our brain has multiple strategies and selects the
strategy in a context dependent manner. Previous studies
investigate the neural mechanism of multiple strategies in
humans and find parallel neural circuits for multiple strategies.
However, the neural circuits of multiple strategies are still
unclear at least in a single neuron level, as precise neural
recording and manipulations are required with animal
experiments. Here we perform a multi-strategy task in head-fixed
mice to investigate the neural substrate of model-free and
inference-based strategy. We propose an Al (artificial
intelligence) -based approach to model the relationship between
the algorithms of brain and Al During the task, we record the
dopamine changes in nucleus accumbens with fiber bundle
imaging. Our study potentially proposes an idea that the brain
learns multiple behavioral strategies with one learning rule and
switches the strategy with a non-linear neuronal circuit.

L ZL®IZ
fbdlL, H—ORREREIR L CTEBOITENRIE 2 HE
L, BRESZ V5. LB Cik, 1TEhkmgIE, #
BRICESWTITEN AR ET HET L7 U —HREE (model-
based strategy, FEITEN) &, BRSO FRIVIREEZ H#E
EL, 1TEh% kI L &8 2 HEGRHELME (inference-based
strategy, #EimATE)) ICXBITE 2.
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1TENT —4% T, NTHREEEEZEEL, MoxeT itk
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1. AFZER R

AAEE D BRI F 2 LRI 2 o260, ZnEnfi=E
T 5.
A D RITEIEIR DT 7L

MFRARERE BI1E, MEEEIC, BETE) - HEEa TE) 2 )
DT D =T X AIITEERBEE] 25 L7-. RS
&, BEEEE DO~ T A, fRkx 22 JER RO BRI 2 TR
L7c. = v A%, EEEROK - & (L, H) (TS Lk -
F2ANT FORIRT, Ml oKE S, {TEHREIT, %
FATOE P AL OIREE (L, H) %, IRMEEBHER p TUIY
B2 T-Ret8 = DEBfEERZ, p = 0.2 GEFEHE), T,
p=0.8 GEREY) IR TE L, ~ v AOEEITHE) & HEGG1TE)
Y)Y 30T v U A, EEEE - BREREOEBMERIC
I U, fTEhAZ YN ANA T A LT, T8, 7 A%
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Fig. 1. Behavioral modeling and dopamine-activity recording during multi-strategy task in head-fixed mice.

a. Scheme of continuous-time recurrent neural network (CT-RNN). The inputs of RNN were the current-trial sound inputs,
previous outcomes, and previous choices. The outputs of RNN were the left or right choice in the current trial.

b. Simulation of choice behavior with RNN. RNN succeeded to model the proper choice biases in both the repeating and
alternating conditions GELfEHE + ERHE) depending on the transition probability of sound category.

c. Imaging of dopamine activity. Right: the dopamine activity was aligned at sound onset and averaged across trials in
different sounds and choices. Left: Z-scored df/f in each trial. Colormap was scaled between 5% and 95% percentile of df/f.
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Abstract—To elucidate the Hyper-Adaptability
mechanism of motor function under aging and
pathological conditions, it is essential to understand the
hyper-adaptability of the premotor cortex that integrates
the information top-down from the prefrontal cortex and
bottom-up from the parietal lobe. In this fiscal year, in
order to understand the brain network associated with
motor control and hyper-adaptive reorganization, we
continued to construct an electrophysiological connectome
using cortico-cortical evoked potentials (CCEPs) as an
index of effective connectivity obtained by systemic
evaluation of the whole implanted electrodes. We clarified
the distinct CCEP connectivity patterns from each
subregion of the medial parietal cortex. We also elucidated
that the CCEP late-latency potentials (N2 responses) well
correlated with the resting-state fMRI functional
connectivity in the HCP database. From clinical point of
view, we elucidated the CCEP connectivity changes
associated with the epileptic network and those with
supplementary motor area syndrome. We proceed with
EEG or ECoG network analysis using a time-varying
graphical lasso for sleep stating and understand the
network dynamics during reach-to-grasp movement.
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Abstract—Animals  that have undergone traumatic

experiences develop maladaptive states, characterized by an
inability to exhibit adaptive behavior. Subsequent fear-extinction
learning can induce a hyper-adaptive state that allows these
animals to recover their capacity for adaptive behaviors.
However, the neural mechanisms underlying these processes are
not well understood. This study aimed to elucidate the changes in
the inter-regional network during the transition to maladaptive
states and into the hyper-adaptive states. Employing multi-
regional large-scale electrophysiological recording techniques, we
tracked the activity of neuronal cell ensembles in the ventral
hippocampus, basolateral amygdala, and prefrontal cortex
during fear conditioning and extinction learning. We found that
the composition of coactivated pairs changed through extinction
learning, although the fraction of significantly coactivated
ensemble pairs remained similar. Furthermore, ensembles
participating in inter-regional coactivation were more likely to be
active in subsequent retention-of-extinction sessions. These
results suggest a correlation between participation in inter-
regional coactivity and the stability of cell ensembles. However,
the causal relationship between the stability of cell ensembles and
inter-regional coactivity remains to be elucidated. This aspect
requires further exploration, particularly through the
manipulation of inter-regional coactivity in future studies.
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Abstract—"Hyper-Adaptability"" is the extraordinary
plasticity that animals show at a recovery from a large-scale
restructure of the central nervous system (e.g., spinal cord
injury) or musculoskeletal systems (e.g., tendon transfer). To
elucidate the neural mechanisms for the hyper-adaptability, it is
necessary to identify the flexibility and constraints of the
adaptation in the central nervous system. This research project
aims to identify low-dimensional spaces of a fronto-parietal
cortical neural activity, which is called the “neural manifold”, in
monkeys performing a flexible feedback motor task to reveal the
neural dynamics for adaptive motor behavior. Monkeys were
trained to perform a context-dependent feedback motor control
task, and fronto-parietal cortical neural activity was recorded
with electrocorticogram (ECoG). The results showed that the
context-dependent neural components are sustained over
preparatory and response periods, while the response-dependent
components emerged after the perturbation applied. Moreover,
the context and response dependent components are separately
represented in premotor cortex and motor-parietal network,
respectively. These results suggests that context-dependent
activity in premotor cortex switch the neural manifolds
represented in motor-parietal network to achieve flexible
feedback motor control.
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Abstract— Following cortical infarction, the activity of the
remaining areas of the brain is upregulated. Such up-regulation
is often considered necessary for functional recovery, but it does
not always facilitate it. To investigate which areas aid in
functional recovery and which do not, we analyzed the changes in
cortical activity following cortical infarction. To study the change
in cortical activity after cortical infarction, we have developed a
macro Ca2+ imaging system to observe neural activity during a
limb movement task in rodents. The movement of the forelimb
was monitored and analyzed to reconstruct the estimation of the
3D position. The neural activity related to forelimb movement
was successfully monitored. Optical stimulation controlled by a
galvo-scanning system was used to modify the movement of a
forelimb by optogenetically stimulating a forelimb region of the
motor cortex. Furthermore, we investigated cognitive deficits in
addition to motor function after cortical infarction. Our aim is to
develop an effective modulation of brain activity after infarction
by combining these strategies.
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Fig. 1. B—X_XU B K Dk LED & W 2B ZE(ERL. SFA,
sensory forelimb area; CFA, caudal forelimb area; RFA, rostoral forelimb area.
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Fig. 2. Reconstruction of 3D positions from DeepLabCut
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Abstract—When the right hemisphere is damaged by stroke,
hemispatial neglect, in which the person ignores the visual space
on the left side of the body, appears with relatively high frequency,
even if the vision is normal. It often improves within a few months,
but in long-term residuals, the 'not noticing' of objects in the left
space can interfere with daily life. Various interventions have been
tried, but there is currently no definitive method. This study aims
to gain insight into the methodology and neural mechanisms of
spatial attention to help improve hemispatial neglect through
hyper-adaptive interventions. Using augmented reality (AR)
technology, we developed a system that projects the entire visual
space, including the left visual space, which is often missed by
patients with hemispatial neglect, in their right visual field. The
effectiveness of the system was confirmed through feasibility tests
on patients with hemispatial neglect. In addition, experiments with
healthy participants showed that self-generated movement
enhanced attention to the direction of movement. These results
lead to the development of attention promotion training in
hemispatial neglect.
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Abstract— Spinal cord injury (SCI) causes permanent
dysfunction in the body movement and sensation. It is well
known that recovery becomes more difficult as time passes from
injury. Even with the power of stem cell transplant, it is still hard
to cure the late phase of SCI. Despite the difficulty, majority of
patients suffering from SCI are clinically late phase. Thus,
overcoming the late phase of SCI is an important mission. CPTX
is the structurally guided synthetic peptide that joins the pre-
synaptic neurexin and the post-synaptic AMPA receptors. We
previously showed that CPTX recovered the early phase of SCI
in mouse model. CPTX restored the behavioral deficiency of
Ataxia and Alzheimer’s mouse model as well. Therefore, CPTX is
expected to be a promising medical agent to cure degenerated or
injured CNS with novel concept.

To test if CPTX is effective to the late phase of SCI, we
applied CPTX to the mice 4 or 6 weeks after SCI, which
correspond to subacute or chronic phase of SCI patients,
respectively. CPTX restored the late (Chronical) -phase of SCI.
CPTX injection activated the hind leg movement within a few
days, which otherwise showed the permanently poor movement.
At 2 weeks after injection, the effect of CPTX became maximum
to the extent that some animals smoothly stepped. These results
suggest that CPTX boost the dormant neural pathway into the
active circuit. We are attempting the more robust recovery
combined with rehabilitation.

L XC®»IZ

AR RS, & ICEFBERE IR L TIRAR 220G
PAER TR0, BITE, iPS MM A IZ U L LT, Rk
R/ EERIBREPR AL TVD OO, AIFEIZ X
LW NITELHEOVITEWVWRE TH 5[],
Brain(Spine)-Computer(Machine) Interface (2 & - T, #f
T« FHED D DIF A LE LIE~E < Trikiwls & Ot
BIZERE LWA2]. EOMRREIKIZAHN AT &0, &
IR ZAORESCHREEG CRERMEL 25T
07 =TT HER Y %< OB R T &
MEIXZV, F7o, SEIEHE~ORS LRSI
M TiL, EoRIBEAERNE L THAREDLETH D
2, IBIWIEUANAEYTF—2arEZEDTHNRDH NEN
AR FRE TR TH L0, REOHEHERE T —
v Lo TND, ZILDL DT LA E 2 T, il
BE# S OEFREERIEICB W T, Bl zEDd 5 2
EIXFTREDY, RISV TR ERT —< & LT 5,
FREBGET AT, #hRR RS R RS B R 2 PR D (T
Hlz>THRO THRRIEHIT R TH & 5,

PRRRIEN B O A PR 2 N — A & LT, MisiEE s~ %85
ZEEAME LTS,

H O FERR

TERL

BLOG #HHEAIKEZ—

Forld, R T T AR EHEST DT T AA—T
FTAF =ty MEHB T, NARICHENE S T A58
BT DHDANLYFTTRAaxs X —OEREFDIGHIZED
FERBEIRFEREZ R L TE T, IV T AHAR
Bi MR D I O O AL ENF OB 2 Mz, #
PR A 2 RS 5 BRI o AT L OREEZ D T
Wb, ZhHEMAE L, BBFOFHBETT L~ T X -
7 v FOAHEMEIE A E— R LR E A LD N CER
THETIVRDIEREERALD EEBIT, ZTOREENL
ToASREIRIER AR 2B T DI IO NBHIS A (U e
T—arin ) FEEBEROA D=L, S HIIE
AR RS D N & PO X 2 FERERIE & O FRBfRIA % H
L CT&E 7, QElPIEET WERME & BIZ, ZEOiEH) R
BRBOMBITIC Al T—>arFxy 7 Fyr—%2I0H Ah
ToENT S AT NNt U, AR & AR IR
5 RS 7 TEVE L - BROMEEZED TV D,

1. 81

AWFREH CTIX, OV F 7 ABKRE > F7 22 x
JHE—ICLBAEE~OHEREE S DICED LB, T
FCIRIFEREE - S Ca A S BB
HAEETTVERET H, @QAHMREIERRE L OMEEEZ Y
NEYT—va Il AR ELED NG, LM
D& LA PIRERERIIE RN R & . BEERERMH AL AL £
WP R EBAME LoD D Z A L L CHEET S,

1. BFZERR S

A NLXATHEUNIEF T Aaxy 2 —CPTXIZ L
0 #aME 3 X OB O FBERE ~ DR
CPTX L, VT 7 AGYNix : —a—LF )
LRZ R F T ZADST(AMPAR : AMPA 2 351K) % 446
T2 Z & TR 72 T T AR & O
(Science. 2020) [3].



Z® CPTX #HWT, HFHiEEGOHAMER - 121
EWVIH RO THEROFE LVIRIIZEB W T, v 2K
BEEFLCEREEART 2R LE, Ui h
FTCOIEIERIBFEIIKICEWT, 1FEAERNE
LIRS 27T, B REIESHETHY . IHIC
I~ U RAET/VTC 6 HEl% (v NEFBEEE TITPRFERIC
K)  EWV O EBMEHIZE AR TH —EDORERL TV D,

Z oM - HAMM cCoREIRE TONAEE 2
HERZ, B NEBERETRKEIRMEE o TWDE T rT
4 =7 (BE) OFEREEZRIE L THBIT Lz, 0
FER. CPTXICE > COT BT 4 =7 OFRBLN. CPTX
BEICL>THEINDZ LTV ERfESTZ, Lo
L. CPTX #5112 X % REDOHMBRZROMIEIL, il
DIRFPe 5.0 H AR IEFE & 25 & B O TR
DEEMER NS D Z ENHLMNE o7z,

CPTX 2 X%, FHEHEE®ROEER /R EIEIL, EEfh
& E O T TlEie <. REDOKFEHEEDEIE S K
XRERLLTEZILN, 5%O, Bk 0T &
I DICH 25 2 % & EEVAEBERE 1T Tk <,
BOTHERE (R ORI R I L O O ROME
MreEZOB b EERERTHD Z EIRBRIND,

B. Al h L — RV AT LADOIEEIZ XL HBEIETT /LR H
> D S BN A L RE AT

TR EZ DO OBEEIBRRIC BN T, ERERN R IED)
PERERRAT & 2 OIRF DRl 218 U TR FEiw O A8 B 2 15
D Al AR SRS L 7o A THERE AT 2 6D TV D,

Rz, EFEREREREIBRRIC BV T, CPTX #EIZ LD
R 72BN Z — 235 2 & T, ZOIRER
bl S OITEMEMEREASOBITOISH & U
E UKD RAE N LT, ALIC L 2 HEVIENT R CHEER
(b TO~T 2AOEMBBTT — X ZHHT 52 OMEEITHK
Hliz, ZTOVATLERAWT, CPTX 12X AEIEDOHE

FEMHEL, ~VAOBERMY ANEVICEALT, B
NG DEEZ S LIZEDD Z LI Lo 5,

IV. BHDIZ

vF 7 Aax s Z—CPTX OFMEEGCHEZ L E L
T, ELIZEMHM~O@ER 2 EORREESET-, oS
WRENSHAT b L—A L CAFERERIE O REE/REE 2
U, BRI & OB Z T CE 5 L DI/ o Tz,

T OHTNG S I “BRZARORBIE” DNABKEE
WEICEETHHZ L LR LO2DOHB[5], £7-. Fexix
PO F T RAaxy 2 —olsHRER & FHEEE 7 &
BIEBERE~DISHZED TS, Y7 Raxy
Z—IZX v, EDX DR FT T AN AN EIEIEFLI
EH 2D, EDICEDOX ) RABBEE L BN E,
AEEEE L7 Al BB E 2 CofTEMEH & & B IR
TX DRI ZHEET 5 2 LN TET-, T/
DOFAREDFRIT DS . I ~D N LHII N & F DOfRMT %
L% BHED TP FETH D,

REFERENCES

[1]1 Christopher S. et.al., Traumatic spinal cord injury. Nature
Reviews Disease Primers 3,: 17018 (2017)

[2] Lorach H et.al., Walking naturally after spinal cord injury using
a brain—spine interface. Nature 618, 126-133 (2023)

[3] Suzuki K, Elegheert J, Song I, Sasakura H,et.al., A synthetic
synaptic organizer protein restores glutamatergic neuronal
circuits. Science 369 ;6507 : eabb4853 (2020)

[4] Patricia C. Salinas, Restoring neuron connections, Science. 369;
6507, 1052-1053.(2020)

[51 Habuchi H. et.al., Bone marrow derived mast cells injected into

the osteoarthritic knee joints of mice induced spontaneous pain.,
PLoS One;16(6):¢0252590(2022)



=

A05-14 fze P s

H8 OISR R Z 50 - BIHY

feits TR 38 SV D I 285 CREA 5

%nn

LR EPNE S i

<

Abstract— To promote research on hyper-adaptability, this
study aims to measure functional neural networks using the
TMS/ASMS-EEG method, which is a combination of noninvasive
brain stimulation (NIBS) and EEG measurement, to elucidate the
physiological mechanisms of NIBS and the specificity of neural

network reconstruction in hyper-adaptive individuals. In FY2023,

we discovered that tSMS, one of the NIBS clinically applied in
humans, can induce intrinsic plasticity mediated by Cl- channels.
This contributes to the elucidation of the physiological
mechanisms of adaptability and hyper-adaptability phenomena.
The results of TMS/tSMS-EEG in healthy subjects are in
submission. Clinical research is underway to apply this method
to hyper-recovered stroke survivors.
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Abstract— Our brain, especially somatomotor cortices,
shows a somatotopic representation, a point-to-point
correspondence of each body part to a specific brain
region. The aim of this study is to investigate how such
somatotopy is affected when the subjects lose their body
parts. We perform physiological mappings of these cortical
areas of adult Japanese monkeys in the awake state, who
lost their left distal forelimbs accidentally in their
childhood.
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Abstract— There are reports on compensatory plastic changes
in the remaining intact brain which are involved in motor
functional recovery following stroke. Functional brain imaging
has revealed compensatory activation during movements
following recovery; our brain imaging using functional near-
infrared spectroscopy (fNIRS) suggested compensatory increase
of brain activity in the rostral ventral premotor cortex (PMv)
during voluntary movements after motor recovery. However, the
mechanism by which structural plastic changes underlie
functional reorganization is unclear. In this project, therefore, we
investigated the structural plastic changes underlying functional
changes together with voxel-based morphometry (VBM) analysis
of magnetic resonance imaging data and immunohistochemical
analysis using SMI-32 antibody in the macaque model of internal
capsular infarcts. We observed significant increases in the gray
matter volume (GMYV) and the dendritic arborization of layer V
pyramidal neurons in the contralesional rostral PMv.
Immunohistochemical analysis also revealed increased
immunoreactivity of brain-derived neurotrophic factor (BDNF)
and vesicular glutamate transporter (VGLUT]1) in the area.
These results indicated that compensatory structural changes
occur in the contralesional rostral PMv during motor recovery
following internal capsular infarcts, and the dendritic growth
and synaptic proliferation of pyramidal neurons may underlie
the observed GMY increase. In addition, Our fNIRS data showed
that response of oxyhemoglobin in the contralesional rostral PMv
had changed in both strength and timing; the peak occurred
significantly earlier after recovery from infarction than before
infarction. Although it is not clear why these changes in response
occurred, this result suggests that changes in strength and timing
of oxyhemoglobin response as well as the activated area may be
used as an indicator of functional compensations in the motor
cortex after stroke.
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Fig. 1. Immunohistochemical analysis revealed increased immunoreactivity
of brain-derived neurotrophic factor (BDNF) and vesicular glutamate
transporter (VGLUT1), but not vesicular GABA transporter (VGAT) in
pyramidal neurons in the contralesional rostral PMv..
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Fig. 2. Response of oxyhemoglobin (Oxy-Hb) in the contralesional rostral
PMv had changed in both strength and timing; the peak occurred significantly
earlier after recovery from infarction than before infarction. Based on these
findings, we are developing a system to extract brain signal features that
correlate with the degree of recovery and to predict recovery based on changes
in these features over time. The right panel show a prototype system for
verification in stroke patients.
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Abstract—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. For this aim,
we investigate (1) Tensor decomposition and probabilistic latent
variable model for analyzing long-term data, (2) Integration of
computational brain network and musculoskeletal models, and
(3) Motor learning experiments with VR/Robot technologies
enhancing hyper-adaptability.
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Fig. 1. Structural change in multi-unit recording data of mice in action identified by using Tensor decomposition and TVGL.

Fig. 2. Constructive modeling approach.
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Abstract—In the first phase of the project, research
was conducted on the generation of synergy in redun-
dant body models. In the second phase, we went one
step further and studied learning that can self-organize
the switching of synergy modules as an extension of

synergy.
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Screenshots of learning tracking-balancing tasks at
motion tracking frequency f of target point with regard  Evolution of correlation coefficient and relative phase
to 0.15 [Hz] and 1.5 [Hz]. influenced by
different motion tracking frequencies f of the target point.
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Fig. 1. Self-Organizing Neural Network for Reproducing Human Postural Synergy Alternation through Deep Reinforcement Learning

Fig. 2. Results of adaptive walking across a wide range of velocities in reflex-based musculoskeletal systems.
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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. C: Generated walking.

Fig. 2. Human gait kinematics and GRF (A), whole-body angular momentum
(B), and the neurocontrol model of the vestibulospinal tract (C).
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Abstract—It is well-known that neonates and infants exhibit a
variety of spontaneous movements that are coordinated and
structured even in the absence of external stimuli. These
movements distinctive to early development tend to disappear with
the onset of voluntary movements such as reaching. Spontaneous
movements and their developmental changes are believed to reflect
the activity and maturation process of the central nervous system.
Research involving the observation of spontaneous movements in
human neonates and infants has investigated the patterns and
coordination of limb movements. Here we proposed a method for
generating movements that can replicate those of actual neonates
and infants. Furthermore we demonstrated the sensory-motor
information structure that can be produced solely through
embodiment using this movement generation method. Our findings
also suggest that in actual sensorimotor development the structure
derived from embodiment is influenced not only by neurological
maturation but also by higher functions such as intention and
curiosity.
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Abstract—Functional connectivity is an important measure to
evaluate relationship among different brain regions. The purpose
of this study is to develop a method to identify low-dimensional
representations of the functional connectivity and investigate
time-varying network changes in such the low-dimensional space.
We used a method using time-varying graphical lasso for
electrocorticogram for reaching task. We found the possibility to
detect dynamics related to the behavioral states in the low-
dimensional subspace.
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Fig. 1. An example of three-dimensional states using TVGL-based models
for the reaching data. Each color represents different time points from rest
(white), cue (light blue), and exection (blue).
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Abstract—The system for virtual eyes on the back of the head
was applied to test humans’ adaptability to it. We found that the
motor learning occurred in strategic and automatic levels after
10days learning. We identified temporal synchrony as a necessary
factor for the embodiment of a biomechanically impossible body.
We conducted experiments on shared-hand avatar. Finally, we
developed and fundamentally evaluated a system that can amplify
the direction of gaze with respect to head motion.
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Abstract— Postural sway during quiet stance often exhibits a
repetition of micro-fall and the subsequent micro-recovery. The
classical view —that the quiet bipedal stance is stabilized by the
ankle joint stiffness— has been challenged by paradoxical non-
spring-like behaviors of calf muscles: gastrocnemius muscles are
shortened and then lengthened, respectively, during the micro-fall
and the micro-recovery. Here, we examined EEG based brain
activity during quiet stance, and identified desynchronization and
synchronization of beta oscillations that were associated,
respectively, with the micro-fall and the micro-recovery. Based on
a widely accepted scenario for beta-band desynchronization
during movement and post-movement rebound in the control of
discrete voluntary movement, our results reveal that the beta
rebound can be considered as a manifestation of stop command to
punctuate the motor control for every fall-recovery cycle. Namely,
cortical interventions to the automatic postural control are
discrete, rather than continuous modulations. The finding is
highly compatible with the intermittent control model, rather than
the stiffness control model.
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Fig. 1. Representative postural sway data in the anterior-posterior (AP)
direction during quiet stance with detected micro-falls. Top and middle
panels show the CoM-position and the CoM-velocity time-series,
respectively. The CoM-position on the top trace was represented with respect
to the mean ankle joint position, i.e., the origin of the vertical axis was the
mean ankle joint position. Bottom panel shows the EMG of MG from the
right leg. Vertical dotted lines represent the micro-fall-peaks detected as the
CoM-velocity positive peaks in CoM-velocity. EEG analyses were
performed only for fall-recovery cycles associated with well-separated
micro-fall-peaks that are represented by the vertical red dotted lines and the
open black inverted triangles.
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Fig. 2. Event-locked averages of EEG-ERSP, EMG of MG, SOL, the
CoM-position in AP direction, and the corresponding CoM-velocity for
the full fall-recovery cycle are shown in this order from the top to the
bottom traces. 0% and 100% of the cycle were the beginning of the
micro-fall and the end of the micro-recovery. The red dashed vertical
line represents the micro-fall-peak, followed by two black dashed
vertical lines. The first black dashed line represents the division between
the micro-fall phase and the micro-recovery phase. The second black
dashed line represents the micro-recovery-peaks defined by the negative
peak of the CoM-velocity.
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Abstract—We have previously proposed a model that learns
by adaptively generating states in an environment where even the
probability space is not determined. In this project, we proposed
a model that not only enables learning of the action sequence task
that has contributed to elucidating of functional differences
between premotor and supplementary motor areas, but also
provides computational interpretation of the neuronal activities.
In future research, we hope to develop a model that emerges
sequential actions as well, and build a computational theory of
higher brain functions.
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Fig. 1. Examples of trials in the action sequence task and block-wise changes.
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Fig. 2. Examples of extensions to the state or Q-table in the proposed model:
A. Sensory information submodule; B. Action-outcome history submodule.
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Fig. 3. Performance of the model. A. Correct rate. Red line: total mean. B.
Switch of the sequence. The model has been pre-trained for 1,0000 trials for
each of the 1- and 2-step tasks.
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Abstract— This study focuses on the neurofeedback training
system for attention control. The achievements in this year are as
follows: A) we demonstrated the training effect based on SSVEP,
B) we optimized the vibrotactile stimulus for enhancing SSSEP
responses, and C) we found the relationship between SSVEP
responses and trainee fatigue.
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Fig. 1. Relationship between SSVEP modulation and behavioral change.
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Abstract— As we acquired skills or adapted to new
environments, we were able to do so with limited information
through trial and error. In this study, we define the adaptation
process based on exploratory behavior as "exploratory
adaptation', which we hypothesize to be a computational
mechanism of brain function involved in hyper-adaptation. The
aim of this study is to elucidate the neural basis of the
exploratory adaptation. We approach both the computational
and the imaging analysis by building a model of exploratory
adaptation based on meta-reinforcement learning and by
performing fMRI experiments. This fiscal year, we identified
neural circuits that enable exploratory adaptation based on the
fMRI data. In addition, we developed a method to facilitate the
exploration of motion planning as a method to support the
acquisition of complex motor skills.
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Fig. 1 fMRI study. (a) Experimental task. The fixation cross was presented at
the start position. The timing of the target presentation (white filled circle)
was randomized across trials between 1 and 13 s with respect to the
presentation of the fixation cross. Participants were asked to move a stylus
pen tip (dashed circle, invisible) from the start position to the center of the
visual target within 1 s after target presentation. When the pen hit the target,
participants received reward feedback (a filled white box explosion).
Unbeknownst to the participants, the reward zone was shifted by +5° in some
of the trials. (b) Result of the Dynamic Causal Modeling analisys.
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