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Mechanisms of Bone Repair-enhancing Effects of Extremely Low-Frequency
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Abstract
Electromagnetic fields (EMFs) have received extensive attention for treatment of

bone disorders; however, their effects on tissues/cells are vary, which has been a

bottleneck in understanding the effects of EMFs on bone tissue. Utilizing zebrafish

fractured scales,

we found that exposure to 10 millitesla (mT) of extremely

low-frequency EMFs (ELF-EMFs) at 60 Hz increased the number of osteoblasts and
osteoclasts. This promotive effect of ELF-EMFs was attributed to the activation of the

Wnt/B-catenin signaling pathway. Inhibition of the Wnt/B-catenin pathway reduced the
effect of ELF-EMF exposure. Our data provide in vivo evidence that ELF-EMFs have a

facilitative effect on fracture healing.

Keywords: osteoblast, osteoclast,

Wnt/B-catenin signaling, zebrafish scale
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Development of safe and effective immunotherapy
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Abstract
Chimeric Antigen Receptor (CAR) T-cell immunotherapy has rapidly gained
attention due to its remarkable therapeutic effects against certain maignant tumors;
however, it faces challenges such as side effects such as Cytokine Release Syndrome
(CRS). The objective of this research is that achievement of a safer CAR-T cell therapy
by incorporating substances into magnetic lipid nanoparticles that can absorb and break

down the causative agents of CRS.

Keywords: CAR-T cell, Cytokine Release Syndrome, Immunotherapy, Magnetic

nanoparticle
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Abstract
In focal resection surgery for epilepsy, it is crucial to identify the localization of brain

function and determine the resection area. The steady-state evoked potential (SS-EPs)

method involves presenting stimuli at a constant frequency, allowing us to detect peaks at

frequencies that correspond to the stimulus in specific brain regions. This study aims to

investigate the feasibility of noninvasively mapping language-related brain functions using

magnetoencephalography (MEG) with the steady-state evoked magnetic field (SS-EFs)

method. Our results suggested that this method could be valuable for noninvasive brain

mapping and understanding the differences in kanji and hiragana reading processes.

Keywords: magnetoencephalography, steady-state evoked magnetic field, language, brain

mapping
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Development of construction methods engineered muscle tissues combining
permanent magnets and magnetic field modulators

miE Fthx

Kazuya Furusawa*
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*Faculty of Bioresources and Environmental Sciences, Ishikawa Prefectural University
1-308 Suematsu, Nonoichi City, Ishikawa Prefecture 921-8836, Japan

Abstract
We have developed a cell patterning method using a compact device consisted of

permanent magnets and a magnetic field modulator to form grid-like magnetic gradients.

The device enables long-term cultivation of cells in modulated magnetic fields inside a

CO: incubator. By using the device, fiber-like cell aggregates (FCAs) consisted of mouse

myoblasts (C2C12) or bovine vascular endothelial cells (HH) were constructed. The

effects of magnetic field exposure time and concentration of EDTAMn(II)Na on FCA

formation were investigated. Furthermore, we constructed a complex engineered tissue
by seeding C2C12 on the FCAs prepared from HH.

Keywords: Cell Patterning, Cell Aggregates, Engineered Muscle Tissue

1. BRY

B HIAE & B B AR IR e & o AN
R A RN THE S L2 a2 —=
VITHEME L5 ZOEMICE D HlRORRZER]
HI72RENMARDBIRC, AR ORI etiE o —
HEeFHTH I ENTEDL, LML, 748U Y
77 77 EOWEROFENTTIX, FEROBRM
UNTPEL NI FIER® 5,

KA HIXERIA CE L D5BE QT) 2713
EBRORERBEICHEE LIS TEY 2L —& —
TR L TR EAR EICHKR T IROBHE AEL 2 T
Y5 Z & CHilaE ik TRRICNE —= 75
AL TS |, ZOFEIERELD b
KO a A NClifaz "2 —=7F5Z
EMWTTRETEM, BEBORAEDT-DICKE 72 BRI
BB L WO HIRRH 5,

12

BT E A X, AR EBGEY 2 L —2 —%
FAGHE T, AT OHOHE L RO/ Z —=2
TEBNFRETHDH I LaR LTz, ZOHFETIE,
PEREOIEB LY L REINa /T 2D T,
CO2 A FaX—F—NTHGEHRLIZEE
M 4 RIS E T2 2 &N TE D,

AT TIX, KARH ERGEY 2 L —F—%
AL M S E —= TEEERAWT, &
0 LTS A MErRs U 7R Cfifa 2 RFRFRIET &2
L. il S o TR O MIaEEES (Cell Aggregate:
CA) %L HDHMZMSIT 52 L2 BET 5,

2. 5tk

FBRITIL, ~ U AHEAFHIIaMia (C2C12)
& U EERE SR M AE PR (HH) 2 e,
10% 7 S ARR &, 1%Penicillin-Streptomycin, 1%



1, HREAERERERICRIT WG COREORE

€'y, (mM)
T (h) 25 30 50
FEhE i FE=R FEHE WL TR FhE MmpEEEER
HBFiRo iR R4
2 ias 4F iF
IR = & 82— - RRst R -
BTiRo BFRD bt i
i A
24 Ry R -y R B a2
IEMZET R BRIANE, BL V1% Glutamax Z&1r 22z CTHEM L7z, MROEBEEEIL 6.4X10°

DMEM 7ZHEFEESH L Uiz, ®EMESF& LT
EDTAMn(I)Na % & T o EFEiEH (BEMEREH) 230
7,

JEX 02 mm D7 /LI E SUSA30 HRA AN
L CRETY 2 L—2—Z2BIELT-, KA
AL L T30 mmX30 mmX30 mm DRA Y AR
RV (REBFEEE =05T), KABA LR
BEY 2 L —F—%lAabE b OZ G
NNEERE &5, EBRONEDT=D, WEFIINEE
BOBETEIREZEoT-, Z OEEBEICITRGH]
INEEE % 4 BN~ CTEE CE 5, P 10mm, 4
B LR2mm &S 10mm OH T A U 7 OEICELE
12 mm OAFHN—HT AZR Y (H1 THEER
BEIERR LT, BEABROSITID S 2 —
TR L7, WERFIINEERE & . CA HBEFEROMF
FEX 1 IR LT,

C2C12 ® CA BEER T, BEAH®ROD
EDTAMn(I)Na DEFE (Ce = 25mM, 30 mM, 35 &
W50mM), BEGETINRER] (Tu=2h L824 h)

"

"
HEISEDINAR

M5 BREE

| . B BEEFEVNE
HEERS. C: A
Fal—H—NTD
BESFNI R T- .

cells/ecm? & U7~ 828 1% OB 2 4% /N T RV LT
VT e RIECEE( LTz, 3k PBS(-)C 4 [EIHE
HL. 1% 7 mET VT & 0.5% triton-X100
=X B = S/~ SR w A S/ !

7y N

By

THESE L - iAa
B . B: [F) USRI AL FH 2= (%

13



3.55% 1 B H OfMa0#E, A:C, =30
mM, 7, =2 h, AR HIC 1| A3 . B: €, =50
mM, 7, =2 h, RFEEFHC | HEE%E . C: C, =50
mM, 7, =2 h, BT | Ak . RO
FAREEIR B Ol & T,

HAZ1T 572, IRIZ, Alexa488-Phalloidin % & T
WY ANz CF 7 7 F v ORI BEIT- T2,
HOt Ytk OFENE PBS(-) T4 [EIBES L. HAE
To T, EAB%OREOIRE 24 BEMEE CRIE
L7,

025 mgmL OUYVERBERTTraT—r v
ZETeitErEt (G = 50 mM) (2 HH Z5%RE L.
3.4X10° cells/cm? OFEFERE FE CRIN DRI
WILTC CA HEEEERR 4 30 ofZEM L=, &Iz,
BEHh 2 MEFEIEHIC A L. 512 30 91 v F
AR— L7z, &IZ C2C12 % 2.4 X 10° cells/cm?® D&
FERFECHH O CA LB L—RukssE Lz,

14

et L R ol f00 pm
4. HH ® FCA IZ C2C12 & L /-#E &
%mfﬁu;ﬁﬁﬂm&ﬁ{&. FedfiE HH @ FCA %1
3R
Cr & TuMD CAREEFERDOFERICHG 2 D ELE
IZFE DT, Ce DMEL . Tu DEWIGE., BIGH
INELAZITAEE LIAAZEIZ CA BB S 08, B
IR & & HIZ CA DB /N— T A TEEE LT
FAROINE =N D Z e ghote, £, Ce
=25mM TIL. M~ Z A — 13708, il
NOREESL ORI 5 Z & b2~ T2, BB
e 2 4EMET 5 2 & Tl ~DEEE2 M2 5
ZENTEDLMN, Ce=50mM 7> Ty=24h D5
TECIE L D ERDBROEER CA (FCA) 23Rk
ST, B2A ICZ O THE L2 FCA DB E
TR LTn, BEEAZRTIC FCA MHEFIRICES L
TNWDZ ENRbND, —FH T, NAHZEBEMEE T8l
BT 5L, FMBEOENZNT ERgho T,
3IZHEE | B OREL OB EBEMEEE5 4 7R
U7z, HEEREHCHERE L7238 Cld FCA 2355
B L. = 2 AT ISR R
L CW B h- T2 (K3A-B), —H T, B
SEINE T I@s ki ¢ 1 BB 5 &,
FREEHIIE D DA E M~ L5 & = S
HH, FCA OFREIIRBAIRTS - 7=,

4 |[ZMENREMEN 572 % FCA _EIZFHEH
a2 #EAE U 7= 3B O ZEBESE B S R ST
WD BEFIRICES L7 FCA 278 5 L 912 C2C12
MEEE LT,

i e



4. B

AAFZEIC L0 BEGEIINEEE ECRtEiaz &
MEEEEE 5 = & T FCA DRSNS Z &0
Molz, —FHT, G BPEWEHF CRERREES
L EHRAOAETENMET T2 bbhole, 4
% Z OFBE LRI 5 12010, BEEINER &
B EBANETH D, AHFIED L THESE LT FCA
ZE ST ESE D 2 EIEFREE S, F ORI
NG — U PARBRRIZ D5 S Rodvo 1o, W
TV 2 b= —ZBRT O@BIROEI XL X
L2 EOIFET, L0 g — U PNEHEHER S
DR LN THMLEND D,

MENEMIRO FCA LIZfpEEMIET — h&i&

T DN TE I, ZOFIETIESTEEHHR
ZIOIIHEBT 52 L TRV ELDH L Fhkiik
DOHEEENFREL 70D LI TE 2,

B
Z O TSNS 30 EIRGKAFZEBIR O
BhaZ T CEBLEZHDTHS.
BEIHR

1) Tsunehisa Kimura, Yukiko Sato, Fumiko Kimura,
Masakazu Iwasaka, Shoogo Ueno, : Langmuir, 21(3),
830 - 832(2005).

15



BtET / M¥ / ERDEEERROEIBNIEENELZFALL
INA AR EDBF

Development of bio detection methods using changes in magnetic properties of
magnetic nanoparticle/biological material aggregates
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Abstract

This technology that allows magnetic properties (anisotropy, magnetic
susceptibility, loss, damping constant, etc.) to be controlled and evaluated in the same
way as solid-state devices by aggregating magnetic nanoparticles/biological materials in
the liquid phase and increasing the bond between magnetic nanoparticles. and develop
new antigen detection methods. This technology has great engineering significance as it
improves the controllability of biosensors and increases signal and energy density. We
demonstrate that magnetic nanoparticles can dramatically improve performance and
solve problems with conventional technology in bio and medical applications.

Keywords: aggregating magnetic nanoparticles/biological materials, biosensor
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Establishment of Bladder-Preserving Therapy for Muscle-Invasive Bladder Cancer
Using Nanoparticles
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Abstract

Bladder cancer frequently recurs, with non-muscle invasive bladder cancer (NMIBC)
often progressing to muscle-invasive bladder cancer (MIBC), which requires invasive
cystectomy. Enfortumab vedotin (EV) was recently approved for metastatic bladder cancer
in Japan but causes side effects when administered systemicaly. We developed EV-
conjugated nanoparticles (MNPS-PMPC-EV) for intravesical thermotherapy and evaluated
their in vitro effects on bladder cancer cells. MNPS-PMPC-EV showed no inhibitory effect
on cell proliferation. Additionally, stable creation of an MIBC model mouse was challenging

under the protocol of this studly.

Keywords. bladder cancer, muscle-invasive bladder cancer, nanoparticles, thermotherapy,

enfortumab vedotin,
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Mechanisms of spasticity treatment by peripheral magnetic stimulation

WA B
Takayuki Kamimoto
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Department of Rehabilitation Medicine, Keio University School of Medicine
35, Shinanomachi, Shinjuku-ku, Tokyo, Japan, 160-8582

Abstract

Peripheral magnetic stimulation has been suggested as an effective new treatment
for spasticity. Peripheral magnetic stimulation is characterized by its ability to stimulate
the affected area without pain, but the mechanism of the spinal reflex pathway, which is
important in the pathophysiology of spasticity, has not yet been elucidated. In this study,
we will perform peripheral magnetic stimulation of the tibialis anterior muscle in chronic
stroke patients to elucidate brain plasticity and spinal reflex circuits using spinal cord
reciprocal inhibition before and after the intervention.

Keywords: Spadticity, Peripheral Magnetic Stimulation, NMES, Stroke, Reciprocal

Inhibition
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Development of video magnetoencephalography monitoring system
with tunnel magneto-resistive sensors
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Abstract

To clarify whether the density spectral array (DSA) of ictal EEG can differentiate
epileptic seizures from non-epileptic events using deep learning techniques. We reviewed
patients with mesial temporal lobe epilepsy (mTLE) and psychogenic non-epileptic
seizures (PNES), and analyzed seizures/events recorded by long-term video EEG
monitoring. Time of clinical onset was defined as zero, and the EEG recordings were
clipped from -3 to +3 minutes. Frequency analysis of Cz as well as the means of C3-C4,
Fpl-Fp2, and O1-O2 was performed to generate DSA. ResNet34, a convolutional neural
network (CNN) model, was trained and tested on datasets. CNN architecture was created
from 40 patients with mTLE and 40 with PNES as train data; and 8 patients with mTLE
and 11 with PNES were evaluated using the model as test data. EEG recordings of Cz
electrode from -1 to +1 minutes showed the best performance, with area under the curve
of 0.959, accuracy of 0.879, sensitivity of 0.800, and specificity of 0.944. DSA of
single-channel EEG (Cz) successfully differentiated between epileptic seizures and

nonepileptic events with deep learning techniques.

Keywords: density spectral array, single-channel EEG, convolutional neural network
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Full 0.756  0.826 0.689  0.685
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AUC = area under the curve.
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Development of remote treatment method for neuropathic pain
using magnetic nanoparticles
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Abstract

Neuropathic pain is an intractable chronic disease caused by various factors
including cancer. It is believed that the mechanism of its onset is the abnormal excitation
of nerve cells due to the activation of ion channels on the cell membrane when nerve
cells are damaged. Our research group has developed a technique for manipulating
localized cells, including TRP channels, using stimuli-responsive nanoparticles that are
harmless to cells. In this study, we aimed to obtain basic knowledge for creating a
technique to treat neuropathic pain safely and effectively by using magnetic nanoparticles
as a "remate control agonist” that selectively manipulates TRP channels in nerve cells.
When magnetic nanoparticles were added to TRPV2(+) T24 cells and a magnetic field
was applied, Ca%* inflow into the cells in response to the magnetic field was observed.
Based on these results, it is expected that the method developed in this study can be

applied to anew treatment for neuropathic pain.

Keywords. Neuropathic pain, TRP Channel, Magnetic nanoparticle
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DR DB ST,
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Investigation of the neuromodulatory effects of transcranial static magnetic field
stimulation (tSMS) on brain network dynamics
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Abstract
Transcranial static magnetic field stimulation (tSMS) is the latest biomagnetism

technique which can non-invasively stimulate the human brain. The aim of this study was

to investigate the neurophysiological mechanisms of the neuromodulation of tSMS using

transcranial magnetic stimulation with electroencephalography (TMS-EEG), which is a

novel method for exploring excitability and connectivity of the brain network. tSMS was

applied over the left primary motor cortex (M1) for 20 min in 15 healthy subjects. tSMS
altered TMS-evoked potentials (TEPs), which are the EEG responses time-locked to the
TMS pulse, both at the stimulated M1 and at the contralateral M1.

Keywords: transcranial static magnetic field stimulation (tSMS),

TMS-EEG,

TMS-evoked potential (TEP), interhemispheric inhibition
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s R 15 4 (BME9 4, P4 22.3 %)
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A~ 7, BAR. REWEHREE 5340 G, W7 88
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BEEAE OIS AZE M E RICEET Sy
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7Y o Z RS Sk Hz TITo7c.
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AEICHE AL (X2b).
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Abstract
Magnetobacteria sense geomagnetism with the ' magnetosome |, comprising a magnetite.

Magnetosomes are aligned on the mamK mediated by the mamJ, and this system works as a

magnetic compass. Then, this unique system gathers broad interest to understand

magnetoreception in bio-organism. However, there is no-magnetoreception mechanisms due

to toughness in purification this system. Here, I present a high-resolution cryo-electron

microscopy (cryo-EM) structure of mamJ bound mamK filaments at 2.5 global resolution

through the purification of functional mamJ and mamK. This structure provides the entire

architecture of mamK and partial mamJ structure at the mamK dimer interface. Further image

analysis will highlight the entire comprehensive mamlJ structure and will reveal a molecular

basis of magnetoreception in bio-organisms.

Keywords: Magnetoreception, cryo-electron microscopy, structural biology
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Abstract
Stroke damages the corticospina tract (CST), causing motor paralysis. Accurate
prognosis biomarkers are needed to plan effective rehabilitation. This study aims to
visualize brain-spina connections supporting voluntary movement using simultaneous
brain-spinal functional MRI and diffuson MRI. We examined nine stroke patients to
assess structural and functional changes. Results showed CST damage and altered brain
and spinal cord activity during hand movement. These methods may help predict

recovery and develop better rehab strategies.

Keywords: Stroke, Corticospinal tract (CST), Motor recovery, Functional MRI (fMRI),
Diffuson MRI (dMRI), Prognostic biomarker, Voluntary movement, Brain-spina

connectivity, Rehabilitation, Tractography
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Preface

Our foundation intends to contribute to the health and medical care of the nation, by subsidizing
scientific research and appealing to the society through seminars. It should be noted, that the
effect of the magnetic field is generated from some basic phenomena interacting with the
complex mechanism of the body. The effect can only be clarified by along-term persistent

effort, not by short-sighted research.

It isaregrettable tendency in the present scientific sector that researchers are mostly interested
in achieving successful results for acquiring a degree or achievement in a short period, focusing
on obvious cause-effect relationship or phenomenon which invites quantitative descriptions. In
view of such atendency, our foundation prefers to support researchers who persistently attack a
particular problem expecting long-term results rather than those who rush into short-term

results.

This report is the summary of research which our foundation supported in the fiscal year 2022
It includes awide range of topics from basic aspects to practical applications, intending to pave
new waysin thisarea. It isour hope that the report will motivate researchers with similar

interests to start communication and contribute to the development of magnetic health science.

Director Makoto Kotani
The Watanabe Foundation
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Abstract
Electromagnetic fields (EMFs) have received extensive attention for treatment of

bone disorders; however, their effects on tissues/cells are vary, which has been a

bottleneck in understanding the effects of EMFs on bone tissue. Utilizing zebrafish

fractured scales, we found that exposure to 10 millitesla (mT) of extremely
low-frequency EMFs (ELF-EMFs) at 60 Hz increased the number of osteoblasts and
osteoclasts. This promotive effect of ELF-EMFs was attributed to the activation of the

Wnt/B-catenin signaling pathway. Inhibition of the Wnt/B-catenin pathway reduced the
effect of ELF-EMF exposure. Our data provide in vivo evidence that ELF-EMFs have a

facilitative effect on fracture healing.

Keywords: osteoblast, osteoclast, extremely low-frequency electromagnetic fields,

Wnt/B-catenin signaling, zebrafish scale

1. Purpose

In the recent super-aging society, it is necessary to
extend the healthy life expectancy of the elderly so that
they can lead healthy and independent lives. One of
the most common diseases among the elderly is
osteoporosis, a condition in which bone strength
declines and fractures easily. Prolonged treatment of
fractures in the elderly can lead to muscle weakness
and bedridden patients, highlighting the importance of
early recovery from fractures.

Bone is constantly metabolized by two types of
cells: osteoclasts and osteoblasts. Osteoclasts dissolve
and absorb old bone, while osteoblasts calcify
extracellular matrix (a protein that constitutes tissue
scaffolds) to form bone. The balance between these
two types of cells allows bone to maintain a certain
level of strength. Electromagnetic fields (EMFs) are

thought to promote bone repair and have long attracted

attention as a noninvasive and safe treatment method.
However, the mechanisms by which EMFs promote
bone repair remain unclear.

Fish scales are homologous to mammalian bones
and are metabolized by osteoclasts and osteoblasts.
While it is difficult to visualize cells in mammalian
bones, fish scales distributed on the body surface allow
us to visualize the behavior of osteoclasts and
osteoblasts”. In the present study, we utilized a
zebrafish scale model to clarify the cellular and
molecular mechanisms by which exposure to
extremely low-frequency EMFs (ELF-EMFs) promote

bone repair.

2. Methods
To identify genes that are up- or down-regulated in
response to exposure to ELF-EMFs, zebrafish induced

fracture stimulation by cutting the scales with small



scissors were placed in an ELF-EMF generator and
exposed to 10 millitesla (mT) at 60 Hz for 4 h. Scales
were then removed 24 hours after fracture stimulation,
and gene expression analysis was performed by
RNA-seq.

To investigate whether Wnt signaling is involved in
enhancement of bone repair, scales with fracture
stimulation were removed from zebrafish, placed in
medium containing I[WR-1-ebdo (Wnt/B-catenin
signaling inhibitor) or DMSO, and exposed to
ELF-EMFs at 10 mT for 4 h. Then, the number of
(trap:GFP+) and

(osterix:zmCherry+) in the scale was examined by flow

osteoclasts osteoblasts

cytometry at 24 hours after fracture stimulation.

3. Results

Our previous studies showed that exposure of
zebrafish to ELF-EMFs at 10 mT for 4 h increased
both trap:GFP+ osteoclasts and osterix.:mCherry+
osteoblasts in the fractured scale. To identify genes
whose expression changes with exposure to
ELF-EMFs, RNA-seq analysis was performed in
fractured scales from zebrafish exposed to 10 mT. We
observed significant increase in expression of Wnt and
Notch target genes in the 10 mT-exposed group

Figure 1. Gene set enrichment analysis (GSEA) of
Wnt and Notch target genes

compared to the unexposed group (Figure 1). Indeed,
expression of Wnt ligand genes such as wnt/0b and
Notch ligand genes such as jaglb were up-regulated in
the 10 mT-exposed fractured scale, suggesting that
Wnt and Notch signaling are activated upon 10 mT
exposure. Interestingly, f-catenin, which is stabilized
by Wnt signaling, is strongly expressed in epithelial
cells distributed mainly near the fracture site,
suggesting that Wnt/B-catenin signaling promotes bone
repair in the scale.

Next, zebrafish scales with fracture stimulation were
collected and placed in medium containing
IWR-1-endo or DMSO, an inhibitor of Wnt/B-catenin
signaling, and exposed to 10 mT for 4 h, followed by
counting the numbers of osteoclasts and osteoblasts in
the scale. Our data revealed that both osteoclasts and
osteoblasts increased with exposure to 10 mT in the
DMSO-treated group, whereas neither of them
increased in the IWR-1-endo-treated group (Figure 2).

Figure 2. Effects of the Wnt/p-catenin signaling
inhibitor on osteoblasts and osteoclasts

4. Discussion
The present study suggests that exposure to
ELF-EMFs enhances Wnt signaling in the fractured
scale, and that epithelial cells, mainly at the fracture
site, receive the signals and induce osteoblast and
osteoclast activation.

Previous studies in cultured cells reported that
EMFs have promotive effects on osteoblasts, whereas
they have inhibitory effects on osteoclasts”?™. In the
study, both osteoblasts

present and osteoclasts



increased in the zebrafish fractured scale upon
exposure to ELF-EMFs at 10 mT for 4 h. This
suggests that even if ELF-EMFs directly have an
inhibitory effect on osteoclasts, the activation of
osteoblasts promotes differentiation of osteoclasts,
resulting in the increased activity of osteoclasts.

Since 50-60 Hz is the most widespread AC power
frequency in the world, sinusoidal EMFs generated at
these frequencies have the advantage of being easily
applied as medical equipment. Therefore, the fact that
sinusoidal EMFs at 60 Hz have a promotive effect on
bone repair is a useful finding that can be applied to

the treatment of bone diseases.
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Development of safe and effective immunother apy

Satoshi Inoue*
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Abstract
Chimeric Antigen Receptor (CAR) T-cell immunotherapy has rapidly gained
attention due to its remarkable therapeutic effects against certain malignant tumors;
however, it faces challenges such as side effects such as Cytokine Release Syndrome
(CRYS). The objective of this research is that achievement of a safer CAR-T cell therapy
by incorporating substances into magnetic lipid nanoparticles that can absorb and break

down the causative agents of CRS.

Keywords: CAR-T cell, Cytokine Release Syndrome, Immunotherapy, Magnetic

nanoparticle

1. Purpose

As exemplified by chimeric antigen receptor (CAR)
T cdls, immunotherapy involving the ex vivo
preparation and infusion of T cdls tha recognize
specific cancer antigens is attracting attention as a
promising treatment for refractory cancers. Unlike
chemotherapeutic compounds, these therapies can be
functiondly modified through genetic engineering, and
because the infused T cdlls can proliferate extensively
within the body (i.e., mass production in vivo), they
are being spatlighted as “living drugs.” However, one
of the mgjor issues with CAR-T cdl therapy is the
occurrence of dde effects such as cytokine release
syndrome (CRS). CRS is primarily caused by the
excessive systemic release of inflammatory cytokines
(such as IL-6 and IL-1B) produced by immune cells
present in the tumor microenvironment. It is believed
that this syndrome occurs when
macrophages—immune cdls in the body—are
activated by the proliferating CAR-T célls, resulting in
the rdease of IL-6, an inflammatory cytokine, into the
bloodstream. Because the enhancement of the
therapeutic  efficacy of CAR-T cdls inevitably

increases the severity of dde effects, it is crucid to
bal ance efficacy with safety.

One drategy to mitigate sSde effects is to locdize
CAR-T cdls to the tumor site and to develop nove
therapeutic  modalities cgpable of absorbing
inflammatory cytokines. Therefore, the aim of this
study is to establish a foundation for safer CAR-T cell
therapy by creating CAR-T cdls tha can absorb
inflammatory cytokines through genetic engineering.
Building upon the technology developed in this study
to produce inflammatory cytokine-absorbing CAR-T
cells, the research god is to redize safer therapy by
using magnetic nanoparticles to accumulate CAR-T
cdlsat thetumor Ste.

2. Method

Generation of CAR-T CdlsExpressng an Artificial
Chimeric Cytokine Receptor (G6/7R)

To create CAR-T cells that can both capture and
degrade IL-6—a key mediator of side effects—and
smultaneoudy exhibit sustained proliferation and
perssence through conditutive activation of
sdf-stimulatory IL-7 signaling, we designed a novel



chimeric cytokine receptor. This atificiad receptor
combines the extracdlular domains of the IL-6
receptor dpha chain (IL6RA) and the co-receptor
GP130, fused to the intracdlular domain of a
condtitutively active mutant of the IL-7 receptor dpha
chain (IL-7Ra). This synthetic cytokine receptor was
named G6/7R. When expressed on the surface of
CAR-T cdls, G6/7R isexpected to bind IL-6 with high
affinity and smultaneoudy activate IL-7-like signaling
congtitutively through the JAK-STAT pathway (Figure
1).

. [o=9)
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Fig 1 Structure of chimeric

cytokine receptor CAR
Functional Analysisof G6/7R CAR-T Cdls
CAR-T cdlsexpressing G6/7R were generated ex vivo
by introducing genes encoding G6/7R and CAR into T
cells derived from peripheral blood mononuclear cells.
Subsequently, we evaluated the antitumor activity and
IL-6 capturing/degrading capacity of G6/7R CAR-T
cdllsboth in vitro and in vivo.

3.Reaults

In Vitro Functional Analysisof G6/7R CAR-T Cdls
This analysis was primarily conducted by Dr. Toshiaki
Yashikawa, a colleague of the applicant. CAR-T cdlls
engineered  with G6/7R  showed  enhanced
phosphorylation of STAT5 and STAT3 in the presence
of IL-6, indicaing activation of the JAK-STAT
signding pathway. RNA sequencing analysis revesled
upregulated expresson of anti-gpoptotic genes (such
a BCL2 and BCL3) and effector function—eated
genes (GZMB, FOSLI, FOSL?2), suggesting improved
long-term surviva and enhanced effector function.

A variant receptor, G6/7R-M452L, was a so created by
introducing the M452L mutation into the intracellular
domain of G6/7R. This mutation maintained STAT5
sgnding while suppressing activation of the Akt
pathway. As aresult, the proportion of undifferentiated
CAR-T cdls incressed due to inhibition of
differentiation, suggesting enhanced gem-like

properties. These findings indicate that the G6/7R
CAR-T cdls developed in this study may possess
enhanced functiondity critical for antitumor efficacy in
vivo, including prolonged survivd and improved
effector activity.

Moreover, it was confirmed that G6/7R CAR-T cdls
can capture and degrade IL-6 (Figure 2).

In Vivo Antitumor Efficacy and Safety

In mouse models of leukemia and pancresatic cancer,
CAR-T «cdls expressng ether G6/7R or
G6/7TR-M452L exhibited superior tumor suppression
and improved survival compared to conventiond
CAR-T cdls (Figure 3). These modified CAR-T cells
dso demondrated high persgence in vivo and
maintained long-term therapeutic effects. Notably, no
common CAR-T cel-associated side effects such as
weight loss or neurological symptoms were observed,
suggesting improved safety with minima  adverse
effects.

These results suggest that the next-generation CAR-T
cells developed in this study serve as a srong



foundation for redizing a therapeutic goproach that
achieves both enhanced efficacy and improved safety,
fulfilling the original expectations of the research.

4. Discussion
In this study, the chimeric cytokine receptor “ G6/7R”
and its improved verson “G6/7R-M452L"

demongrated the potentiad to enhance the antitumor
efficacy and persisence of CAR-T cels while
simultaneoudly reducing side effects such as cytokine
rdeasse syndrome (CRS) and immune effector
cell-associated  neurotoxicity syndrome  (ICANS),
which are caused by IL-6 and IL-1B. G6/7R possesses
the ahility to cepture and degrade IL-6, while
conditutively activating an autologous IL-7-ike
signding pathway, thereby supporting T cell surviva
and sustained function. Furthermore, the addition of
the M452L mutation helps suppress excessve T cell
differentiation and increases the proportion of
undifferentiated CAR-T cells, which is expected to
enhance long-term therapeutic effects.

In addition, it was shown that combining G6/7R with a
decoy receptor for IL-1p (IL1R2) could further
suppress treatment-related side effects. These findings
suggest that the approach is not limited by antigen
specificity and could be applied to various CAR-T and
TCR-T therapies. Thus, this research is expected to
facilitate further studiestoward clinical application.
However, the CAR-T cdls engineered with the
chimeric cytokine receptor developed in this study
may have limited ahility to effectively accumulate a
tumor dites. Therefore, additiond dtrategies are
required. Specifically, by utilizing magnetic
nanoparticles to enhance targeted accumulation at
tumor lesions, it may be possible to further improve
both antitumor efficacy and the mitigation of adverse
effects.
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Noninvasive Brain Mapping of Language Function Using Steady-State

Induced Magnetic Fields

Emi Yamada
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Abstract
In focal resection surgery for epilepsy, it is crucial to identify the localization of brain

function and determine the resection area. The steady-state evoked potential (SS-EPs)

method involves presenting stimuli at a constant frequency, allowing us to detect peaks at

frequencies that correspond to the stimulus in specific brain regions. This study aims to

investigate the feasibility of noninvasive brain mapping of language functions using

magnetoencephalography (MEG) with the steady-state evoked magnetic field (SS-EFs)

method. Our results suggested that this method could be valuable for noninvasive brain

mapping and understanding the differences in kanji and hiragana reading processes.

Keywords: magnetoencephalography, steady-state evoked magnetic field, language, brain

mapping

1. PURPOSE

Some patients with epilepsy who do not respond to
antiepileptic drugs undergo surgical treatment to control
seizures. It is crucial to identify the localization of brain
functions—areas that selectively respond to stimuli—
and determine the region of resection. While placing
electrodes in the cortical is a useful method for brain
mapping, it is highly invasive.
(SS-EPs) are
sinusoidal waveforms with a constant frequency, where

Steady-state evoked potentials
responses to each stimulus are superimposed when the
stimulus frequency is 3.5 Hz or higher. Consequently,
when neural response data from time series are
transformed into frequency domain representation using
Fast Fourier Transform (FFT), responses with integer
multiple frequencies synchronized with the stimulus
frequency are observed. Recent studies have shown that
only regions selectively responding to stimuli react to
the frequency of stimulus presentation in higher brain

functions, such as face” and word® recognition, and
language processing”. Based on this, it seems possible
to map language functions by presenting words in a
rhythmic manner.

Magnetoencephalography (MEG) is a non-invasive
brain function measurement device that has both
temporal and spatial high resolution, allowing for the
source estimate. By recording Steady-State Evoked
Fields (SS-EFs) induced by word stimuli using MEG,
we investigate whether non-invasive language function
mapping is possible.

2. METHOD

26 healthy adults (13 males, 13 females, average age
21.8+1.63 years) participated. Their first language was
Japanese, and it was confirmed that they were left-
handed according to the Edinburgh Handedness Test
and had normal vision. Brain activity during language
tasks was recorded using magnetoencephalography



(Neuromag, MEGIN) at Kyushu University Hospital.

Word stimuli were presented at a frequency of 4 Hz
(4 words per second) for 12 seconds per session (total of
48 words), with conditions of kanji and hiragana being
randomly implemented. In the kanji condition, the third
word was hiragana (kanji-kanji-hiragana-kanji), and in
the hiragana condition, the third word was kanji
(hiragana-hiragana-kanji-hiragana) (Fi. 1). Therefore,
the response frequencies were 1.3 Hz (response to the
third word) and 4.0 Hz (response to visual input). In
other words, 1.3 Hz is the response related to word
recognition (hiragana in the kanji condition, kanji in the
hiragana condition), and 4.0 Hz is the visual response to
the words. The word stimuli were nouns represented by
2 or 3 characters/moras in both kanji and hiragana (e.g.,
KRR, TAZ)from the Written Japanese corpus.

MEG data were analyzed using MNE-Python
software. After applying a band-pass filter of 0.1 to 84
Hz, noise removal processing such as eye movement
was performed using ICA. Current source estimation
was conducted using the LCMV beamformer. The
timing of the first word presented was set to 0 seconds,
and the analysis interval was the 10 seconds excluding
the first 2 seconds of the 12-second session from
stimulus presentation. Spectrum amplitude of FFT was
obtained after FFT. Then, Frequency data were obtained
by calculating the amplitude spectrum after FFT, and
data within 0.5 Hz around the response frequency
(total 11 bins) were acquired from the response
frequency (1f) and its second frequency (2f). The
summed amplitude spectrum of 1f and 2f was converted
to Z-scores, and those with Z-scores greater than 1.96 (p
<0.05) were selected.

3. RESULTS

At the presentation frequency of 4 Hz, the early visual
processing system, including the left ventral lateral
occipital complex (LOC) and the visual word form area
(VWFA) on the fusiform gyrus, showed significant
activity (Fi.1, bottom). On the other hand, at 1.3 Hz,
which is the response to the third word, there was
significant activity in the language-related areas of the
left temporal lobe (Fig.1, top).

The regions with significantly high response
frequencies were determined using Z-scores. At 4.0 Hz
in the kanji condition, significant areas were observed in
the visual cortex and VWFA (Fig.2, bottom). At 1.3 Hz,
which is the response to hiragana, significant areas were
observed along the arcuate fasciculus, including Broca's
area (Fig.2, top).

Fig. 1 Steady-State Evoked Responses and Language
Tasks

Fig. 2 The Activity of the Amplitude Spectrum

4. DISCUSSION

The visual areas at 4.0 Hz and in the language-
related areas (Broca's area and Wernicke's area) at
1.3 Hz for both kanji and hiragana conditions.
The activity at 1.3 Hz, the difference of regions
were observed between the kanji condition
(Wernicke's area) and the hiragana condition
(Broca's area). This suggests that there are
different processing pathways for kanji, which are

logographic letters, and hiragana, which are



phonetic letters.

The Z-scores of the amplitude spectrum (p <
0.05) showed that at 1.3 Hz in the kanji condition
(response to hiragana), the response frequency
from Broca's area to the arcuate fasciculus
connecting Broca's area and Wernicke's area was
significantly high. However, in the hiragana
condition (response to kanji), no activity was
observed in the language areas. Since hiragana is
directly linked to phonological processing, it is
considered that language processing in the
hiragana condition occurs more quickly during the
short presentation time.

At 4.0 Hz in the kanji condition, significant
areas were observed in the visual cortex and
VWEFA. Additionally, the right fusiform gyrus,
which is involved in the recognition of faces and
objects, was also significant. It has been reported
that kanji activates not only the left but also the
right early visual cortex? 9, suggesting that kanji
1s processed by different pathway from hiragana.

Our results support this finding.

Fig. 3 The significant regions determined by Z-Scores
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Development of construction methods engineered muscle tissues combining
permanent magnets and magnetic field modulators

Kazuya Furusawa*
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Abstract
We have developed a cell patterning method using a compact device consisted of

permanent magnets and a magnetic field modulator to form grid-like magnetic gradients.

The device enables long-term cultivation of cells in modulated magnetic fields inside a

CO: incubator. By using the device, fiber-like cell aggregates (FCAs) consisted of mouse

myoblasts (C2C12) or bovine vascular endothelial cells (HH) were constructed. The

effects of magnetic field exposure time and concentration of EDTAMn(II)Na on FCA

formation were investigated. Furthermore, we constructed a complex engineered tissue
by seeding C2C12 on the FCAs prepared from HH.

Keywords: Cell Patterning, Cell Aggregates, Engineered Muscle Tissue

1. Purpose

The technology for patterning animal cells to a cell
culture substrate with ordered patterns, such as
grid-like useful for
locomotion behaviors of cells during morphogenetic

patterns, is investigating

processes of organs and tissues. However,
conventional technologies, such as photolithography,
require specialized equipment and expertise.

Kimura et al. have developed a technique to pattern

cells into a grid-like pattern by modulating a strong

Cell culture
vessel

= Figure 1. A: Magnelic

- field application device.
B: Cell culture vessel and
lid. C: CA construction
experiment in the CO2
incubator.
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magnetic field using a magnetic field modulator
consisted of alternately stacked aluminum and iron
plates. The method is simpler and more cost-effective
manner than conventional methods; however, it
requires a large electromagnet to generate the strong
magnetic field.

Recently, we have demonstrated that the method for
cell patterning experiments by combining permanent
magnets and a magnetic field modulator. Because the
device for the patterning experiments is more compact
than that of the conventional method, the method
allows us to culture cells for extended periods under
the modulated magnetic field in a CO: incubator.

An aim of this study is to establish a technique for
creating cell aggregates (CAs) with controlled
morphology by culturing cells for an extended period
under the modulated magnetic fields using a cell
patterning device.

2. Methods
Mouse-derived myoblast cell line (C2C12) and
bovine artery-derived vascular endothelial cells (HH)

were used in the experiments. DMEM supplemented



Table 1. Effects of Ty and C; on the results of CA construction expermments

O (mM)
- 2
Ty (h) 5 30 50
Morphology | Cell Viability | Morphology | Cell Viability | Morphology | Cell Viability
> Grid-like Good Grid-like FCA
pattern pattern
24 Grid-like Good Grid-like Good FCA A lot of dead
pattern pattern cells observed
with 10%  bovine  foetal  serum, 1% albumin and 0.5% Triton-X100 in PBS(-). Next, a

penicillin-streptomycin (PS), 1% non-essential amino
acids (NEAA) and 1% Glutamax was used as the
growth medium. A growth medium containing
Mn(IT)EDTA as the paramagnetic molecule was used
as a magnetic medium. DMEM supplemented with
2% horse serum, 1% PS, 1% NEAA, and 10 mg/mL of
human recombinant insulin was wused as a
differentiation medium.

A magnetic field modulator was prepared by
alternately stacking aluminum plates and SUS430
plates. The thicknesses of metals plates were 0.2 mm.
The permanent magnet (neodymium magnets with a
surface magnetic flux density of 0.5 T 30 mm X 30
mm X 30 mm)) was used as permanent magnet. The
combination of the permanent magnets and the
magnetic field modulator is referred to as a magnetic
field application device (MFAD). A cell culture vessel
was created by attaching a circular cover glass with a
diameter of 12 mm to the bottom of a glass ring with
an inner diameter of 10 mm, an outer diameter of 12
mm, and a height of 10 mm. The lid of the culture
container was fabricated using a 3D printer. Figure 1
shows the magnetic field application device and the
CA construction experiment.

For the CA construction experiment of C2C12, the
concentrations of Mn(IEDTA (Cg) were 25 mM, 30
mM, and 50 mM. The magnetic field application times
(Tm) were 2 h and 24 h. The cell seeding density was
64 x 10°

experiments, the samples were fixed with 4%

cells’em?. A after CA construction
paraformaldehyde solution. The samples were washed
four times with PBS(-) and blocked overnight with a
blocking solution containing 1% bovine serum

fluorescent staining solution
Alexa488-Phalloidin was added,
staining was performed overnight. The stained samples

containing

and fluorescent

were washed four times with PBS(-) and sealed. The

5 : _"’{."; =
Figure 2. A: A photograph for the CA constructed
at C, =50 mM and ¥, = 24 h. B: Phase contrast
microscopic image for the CA.
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Figure 3. Fluorescent images for the samples
cultured in the growth medium (A-B) and in the
differentiation medium (C) at day 1. A: € =30
mM, 7,=2h. B:C,=50mM, 7, =2h.C: C; =
50 mM, 7,, =2 h. Arrow heads indicate the
position of the CA.

morphologies of the samples were observed under a
fluorescent microscope.

For the CA construction experiment of HH, HH
were suspended in magnetic medium (Cg = 50 mM)
containing 0.25 mgmL bovine dermal-derived
atelocollagen and seeded at a density of 3.4 x 10°
cells/em? in the cell culture vessel. T was 30 minutes.
Next, the medium was replaced with growth medium
and incubated for an additional 30 minutes. Next,
C2C12 cells were seeded onto the CA of HH at a
seeding density of 2.4 x 10° cells/cm? and cultured for
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overnight.

3. Results

The effects of Cg and Tu on the results of the CA
construction experiment are summarized in Table 1.
When Cg was low and Ty was short, CA formed at the
expected position immediately after magnetic field
application, but over time, the CA adhered to the cover
glass and formed a lattice-like pattern. At Cg =25 mM,
although cell damage was minimal, CA formation
often failed. At Cg = 50 mM and Ty = 24 h, thicker
fibrous CA (FCA) formed. Figure 2A shows a
photograph of the FCA constructed under these
conditions. FCA were aligned in a grid-like pattern in
the culture container. By contrast, a high number of
dead cells was observed in a phase contrast
microscope image (Figure 2B).

Figure 3 shows fluorescence microscopy images of
the samples at day 1. FCA adhered to the culture
substrate, and cells moved and stretched in a lateral
direction of the CA (Figure 3A-B). By contrast, for the
fluorescent image of samples cultured in the
differentiation medium, myotubes were observed, but
the grid-like pattern almost disappeared.

Figure 4 shows phase-contrast microscope images
of samples where myoblasts were seeded on FCA
composed of vascular endothelial cells. C2C12 cells
were adhering to the grid-like FCA.

Figure 4. Phase contrast microscope image for the
engineered muscle tissue consisted of the CA
constructed from HH and the C2C12 cell sheet.
Arrow heads indicate the CA of HH.



4. Discussion

We have demonstrated that FCA can be formed by
long-term culture of myoblasts on MFAD. However, it
was also found that prolonged culture under conditions
with high Cr leads to a decrease in cell viability. To
address this issue, optimization of the magnetic field
While
myo-differentiation of the myoblasts in the FCA is
of FCA were not
maintained during the culture period. Therefore, for

application time is necessary.

possible, the morphologies
maintaining the morphology of FCA during longer
periods, further investigations modifying the thickness
of the metal plates constituting the magnetic field

modulator are required.

We have also showed that a myoblast sheet with
FCA consisted of HH is constructed by using our
method. The result indicates that layering the
composite tissue could construct thicker muscle
tissues.
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Abstract

This technology alows magnetic properties (anisotropy, magnetic susceptibility,
loss, damping constant, etc.) to be controlled and evaluated in the same way as solid-state
devices by aggregating magnetic nanoparticles/biological materials in the liquid phase
and increasing the bond between magnetic nanoparticles, and develop new antigen
detection methods. This technology has great engineering significance as it improves the
controllability of biosensors and increases signal and energy density. We demonstrate that
magnetic nanoparticles can dramatically improve performance and solve problems with
conventional technology in bio and medical applications.

Keywords: aggregating magnetic nanoparticles/biological materials, biosensor

1. PURPOSE

The purpose of this study is to increase the
interactions between particles by aggregating
magnetic nanoparticles and biologica materials in
aliquid phase at an appropriate concentration, and
to control and evaluate the magnetic properties
using solid-state physics, and to apply this to
biosensors.

2. METHOD

When magnetic nanoparticle is miniaturized to a
diameter of about severa nm, it exhibits
superparamagnetism, but when the interparticle
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distance changes due to aggregation, they undergo
a phase change between ferromagnetism and
superparamagnetism. The man factor that
determines the magnetic properties is the
interaction  between magnetic  nanoparticles
(exchange energy, magnetostatic  energy).
Magnetic nanoparticles have the advantage that
they can be remotely controlled, measured, and
heated using a magnetic field for biological and
medical applications. Asshown in Fig. 1, magnetic
nanoparticles in a liquid phase form aggregates
with  biological materials  through  an
antigen-antibody reaction, and antigens are



Fig. 1 The magnetic nanoparticle aggregates show ferromagnetic
properties. The magnetic nanoparticle antigen-antibody reaction
aggregate changes the interactions between magnetic nanoparticles
and shows superparamagnetic properties.

Fig. 2 Frequency dependence of the imaginary part of the
transmission coefficient (Sz1) when a DC magnetic field is
changed. The lowest value is observed near Hac=0.2 T.

up,100s
down,100s
up,10s
down,10s

Fig. 3 Changein the real part of magnetic susceptibility when
the DC magnetic field is changed. Even when the magnetic
field sweep direction and waiting time were changed in four
different ways, the magnetic susceptibility was maximized at
around 0.2 T. This demonstrates that the magnetic
susceptibility and anisotropy of liquid-phase magnetic
particles can be remotely controlled.

detected by utilizing the increased magnetic
interaction caused by the aggregation of magnetic
nanoparticles. Magnetic nanoparticles usually
disperse or aggregate in the target liquid phase,
but the magnetic properties can be controlled by
the interaction with adjacent particles. In this
research, we aim to apply to the rapid and highly
sensitive detection of microorganisms, Viruses,
proteins, etc.

3. RESULTS
3.1 Controlling the anisotropy of magnetic
nanoparticles

Fig. 2 shows the imaginary part of the
transmission  coefficient  (Sx) of  the
needle-shaped magnetic particle  (FeCrCo)
aggregate in the frequency range from 100 MHz
to 10 GHz. A straight microstrip line probe was
used for the evaluation’. From Fig. 2, a clear
shift in the ferromagnetic resonance (FMR) of
the magnetic particle aggregate was observed
around the frequency range of 2 GHz to 6 GHz.
Fig. 3 shows the magnetic field dependence of
the magnetic susceptibility of the magnetic
particles at 5 GHz. As shown in Fig. 3, it was
observed that the real part of the magnetic
susceptibility was maximized when Hg was
about 0.2 T to 0.3 T. This coincided with the
magnetic anisotropy fiedd of the FeCrCo
magnetic particles (approximately 0.2 T),
indicating that the anisotropy of the magnetic
particle aggregates could be controlled by a DC
magnetic field.

3.2 Microbial Detection

Fig. 4 shows the configuration of the device used
to evaluate microorganisms?. The detector is
composed of an excitation coil with a diameter of
30 mm and 60 turns, a differential detection coil
with a diameter of 10 mm and 100 turns, and a
magnetic field detection coil with 100 turns. The

16



Fig. 4 Configuration of the detector for evaluating microorganisms.
An AC magnetic field is generated by an excitation coil, and the
megnetic  signals from the magnetic nanoparticles and
antigen-antibody reaction aggregates are evaluated by a differential
detection coil to determine the magnetic susceptibility.
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Fig. 5 Magnetic susceptibility of cultured Fusobacterium

nucleatum.

magnetic susceptibility of the antigen-antibody
reaction aggregates was evaluated using equation
(D).

@

where Vy is the induced voltage of the magnetic
field detection coil, Vi is the induced voltage with
magnetic nanoparticle aggregates, and Vp is the
induced voltage of the reference (physiological
sdline). ny is the number of turns of the differentia
detection coil, n, is the magnetic field detection
coil, S; isthe cross-sectional area of the differential
detection coil, and S is the area of the magnetic
field detection coil. Fig. 5 shows the evaluation of
the real part of the magnetic susceptibility as an
aggregate  after the cultured bacteria of
Fusobacterium Nucleatum was reacted with
magnetic nanoparticles and an antigen-antibody.
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Table 1 The list of specifications and volume of antigens, antibodies,
magnetic nanoparticles.
How to prepare An antigen-antibody  Using Fe;0, conjugated

samples reaction with antibodies
Magnetic Nanomag-D Material & quantity
nanoparticles Size: 500 nm Fe304, 0.5 pl/sample
Antibody Anti-Fusobacterium  Quantity: 0.33 puL
nucleatum

Fusobacterium Obtained from Quantity: 20 puL
nucleatum human saliva
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Fig. 6 Evaluation results of Fusobacterium nucleatum in human
salivafrom 28 individuals and correlation with PCR.

The reagents used are as shown in Table 1. The

magnetic nanoparticles were reacted with
Nanomag-D (average particle size 500 nm¢,
Protein A added to the surface) with

anti-Fusobacterium  Nucleatum antibodies in
advance and then reacted with the cultured bacteria
a different
concentrations of 0, 10°, 108 and 10° (CFU/ml).
The higher the concentration of Fusobacterium
Nucleatum, the lower the magnetic interaction
between the magnetic nanoparticles and the lower
the magnetic susceptibility. The calibration curve
obtained from Fig. 5 was used to evaluate human
salivasamples.

Fig. 6 shows results of
Fusobacterium Nucleatum using human saliva
from 28 people. The 28 people include 7 patients,
which are indicated by red circles. The horizontal
axis shows the PCR evaluation results (relative
values). The vertical axis shows the concentration
of Fusobacterium Nucleatum converted using the
calibration curve in Fig. 5. Since the antigen
-antibody reaction is followed by agglutination
using magnetic force without post-washing, it is

of  Fusobacterium  Nucleatum

the evauation



Fig. 7 Cryo-electron microscopy image of magnetic nanoparticle
-protein aggregates. Gold particles (labeled with antibodies) are
located in the middle of the magnetic nanoparticle aggregates,
presumably forming cross-bridges.

Magnetic field (mT)

3120 02 04 06 0.8 1 1.2 14 16
% cytocheratin concentration(ug/mi) '

N s 8387
9 ) ® 10 s @ L $ P )
= [ e 100 RO E L EA RN
s TEREITIRERES
a §§: o’

s 4L i ¢ . s e .
% [

ERa: ii .
g "o 5 10 15 20
< Rotating number

Fig. 8 Changes in magnetic signal versus concentration of purified
protein (cytokeratin). As the concentration increases, magnetic
nanoparticles aggregate more, the magnetic interaction between particles

becomes stronger, and the magnetic signal becomes larger.
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Fig. 9 Photo of purified protein (cytokeratin) aggregates (optical
microscope). The higher the concentration, the more brownish areas
magnetic

appear, indicating the progression of aggregation of
nanoparticles.

suitable  for  point-of-care
concentration of  Fusobacterium  Nucleatum
obtained from the magnetic susceptibility
evaluation and the PCR evaluation results showed a
good correlation of approximately = 69%
(P<0.0001).

diagnosis. The

3.3 Protein detection
3.3.1 Structure of magnetic nanoparticle protein

aggregates

Fig. 7 shows a TEM image of magnetic
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Fig. 10 Evaluation results of cytokeratin extracted from lymph
nodes of cancer and non-cancer patients.
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Fig. 11 Evaluation results of cytokeratin extracted from lymph
nodes of cancer and non-cancer patients.
nanoparticles and protein aggregates observed with
a cryo-electron microscope (CRY O ARMTM300II,
JEOL Ltd.). In this sample, protein A-added
magnetic nanoparticles (Nanomag-D, average
particle size 130 nm¢) were bound to a primary
antibody (human GDF15 antibody) and Au
nanoparticles (NHS-activated gold nanoparticles, 5
nm¢). The Au nanoparticles were reacted with the
antibody. Next, an antigen-antibody reaction with
an antigen protein (GDF15, human recombinant
<MIC-1>) was performed. It is believed that
cross-bridges occur between the antigen and
magnetic nanoparticles, which increases the size of
the aggregates. In Fig. 7, the average particle size
of the magnetic nanoparticlesis 130 nm¢, and they
form a cluster structure. Because the antibody and
antigen have small molecular weights and are
difficult to observe in a cryo-electron experiment,
only the magnetic nanoparticles and gold
nanoparticles are observed in the image. The gold
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nanoparticles were observed in the middle of the
cluster magnetic nanoparticles. This is thought to
be because multiple magnetic nanoparticles form
a cross-bridge structure via the antigen and
antibody.

3.3.2 Cytokeratin detection

Magnetic nanoparticles (nanobeads 130 nm¢,
with ptotein A) were bound to antibody
-cytokeratin, and purified cytokeratin  was
subjected to an antigen-antibody reaction to
evaluate the response to the switching magnetic
field®. Fig. 8 shows the magnetic response of
magnetic  nanoparticle aggregates to the
switching magnetic field. The switching
magnetic field was increased with each rotation
to evaluate the increase in magnetic signal. As
the cytokeratin concentration increased from O,
10 pg/ml, to 100 pg/ml, the magnetic signal
increased significantly. This is thought to be due
to the magnetic nanoparticles being aggregated
via the protein (cytokeratin) as shown in Fig. 7,
which increased the magnetic signal. Four
samples prepared under the same conditions
showed similar trends, and the error bars were
small enough to be reproducible. As shown in the
photograph in Fig. 9, the brown area of the
aggregate expanded as the amount of antigen
(cytokeratin) increased. In the absence of antigen,
the magnetic nanoparticles were weakly
aggregated, and as the amount of antigen increased,
the brown color near the center of the aggregate
became darker. The protein increases the magnetic
coupling between the magnetic nanoparticles,
thereby increasing the magnetic signal, as shown in
Fig. 8.

Lymph nodes were collected from two esophageal
cancer patients and one non-cancer patient
(esophagitis) at Tohoku University Hospital. The
collected lymph nodes were homogenized in
PRO-MEASURE protein measurement solution
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with a BioMasher, diluted 10-fold, and the
supernatant was collected. The samples were
reacted with magnetic nanoparticles containing the
same cytokeratin antibody as in Fig. 8. Fig. 10
shows the magnetic response of three patients
evaluated under a switching magnetic field. Lymph
nodes of cancer patients contain cytokeratin, which
promotes the aggregation of  magnetic
nanoparticles and increases the magnetic signal.
Fig. 11 shows a comparison of magnetization
between three cancer patients and a non-cancer
patient. Statistically significant differences could
be evaluated between some cancer patients and
non-cancer patients, suggesting the possibility of
rapid intraoperative diagnosis.
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Establishment of Bladder-Preserving Therapy for Muscle-Invasive Bladder Cancer
Using Nanoparticles

Masakazu Gonda* Noriyasu Kawai*
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Abstract

Bladder cancer frequently recurs, with non-muscle invasive bladder cancer
(NMIBC) often progressing to muscle-invasive bladder cancer (MIBC), which requires
invasive cystectomy. Enfortumab vedotin (EV) was recently approved for metastatic
bladder cancer in Japan but causes side effects when administered systemically. We
devel oped EV-conjugated nanoparticles (MNPS-PMPC-EV) for intravesical
thermotherapy and evaluated their in vitro effects on bladder cancer cells. MNPS-
PMPC-EV showed no inhibitory effect on cell proliferation. Additionally, stable creation
of an MIBC moded mouse was challenging under the protocol of this study.

Keywords: bladder cancer, muscle-invasive bladder cancer, nanoparticles,

thermotherapy, enfortumab vedotin,

1. PURPOSE

Bladder cancer recursin approximately half of
cases.Y) Non-muscle invasive bladder cancer
(NMIBC), which initially remains within the bladder
Mmucosa, often progresses to muscle-invasive bladder
cancer (MIBC) through repeated recurrences. The

standard treatment for NMIBC istransurethral surgery,

but for MIBC, cystectomy is the standard gpproach.
Cystectomy isnot only highly invasive but also
significantly reducesthe patient’ s quality of life post-
surgery. Therefore, various bladder-preserving
treatments have been developed for MIBC, but none
have become the standard trestment.

Recently, enfortumab vedotin (EV), anew drug, has
been approved in Japan for metagtatic bladder cancer.
This antibody-drug conjugate (ADC) consigts of a
monoclonal antibody targeting nectin-4, whichis
overexpressed in urothelia carcinoma, linked to a
microtubul e-disrupting agent (monomethyl auristatin
E: MMAE). 2 However, since nectin-4 isalso
normally expressed in the skin, systemic

administration of EV causes side effectsin more than
half of patients. To addressthis, we hypothesized that
intravesica adminigtration of EV-conjugated
nanoparticles (MNPS-PMPC-EV) combined with
thermotherapy could reduce side effects and alow
bladder preservation.

In this sudy, we synthesized MNPS-PMPC-EV and
evauated itsin vitro ability to inhibit cell proliferation
in amurine bladder cancer cdl line. We d o attempted
to establish amuscle-invasive bladder cancer mouse
modd for future in vivo studies, which we report here
aswdll.

2. METHOD
I.  Synthessof MNPS-PMPC-EV

MNPS-PMPC-EV was synthesized in
collaboration with Nagoya Universty. Iron
oxide nanoparticles were used as the core,
around which numerous 2-
methacryloyloxyethyl phosphorylcholine
(MPC) molecules were conjugated to create
MNPS-PMPC. EV was then conjugated to
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MNPS-PMPC to form MNPS-PMPC-EV.
Thein vitro effects of MNPS-PMPC-EV on
bladder cancer cdls were subsequently
assessed. MNPS-PMPC and MNPS-PMPC-
EV were administered to the murine bladder
cancer cell line MB49 at concentrations of 1
pa/cell, 10 pg/cel, 100 pg/cel, and 1000
po/cell. After 24 hours, cdl viahility was
messured using absorbance analysis with
Cdl-Counting Kit-8.
Establishment of the MIBC Mouse Modd
Twelve 8-week-old female C57BL/6J mice
were prepared, and each bladder was
intravesicaly injected with 0.125% trypsin
(50 L) transurethraly. Trypsin was retrieved
from groups of four mice after 20, 30, and 40
minutes, followed by the indtillation of 6.0 x
10" MB49 cdlsin 50 pL into each bladder.
After 50 minutes, MB49 was retrieved, and
muscle-invasive bladder cancer presence was
evaluated 9 days post-inoculation.

3. RESULTS

Synthesis of MNPS-PMPC-EV

MNPS-PMPC-EV was successfully
synthesized in collaboration with Nagoya
University. MPC was conjugated to the
surface of iron oxide nanoparticles, with N3
added to the end of the MPC chain. EV, with
conjugated dibenzocyclooctyne, was then
attached to the MPC end using aclick
reaction.

Inthe cell growth inhibition assessment,
neither MNPS-PMPC-EV nor MNPS-PMPC
showed a significant decrease in viability in

established in the group with 40—minute
trypsin exposure (Figure 2A, B), while the
other cases clearly indicated NMIBC.

4. DISCUSSON

In this study, MNPS-PMPC-EV, an EV-
conjugated nanoparticle, was synthesized, and its
cell growth inhibition effect was examined.
Additionally, attempts were made to establish
MIBC in mice through intravesica injection of a
bladder cancer cdl line with trypsin treatment.

MNPS-PMPC-EV did not demonstrate any
inhibitory effect on cell growth. Thismay be due
to the low overal quantity of EV or reduced
cellular uptake caused by conjugation to
nanoparticles. Future sudieswill use transmission
electron microscopy to assess the quantity of
particles taken up by cdlsdirectly.

The creation of astable MIBC mouse model was
chalenging. Future attemptswill increase the
concentration of trypsin to enhance model
establishment. While the trypsin-induced bladder
cancer model has the advantage of a short
preparation time, it islimited by being a physical
implantation rather than aclinically analogous
modé. In contrast, the N-butyl-N-(4-
hydroxybutyl)-nitrosamine (BBN)-induced MIBC
modd more closaly resembles clinica bladder
cancer. ¥ Using the BBN-induced MIBC model
for thermotherapy will dlow usto assess treatment
effectsin amanner closer to clinical redlity.
Therefore, we plan to Smultaneoudy develop a
BBN-induced MIBC model and verify theinvivo
effects of thermotherapy.
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(Figure 1A)

Cdl viability of MB49 trested with MNPS-PMPC-EV

(Figure 1B)
Cell viability of MB49 trested with MNPS-PMPC

(Figure 2A)
Tumor within the bladder of the created mouse

(Figure 2B)
Possible invasion into the muscle layer, but no clear
invasion observed
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Mechanisms of spasticity treatment by peripheral magnetic stimulation
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Abstract

Peripheral magnetic stimulation has been suggested as an effective new treatment
for spasticity. Peripheral magnetic stimulation is characterized by its ability to stimulate
the affected area without pain, but the mechanism of the spinal reflex pathway, which is
important in the pathophysiology of spasticity, has not yet been elucidated. In this study,
we will perform peripheral magnetic stimulation of the tibialis anterior muscle in chronic
stroke patients to elucidate brain plasticity and spinal reflex circuits using spina cord
reciprocal inhibition before and after the intervention.

Keywords. Spasticity, Peripheral Magnetic Stimulation, NMES, Stroke, Reciprocal

Inhibition

1. PURPOSE

It is estimated that 3.5 million people
suffer from stroke, which has a significant impact
on the health and welfare of the nation as well as
on the medical economy. It is known that half to
2/3 of patients present with sequelae of central
motor paralysis after stroke onset, and the
establishment of treatment methods for these is
strongly needed. Spasticity is said to be present
in 27-36% of patients during the first year after
stroke onset.’ Not only does it interfere with a
wide range of Activities of Daily Living (ADL)
such as washing hands, changing clothes, holding
things, and walking, it also affects the quality of
life (QOL)

members. (QOL) of caregivers, including family

of caregivers, including family
members, is also reduced. In stroke patients,
treatment of spasticity is very important to
improve ADL/QOL.

Spasticity is characterized by increased
tendon reflexes and increased resistance to
Although the
interpretation of the pathophysiology of spasticity

velocity-dependent  extension.
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itself remains controversial, one implication is
thought to be reciprocal inhibition. Stimulation of
Ia afferent neurons in the striated muscle
reduces the excitability of alpha motor neurons in
the antagonist muscle through inhibition by Ia
inhibitory interneurons in the spinal cord, which
1s called reciprocal inhibition. In the past, many
methods

evaluate reciprocal inhibition by measuring the

have been wused to quantitatively

amplitude of the H wave.?

Known treatments for spasticity include
rehabilitation, medical therapy, nerve block
therapy, botulinum therapy, intrathecal baclofen
(ITB) therapy, and neuromuscular electrical
stimulation therapy. However, the above
therapies are expensive, and oral medication
increases the risk of falling due to side effects
such as drowsiness and lightheadedness, while
injections, surgery, and electrical stimulation
therapy are often accompanied by pain.

Therefore, we focused on peripheral
magnetic stimulation (PMS), which can stimulate

the affected area without stimulating the skin



surface compared to neuromuscular electrical
stimulation therapy because a stimulation coil is
placed at the target site of stimulation and a
short pulse magnetic field is generated. This is a
feature of PMS that allows stimulation of the
affected area without pain. Therefore, this
technique is expected to be clinically applicable to
relatively large muscles and joints.

There are a number of PMS approaches
for spasticity. The effectiveness of PMS has been
evaluated manually using the Modified Ashworth
Scale, the Modified Tardieu Scale (MTS), the
clonus of the soleus muscle using surface
electromyography, and electroencephalography
(EEG), suggesting that PMS is effective, but the
neurophysiological mechanism of the spinal
nerve circuit has not yet been clarified. 3) The
neurophysiological mechanism has not been
clarified.4) PMS is believed to increase the input
to afferent neurons such as Ia, Ib, and IL5)
Therefore, PMS stimulation in conjunction with
voluntary movements can increase the number of
motor neurons in the homonymous muscle via
monosynapses from Ia afferent neurons in the
main motor muscle. The PMS stimulation in
conjunction with the voluntary exercise is
thought to activate more motoneurons, including
those that could not be excited by only one of the
two stimuli, because the signals from the Ia
afferents in the main motor muscle reach the
same motoneurons at the same time as the nerve
signals descending from the cortex. In addition, it
is possible that the antagonistic inhibition of the
antagonist muscle via inhibitory neurons could be
expected. Therefore, in this study, we decided to
investigate the mechanism of action of peripheral
spasticity  using

magnetic stimulation on

neurophysiological techniques.

2. Method

Stroke patients admitted to our hospital for
rehabilitation treatment were included in the study.
Participation criteria were as follows: 1) age over 18

years and under 80 years, 2) centrd motor parayss
due to unilateral lesion, 3) stable general condition, 4)
no cognitive decline or serious gphasia symptoms, and
5) free and voluntary written consent after being fully
informed about the study. Exclusion criteria were
pacemakers, indweling catheters in the heart, metd
implants such as clips in the body, history of epilepsy,
and no spadticity in the lower limbs. Consent was
obtained in writing to conduct the sudy. (Keio
Universty School of Medicine Ethics Review
Committee No. 20231035, gpproved June 7, 2023)

*CROSSOVER STUDY

The change in the height of the H wave
amplitude before, immediately after, and 15 and 30
minutes after the end of dimulation with PMS and
NMES, i.e., the change in reciprocal inhibition before
and after dimulation with rPMS and NMES, was
compared in patients with central motor pardysis with
spadticity. The washout period was at least 24 hours.

The PMS and NMES were applied to the
tibiais anterior muscle in conjunction with voluntary
dorsflexion of the ankle joint. 2 sec on - 2 sec off, 100
cycles were performed. 30 Hz was used for the PMS,
for atotal of 6000 rounds, and the same for the NMES,
with theintensity set a 110% of the motor threshold at
which joint motion occurs.

The conditioned simulation method was
used to evduae spadticity and spind reciprocal
inhibition. Recording electrodes were affixed to the
tibiais anterior and soleus muscles, and the sampling
frequency of the dectromyograph (Nihon Kohden,
Neuropac X1) was 10 kHz with a bandpass filter from
10 Hz to 1 kHz. Using eectromyography, conditioned
(Contral) stimulation (common peronea nerve) was
performed a the stimulation intensity of the M-wave
threshold of the anterior tibidis muscle (intendity at
which 100 pV could be recorded), and test (Test)
gimulation (tibid nerve) was performed a the
gimulation intensty of 15-25% of the Mmax
amplitude value. Test gimuli aone were stimulated for
10 trids without conditioned stimulation, and 10 trids
were stimulated @& 2 ms and 20 ms for the
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Condition-Test (C-T) interval, respectively. 2 ms for
the C-T interval evaluated la inhibition, and 20 ms
evaluated D1 inhibition (presynaptic inhibition).

Basic information on the subjects included age,
gender, disease type, post-onset duration, spadticity
(MTS), motor pardyss (Fugl-Meyer Assessment
Lower Extremity (FMA-LE)), and sensory impairment
(Stroke Impairment Assessment Set (SIAS) sensory
items). sensory items of the Stroke Impairment
Assessment Set (SIAS)).

For datistical analys's, peak-to-peak values
of H-wave amplitude recorded in the triceps femoris
muscle were caculated and Reciproca Inhibition (RI)
(mean H-wave amplitude with conditioned
stimulugmean H-wave amplitude with test gimulus
only) was calculated. Two-way analyss of variance of
repeated measures was performed, and Bonferroni test
was performed as a post-test. The results are presented
as mean = sandard deviation. The significance level
was st at p<0.05.

3.RESULTS

11 droke patients who met the inclusion
criteria were included in the study. Mean age: 54.45 +
7.45 years, mae 8, femde 13; type of droke 3
cerebral infarction, 8 cerebral hemorrhage; time since
onsat: 2023 + 1151 days; ankle MTS: [QMR] 2.55 *
0.66, [R1-R2] 11.73 + 6.59 degrees, FMA-LE: 23.20 +
3.70 points SIAS sensory items, [Light touch]
2.45+0.50, [position] 2.82+0.39.

Fird, the la suppression, Rl with a C-T time
of 2ms, isshown in Figure 1a. A two-way anayss of
variance reveded no interaction with F(3, 28)=0.405,
p=0.7511. A Bonferroni test showed no significant
difference between the NMES and PM S groups.

Next, the RI for D1 suppression, C-T time 20 ms, is
shown in Figure 1b. A two-way andysis of variance
revealed no interaction with (3, 30)=2.197, p=0.109.
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Figurel Changes in Reciprocal Inhibition at 2 ms
and 20 ms C-T time (mean + SD)
(@) 2ms

() 20ms

4. DISCUSSION

The purpose of this study was to ducidate
the neurophysiological mechanisms of PMS. The
results of the current study showed that PM S did not
significantly dter laand D1 inhibition.

PMS isreported to increase input to afferent
neurons such as la, Ib, and I, and it was thought that
PMS in conjunction with voluntary movements might
be expected to produce conflicting inhibition to
antagonistic muscles via inhibitory neurons, but this
was not the casein the present study.

Although previous studies have evaluated
the improvement of PMS-induced spadticity using
clinica evauation and surface eectromyography, no



study has measured Reciproca Inhibition using the
H-wave conditioned stimulation method, a quantitative
evaluation method for spadticity, and we bdieve that
thisis highly nove. One limitation of this study is that
it is difficult to srictly dign the amplitude of the H
wave before intervention because PMS and NMES
cannot be performed on the same day.
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Abstract

To clarify whether the density spectral array (DSA) of ictal EEG can differentiate
epileptic seizures from non-epileptic events using deep learning techniques. We reviewed
patients with mesial temporal lobe epilepsy (mTLE) and psychogenic non-epileptic
seizures (PNES), and analyzed seizures/events recorded by long-term video EEG
monitoring. Time of clinical onset was defined as zero, and the EEG recordings were
clipped from -3 to +3 minutes. Frequency analysis of Cz as well as the means of C3-C4,
Fpl-Fp2, and O1-O2 was performed to generate DSA. ResNet34, a convolutional neural
network (CNN) model, was trained and tested on datasets. CNN architecture was created
from 40 patients with mTLE and 40 with PNES as train data; and 8 patients with mTLE
and 11 with PNES were evaluated using the model as test data. EEG recordings of Cz
electrode from -1 to +1 minutes showed the best performance, with area under the curve
of 0.959, accuracy of 0.879, sensitivity of 0.800, and specificity of 0.944. DSA of
single-channel EEG (Cz) successfully differentiated between epileptic seizures and

nonepileptic events with deep learning techniques.

Keywords: density spectral array, single-channel EEG, convolutional neural network

1. PURPOSE
Magnetoencephalography (MEG) is a device that

detects neuronal excitations in the brain by measuring
the magnetic fields they produce. Conventional MEG
uses superconducting quantum interference devices
(SQUIDs), which require a large shielded room and
liquid helium for cooling, resulting in high running
costs. Recently, tunnel magneto-resistive (TMR)
sensors, which we have been developing, have shown
promise in addressing cost issues due to their wide
dynamic range and room temperature operation.”? In
this study, we aimed to develop a video MEG
monitoring system using TMR sensors with the
ultimate goal of enabling ambulatory MEG. To reduce
costs for home applications, it is desirable to detect
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epileptic seizures using fewer sensors. Therefore, we
examined methods for differentiating between
epileptic seizures associated with mTLE and
non-epileptic events associated with PNES using data
from long-term video EEG monitoring (LTVEM) with
fewer electrodes.

2. METHODS

We retrospectively investigated mTLE and PNES
patients who underwent comprehensive inpatient
evaluation at Tohoku University Hospital between
January 2014 and December 2022. Scalp EEG
recordings were performed using the Neuro Fax
EEG-1200 system (Nihon Kohden, Tokyo, Japan)
based on the international 10-20 system at a 500 Hz



sampling rate. All EEG data were interpreted by
clinical technologists and physicians. Frequency
analysis was conducted using Cz, the mean of C3 and
C4, the mean of Fp1 and Fp2, and the mean of O1 and
02 referenced to linked earlobes. EEG signals were
downsampled to 100 Hz, and fast Fourier transform
(FFT) was performed using 5.12-second segments,
calculated every 2.56 seconds. DSA was plotted with
time on the x-axis, frequency on the y-axis, and power
represented by color. The clinical onset was
determined by board-certified epileptologists based on
seizure video review, and EEG recordings were
clipped from -3 minutes to +3 minutes around the
onset. DSA was generated for different time windows
(Full: -3 to +3 min; Early 1/3: -3 to -1 min; Middle 1/3:
-1 to +1 min; Late 1/3: +1 to +3 min) (Figure 1). The
ResNet34 CNN model was trained and tested on
datasets from different years, and performance was
evaluated using AUC, accuracy, sensitivity, and

specificity.

-3 minutes

T =yr = x .
o
/‘:i"\mulcs

Figure 1.
Typical example of density spectral array of a patient

with mesial temporal lobe epilepsy. The time of
clinical onset was defined as zero, and the EEG
recordings were clipped from -3 to +3 minutes (full).
The data was divided into three parts: from -3 to -1
minutes (early 1/3), from -1 to +1 minutes (middle 1/3),
and from +1 to +3 minutes (late 1/3)

3. RESULTS

A total of 48 mTLE cases (106 seizures) and 51
PNES cases (100 events) were analyzed. CNN
architecture was developed using 40 mTLE (91
seizures) and 40 PNES (82 events) patients from 2014
to 2020 as training data, and tested with 8 mTLE (15
seizures) and 11 PNES (18 events) patients from 2021
to 2022. Evaluation across different time windows and
electrodes showed that EEG recordings from the Cz
electrode during the Middle 1/3 window (-1 to +1 min
from clinical onset) produced the best results. Using
the ResNet34 model, we achieved an AUC of 0.959,
accuracy of 0.879, sensitivity of 0.800, and specificity
0f 0.944 (Table 1, Figures 2 and 3).

Table 1. Performance of the frequency analyses in
different time windows at each electrode.

Time Cz (C3-C4 Fpl-Fp2 0O1-02
window
AUC  Early1/3 0.533 0.589 0.893  0.500
Middle 1/3 0.959 0.874 0.778 0.704
Late1/3 0.700 0.767 0.644 0.533
Full  0.756 0.826 0.689 0.685
Accuracy Early 1/3 0515 0485 0.818 0.515
Middle 1/3 0.879 0.758  0.727  0.636
Late 1/3 0.667 0.667 0.636 0.515
Full 0576 0.667 0.667 0.636
Sensitivity Early 1/3 0.533 0.600 0.867  0.533
Middle 1/3 0.800 0.867 0.733  0.733
Late 1/3  0.600 0.667 0.600 0.533
Full 0400 0467 0.733 0.667
Specificity Early 1/3 0.500 0.389 0.778  0.500
Middle 1/3 0.944 0.667 0.722  0.556
Late 1/3 0.722 0.667 0.667  0.500
Full  0.722 0.833 0.611 0.611

AUC = area under the curve.
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Figure 2.

Results of the test data classified by the convolutional
neural network (CNN) model. Density spectral arrays
were generated by EEG recordings of clinical onset
from -1 to +1 minute (middle 1/3) and frequency
analyses of Cz electrode with linked ear reference.
Actual Class means true epilepsy and psychogenic
nonepileptic seizures (PNES), and Predicted Class
means the results classified by CNN. The CNN model
correctly classified 12 (80.0%) of 15 epileptic seizures
and 17 (94.4%) of 18 non-epileptic events.

PNES = psychogenic nonepileptic seizures

4. DISCUSSION

The reason why Cz recordings produced the best
performance may include fewer artifacts from eye
movements and temporalis muscle contractions,
broader brainwave detection due to its central location,
and higher power spectral values because of its
distance from the earlobe electrodes. The Middle 1/3
window was most effective because seizure-related
EEG changes occupied the largest proportion of the
recording  during  this

period,  minimizing

contamination by motion artifacts. Using deep
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Figure 3.

Receiver operating characteristic curve of the density
spectral array generated by EEG recordings with Cz
electrode and linked ear reference. Analysis interval
from -1 to +1 minute showed the best performance
with area under the curve (AUC) of 0.959.

learning, we successfully differentiated between
epileptic seizures and non-epileptic events (PNES)
using DSA from single-channel EEG (Cz). This
technology could enhance diagnostic accuracy and
contribute to the development of automated systems
for a home-use video MEG monitoring system using
TMR sensors.
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Abstract

Neuropathic pain is an intractable chronic disease caused by various factors
including cancer. It is believed that the mechanism of its onset is the abnormal excitation
of nerve cells due to the activation of ion channels on the cell membrane when nerve
cells are damaged. Our research group has developed a technique for manipulating
localized cells, including TRP channels, using stimuli-responsive nanoparticles that are
harmless to cells. In this study, we aimed to obtain basic knowledge for creating a
technique to treat neuropathic pain safely and effectively by using magnetic nanoparticles
as a "remate control agonist” that selectively manipulates TRP channels in nerve cells.
When magnetic nanoparticles were added to TRPV2(+) T24 cells and a magnetic field
was applied, Ca%* inflow into the cells in response to the magnetic field was observed.
Based on these results, it is expected that the method developed in this study can be

applied to anew treatment for neuropathic pain.

Keywords. Neuropathic pain, TRP Channel, Magnetic nanoparticle

1. PURPOSE

Neuropathic pain is a chronic, intractable disease
caused by various factors, including cancer, and is a
serious disease with an estimated 1.5 hillion patients
worldwide. For example, cancer patients not only
experience pain due to tumor growth, but also pan
when cancer invades the nerves and pain due to side
effects of anticancer drugs on the nervous system, so
pain paliative care is required in paralel with cancer
treetment. The mechanisn of onset of such
neuropathic pain is thought to be that when nerve cells
are damaged, ion channels are activated on the cell
membrane, causng the nerve cels to become
abnormally excited and resulting in "'pain symptoms."

A well-known example of such anion channd isthe
trandent receptor potentid (TRP) channd (which
dlows caions to pass when exposed to high
temperatures of 52°C or higher or mechanica
stimulation), and was the subject of the Nobe Prize in
Physology or Medicine in 20211)2). These TRP
channels are locdized in periphera sensory nerve
endings and skin kerainocytes and ae deeply
involved in the starting point of pain reception, and it
is believed that pain generation can be blocked by
controlling the TRP channd. In fact, trestments that
desendgitize channd function usng smal molecule
drugs (= agonists) that ectivate TRP channds have
begun to be applied dinicaly (Qutenza (Agellas),
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Zuacta (Wington Laboratories), etc.), but strong side
effectsare aproblem.

Furthermore, as a socid demand, neuropathic pain
associated with various diseases including cancer is a
serious disease that affects many people around the
world, and there is a strong globa demand for the
development of effective treatment techniques.
Currently, treatments that use analgesics and medica
narcotics, which are very burdensome on the patient's
body, and trestments that desensitize TRP channds
with smal molecule agonist drugs are used, but dl of
these exigting pain trestments have magjor issues with
safety issues and low therapeutic efficacy.

On the other hand, our research group is developing
a technique for manipulating localized cells, including
TRP channds, using stimuli-responsive nanoparticles
that are harmless to cdls3). Therefore, the objective of
this study was to obtain basic knowledge for cregting a
technology to safely and effectively treat neuropethic
pan by usng magnetic nanopaticles as a
"remote-controlled  agonist”  that  sdectively
manipulates TRP channelsin nerve cdls.

2.METHOD

Fe;Os nanoparticles (Bare-NPs) were synthesized
by homogeneous precipitation, and dopamine was
introduced to the particle surface (DOPA-NPS). Then,
poly(ethylene glycol) (PEG) possessing a polyanion
block structure a one end was immobilized on the
nanoparticle surface via an amide bond to prepare
PEGylated Fe;0. nanoparticles (PEG-NPs). The
particle size of the obtaned nanoparticles was
evaluated by dynamic light scattering, and the surface
charge was measured by zeta potential measurement.
Furthermore, PEG/antibody-co-immobilized Fe304
nanoparticles (PEG/anti-NPs) were also prepared by
simultaneoudy introducing PEG-b-polyanion and
anti-TRPV2 antibody onto the nanoparticle surface.
The particle size digtribution of the obtained particles
was measured by dynamic light scattering, and the
antibody introduction was eval uated by the micro BCA
method. Then, PEG/anti-NPs were added to human
bladder cancer-derived T24 cels as a modd cdll
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expressng mechanical stimulus-responsive TRPV2
channels, and Ca2+ influx upon application of a
magnetic fild was observed using a fluorescence
microscope.

Figure 1. Schematic illustration of mechanica
stimulation of TRPV2 channdl using surface modified
magnetic nanoparticles.

Figure 2. Patide size didribution in agueous
environment.

3.RESULTS

Magnetic nanoparticles were synthesized using the
homogeneous precipitation method, resulting in
bare-NPs with a particle size of approximately 90 nm.
Next, PEG-b-polyanion was introduced into the
bare-NPs, resulting in a particle sze of approximately
140 nm. The zeta potentia of the PEG-NPs was
measured, and it was found that the change in the
mesasured zeta potential when the pH was changed was



smaller than that of bare-NPs. Next, the PEG/anti-NPs
were added to T24 cells, and after applying amagnetic
fidd (30 se), the gate of Ca2+ in the cdls was
observed usng Fluo-8®, a Ca2+ indicator fluorescent
reegent. As a reault, it was observed that the
fluorescence of Fluo-8® increased when a magnetic
field was gpplied compared to when a magnetic field
was not applied.

4. DISCUSSION

Asaresult of PEGylation of bare-NPs, it was found
that the paticle size increased. This suggests that
PEG-NPs are obtained by PEGylation of multiple
nanoparticles as aggregates during the PEGylation
process. In addition, the results of zeta potentia
measurement showed that the change in zeta potentia
value due to pH was smdler for PEG-NPs than for
bare-NPs, suggesting that a nonionic PEG layer was
formed on the nanoparticle surface.

Furthermore, when this PEG/anti-NPs was added to
T24 cells and a magnetic fidd was applied, it was
observed that Ca2+ flowed into the cellsin response to
the magnetic fidd application, suggesting that the
mechanicd gimulus-responsive TRPV2 channel on
the cell membrane was activated.
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Investigation of the neuromodulatory effects of transcranial static magnetic field
stimulation (tSMS) on brain network dynamics

Sumiya Shibata
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Abstract

Transcranial static magnetic field stimulation (tSMS) is the latest biomagnetism

technique which can non-invasively stimulate the human brain. The aim of this study was

to investigate the neurophysiological mechanisms of the neuromodulation of tSMS using

transcranial magnetic stimulation with electroencephalography (TMS-EEG), which is a

novel method for exploring excitability and connectivity of the brain network. tSMS was

applied over the left primary motor cortex (M1) for 20 min in 15 healthy subjects. tSMS
altered TMS-evoked potentials (TEPs), which are the EEG responses time-locked to the
TMS pulse, both at the stimulated M1 and at the contralateral M1.

Keywords: transcranial static magnetic field stimulation (tSMS),

TMS-EEG,

TMS-evoked potential (TEP), interhemispheric inhibition

1. PURPOSE

tSMS can non-invasively modulate the brain
function with a small and strong permanent magnet. It
not only inhibits the function of the cortex below the
magnet but also changes that of the cortex remote from
the magnet by modulating the brain network V. The
purpose of this
neuromodulatory effects on the brain network using
TMS-EEG.

In TMS-EEG, TMS pulses are applied to stimulate
a specific area of the brain while EEG is recording

study is to investigate its

electrical activities from the whole brain. This allows
us to analyze the electrical responses of the brain to the
external stimuli and to visualize the temporal and
spatial spread of the brain responses reflecting the
brain network.

2. METHOD
Fifteen healthy volunteers (nine men, 21-25 years
of age) participated in this study. All of them were

right-handed. Each experimental session involved the
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measurement of EEG responses to TMS applied to the
left M1 before (baseline), immediately after (postl),
and 20 min after (post2) real or sham tSMS over the
left M1 for 20 min. For real tSMS, a cylindrical
NdFeB magnet with a 50 mm diameter and 30 mm
thickness (Model N-50; NeoMag, Japan) was used.
The surface magnetic flux density was approximately
5340 G. A non-magnetic stainless-steel cylinder of
similar size and appearance to the real magnet was

used for the sham stimulation (Fig. 1).

Figure 1 Experimental protocol
Adapted from Figure 4 in ref.6).
CCBY-NC-ND 4.0
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In a single session of TMS-EEG recording, TMS
pulses were applied at an intensity of 100% resting
motor threshold (fMT) 120 times using Magstim 200?
magnetic stimulator (Magstim Co., UK). EEG signals
were recorded with 64 channel TMS-compatible
electrodes and an EEG amplifier (Brain Products,
Germany), at a sampling rate of 5 k Hz and a 1350 Hz
anti-aliasing filter.

EEG data were pre-processed using TESA
(TMS-EEG signal analyzer) toolboxes?. TMS-evoked
potentials (TEPs) were calculated by averaging the
pre-processed data. For TEP in the left primary
sensorimotor area (SM1), TEPs were averaged across
FC1, FC3, FC5, C1, C3, C5, CP1, CP3, and CP5. For
TEP in the right SM1, TEPs were averaged across FC2,
FC4, FC6, C2, C4, C6, CP2, CP4, and CP6. Early
responses (between 26 and 100 ms after TMS) were
investigated.

A non-parametric cluster-based permutation test®
was conducted for comparing the changes of the TEPs
between the timepoints (baseline vs postl, and
baseline vs post2. p <0.05).

3. RESULTS

The four peaks were identified in the TEPs in the
left SM1, which was a tSMS target: P30, N45, P55,
and N100 (Fig. 2a). The amplitude around the P30 of
the TEPs significantly decreased at postl1.

The negative peak (N60) was identified in the TEPs
in the right SM1, which was contralateral to the
stimulation site (Fig. 2b). The amplitude around the
N60 of the TEPs
post2.

significantly increased at
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Figure 2 The grand average of TEPs in the left SM1
(a) and the right SM1 (b)

Adapted from Figure 1 in ref.6).
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4. DISCUSSION

tSMS inhibits the cortical excitability below the
magnet. The inhibition by tSMS decreased the
amplitude of P30 in the left SMI, reflecting the
excitability of the corticospinal tract .

tSMS facilitates the cortical excitability on the
through the
interhemispheric inhibition from the hemisphere on the

contralateral side attenuation of
stimulated side to that on the contralateral side . The
increase of the amplitude of N60 in the right SM1 may
reflect the facilitation of the right SM1 by tSMS to the
left SM1.
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Mechanisms of the magnetic response in the organism.

Kazuhiro Kobayashi
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Abstract

Magnetobacteria sense geomagnetism with the 'magnetosome |, comprising a magnetite.

Magnetosomes are aligned on the mamK mediated by the mamJ, and this system works as a

magnetic compass. Then, this unique system gathers broad interest to understand

magnetoreception in bio-organism. However, there is no-magnetoreception mechanisms due

to toughness in purification this system. Here, I present a high-resolution cryo-electron

microscopy (cryo-EM) structure of mamJ bound mamK filaments at 2.5 global resolution

through the purification of functional mamJ and mamK. This structure provides the entire

architecture of mamK and partial mamJ structure at the mamK dimer interface. Further image

analysis will highlight the entire comprehensive mamlJ structure and will reveal a molecular

basis of magnetoreception in bio-organisms.

Keywords: Magnetoreception, cryo-electron microscopy, structural biology

1. Purpose
Magnetotactic bacteria sense the magnetic force with a
magnetosome | comprising magnetite and transmit
the magnetic-induced movement to the actin-like
filament skeleton called mamK via a mamJ". In this
study, we focus on magnetic bacteria, establish a protein
purification system for mamK and mamlJ, and aim to
elucidate their molecular basis by single-particle
structural analysis using cryo-EM.
2. Method
mamJ and mamK genes were constructed on E.coli
expressing vector and these proteins were expressed on
E.coli. These proteins were purified with wide range of
procedures and purified proteins were loaded on the
cryo-EM grid and observed with cryo-EM.
3. Result
Magnetic bacteria were cultured, and the mamK gene
was cloned on E.coli expressing vector. Then, mamK
was expressed on E.coli as a fusion protein of histidine
tag and purified with Ni-NTA resin, similar to the
previous study”. The purified protein formed filament
stricture in the presence of 5 mM Mg*" and 5 mM ATP.
Nevertheless, The filamented mamK was partial,

suggesting that the fused histidine tag inhibited mamK
polymerization. Thus, I hired protein a refolding method
for functional mamK purification, referring to another
study” (Fig. 1a). The purified protein showed an entire
filamentation with 5 mM Mg** and 5 mM ATP. These
results indicate protein refolding provides intact mamK
protein, suitable for structural study of the
mamJ+mamK complex.

Next, mamJ gene was cloned on E.coli expressing
vector and expressed on E.coli as a fusion protein of
histidine tag. This protein was purified through protein
refolding and affinity chromatography with Ni-NTA
resin (Fig. 1b). Subsequently, the purified mamJ was
mixed with mamK protein, and the mamJ-mamK
complex was reconstructed in the presence or absence
of 5 mM Mg”* and 5 mM ATP. The result showed mamJ
formed a complex with filamentous mamK but not with
monomerized mamK (Fig. 1c). This complex was
loaded on a cryo-EM grid and observed with cryo-EM.
Cryo-EM showed an obvious mamK filamentous
structure, but unexpectedly, mamJ was partially bound
to mamK. Consistent with the observation, some

aggregated proteins were observed on the grid, which
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seems to be aggregated mamJ protein. These results
indicated the full-length mamJ protein dissociated from
mamK in grid processing due to its instability and made
a large aggregation. Then, I truncated the mamJ protein
and made dozens of truncated constructs to generate
stabilized protein with binding capacity for mamK.
These truncated constructs were expressed on E.coli and
purified through protein refolding. I performed complex
formation with these proteins and mamK in the
presence of 5 mM Mg** and ATP, which elucidated N
and C terminus of mam)J are critical for mamK binding.
Then, I made a new construct comprising N-terminus
and C-terminus mamJ, expressed on E.coli, and purified
with protein refolding. This truncated protein retained
binding capacity for mamK (Fig. 1d), and then, these
proteins were loaded on a cryo-EM grid. This grid was
observed with cryo-EM and captured images were
analyzed using image analysis software. This analysis
provides a high-resolution 3-dimensional density map
of mamK at global resolution2.5 A (Fig. 2). This map
showed partial density of mamlJ at the dime interface of
mamK, suggesting mamJ binds mamK dimer not
monomer (Fig. 2). I have further analyzed this images
at this position to visualize entire biding mode of mamJ.
4. Discussion

The density map suggests mamJ binds to the joints of
the mamK monomer, indicating that two molecules of
mamK are required for the binding of one molecule of
mam]J at least. This result is consistent with our
biochemical experiment, in which mamJ does not bind
to mamK alone, but only to filament-forming mamK.
These result suggest mamJ recognizes the three-
dimensional structure of mamK and binds to it.
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Establishment of a method for quantification of brain-spinal cord

connectivity supporting recovery of voluntary motor control ability

by ssmultaneous brain-spinal cord magnetic resonance imaging
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Abstract
Stroke damages the corticospinal tract (CST), causing motor paralysis. Accurate
prognosis biomarkers are needed to plan effective rehabilitation. This study aims to
guantify brain-spinal connections supporting voluntary movement using simultaneous
brain-spina fMRI and diffuson MRI. We examined nine stroke patients to assess
structural and functional changes. Results showed CST damage and altered brain and
spina cord activity during hand movement. These methods may help predict recovery

and devel op better rehab strategies.

Keywords: Stroke, Corticospinal tract (CST), Motor recovery, Functional MRI (fMRI),
Diffuson MRI (dMRI), Prognostic biomarker, Voluntary movement, Brain-spina

connectivity, Rehabilitation, Tractography

Introduction

Stroke, caused by either rupture or occlusion of
cerebral blood vessds, affects approximately one
million people annudly in Japan. Many droke
survivors suffer from motor paradysis dueto damage to
the corticospina tract (CST), a mgor descending
pathway connecting the motor and somatosensory
related areas to the spinal cord. Accurate prognosis of
motor function recovery is essentia for planning
effective rehabilitation. While studies using brain
magnetic resonance imaging (MRI) have revesed
sructurdl  (Stinear e a. 2007) and functiona
(Grefkes and Ward 2014) differencesin CST between
patients who recover and those who do not, MRI aone
is insufficient for precise prognosis. The combination
of bran and spind assessments based on

electrophysiological measures, has been used to
improve predictive accuracy. However, thereremainsa
need for fast and practical biomarkers that can be used
in dinical settings. Therefore, establishing an imaging
method that includes both bran and spina cord
evaluation may provide more accurate and accessble
prognostic indicators.

This study aims to develop and vaidate imaging
techniques to visudize and quantify the brain-spina
connections that support voluntary motor recovery
after sroke. Specificaly, we sought to identify
brain-spinal pathways and functiona reorganization
using Smultaneous brain-spina MRI.

Methods
Experiments were conducted on nine stroke patients
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(3femaes,; age: 57.56 + 14.43 years, height: 1.65+ 0.1
m; weight: 63.71 + 1831 kg, mean + dandard
deviation). The study was conducted in accordance
with the Declaration of Helsinki, and written informed
consent was obtained from al participants prior to
enrollment. The study protocol was approved by the
ethics committees of the Tokyo Metropalitan Inditute
of Medicad Science and Chiba Rehabilitation Center.

MRI data were acquired usng a 3T MAGNETOM
Skyra scanner (Siemens Healthcare GmbH, Erlangen,
Germany) with a 20-channd head coil. Structural
T1-weighted and T2-weighted images were obtained,
along with FLAIR imagesto identify leson locations.

To quantitatively assess residua  descending
pathways, diffuson-weighted images (DWI) were
acquired.  Streamlines  representing  ccrossed
orticospinal  tracts (CSTs) were recongtructed
bilaterally from the dorsolateral funiculus a the C1
levd to the contradateral primary motor cortex (M1)
passing through pons and cerebra peduncles.

Task-related brain activity was recorded using
whole-brain-to-C7 functiona MRI (fMRI) with
multiband GE-EPI acquistion (Modler et d., 2009) at
1.6-second intervals. Before scanning, maximum grip
strength of both hands was measured in the supine
position. During scanning, participants performed
handgrip tasks using the ingtructed hand in aternating
16-second task and rest blocks. During task blocks,
participants generated grip force a 50% of their
maximum, paced a& 0.625 Hz according to on-screen
CUes.

Results

Figure 1 presents a representative case. A lesion was
identified in the posterior limb of the internal capsule
in the right hemisphere (Figure 1).

Diffuson MRI tractography visudized CST
streamlines originating from M1 in both hemispheres
(Figure 1A). While 4,134 streamlines were detected on
theintact side, only 29 were found on the lesioned side.
Some streamlines passed through intact portions of the
posterior limb of theinterna capsule (Figure 1B).
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fMRI analysis during handgrip reveded significant
activation in M1, premotor cortex (PM), and primary
somatosensory cortex (S1) on the intact Sde when the
non-paretic right hand was used (Figure 2). At the
spina leve, dgnificant activation was observed
around the C6 segment. In contrast, when the paretic
left hand was used, significant activation gppeared in
both the contralaterd (right) and ipsilaterd (Ieft) M1,
PM, and S1. No spind activation was detected during
this condition (Figure 2).

Discussion

Voluntary motor control in humans is governed by
the corticospind tract (CST), which projects from the
cortex to the contraateral spina cord. The number of
streamlines from the lesioned M1 was less than 1% of
that from the intact side, suggesting that most motor
pathways from the affected hemisphere to the spind
cord were disrupted (Figure 1).

Significant activation in both the contralaterad cortex
and spinal cord was observed during movement of the
non-paretic hand, while movement of the paretic hand
activated both hemispheres corticaly but did not dicit
significant spina activity (Figure 2).

These structural and functional results indicate that
CST damage impairs the transmisson of motor
commands to the spina cord, leading to motor
parayss.

This study established a method for quantitatively
assesdng residua neurd pathways and activity



supporting voluntary motor control in stroke patients
using structural and functional MRI. Future work will
include acquiring data from additional patients and
hedthy controls, aiming to support prognosis
prediction and the development of new rehabilitation
strategies.
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Abstract

This study aimed to develop neuromodulation for treatment-resistant schizophrenia (TRS)
by conducting two foundational studies. A data-driven Bayesian model was applied to
structural MRI data to classify subtypes and identify disease progression patterns. TRS
patients exhibited more advanced morphological changes, suggesting a progressive subtype.
Moreover, analysis of cortical structural covariance in psychosis risk and schizophrenia
revealed associations between cortical thickness covariance and both psychosis onset and
treatment response. Identified hub regions in cortical covariance networks may serve as
candidates for stimulation targets in neuromodulation to aid prediction and therapeutic

intervention.

Keywords

Schizophrenia, MRI, Machine Learning, Structural Covariance, Psychosis Risk, Treatment

Response

1. Purpose

Study 1: Treatment-resistant
schizophrenia (TRS) severely impairs
patients' quality of life and social
functioning, imposing a significant burden
on healthcare systems. Given TRS’s poor
response to standard antipsychotics,
distinct pathophysiological mechanisms
are suspected. This study aimed to
uncover brain morphological progression
patterns using data-driven MRI analysis,
identifying potential neurobiological

markers.

Study 2: Approximately 20% of
individuals with an At-Risk Mental State
(ARMS) develop psychosis. This study
aimed to identify cortical structural
covariance networks associated with
psychosis onset and treatment response.

2. Method

Study 1: We used MRI data from 191
patients with schizophrenia (66 TRS, 125
non-TRS) and 191 healthy controls,



collected across multiple sites in Canada
and Japan. A Bayesian inference model,
Sustain (Subtype and Stage Inference),
was applied to cortical thickness, surface
area, and subcortical volume data
processed via FreeSurfer.

Study 2: Structural MRI data from over
300 participants (HC, ARMS, and SZ) were
analyzed using FreeSurfer to extract
cortical metrics from 68 regions.
Structural covariance matrices were
computed for each group, and similar
analyses were performed on Study 1 data.

3. Results

Study 1: Sustain analysis revealed three
distinct progression patterns in
schizophrenia: a cortex-dominant type
(frontotemporal atrophy), a subcortical-
dominant type (basal ganglia atrophy),
and a diffuse type (widespread cortical
surface area reduction). TRS patients
showed significantly more advanced
progression stages, especially in the
subcortical and diffuse types.

Study 2: ARMS subjects showed increased
cortical thickness covariance across
widespread regions compared to both HC
and SZ groups. Network connectivity was
especially elevated in frontal and
temporal lobes. Individuals who later
transitioned to psychosis showed
stronger covariance. Treatment
responders displayed more integrated
and efficient networks, while non-
responders showed decreased
connectivity and network efficiency. SCN
scores were positively correlated with
clinical improvement.

4. Discussion

Study 1: Our findings support that TRS
represents a more advanced and
biologically distinct subtype of
schizophrenia. Sustain enabled precise
classification beyond traditional
diagnostics, potentially aiding future MRI-
based stratification and intervention
planning.

Study 2: Elevated structural covariance in
ARMS may serve as a biomarker for early
psychosis risk and intervention. This is
among the first studies to link SCNs with
antipsychotic treatment response,
suggesting a novel predictive marker.

This project, officially approved as a
specified clinical trial, was initially
planned to test a QPS-based rTMS
protocol for TRS. However, prior to
clinical implementation, the team
conducted a series of structural imaging
studies to verify the validity of
stimulation targets. These analyses
highlighted hub regions such as the
anterior cingulate cortex (ACC),
frontopolar cortex (FP), and insula.
Future clinical application will involve
deep stimulation using coils developed by
the Sekino Laboratory at the University of
Tokyo. This represents a pioneering effort
toward neuromodulation grounded in
pathophysiology, potentially
transforming intervention strategies for
psychiatric disorders.
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that the 2024 Research Grants are subsidized.

I Basic Research
I-1. Diffusion-weighted imaging of adipocyte microstructure
Institute of Science Tokyo Associate Professor,” Madoka Ogawa
I1-2. Development of a Brain Tumor Treatment System Using Intranasal Administration and
Magnetic Drug Delivery for Selective Drug Delivery to Brain Areas
Nagoya-City University Lecturer,”Koki Ogawa
I1-3. Elucidation of neural circuits for monitoring and regulation of response inhibition: A
multimodal study using TMS and fMRI
Juntendo University Associate Professor, Takahiro Osada
I1-4. Development of a method for characterizing magneto-liposome via the AC Cotton-Mouton
effect
Osaka University Assistant Professor,” Masayori Suwa

Il .Application Research
II-1. Spatial visualization of brain energy metabolism using hyperpolarized 13C-pyruvate magnetic
resonance spectroscopy and its preclinical applications
National Institutes for Quantum Science and Technology Researcher./Maiko Ono
II-2. Integration of transcranial magnetic stimulation and magnetoencephalography
The University of Tokyo Hospital Lecturer Yuichiro Shirota
II-3. Development of novel cancer magnetic thermochemotherapy using magnetized mesenchymal
stem cells
Laboratory of Pharmaceutics, Kobe Pharmaceutical University Associate Professor,” Yusuke Kono
II-4. Disk-shaped nanoparticles as 19F MRI contrast agent
Center for Future Innovation, Graduate School of Engineering,Osaka University Assistant Professor,” Tomoya Yamamoto
II-5. Development of Artificial Genes for Magnetic Diagnosis and Therapy
Faculty of Medicine, Hokkaido University Associate ProfessorYasuhito Onodera

I.Specific Research
IM-1. Innovative treatment for cisplatin-induced hearing loss using magnetic guidance technology
Otolaryngology-Head and Neck surgery, Kitasato University Associate Professor,” Takaomi Kurioka
[M-2. Diffusion Tensor Imaging Research on Schizophrenia
Department of Neuropsychiatry, the University of Tokyo Hospital Assistant Professor,/Daisuke Koshiyama
IM-3. Investigation of the mechanism of chronic pain relief by alternating magnetic fields.
Laboratory of Systems Pharmacology, Faculty of Pharmaceutical Sciences, Teikyo University
Professor,/ Masahiro Ohsawa
I-4. Effects of transcranial static magnetic stimulation on unilateral spatial neglect after stroke
Graduate School of Biomedical and Health Sciences, Hiroshima University Assistant Professor,”
Amiri Matsumoto
M-5. A multimodal study for a comprehensive understanding of plasticity in the corticoreticular
tract
Graduate School of Arts and Sciences, Department of Life Sciences, The University of Tokyo Ph.D student/Keiichi Ishikawa
I-6. Elucidation of the effects of repetitive peripheral magnetic stimulation on the central nervous
system and its underlying mechanisms
Yamagata Prefectural University of Health Sciences Professor,”Mitsuhiro Nito
IM-7. Development of a non-invasive brain stimulation method combining auditory and magnetic
stimulation to induce neuroplastic changes in auditory-motor coupling.
Graduate School of Media and Governance, Keio University Second-year doctoral student (Ph.D. program)/Shizuka Sata

Note: Affiliations above are at the time of the grants were subsidized.
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