HHIL

S AdISdNS Ad LT1INSHAI AdNLS A0 LIOdHA

[
=

e OF 3 8 5 3% = S ESESFHErSEeaEarEsE =

EHEE SRS - SEEESEERNS UOIJE

THE REPORT OF STUDY RESULT BY SUBSIDY

A

529

7

8]

Tz = M

I et

HEFL <7 ik 28 Bl Bk

WF 78 B 2R it o

NEBDEA

BB

THE YYATANABE FOUNDATION
SINCE 1934






g oW b 38 B R

HHH
#5291

(WEZEHI R« A M54 H1H ~4M64E3H31H)

30 4F e & 5 B 1 2020
(BRI« ARI34E4H 1 H ~4RI643 31 H)

DA Nk N 9 I






H b/
BRI S v eeeeoee e 1
HAR MG W

I. JEEERESE
I -1. BRI & B 552 B 0 PR SR B Ealy 2 o 72l 2 7 A ok AMERFIZBE S ZBFFE - 3
EZNE INE S A R F R 2 A

AH HEZ

II. & HwEge
I-1. 20 FREREITHED X ¥ F AV ZBEEIT T 2 BRI BB DI oo 6
JEME SRR RS A - AR 2 R
H HX
-2, TR OHIEEEEE % BB 2 REVE T R T BHIIE +vvvomeomsoeeoemememenn 9
oY DNl VR o W o VG S e A W AV k2 e |
ik R

. 57—~ EWIE
-1 AT HEE BTSN OMA A DRI L 2o T BB Lo EER L 12
Vo—av¥Ea—%H¥ A v AR
hgE R

I0-2. &Rk PC 12 BT 2BAAKAEA )T DA AV F AR T DR RS DR E - 15
RBRKZER B RERIEZERE ORI 4 15
eH o R

IV. 30J& 4F e x5k 5 Bl s 2020
N-l. Mj%%ﬁbmﬁa: J: E) ﬁiw%ﬂﬁo)ﬁ%g{%ﬁﬁﬁf@ﬁﬁ% ............................................ 18
b R KRB AR RHME S & A 7 & T2 H I
HiE #

IV -2. SEE) BRGSO KRR Z PR L7z E PN F— 23 YRR 20
ESZAEZERFEEE N B RFBREAITEL > 5 — UNEY F— 3 YFHEB
mEE



& W

)

DA RN P
HHEE b & ik

N3 R N NI ARAE CRe VB0 ERE &2 M A 5 2 &S TE F L, 202446 H30H
CHEORET IR TNV CRERNMEZFML F Lz, RTIE, /- XVEZEHETHIK
R R ORERFE RS RBHE) Il L T &EF Lz, KBEEE +—b7 7
TU—RW ] ORFRET20164E1C ) — NV - BREEZZEEATVET,

F—=b77V=LBFVIAET [HFZAERSL | LWIBRTT, F—b77 V—D%R
Fi <L 19504E RISV F =D 7 Y AF X ¥ - F « Fa—THBEPHEIRBIC LT v M OIF
A % T MBI L. MREHCORSZHS TERTHMLTVLDOTIERnrL
EZCT. Iz [F—=1t77V—=] &Ll Ll =177 V=D Az DD
53, Ta—THIZIMBHNICH 2% < O [HI/NFE] OREE L EEEOMINIZED E R %
BX, ZOMREEICE - TIOTHEID ) —~NVERY:  E3REEFZSBEIhTOUET,

ZDH. A—17 7 V—I330EELSMESINETFRATLEYE, ADORLLEWIIGEEZ LzwE
W) KBBEAEDHFICE > TRESBELE Lze KA -7 7 V—DWREI A
ENZITRIZUEDDE V) T 2L EZTIT, HHOBEELZHIBLTMESIRTWE L.
A BEREE o TR ICHIZE LRSS A O 72D I KRERIC > T E T,

L H50ER ISR KE O Fa—t vy v TRRY (MITIZEFEL T, AR S EH»
LRAETHME LR LI L T, WROZBWITKILTL D &3 5% 2EMAT V., JiE#
D AERBLAETN O Z R TE F Lz

AN DOODIER D SIS R BRI EL TV L I LRI 2bHtEENTVwE LA, 2
OISR ZFHNTE 2BAFIDEDH Y TEAT L, LAY 1970FEAR ISR ERAN % I
U728 55 & B O SQUIDBE R EH AR E VAR 72T & MITO L FIFZECRIs S E L7z,

MIT Tl Z DSQUIDBEH G 2 FI VT, D2 R4 T 2B OGNS L. HIC Ol
LOTHOIREORD HRET 2HBAGHNCHIR L T 28, FIEMITICHELE L7,

RAAMITICH L 72, MITOWMSEFICIRRERZ L > TwE Lz, Thid. KEO
T ERAS, TMITO 7V — 730 R O RGEEN A - TRAET 2AEZFHIL T 5
EE-oTVAEY, ZNEHEVTDH S, 15 OFHI L T 2 BRI MK O T 0§k 55 s g &
LTV RHEAZEIMIL TVl ER2w] LHETHALTYE Lz, ZORE. MITO
ARG ORFFEN O KIE O AR B ZRIRICHIM S LT E Lz,

M. CORMOBRIZIIIA R >TWEHER ST, 10A O FH O MK % RIL T



SQUIDBEHGECEHII L £ L7248, Mg & SRR nwa &b £ L7,

FEHERIEICREZF > TOE 325 SPBELEETT LI o THROBEEEZ R 72
D, EXEERHLRS o2 LET, MEPOKIEES BEZR 20 E ) ITRE LS
LTwEd,

ANHOMERZ OMIZEL L, Vo THE, BEEXDLT LI E 7D, 4552000

ERRIE mbNTVuET, TOMIC, WEAOKE S LHMIFI0NIZEED>TVWET, O
I ICTHBRORESRFHMPRESLDLLEFOPTAMIIELLTE LD T, KX
DWEIHFTVZT RIS ICAMRIEZTETVE T,
LZHD. AMPBEBREMND LI ho20i, HEH200EIEEH A S TT. ZD2H, AME
LK LTI s L TB 59 REBRIIKIE L 9. Pl Do LRI
KAV FOBILEZMAZ S EOBRIZIEFIZH 2% R 3, L IHD5 AEED O ORISR &2
MATOEZILED S EIZREREETT,

CD XD e NMEDOFE D O BEGHRAHIEIRIEAY D Y 525, WY Pz fER 5 & KB
T3, ZRICH LT, BAIEESGIGERIERD LV, BHZPTTLoL VBT LLE
HrdsrLBbhFd,

AT EREABIG 2B L CEROEHREFEICHIT S22 2 HWE LT, Pz
W L., #EAEZHET242L, XM LEHZ LTS, L L. BRoEHE. &
BHHR2SHBE Y. KNOBMLZMEEH~OM52BLTELLZDIOTH Y. MBI OE
Bt s, RIMEZEDE T TERLTHOTYHLNIZEINDLZ DL VD TY,

Vo ) EGOFFITB VT, BRI 22T, 2R ERICH DT L5 & 355
PSR . KR ROBBRAHAZBL R, FBIWICHHTE 2RI LEF TS X9
WKHRZIOhET, A LTAMBIE, RRICHERZROIILETHLD D, BRI
72 B %)% HIE L IR EOREIC ) 2R o E LR LI-wEEZ TV ET,

COWEFIE, FAAEEICHE L 72RO EEL. BXOFFIITLDHdbDTYT, K&
BEM2 5 EBEDISHIZ W72 2 CHEHOIRERZ IR TV E T2 wihd ZOFBICH L
BRI ZEZHBLTVE S, COWMEHENIERLE LD, B2 UL T 507EE~EFHMA
HY ., BEAEEFAORBICHKT 22 2L TwE T,






WSREIC & B IEBERE RO B EREEHRMTE A=
BHHRER T LRRMFICET 2003

Study on maintaining stem cell stemness using a technology to control the elasticity

of culture substrates by magnetic field manipulation

HHEEZ*
Yasuyuki Morita*

FREAR R FZR PRI BH PRS0, T 860-8555  REAURARAS T Hp o X 52 2-39-1
*Faculty of Advanced Science and Technology, Kumamoto University
2-39-1 Kurokami, Chuo-ku, Kumamoto 860-8555 Japan

Abstract

Regenerative and cell therapies of the future will require cell quantities 100 to
1,000 times greater than those currently used, along with demanding long-term
cultivation under rigorous quality control. However, one of the main cell sources for
these therapies, mesenchymal stem cells, tend to initiate differentiation into various
somatic cells during culture, which diminishes their differentiation potential (stemness).
This reduction in stemness leads to heterogeneity in the stemness state of individual
mesenchymal stem cells, ultimately manifesting as variability in therapeutic effects and
significantly undermining the reliability of regenerative and cell therapy products that
utilize mesenchymal stem cells. Therefore, this research focuses on developing
technologies to inhibit the reduction of mesenchymal stem cell stemness and to enable its
long-term preservation. The approach involves using a magnetic field-responsive gel,
dispersed with magnetic particles, as the culture substrate. By controlling the elasticity of
the substrate through the application of a magnetic field, this technology aims to maintain
the stemness of mesenchymal stem cells over extended periods. The realization of this
technology could prevent the decline in reliability of mesenchymal stem cell-based
products due to variability in therapeutic effects, which is a current issue in regenerative
and cell therapies.

Keywords: stem cell, stemness, magnetic field-responsive gel, elasticity
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Development of transcranial magnetic stimulation treatment for mental health
disorders associated with Long COVID

FFHE K*
Yoshihiro Noda*

*PEMEFE TP R ARG - MR =, T 160-8582

FOHR T X AS e HT 35

*Department of Neuropsychiatry, Keio University School of Medicine
35 Shinanomachi, Shinjuku-ku, Tokyo 160-8582 Japan

Abstract

The present study aims to develop a treatment for Long COVID, a condition

characterized by persistent cognitive dysfunction, chronic fatigue, insomnia, and

depressive moods even after acute COVID-19 symptoms have subsided. The treatment

protocol involves transcranial magnetic stimulation (TMS) therapy and is tested in a
randomized controlled trial (RCT) involving 60 patients with Long COVID. The study is

currently in progress with 25 subjects enrolled as of April 2024. The primary outcome

measure is the MADRS score, and the study will also explore the relationship between

clinical epidemiological data and treatment improvement rates. The study is expected to

be completed by the end of FY2024, after which a statistical analysis of the clinical trial

will be conducted. This research will contribute to the broader understanding and

management of mental health issues associated with Long COVID.

Keywords: Long COVID, brain fog, cognitive dysfunction, chronic fatigue, insomnia,

depressed mood, transcranial magnetic stimulation (TMS)
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Magnetic nanoparticles to potentiate T-cell anti-tumor function

P& N
Yusuke Ito

BEIEF AR TR, T 160-8582
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Keio University School of Medicine
35, Shinanomachi, Shinjuku-ku, Tokyo 160-8582 Japan

Abstract
We aimed to develop a novel nanoparticle technology that can stimulate T cell

functions and inhibit immunosuppressive signals simultaneously to induce the potent

anti-tumor activity in endogenous T cells. We loaded multiple immunomodulators such

as anti-CD3 antibody, antibodies against tumor antigens, co-stimulatory molecules,

multiple cytokines, and blocking antibodies against immune checkpoint molecules on the

surface of nanoparticles. The generated nanoparticles efficiently induced antigen-specific

T-cell activation. Also, we extracted plasma membranes by magnetic isolation, which

induced a similar anti-tumor immune response. We will use magnetic nanoparticles and

apply an external magnetic field to further enhance their ability to migrate to solid tumors

in future.

Keywords: nanoparticle, cancer immunology
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Robust enhancement of neuroplasticity by the combination of paired associative
stimulation with interlimb network
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Tatsuya Kato*, **, *** Naotsugu Kaneko***, Kimitaka Nakazawa***
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*Sony Computer Science Laboratories. Inc.,
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**Japan Society for the Promotion of Science,
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Abstract

This study aimed to augment neuroplasticity induced by paired associative
stimulation (PAS) through combining PAS with the interlimb network. The results
revealed that the combination of lower-limb PAS and voluntary upper-limb muscle
contraction (UMC) facilitated lower-limb corticospinal excitability more reliably than
conventional PAS. Meanwhile, the correlation between intracortical inhibition and
increased corticospinal excitability that occurred in conventional PAS was disrupted in
PAS+UMC intervention, indicating that an excitation/inhibition imbalance limited
increased corticospinal tract excitability in PAS+UMC intervention. Our findings suggest
the usefulness of the interlimb network in neural interventions and the complexity of

inducing neuroplasticity.

Keywords: Noninvasive Brain Stimulation, Paired Associative Stimulation, Interlimb,

Transcranial Magnetic Stimulation

1. BHY (Paired associative stimulation: PAS) 232811 H415.

FEIZ BEAM ¥ (Noninvasive brain stimulation:
NBS) Tid, # ] CEfd/2 etk alin Atz
FHET DI ENEELETH D V. FRHTTKIC
DNTIE, ZOMREIK TAVEFROEIZKE
THICHEOLT, MANZ L.

NBS ORFHZRFIES LT, BEMET R

12

PAS L, KRIHEREAME~DEZHTL (Peripheral
nerve electrical stimulation: PNS) &5t < FZE~D
FREH MM (Transcranial magnetic stimulation:
TMS) O~ Fil %k 0 33 Z & C, Hebb HIITEE
DWW BRI M O A LA FRE T
XHFETHS 29, L, PEzExse Lz



BEFD PAS BFZETCIT—& Lok sl 2 (b x
PECE TR,

Hebb HITiX 77 A% OTEE &N T
ADFHERECZ AT 5 30, B O REEIGHE
IXZEEIRRE D T AT O B2 I LA 1 & 1K
DL ENIOENTWS D, Lo TC, P
Xt & Uiz PAS (2 BB OGN 2t B
PE¥25Z & T PAS OEFEMEEI I ZEmO LD
EARGRAL T,

2. FiE

AR | L HE 72 AR R R D BEAEE 3 720
TR 13 4 Th o7z (S 4, B8 44, 26.1
+2.8 i%).

FR, ek IR 45° OARAE TR LS
ZlRoTz. BIREBEAMED TMS 1L, b T A%
kGl U CA —IREBNEF (The primary motor
cortex: MI)IZ PA 1Al TR #ER = A L% T
5.z BTz (Magstim 200, Magstim Co., Whitland,
UK). PNS (DG (5cm x5cm) &HEED
PEf (2 cm x 2 cm) i@ U CAREMRRIZS 2
DAz, A, TMS ORISR | 325 R e
(Resting motor threshold: tMT) @ 1.2 %, PNS ®
AR B R E D 1.5 [FIZF%E LT,

AWFIETIE, TEREFRRD PAS OHDFME
PAS IZ LK OB E N Z A G DE D
PAS+UMC 44 & L7z, PASIZL DAL,
0.2Hz OAEFEIZ LD PNS & TMS OT #iliE D
200 [E]DO#E Y K LIZ L - THERK S A7z, PNS &
TMS OFIFRIRRIL, 28 D TMS 12 L 5 1EH)
%38 ¥EL(Motor evoked potential: MEP) D¥EHE|Z
18 ms AN A 7o RFEIIRIZERE L7z, PAS+UMC 5
P, XTHBEOZ A I 7 EbE T
B 2 e K10 30% CTFIT LT,

He T AT O RE RSB M & B RE
P (Short-interval intracortical inhibition: SICI)
AR (RN—RT A V), ST A0, 15,30 51EIC
MG L7z, RE R RIS TMS &2 —
AT A EHIHI 0.1mV D MEP 233538 S 5
TEHE L7=. SICIIZE, 80% rMT DR T 4Fil%
& 120% tMT ORE BT A Ml % 3 ms ORI
W CH- 2 7285, 120% tMT ORBME L7 A S flig o
HTHF S D MEP 2k S IRIE O OFRE

T L7, Wb, R_R—RZ T A b DL
I B 72012, N—R2 T A L OETIEHLL
THRHRE ZAT 272,

3. fER

NR—2 T A LG LT, PASHUMC {40097
A3043%I2 T AfH0O MEP BNAEEICHE R L722
(Wilcoxon DFFFIERLARIE, p < 0.001), JTA 0 537%
& 15 RICHBERAERIL /20 > 7= (Wilcoxon @
FraNBRIRRE, 0 43t4: p = 0.33, 15 593%%: p = 0.14)
(K 1A). HHZ, PAS & TIIM ABWTHORE
FIZBWVWTHR—RAT A L L THER
MEP OZIx A B ny-> 7= (Wilcoxon DOFF 5
NBATARTE, 0 73 th:p=1, 15 3% p=0.33,30 0% p
=0.10) (%] 1A).

NR—=2F A L HEE LT, PASHUMC §:M4-047
A 30 3%IC e T A RO SICI A EIZHER L7z
(Wilcoxon OFFSIALIFRTE, p = 0.04), ST 0 751%
& 15 EICH BRI/ > 7= (Wilcoxon D

A [¢] PAs + umc PAS
o
£
8
o=
a >
[T
=3
ds
OE
»n 2
ES
Baseline Post 0 Post 15 Post 30
®
£
2
4
=
o
7]
£
Baseline Post 0 Post 15 Post 30

10g(MEProstso/ MEPsasoiine)
log(MEP#post3o/ MEPgaseline)

T S

1(A) X—=RA 7 A U CEHEENIZE T A/
MEP OFONFH.  (B) N—RZ T A CTIEHES
e 7 A5 SICI OF O,  (C) and (D)
PAS+UMC /I A\ (C) 721X PAS /A (D) 30 734
D MEP & SICI DZFIZDW T ORI,
0.05, *** p<0.001.

*p<
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PFFNBAIRRTE, 0 3% p = 0.24, 15 53%: p = 0.89)
(X 1B).  PAS FIETIISABZLWTILORFHRIC I
WTCTHNRN—RT A L L CTHEZR MEP O
FNTA B2 D> T2 (Wilcoxon DFFSIELLFRTE, O
3 p=0.64, 15 53tk p = 0.74, 30 /3% p = 0.22)
(X 1B).

MEP & SICI OZEFOBHRZFHIT T 5 72912,
N 30 431% D MEP & SICI D_— AT A 5%t
T DTN DWW THHBIMT 21T > 72, PASTUMC
KM CITAERMEEIX 72 > 7275 (Pearson FHB
1% r=0.44,p=0.13) (X 1C), PAS & TlTAD
WA B TH - 7= (Pearson FAEREL r = -0.60,
p=0.03) (X 1D). HIH, PAS S Atk SICI A3k L
TWHHRFE IZEB VT MEP H K L Cuz.

4. BER

T~ PAS |2 EREH OREEIHE & /A o
B5ZETHA30 52T 7 A/ MEP 23K L
72. —J5 T, HEKD PAS St ADITiE MEP 1348
KLU7ho72. PASHUMC St AL, BASARIGHE
N TR R A RS g2 & T
TMSIZE > THFRINDOIMl ==2—r Y (V7
AN OTREY A2 BN S 7, g R > A T]
WMEABE L EZLND.

LorL, ETEEORy NU—27 ZfAiATe
LIZE S TPAS DEINIHEKR Lo 7=. ZHUZ
(X EBN I OGN = 2 —r 03 b5
TWAEEZHND. PASFUMC A 30 531
SICI TR L7243, PAS /M ATIZH Hi7- MEP
WKL SICI ¥R DOAHEIBIfRIT PASHUMC /1 Af%
\ZIZA Do T2, JATHFE T, @RI
MElz k0 SICI 2542 Z &En@iESnTng
O, HID, REFREKIE MR L KT 5 Mo
SICI OGNS ERFHIAMEIZ K> Th b Sz
Z & T, TN K D B RER B M R NS
SEONITREMED D . T OFERIL, TR
MANICEID AR A T = X AOEMES B L
TW5.

B
Z OWFZEIT A EE NI L 55 29
[ SAFTE B DB 2% CHE L= b DT
HY, EEILE L BT ET.
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Effects of moderate static magnetic fields on the voltage-gated potassium ion
channels in sympathetic neuron-like PC12 cells

+THEE
Eri Kaneda

KRBLK R AR IERE, T 565-0871 KPR H 1L H 3 2-2
Department of Cardiovascular Surgery, Graduate of Medicine, Osaka University
2-2 Yamadaoka, Suita-city, Osaka 565-0871 Japan

Abstract
Previous studies reported the possibility that moderate static magnetic fields (moderate SMF) could
alter the excitability of neurons by modulating ion channel activity. Our purpose of this study is to
investigate the effects of moderate SMF on the electrophysiological properties of voltage-gated potassium

channels which are expressed in sympathetic-like cell membranes of PC12 cells.

We differentiated

pheochromocytoma PC12 cells derived from rat adrenal medulla into sympathetic-like cells by adding nerve

growth factor (NGF).

Moderate SMF was applied to the cells after 6+1 days of differentiation during

overnight, we performed whole-cell patch clamp recording to observe the effects of SMF on voltage-gated

potassium channels.
control.

neurons.

The current density was significantly lower in the magnet group compared with the

The results suggest that moderate SMF has the potential to alter the excitability of sympathetic

Keywords: sympathetic nerves, moderate static magnetic field (SMF), ion channels
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iz, BRI, v h—kiEEEF (M1) OB -
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Eetiaz#a - NGF #8i0iZ & H12 3 HIC 1 [BIOsHE
TiThi, Ry F 7 T FREIT LB 6+1
H T Sz,
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20mM & L7z,
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Magnetic heating of nanoparticles for tissue/organ cryopreservation
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Akira Ito
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Department of Chemical Systems Engineering, School of Engineering, Nagoya University,
Furo-cho, Chikusa-ku, Nagoya, Aichi 464-8603 Japan

Abstract
The technology for cryopreservation of organs/tissues has not been established. If

organs can be cryopreserved, the patients waiting for transplantation around the world

will be saved. The technical problem is that ice crystals form during thawing, which

destroys the tissue cells, and there is no technique for rapidly heating and thawing thick

organs without forming the ice crystals. In this study, we have developed a uniform and

rapid heating technology by heating magnetic nanoparticles with an alternating magnetic

field as a novel cryopreservation technology for organs/tissues for transplantation.

Keywords: magnetic nanoparticle, alternating magnetic field, cryopreservation, islet,

liver.
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Effect of upper and lower limbs rehabilitation with peripheral magnetic stimulation
below the motor threshold

mEs &
Hitoshi Kagaya

ENLHFERRFSIE NENL R FERMZEE 2 — U B Y T — a2 VRN,
T 474-8511 ZJN LI AR [ HT 7-430
Department of Rehabilitation Medicine, National Center for Geriatrics and Gerontology,
7-430 Morioka-cho, Obu, Aichi 474-8511 Japan

Abstract
We have developed a spinning permanent magnet (SPM) device that gives

magnetic stimulation below the motor threshold. The purpose of this study was to

examine the effect of upper and lower limbs rehabilitation with SPM. The changes in

Hmax/Mmax in healthy individuals, spasticity reduction in patients with stroke, and

rehabilitation with SPM device were investigated. Compared to the control group,

Hmax/Mmax was significantly decreased by SPM stimulation. The SPM group showed a

significant reduction in spasticity for patients with stroke, but the effect was not

long-lasting. Both patients and therapists gave positive opinions about rehabilitation

while wearing SPM. Therefore, rehabilitation under SPM is considered practical.

Keywords: peripheral magnetic stimulation, spinning permanent magnet,

motor threshold, spasticity, rehabilitation
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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 a long-term persistent

effort, not by short-sighted research.

It is a regrettable 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 a tendency, 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 a wide range of topics from basic aspects to practical applications, intending to pave
new ways in this area. It is our hope that the report will motivate researchers with similar

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

The Watanabe Foundation



1. PURPOSE

Study on maintaining stem cell stemness using a technology to control

the elasticity of culture substrates by magnetic field manipulation

Yasuyuki Morita*

*Faculty of Advanced Science and Technology, Kumamoto University
2-39-1 Kurokami, Chuo-ku, Kumamoto 860-8555 Japan

Abstract

Regenerative and cell therapies of the future will require cell quantities 100 to
1,000 times greater than those currently used, along with demanding long-term
cultivation under rigorous quality control. However, one of the main cell sources for
these therapies, mesenchymal stem cells, tend to initiate differentiation into various
somatic cells during culture, which diminishes their differentiation potential (stemness).
This reduction in stemness leads to heterogeneity in the stemness state of individual
mesenchymal stem cells, ultimately manifesting as variability in therapeutic effects and
significantly undermining the reliability of regenerative and cell therapy products that
utilize mesenchymal stem cells. Therefore, this research focuses on developing
technologies to inhibit the reduction of mesenchymal stem cell stemness and to enable its
long-term preservation. The approach involves using a magnetic field-responsive gel,
dispersed with magnetic particles, as the culture substrate. By controlling the elasticity of
the substrate through the application of a magnetic field, this technology aims to maintain
the stemness of mesenchymal stem cells over extended periods. The realization of this
technology could prevent the decline in reliability of mesenchymal stem cell-based
products due to variability in therapeutic effects, which is a current issue in regenerative

and cell therapies.
Keywords: stem cell, stemness, magnetic field-responsive gel, elasticity

long-term  culture, are

increasing. However,

This research aims to develop technologies for the
long-term preservation of stemness in mesenchymal
stem cells, which are one of the primary cell sources
for regenerative medicine and cell therapy. The quality
of mesenchymal stem cell stemness is directly linked
to therapeutic effects. As regenerative and cell
therapies advance, there is a growing need for
mesenchymal stem cells in large quantities as cell
therapy products, and demands for quality control,

including the maintenance of stemness during

characteristic of mesenchymal stem cells is that their
stemness diminishes over long-term cultures, leading
to differentiation into somatic cells. This phenomenon
is due to mesenchymal stem cells actively sensing the
elasticity of the culture substrate and differentiating
according to this elasticity, a cause that has been
identified (Yang et al, Nat Mater, 2014). Although the
reduction in mesenchymal stem cell stemness was
discovered in 2014, it has only recently become a

significant concern with the expansion of clinical



applications (Nature, 2019). Therefore, research on the
preservation of mesenchymal stem cell stemness can
be said to be just dawning. To prevent this reduction in
stemness, it is crucial not to expose mesenchymal stem
cells to a constant elasticity by intentionally varying
the elasticity of the substrate used for long-term
cultures. As a preliminary step in this strategy, this
study will focus on the fabrication of a magnetic field
application device and the production and
characterization of a magnetic particle-dispersed,

magnetic field-responsive gel.

2. METHODS

To establish the technology for the targeted control
of elasticity, we developed a device as shown in Fig. 1,
which applies a magnetic force to the ferromagnetic
particles in the gel and allows simultaneous
observation of the process. The coils on the left and
right are designed to slide so that they can
accommodate observation dishes of various sizes. The
observation stage includes a recess tailored to the size
of a microscope slide to securely fit the observation
dishes.

We used four types of test fluids: water, 50%
glycerin aqueous solution, 75% glycerin aqueous
solution, and 95% glycerin aqueous solution. From the
velocity of the ferromagnetic particles in each fluid, we
calculated the volumetric magnetization rate of the
particles.

Additionally, we produced gelatin gels and observed
the displacement of magnetic particles within the
gelatin gels under different magnetic field strengths.
For observation, we used the software pylonViewer to
film the displacement of magnetic particles in the
magnetic field. After confirming particle displacement,

we captured the footage frame by frame, and used the

Fig. 1 Photo of the experimental apparatus made.

software
binarization, measuring the displacement over time.

image analysis Image] to perform

3. RESULTS AND DISCUSSION
3.1 Measurement of the volumetric magnetization
rate of the magnetic particles

Figure 2 shows the displacement of magnetic
particles in each fluid over time. From the slope of this
graph, we calculated the velocity of the magnetic
particles in each fluid and converted it to the
volumetric magnetization rate, which is shown in
Table 1. It can be seen that as the viscosity increases
from water to 95% glycerin solution, the velocity of
in the

Furthermore, the volumetric magnetization rate shows

the magnetic particles fluid decreases.
a nearly constant value, indicating that the volumetric
magnetization rate of these magnetic particles is
approximately 0.35.

Regarding the volumetric magnetization rate of
magnetic particles, similar values were obtained in all
four test fluids. The volumetric magnetization rate in
the 95% glycerin solution is slightly lower compared
to other experimental results. Since high
concentrations of glycerin exhibit significant changes
in viscosity depending on the concentration and
temperature, errors may have occurred due to
adjustments in the concentration of the magnetic
particles mixed and the room temperature during the
experiment.

3.2 Characteristics of the gelatin gel
Figure 3 illustrates the temporal displacement

behavior of magnetic particles at various magnetic

350
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£ 200
€ 1m0 K x = 3.361
8 R =0.981
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Fig. 2 Displacement behavior of the magnetic

particles in the samples.



Table 1
rate of the magnetic particles in the samples.

The velocity and volumetric magnetization

Water  Glycerol 50%  Glycerol 75%  Glycerol 95%
v(pms] 118 19.8 3.32 0.223
X[l 0355 0.358 0.359 0.351

0.2
E 0
=
—-0.2
5 4 0016x
2-04 Fy=.0.0053x
806 |
Q 0100[mT]
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Fig. 3 Relationship between the magnetic field
strength and the displacement of the magnetic
particles.

field strengths. For magnetic field strengths of 100,
125, and 150 mT, dozens of magnetic particles within
the gelatin gel in the observed area were selected, and
the average displacement behavior of these particles
was calculated and plotted. The displacement being
negative is due to the definition of coordinates, but this
does not affect the results. Although there is some

variation at all magnetic field strengths, it shows that
the magnetic particles in the gelatin gel displaced
almost linearly over time. At magnetic field strengths
of 100mT and 125mT, there was no significant
difference in their displacement behaviors, and the
displacement amounts were nearly zero. This suggests
that the relationship between the displacement of
magnetic particles in the gelatin gel and the magnetic
field strength is not linear, and a certain level of
magnetic field strength is necessary to displace the
magnetic particles.

4. Summary

In this study, we developed a two-dimensional
culture device that applies a magnetic field. It was
found that the elasticity of the gelatin gel increases in
proportion to the gel concentration. Gelation is thought
to occur at approximately 1.5% gel concentration. It
was also observed that the greater the magnetic field
strength, the larger the displacement. At magnetic field
strengths of 100 mT and 125 mT, there was little
change in the slope of the displacement, suggesting
that a magnetic field strength of 150 mT or more is
necessary.



Development of transcranial magnetic stimulation treatment for mental health
disorders associated with Long COVID

Yoshihiro Noda*

*Department of Neuropsychiatry, Keio University School of Medicine
35 Shinanomachi, Shinjuku-ku, Tokyo 160-8582 Japan

Abstract

The present study aims to develop a treatment for Long COVID, a condition

characterized by persistent cognitive dysfunction, chronic fatigue, insomnia, and

depressive moods even after acute COVID-19 symptoms have subsided. The treatment

protocol involves transcranial magnetic stimulation (TMS) therapy and is tested in a
randomized controlled trial (RCT) involving 60 patients with Long COVID. The study is
currently in progress with 25 subjects enrolled as of April 2024. The primary outcome

measure is the MADRS score, and the study will also explore the relationship between

clinical epidemiological data and treatment improvement rates. The study is expected to

be completed by the end of FY2024, after which a statistical analysis of the clinical trial

will be conducted. This research will contribute to the broader understanding and

management of mental health issues associated with Long COVID.

Keywords: Long COVID, brain fog, cognitive dysfunction, chronic fatigue, insomnia,

depressed mood, transcranial magnetic stimulation (TMS)

1. PURPOSE

Since the emergence of COVID-19 in December
2019, the pandemic has developed globally and is yet
to be resolved. While the spread of vaccines and
potential herd immunity have gradually lessened the
acute respiratory symptoms caused by COVID-19,
there is an increasing number of cases reporting
persistent cognitive dysfunction known as ‘brain fog,’
chronic fatigue, insomnia, and depressive moods even
after acute symptoms have subsided. This condition is
referred to as Long COVID. However, no established
treatment for Long COVID has been developed, and
the persistent cognitive impairment and chronic fatigue
have forced some to take leave or resign from work,

making Long COVID a significant social issue.

2. METHOD

This study aims to establish an effective transcranial

magnetic stimulation (TMS) treatment for Long
COVID by developing a novel TMS protocol and
conducting a randomized controlled trial (RCT). The
study targets patients who have developed mental
health disorders (depression, anxiety, cognitive decline,
fatigue) after COVID-19 infection, meeting the
following eligibility criteria. The study has started
upon approval from the Clinical Research Review
Board and aims to conclude by the end of the fiscal
year 2024. The study will involve 60 participants with
Long COVID in an RCT design (30 active TMS vs. 30
sham TMS) and will implement dynamic allocation
based on age, sex, and bascline MADRS scores.
Participants assigned to sham TMS can receive active
TMS in an open-label manner after the RCT period.
The sample size was estimated using the pooled effect
size of theta burst stimulation’s antidepressant effect V),

setting o at 0.05 and power (1-f) at 0.90, requiring 23



participants per arm (46 in total), and accounting for an
estimated dropout rate of about 20%, resulting in a
total of 60 participants needed for the
Participants undergo assessments before starting TMS

study.

intervention, after 30 sessions, and three months later,
including MADRS, HAMD, PHQ-9 for depression;
TMT for cognitive and executive functions. The
specialized TMS protocol for Long COVID includes
intermittent theta burst stimulation (iTBS) to the left
prefrontal cortex (DLPFC) and

1Hz+TMS to the right
orbitofrontal cortex (LOFC), with adjustments for pain

dorsolateral
low-frequency lateral
tolerance.?) The study will analyze differences between
the two arms for each clinical assessment outcome
(primary outcome being MADRS score) using Mixed
Model for Repeated Measure analysis, adjusting for
stratification factors, and will also explore the
relationship between clinical epidemiological data and
treatment improvement rates. This summary provides
an overview of the study’s purpose, methodology,
design, and planned analyses to establish an effective
treatment for Long COVID through TMS treatment.
The study’s significance lies in addressing the
persistent mental health issues following COVID-19
recovery and contributing to the broader understanding
and management of Long COVID.

3. RESULTS

As of April 2024, a total of 25 subjects with Long
COVID have been enrolled. The RCT is still ongoing
and the intervention is not key open. The mean age of
the participants is 33.6 + 8.7 (mean = SD) years, 14
males and 11 females, and the MADRS score at the
time of inclusion is 22.4 £ 4.6 points.

4. DISCUSSION

It is planned to complete the last patient in by the
end of FY2024, after which the data will be fixed and
statistical analysis of the trial will be conducted.
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Magnetic nanoparticles to potentiate T-cell anti-tumor function

Yusuke Ito

Keio University School of Medicine
35, Shinanomachi, Shinjuku-ku, Tokyo 160-8582 Japan

Abstract
We aimed to develop a novel nanoparticle technology that can stimulate T cell

functions and inhibit immunosuppressive signals simultaneously to induce the potent

anti-tumor activity in endogenous T cells. We loaded multiple immunomodulators such

as anti-CD3 antibody, antibodies against tumor antigens, co-stimulatory molecules,

multiple cytokines, and blocking antibodies against immune checkpoint molecules on the

surface of nanoparticles. We will use magnetic nanoparticles and apply an external

magnetic field to further enhance their ability to migrate to solid tumors in future.

Keywords: nanoparticle, cancer immunology

1. Purpose

Cancer immunotherapy has dramatically
improved the outcome of patients suffering from
hematological malignancies, but the efficacy
against solid tumors is insufficient.” To stimulate
T cells, three signals are important: 1) T cell
receptor signal, 2) co-stimulatory signal, and 3)
cytokine signal. In addition, immunosuppressive
signals from the tumor microenvironment such as
immune checkpoint molecules and cytokines
(IL-10, TGF-b) should be blocked. ? Therefore,
simultaneous modulation of these signals is
essential to induce optimal T-cell anti-tumor
activity, but is not sufficient with current
immunotherapeutics.

Nanoparticles with diameters of 50 - 250 nm
accumulate in solid tumors due to enhanced
permeability and retention (EPR) effect, and are
applied to drug delivery system. In this study, we
aimed to enhance antitumor immunity by
incorporating ~ multiple  immunostimulatory
molecules, including anti-CD3 mADb,
costimulatory ligands, cytokines, and immune
blocking

checkpoint antibodies, into a

nanoparticle platform. Instead of conjugating
molecules into inert particles, we used a novel
strategy to generate cell lines that stably express
immunomodulatory molecules on the surface and
obtain membrane fractions by mechanical
disruption. We coated these membranes onto

nanoparticles.

2. Methods

We genetically engineered the leukemia cell
line K562, to stably express multiple
immunomodulatory factors on its cell surface. As
immunomodulatory ~ factors, we  selected
antibodies against tumor antigens, anti-CD3
antibody, co-stimulatory factors (CD80 and
4-1BBL), and cytokines (IL-7 and IL-15). We
mechanically homogenized these cells and
extracted membrane fractions by
ultracentrifugation and coated them onto PLGA
nanoparticles.

We co-cultured these nanoparticles, T cells,
and tumor cells, and evaluated whether the
nanoparticles could activate T cells and induce
antigen-specific anti-tumor function. Also, we



inoculated tumors in immunodeficient mice
followed by nanoparticle injection, and evaluated
their function in vivo.

Next, we established the method to produce
novel nano-sized membrane vesicles instead of
PLGA nanoparticles. We mechanically disrupted
these cells and sorted CD45-positive membrane
fractions using magnetic beads. We evaluated the
anti-tumor function of these membrane vesicles.

3. Results
(1) Nanoparticles

When membrane fractions were coated onto
PLGA nanoparticles, the diameter of the
nanoparticles was approximately 100 - 150 nm

(Fig. 1).

Fig.1 The size of nanoparticles

When nanoparticles targeting the tumor antigen
CD19 were co-cultured with human T cells and the
CD19-positive leukemia cell line NALM-6, the
nanoparticles showed dose-dependent cytotoxicity (Fig.
2).

Fig.2 The proportion of live tumor cells when
co-cultued with T cells and nanoparticles (NPs)

Then, NALM-6 was intravenously injected in
immunodeficient NSG mice followed by nanoparticle
injection.  Nanoparticle treatment  significantly

prolonged overall survival. Injecting nanoparticles 6
times was more effictive than injecting them 3 times

(Fig. 3).
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Fig3 Survival curves of mice treated with

nanoparticles

(2) Membrane vesicles
K562 was
CD45-positive cell membrane fractions were sorted by

mechanically homogenized and

magnetic beads. Membrane vesicles were efficiently
purified using these procedures (Fig. 4).

Fig.4 The size of membrane vesicles

NALM-6 was
immunodeficient NSG mice followed by injection of

intravenously injected into
membrane vesicles (80/BB: membrane vesicles loaded
with anti-CD3 and anti-CD19 antibodies, CD80, and
4-1BBL, 80/BB/7/15: membrane vesicles loaded with
anti-CD3 and anti-CD19 antibodies, CD80, 4-1BBL,
IL-7, and IL-15). 80/BB membrane vesicles elicited
significant anti-tumor functions, which were further
enhanced by the addition of IL-7 and IL-15 (Fig. 5).
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Fig.5 Survival curves of mice treated with membrane
vesicles

4. Discussion

To activate T cells, T cell receptor (TCR)
signaling, co-stimulatory signaling, and cytokine
signaling are important, but it has been difficult to
induce these signals simultaneously in the current
strategy. Our novel platform can induce optimal
signals in T cells, which showed anti-tumor
efficacy in vitro and in vivo.

This method can be used to load any
immunomodulatory factors, and also to stimulate
other immune cells, such as NK cells,
macrophages, and dendritic cells.
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Abstract

This study aimed to augment neuroplasticity induced by paired associative

stimulation (PAS) through combining PAS with the interlimb network. The results

revealed that the combination of lower-limb PAS and voluntary upper-limb muscle

contraction (UMC) facilitated lower-limb corticospinal excitability more reliably than

conventional PAS. Meanwhile, the correlation between intracortical inhibition and

increased corticospinal excitability that occurred in conventional PAS was disrupted in

PAS+UMC intervention, indicating that an excitation/inhibition imbalance limited

increased corticospinal tract excitability in PAS+UMC intervention. Our findings suggest

the usefulness of the interlimb network in neural interventions and the complexity of

inducing neuroplasticity.

Keywords: Noninvasive Brain Stimulation, Paired Associative Stimulation, Interlimb,

Transcranial Magnetic Stimulation

1. PURPOSE

A common issue of interventional noninvasive brain
stimulation (NBS) methods is a lack of robust
induction of neuroplastic changes in the motor system,
especially in the lower limbs V. A representative NBS
method to induce neuroplastic changes in the motor
system is paired associative stimulation (PAS), which

comprises repetitive pairs of peripheral nerve electrical
stimulation (PNS) followed by transcranial magnetic
stimulation (TMS) at a specific inter-stimulus interval
(ISI) 2. PAS is thought to modulate corticospinal
excitability based on the Hebbian principle through
multiple cellular mechanisms, including spike-timing
dependent plasticity (STDP) *%. However, existing
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studies on lower-limb PAS have not consistently
demonstrated  the
excitability across participants .

facilitation of corticospinal
Postsynaptic activation plays a pivotal role in the
Hebbian principles of synaptic plasticity *. Voluntary
contraction of upper-limb muscles has been reported to
facilitate corticospinal excitability of the lower limbs
in the resting state 7. Hence, we hypothesized that the
reliability and efficacy of lower-limb PAS could be
enhanced by
contraction.

leveraging  upper-limb  muscle

2. METHODS

Thirteen right-handed, able-bodied volunteers (5
women and 8 men, aged 26.1 = 2.8 years) took part in
the experiment. The participants were seated with their
knee joints at 45° using a footrest to allow effective
stimulation of the tibial nerve.

Single-pulse monophasic TMS was applied over the
(M1)
posterior-anterior current direction to elicit motor
evoked potentials (MEPs) from the right soleus (SOL)
muscle using a double-cone coil connected to a
Magstim 200 stimulator (Magstim 200, Magstim Co.,
Whitland, UK). PNS was applied to the tibial nerve by
an anode (5 cm x 5 cm) placed over the patella and a
cathode (2 cm X 2 cm) positioned at the popliteal fossa.
During the intervention, TMS intensity was set at
1.2-fold resting motor threshold (rMT), and PNS
intensity was set at 1.5-fold motor threshold.

Two conditions were set: PAS condition and PAS

left primary motor cortex with a

with  voluntary upper-limb muscle contraction
(PAS+UMC) condition. PAS consisted of a pair of
PNS and TMS at a rate of 0.2 Hz for a total of 200
pairs (about 17 min). An ISI between PNS and TMS
was set at each individual's MEP latency plus 18 ms.
In the PAS+UMC condition, wrist flexion at 30% of
maximum voluntary contraction was executed
according to the timing of the paired stimulation.
Corticospinal  excitability —and
intracortical inhibition (SICI) of the SOL muscle were

assessed before (baseline), at 0, 15, and 30 min after

short-interval

the intervention. Corticospinal excitability —was

11

assessed by a single-pulse TMS at an intensity evoking
SOL MEPs of approximately 0.1 mV at baseline,
which corresponds to about half of the maximum MEP
amplitude. SICI was assessed using a paired-pulse
paradigm that consists of a subthreshold conditioning
stimulus (80% rMT) followed by a suprathreshold test
stimulus (120% rMT) with an ISI of 3 ms. Each index
was normalized by baseline values for statistical tests.

3. RESULTS

In the PAS+UMC condition, the Wilcoxon
signed-rank test revealed that SOL MEP amplitudes
increased at 30 min post-intervention, compared with
that at baseline (p < 0.001), but not at 0 or 15 min
post-intervention (post 0: p = 0.33; post 15: p = 0.14)
(Fig. 1A). In the PAS condition, however, SOL MEP
amplitudes did not significantly increase after the
intervention (post 0: p = 1; post 15: p = 0.33; post 30: p
=0.10) (Fig. 1A).

A [¢] PAs + UMC PAS

% SOL MEPsgaseline
(normalized by Mmax)

Baseline Post0 Post 15 Post 30

% SIClgaseline

Baseline Post0 Post 15 Post 30

D
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Figure 1 (A) Boxplot of SOL MEP amplitudes

normalized by the baseline value. (B) Boxplot of SOL

SICI normalized by the baseline value. (C), (D) Scatter

plot between the modulation of SOL SICI and MEP 30

min after PAS+UMC intervention (C) and 30 min after
PAS intervention (D). * p <0.05, *** p <0.001.

In the PAS+UMC condition, the Wilcoxon



signed-rank test revealed that SOL SICI amplified at
30 min post-intervention, compared to that at baseline
(p = 0.04), but not at 0 or 15 min post-intervention
(post 0: p = 0.24; post 15: p = 0.89) (Fig. 1B). In the
PAS condition, however, no significant changes were
observed in SOL SICI after the intervention at any
assessment time point (post 0: p = 0.64; post 15: p =
0.74; post 30: p = 0.22) (Fig. 1B). To evaluate the
relationship between MEP and SICI modulations,
Pearson correlation analysis between SOL MEPs and
SOL SICI at 30 min post-intervention was performed
in both the PAS+UMC and PAS conditions. While no
significant correlation was identified in the PAS+UMC
condition (Pearson’s » = 0.44, p = 0.13) (Fig. 1C), a
significant negative correlation was observed in the
PAS condition (Pearson’s » = -0.60, p = 0.03) (Fig. 1D),
indicating that MEP amplitudes increased more in
those with amplified SICI after conventional PAS

intervention.

4. DISCUSSION

Our findings demonstrated that combining voluntary
upper-limb muscle contraction increased SOL MEP
amplitudes at 30 min post-intervention. Conversely,
conventional PAS did not yield a significant increase
in SOL MEP amplitudes owing to considerable
variability. During PAS+UMC
intervention, TMS-induced activity of M1 neurons

inter-individual

likely increased, compared with that of conventional
PAS 7, leading to more reliable synaptic plasticity
changes.

However, the efficacy of PAS was not enhanced by
incorporating the interlimb network. It might be
associated with inhibitory interneurons in the MI.
Although SICI increased 30 min after PAS+UMC
intervention, the correlation between MEP and SICI
in PAS
PAS+UMC intervention. Previous studies suggested

observed intervention was absent in
that muscle contractions in distant limbs decrease SICI
9 This could imply that disinhibition of inhibitory
interneurons by upper limb muscle contraction
MEP of PAS+UMC

intervention. This finding highlights the complexity of

attenuated  the increase

neural mechanisms involved in neuromodulatory
interventions, particularly when combining PAS with
the interlimb network.
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Effects of moderate static magnetic fields on the voltage-gated potassium ion
channels in sympathetic neuron-like PC12 cells
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Abstract
Previous studies reported the possibility that moderate static magnetic fields (moderate SMF) could

alter the excitability of neurons by modulating ion channel activity. Our purpose of this study is to

investigate the effects of moderate SMF on the electrophysiological properties of voltage-gated potassium

channels which are expressed in sympathetic-like cell membranes of PC12 cells.

We differentiated

pheochromocytoma PC12 cells derived from rat adrenal medulla into sympathetic-like cells by adding nerve

growth factor (NGF).

Moderate SMF was applied to the cells after 6+1 days of differentiation during

overnight, we performed whole-cell patch clamp recording to observe the effects of SMF on voltage-gated

potassium channels.
control.

neurons.

The current density was significantly lower in the magnet group compared with the

The results suggest that moderate SMF has the potential to alter the excitability of sympathetic

Keywords: sympathetic nerves, moderate static magnetic field (SMF), ion channels

1. PURPOSE

Recently, transcranial static magnetic field
stimulation (tSMS) has attracted much attention. It was
reported in 2011 that a neodymium magnet implanted
on the head surface suppresses the excitability of the
cortex immediately below. Specifically, it was
confirmed that the motor evoked potentials (MEPs)
were reduced by 25% when a NdFeB magnet was
implanted just above the human primary motor cortex
(M1) for 10 minutes. 1) Not only that, even after the
magnet is removed, the suppressive effect persists for
several minutes in the tSMS of 10 to 20 minutes, and
for more than 30 minutes in the tSMS of 30 minutes.
2)3)

The most popular explanation for the mechanism of
the action of static magnetic fields on neurons is that a
moderate magnetic force of 1-1000 mT affects either
the antimagnetic anisotropy of phospholipid molecules
deformation of ion

(molecular reorientation),

channels (distortion), or mechanical action (rotation),”
% and results in a change in neuronal activity, resulting
in changes in neuronal activity.

We have focused on the medical application to
diseases such as hypertension, arrhythmia, and hot
flashes, in which abnormalities in the autonomic
nervous system are problematic and have decided to
investigate the effects of static magnetic fields on the
autonomic using  cultured

nervous  system

sympathetic-like cells.

2. METHODS

Cells and differentiation: Cultured PC 12 cells
(IFO50278) purchased from the JCRB cell bank of the
National Institute of Biomedical Innovation and
Nutrition were cultured and passaged (P16-25) in
RPMI medium with FBS. Since IFO50278 is a
migratory cell, the dishes were coated with collagen
each time the cells were seeded. The day after 105
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cells were seeded into 35 mm dishes, the medium was
changed and NGF was added. Both medium exchange
and NGF addition were performed once every 3 days,
and patch clamp measurement was performed at 6+1
days after differentiation.

Magnets used and magnet sensitization: A 35 mm
diameter x 5 mm height (Neomag, Tokyo, Japan)
disk-shaped magnet was placed under a 35 mm dish
during Overnight sensitization. Sensitization was
started 18 hours before the start of the experiment. On
the day of the experiment, after replacing the medium
with extracellular fluid, measurements were performed
as usual in the Sham group. In the Mag group,
measurements were performed by placing a
ring-shaped magnet (@60 x @50 x 10 mm) outside the
35-mm dish immediately after removing it from the
disk-shaped magnet. Measurements were made within
180 minutes after the replacement of extracellular fluid

per dish for both the Sham and Mag groups.

Patch clamp method: Pipet size was 1.5 mm outer
and 0.86 mm
composition of extracellular fluid was KCI 5mM,
NaCl 145mM, CaCl2 2mM, MgCI2 1mM, HEPES
10mM, D-glucose monohydrate 10mM, and was
prepared at pH 7.3-7.5 with 10N NaOH. The
composition of the intracellular fluid in the glass
pipette was KCI 135mM, MgCI2 1mM, EGTA ImM,
HEPES 10mM, and D-sucrose 20mM.

diameter inner diameter. The

3. RESULTS

Comparing the Sham group with the 18-hour Mag
sensitization group, there was a significant difference
in the current density per cell area (t-test). On the other
hand, there was no significant difference between the
two groups in terms of percentage of maximum
current or resting membrane potential. Although data
are not shown, the 1-hr and 6-hr magnet groups were
similarly examined, and no significant differences
were found between the Sham group and the Sham
group in current density per cell surface area,
respectively.
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Figure 1. Current density per cell surface area in the
Sham group (without magnet, n=21) and in the Mag
group (with magnet, n=20) after 18 hours of moderate
static magnetic field sensitization

4. DISCUSSION

In the present study, we found that no effect was
observed in PC12 cells after a short time of
sensitization (1 hour), but the effect on current density
gradually became visible from 6 hours (data not
shown), and a clear difference was observed at 18
hours (data not shown). This effect was maintained for
at least a few hours after the withdrawal from magnetic
field sensitization (data not shown).

The mechanism of the effects of moderate static
magnetic fields on neuronal membranes has been
attempted to be elucidated through several events
observed using a variety of research techniques. In
particular, a wide range of possibilities have been
pointed out, from the biomechanics of magnetic forces
on neurons (e.g., intracellular molecular structure and
rotation of ion channels) to metabolic and cell-cell
interactions. It is more natural to assume that
multiple mechanisms exist rather than that any one of
these mechanisms alone produces an effect. The author
is currently investigating the effects on excitability of
neurons by observing genes and cellular metabolism as
a mechanism, and by identifying Kv channels subject
to moderate static magnetic fields. Primary cells are
often isolated from neonatal animals, and while they
can be used for in vitro studies while maintaining cell

characteristics similar to those of actual living



organisms, their yield is low compared to animal
sacrifices, and it generally takes a long time to master
the techniques for culturing them. Although cultured
cells such as those used in this study have the
disadvantage that the expression pattern of ion
channels in the cell membrane differs from that of
living cells, the fact that they can be easily cultured in
large quantities by anyone and that comprehensive
molecular analysis is possible is a great advantage in
research. In addition, unlike previous reports, this
study was conducted in an experimental system that
does not require complicated setups for magnet

fixation.
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Magnetic heating of nanoparticles for tissue/organ cryopreservation
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Abstract
The technology for cryopreservation of organs/tissues has not been established. If

organs can be cryopreserved, the patients waiting for transplantation around the world

will be saved. The technical problem is that ice crystals form during thawing, which

destroys the tissue cells, and there is no technique for rapidly heating and thawing thick

organs without forming the ice crystals. In this research, we developed a uniform and

rapid heating technology by heating magnetic nanoparticles with an alternating magnetic

field as a novel cryopreservation technology for organs/tissues for transplantation.

Keywords: magnetic nanoparticle, alternating magnetic field, cryopreservation, islet,

liver

1. PURPOSE

Currently, it is not possible to cryopreserve not only
the human body but also organs and tissues. Cool
storage of organs for transplantation is limited for 8
hours for the liver and pancreas, and in many cases
they are discarded before being ready for
transplantation. If cryopreservation of organs and
tissues become technically possible, it will be possible
to improve the health of millions of patients worldwide
each year. The difficulty in cryopreserving tissues for
transplantation is due to the fact that cells are
destroyed during thawing. Cells are destroyed by ice
crystals due to freezing of water during freezing. On
the other hand, for cells, which are at a lower level
than organs and tissues, a vitrification method has
already been developed. Vitrification is a method of
freezing cells that have been treated with a
cryoprotectant solution and quickly freezing them in
liquid nitrogen without forming ice crystals inside the
cells. However, thick tissues/organs cannot be thawed
uniformly and rapidly in the solution and inside the
tissue. In this study, as a new cryopreservation

technology at the tissue and organ levels, magnetic
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nanoparticles of non-toxic iron oxide are dispersed in a
cryoprotectant solution, frozen, and then thawed by
generating heat in an alternating magnetic field. We
have developed a technology to thaw organs and
tissues with a high survival rate and while preserving
their functionality,

conventional

which was impossible with

heating methods (convection heat
transfer using a 37°C water bath). As organ and tissue
targets, we used the liver, which has a well-developed
vascular network and excellent vascular permeability,
and the pancreatic islet, which is a cell aggregate tissue
with a diameter of approximately 200 pum that secretes

insulin, which is useful for the treatment of diabetes.

2. METHOD

For cryopreservation of pancreatic islets, islets were
isolated from mouse pancreas. Pancreatic islets were
placed in 20 mL of cryoprotectant solution containing
10 nm magnetite suspended as magnetic nanoparticles,
and the container was immersed in liquid nitrogen to
freeze. After freezing, the container was removed and
thawed by exposure of an alternating magnetic field.
We transplanted 400 pancreatic islets into the kidney



capsule of a diabetic model mouse, and monitored
changes in blood glucose levels after transplantation.

For liver cryopreservation, a cryoprotectant solution
containing 10 nm magnetite as magnetic nanoparticles
was perfused into the rat liver. Then, it was frozen by
immersion in liquid nitrogen and thawed by exposure
of an alternating magnetic field.

3. RESULTS

To evaluate the in vivo function of pancreatic islets
after freezing and thawing, we conducted experiments
using diabetic model mice. Figure 1 shows the changes in
blood glucose levels in mice after islet transplantation. In
the group that received fresh pancreatic islets, blood
glucose levels decreased to normoglycemia. In contrast,
in the group that received pancreatic islets thawed using
convection heating, blood glucose levels did not decrease
and remained hyperglycemic after transplantation, similar
to the diabetic control group. On the other hand, in the
group transplanted with pancreatic islets thawed by
nanowarming, blood glucose levels decreased after
transplantation and maintained normoglycemia for 30
daysV.

When the rat liver was perfused with a cryoprotectant
solution containing 10 nm of magnetite, we succeeded in
perfusing the entire liver with dispersion. Furthermore,
when a liver frozen by immersion in liquid nitrogen was
heated with an alternating magnetic field, we succeeded
in rapidly warming the liver from the inside at a heating

rate that did not induce recrystallization (Figure 2).
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Figure 1 Blood glucose levels after transplantation

4. DISCUSSION

For the islets, convective heating damaged the islet
tissue and impaired its function during thawing,
thawed the
preserving the functions. Based on these findings, we

whereas nanowarming islet while
have succeeded in thawing pancreatic islets in a large
volume without impairing their function, which was
impossible with convection heating. Preclinical study
will be necessary for practical application.

For the liver, it is necessary to perfuse blood vessels
within the organ with a cryoprotectant solution
containing magnetite, which poses a problem with the
dispersibility of nanoparticles, but we have developed
a cryoprotectant solution with good dispersibility in
this study. As a result, we succeeded in uniformly
filling the liver with magnetite, and we have
established a technology to rapidly thaw the liver by
exposure of an alternating magnetic field. In the future,
it will be
nanowarming can be an organ freezing technique that

necessary to investigate whether
contributes to liver transplantation by investigating

various functions of the thawed liver.
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Effect of upper and lower limbs rehabilitation with peripheral magnetic

stimulation below the motor threshold
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Abstract
We have developed a spinning permanent magnet (SPM) device that gives

magnetic stimulation below the motor threshold. The purpose of this study was to

examine the effect of upper and lower limbs rehabilitation with SPM. The changes in

Hmax/Mmax in healthy individuals, spasticity reduction in patients with stroke, and

rehabilitation with SPM device were investigated. Compared to the control group,

Hmax/Mmax was significantly decreased by SPM stimulation. The SPM group showed a

significant reduction in spasticity for patients with stroke, but the effect was not

long-lasting. Both patients and therapists gave positive opinions about rehabilitation

while wearing SPM. Therefore, rehabilitation under SPM is considered practical.

Keywords: peripheral magnetic stimulation, spinning permanent magnet,

motor threshold, spasticity, rehabilitation

1. PURPOSE

Japan Stroke Society Guideline 2021 for the
Treatment of Stroke [Revised version 2023] Y indicates
that electrical stimulation for the upper and lower limbs is
effective. The intensity of electrical stimulation is often set
to the supramaximal or maximum tolerable intensity
above the motor threshold, but transcutaneous electrical
nerve stimulation (TENS), in which the intensity of
stimulation is below the motor threshold and at the level of
the sensory threshold, is also effective in reducing
spasticity and chronic pain. In a study of electrical
stimulation in addition to conventional rehabilitation for 4
weeks after knee joint arthroplasty surgery, significant
improvements in quadriceps muscle strength and 2-minute
walk test were reported in both above and below the motor
threshold compared to the conventional rehabilitation

only?.
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Repetitive Peripheral magnetic stimulation (rPMS)
does not stimulate skin nociceptors, so it gives less pain
than electrical stimulation. Moreover, rPMS is easy to use,
because it does not need to adhere electrodes to the skin.
However, it is not practical to combine rehabilitation
techniques while wearing bulky rPMS devices on the
limbs. We have developed a compact rPMS device
(spinning permanent magnet; SPM) (Figure 1). Although
the stimulation intensity is below the motor threshold, it
may produce similar effects to TENS, and can be easily
combined with other rehabilitation techniques because no
muscle movements occur during stimulation. The purpose
of this study was to examine the effect of upper and lower
limbs rehabilitation with rPMS below the motor threshold.



Version 2

Version 1

Figure 1. SPM device we have developed
Version 1 has an external battery, while version 2 has a
built-in battery. Both versions generate a magnetic field by
rotating a permanent magnet.

2.METHOD

This study was approved by the Certified
Clinical Research Review Board and was registered
with the Japan Registry of Clinical
(JRCTs042200013, jRCTs042180014).

Trials

1) Changes in Huax/Mmax in healthy individuals

The subjects were 11 adult men with a mean age of
34 years. The following conditions were evaluated: a)
SPM stimulation for 15 minutes, b) SPM stimulation for
30 minutes, c) 10,000 pulses for rPMS, d) TENS for 15
minutes, and ¢) no stimulation for 15 minutes (control
group). The active electrode was placed on the soleus
muscle at the gastrocnemius—soleus muscle junction. The
reference electrode was placed at 5 cm distal from the
active electrode on the medial side of the Achilles tendon.
The tibial nerve was stimulated at the popliteal fossa
before and after stimulation, and Huwx and M. values
were recorded to obtain Hima/Mmax.

2) Spasticity reduction in patients with stroke

The subjects were 58 stroke patients with a mean
age of 68 years who had spasticity of modified Ashworth
Scale (MAS) 1+ or higher in the forearm flexor muscles.
infarctions, 24 cerebral

hemorrhages, and 1 subarachnoid hemorrhage. The

They were 33 cerebral

patients were randomly assigned to 15 minutes of SPM
stimulation and sham stimulation. MAS of the forearm
flexor muscles was evaluated just before (T1), just after

(T2), 1 hour after (T3), and 24 hours after (T4) the
stimulation.

3) Rehabilitation with SPM device

The subjects for the upper limb include 9 cerebral
infarctions and 1 cerebral hemorrhage (mean age: 72
years), while 7 had hip fractures, 2 total knee arthroplasties,
and 1 underwent surgery for lumbar canal stenosis for the
lower limb (mean age: 80 years). The target muscles for
upper and lower limbs were extensor digitorum communis
and the quadriceps muscles, respectively. The SPM was
worn during rehabilitation for 3 consecutive days in the
first week, without SPM in the second week, and again for
3 consecutive days in the third week. The differences with
and without SPM were evaluated using a 7-point Likert
Scale (1: worst, 7 best).

3. RESULTS

1) Changes in Huax/Mmax in healthy individuals
Compared to the control group, Hma/Mmx Was

significantly decreased by 15 min SPM stimulation, 30

min SPM stimulation, rPMS, and TENS. The changes in

Hinax/Mmnax for 15 min SPM stimulation was significantly

smaller than for 30 min SPM stimulation and rPMS

(Figure 3).
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Figure 3. Changes in Himuw/Mmax

2) Spasticity reduction in patients with stroke

The SPM group showed a significant reduction in
MAS at T2, but there was no significant changes in MAS
at T3, T4, or in the sham group.

MAS

*P<0.05/3
*
3 3
2 2
1+ 1+
; n=28 4 n=28
T T2 T3 T4 T1 T2 T3 T4
SPM stim group sham stim group

Figure 4. Changes in MAS

3) Rehabilitation with SPM device

The median Likert Scale for upper limb patients
was 5 for feel of use, 5 for wear, 7 for pain, 7 for desire to
continue rehabilitation with the device, and 5 for
comparison to rehabilitation without the device, whilst 5, 5,
7, 5, 7 for lower limb patients, respectively. The therapists
were asked if it interfered with rehabilitation, with a
median Likert Scale of 6 for the upper limb and 7 for the
lower limb.

Figure 5. 7-point Likert Scale
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4. DISCUSSION

HimaxMmax Was decreased by SPM stimulation in
healthy individuals; 15 minutes of SPM stimulation was as
effective as 15 minutes of TENS, and the effect was
enhanced by 30 minutes of SPM stimulation. Hmax/Mimax 1S
often used for electrophysiological evaluation of spasticity,
and Hmo/Mmac decreases with TENS even in healthy
subjects”. Therefore, SPM stimulation can be expected to
reduce spasticity. Actually, SPM stimulation for 15
minutes reduced MAS in patients with stroke. However,
the effect disappeared after 1 hour, suggesting that it was
not long-lasting. Nevertheless, both patients and therapists
gave positive opinions about rehabilitation while wearing
SPM. Therefore, rehabilitation under SPM is considered
practical. We intend to continue the research on
rehabilitation of upper and lower limbs using the SPM
device.
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The Subjects for the 2023 Research Grants

Here are the subjects ( 6 Basic Researches, 3 Application Researches, 3 Specific Researches)
that the 2023 Research Grants are subsidized.

I .Basic Research
I-1. Development of magnetically controllable protein degrader
Division of Organic Chemistry, National Institute of Health Sciences Hidetomo Yokoo
I1-2. Mechanisms of bone repair enhancement by extremely low-frequency electromagnetic fields
Kanazawa University, Isao Kobayashi
1-3. Achievement of a safer CAR-T cell therapy by incorporating substances into magnetic lipid
nanoparticles
Keio University,”Satoshi Inoue
I-4. Possibility for non-invasive mapping of language function using steady-state evoked magnetic
fields
Department Linguistic, Faculty of Humanities, Kyushu University,”Emi Yamada
1-5. Development of construction method of engineered muscle tissues by combining permanent
magnets and magnetic field modulators
Fukui University of Technology,Kazuya Furusawa
1-6. Development of detection method using changes in magnetic properties of magnetic
nanoparticles and biological material aggregates
Tohoku University,~Shin Yabukami

Il .Application Research
II-1. Development of Remote Treatment Method of Neuropathic Pain Based on Magnetic
Nanoparticle
Faculty of Advanced Engineering, Tokyo University of Science,Masao Kamimura
II-2. Development of a video magnetoencephalography monitoring system with a tunnel
magneto-resistive sensors
Department of Neurology and Epileptology Tohoku University School of medicine Kazutoshi
Konomatsu
II-3. Realization of photo-thermo-chemical nano-theranotics to achieve simultaneous magnetic
imaging and therapy.
Nagoya University /Sato Kazuhide

I.Specific Research
IM-1 Development of a noninvasive method to assess neurophysiological function in lumbar spine
diseases using magnetospinography
Dept. of Advanced Technology in Medicine, Graduate School of Medical and Dental Sciences, Tokyo
Medical and Dental University, Jun Hashimoto
-2 Elucidating how living organisms respond to magnetic fields
RCAST, The University of Tokyo,Kazuhiro Kobayashi
M-3 Establishment of a method for quantification of brain-spinal cord connectivity supporting
recovery of voluntary motor control ability by simultaneous brain-spinal cord magnetic
resonance imaging
Tokyo Metropolitan Institute of Medical Science,” Noboru Usuda

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