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Abstract

Obesity decreases one of anti-inflammatory cytokines, IL-10 synthesis from spleen, and this

reduction brings chronic systematic inflammation, including brain. In addition, obesity is also

a risk factor of Alzheimer's dementia (AD), which is related with chronic inflammation in the

brain. On the other hand, the expression of brain-derived neurotrophic factor (BDNF) which

is necessary for neuronal maintenance falls in AD patients. In this research, we examine

whether a magnetic field reverses obesity-induced reduction of BDNF expression in brain as

well as IL-10 synthesis from spleen, and these alterations are useful for preventing the

development of AD.

Keywords: 1L-10, spleen, Alzheimer's dementia, brain-derived neurotrophic factor,

obesity
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Measurement of interaction between local electromagnetic field and nuclear spin
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Abstract
MRI and PET/SPECT are both important imaging modality in clinical diagnosis as

a morphological imaging and a functional imaging. Both are using the unique

characteristics of atomic nuclei, such as nuclear spin and the emitted gamma-ray photon,

however, the integration of those devices is limited. In this study, the cascade gamma-ray

emitted from atomic nuclei under high magnetic field is investigated for the future

integration of magnetic resonance method and nuclear medicine.

Keywords: nuclear spin, magnetic resonance, nuclear medicine, cascade gamma-ray
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Verification of reflex improvement by the magnetic vestibular stimulation
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Abstract
Effects of magnetic vestibular stimulation on posture and arterial pressure control were

examined. Center-of-gravity sway on a foam rubber with closed-eyes was measured for 1

minute in eight healthy volunteers. Neodymium magnets (0.4 T) or an aluminum disks (0

T) were attached behind the auricle during measurement. The trajectory length and the

envelopment area of sway were significantly smaller when magnetically stimulated at

0.4T. The integrated values of 0.1-1Hz with 0.4T were significantly smaller on both the

X-axis and the Y-axis. Arterial pressure control in six subjects were significantly

augmented with 0.4T stimulation. Thus, magnetic vestibular stimulation increases

vestibular-related motor and arterial pressure control function.

Keywords:  gravity, posture,

vestibulo-arterial pressure reflex
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MO ST 7 M XD MERTE T+ 57-
DTHDHD, O EFNRPERRA & - THY
KI5 EDRENT, SEBITESIHERINES 2
UNIRIEESREIR T 2 & 7= L7 B, milE % TR
AE L7200,

*p =0.043 vs. supine
{MEAL ML

2: AR kARSI R IEE AL
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Toward the development of technology to create novel neuronal circuits
using magnetic stimulation

EXK FA

Yoshito Masamizu

RS R FRFBEE A IERE, T 610 - 0394 FUERAT R HLL 2 % fEERA 1-3
Graduate School of Brain Science, Doshisha University
1-3 Tatara Miyakodani, Kyotanabe-shi, Kyoto 610-0394 Japan

Abstract
In this project, I aim to develop the technology to create new neuronal circuits in
the damaged brains to recover brain functions. In the future, I will implant neurons into
the damaged brain, and plasticity will be induced by magnetic stimulation at specific
times to create neuronal circuits with specific brain functions. In this research, |

established a system in which the coils were installed on a head-fixed device needed to

perform in vivo calcium imaging.

Keywords: magnetic stimulation

1. BRY

JMFEE OXHWE E LT, AT ClErhfsila 2
MRS 5 Z LI L DEREDEIE 2 B
772 USRS Ia A2 B 9~ 2 720 CTITRFE D
NI RE 2 R OPRREEIRE O P I CE 220, 2
DIZDAMFETITS oL x5 & L, EERD
DI AR L, IgRE 2 mIiE <572
DOFEHIT OB Z BT, BRI, s
AR Z IR L, D ORFEDHZ A X 2 7 TR
P AATVRTBIEZ 3RS L, FEE OMEEE 2 FFo
MR 2RI T 5 Z LTk » T, IbkrEZmIE
SHDH. S OITHRAEBTERRIEEZHAWT, in
vivo IV T A A= 7 C, idiEE AL,
MBS RER MR IZ 3BT DIE VA L 2 i35 2
==

2. ik
W Ak Y —1%, cpEGFP
(circularly  permuted  enhanced  green

fluorescent protein), H/LEY 2V, I 4T

DINEY 2 U AAEEEML M13 126725, b
SULATUNINED 2 Y L EFERTDHE, B
NEV 2 T M13 EREATE DL D270,
SRR ENEL L, G Ko ThraDEt A
9 o0 R S B 3 H BRI, MR o
TN A T ABREEN PR B8, woe v
T AN YRR B T RELSE D
ZEIk o, MBI O R LN TE D, 2k
BIEHNLDOH T ABE T RTHZ EEIZL ST,
FHIR, 2 Clal— ORI o1 B 4 8152
(K1) 52 ENRAMRETHS.

X 1 invivo IV T A A= 2 7 DRHE
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FEMSEE T Cinvivo IV T hA A— 0 T 54T
72O, EEEERE CIEAZ B Z b5
VENRDHD (X2) B,

2 SHEREEIRRETTT 9 L3 —5 | & FE

3. fER

FEERITIENCEEF D in vivo IV T A A—
VT EAT O T E B RIRER A E E R E I 2 A L
ZRkiES DR A ML L, FRE LED IR CREMII
DAEENE D I ERGET LT (K3).

3 SR A S S D A5 T R SURIT

Z DRSEREEEEIE, TIL b U H—I2 X B
ARER T 7o 7 a vy fmL—2—nbi 5
2V AR(ERR, A VEEH OSNEIRIHE S
Tz SV AZAEES, 3 L OBEEHRR D7D = A
B BRERR SN TWD,. Z D=, o/
A ITHFEDERE, BEIOREDZ A I T
TREEDEREZT Z & T, Hx eI
ARE & 7p o7,
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Atk, ABFIECTBRFE L 7o Ba s s & &
UNCHIBSRZ dn vivo IV 7 A A— 2 T EAT
9 LIk, BEBIORIENARETH D E
IIMERRIT D, S HICHRHIIE & SRR L,
WORFED X A 2 v 7 CREKHINE %470 "] ¥k
AL, FEEDIMHERE 2 R OMRREIE 2 Al
HZLIZEoT, e s E5Z L2 HEE
KR
P

Z ORFFE I PE S R O A Bh & 52 1) C i L 7=
HLDOTHD.
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Development of Magnetic Nanoparticles for Cancer Thermal Therapy and

Diagnostics
— M F*
Yuko Ichiyanagi*
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*QGraduate School of Scientific Engineering, Yokohama National University
79-5 Tokiwadai, Hodogaya-ku, Yokohama 204-8501 Japan

Abstract
Recently magnetic nanoparticles are drawn attention, not only in physical

properties but in the field of life science. Magnetic materials accumulate heat in response

to external magnetic fields. This feature is useful for thermal therapy. They can also be

used for diagnostic imaging. In addition, the nm size is large enough to be introduced

into cells. In this proposal, magnetic particles are integrated with medicine to create a

new science and technology.

Keywords: magnetic nanoparticles, hyperthermia, diagnostics

1. BXY

WIPERIFZE CHo L D nm A 7 — /L ORGSR -
&, T, S RSSO A TR A B D A2 7
57, T4 7P A L ADSHCHLIEREED T
X7 I, PR TREE VW CES &
e S, FrLORRREIRORERICEBN L T &
720 F A ZTHhIUT MBI A D KE S
ThD. — I MRS 2 FNd 5 2 &
T, BEEETH. 22T, DAMICE R
A INDERI - 2ER L, 2D EToHND
W5 % T CRAEHUE, P L —%F
M LT3 IREE L, B NA 73— — X T3 F]
REIZZR D THA D . AT TIL, IS THREL
T 5T A ROBERL T2 FR L, 23 AU
ICERIRIICEA SIS TRETDH L L BT, 2W
ELTCOMREL RO 2% 352 &% H
HE35.

T A R ORI D FE BN IR
X5H0T, BKE—AY bOBEERIZERT S
Néel fEF1&, K+ BARDEHRIZEKT 2 Brown

RS 5. BERNA 3=V — I 7 FHOREMA
LT, BHOREICEEINTITEMTE 2,
Neéel FEFNC DRI AZNTH D LEZTND.
Fx LI ETIT SI0, THE INTBR 7 7 A
2 —% T, & MELBAMINE, AISZERDS AUHERE
(2B 5 invitro FEBR T, B NA 73— — I T %)
RAMEE Uz, 2 ARNEREA MO PEG
(Polyethylene Glycol) TEffid % Z & 277,

2. Fik

2-1. flix OREKHRL T OVERL & [FE

M E OIREIREVE 2 AW TRE 2 7o0/EAk, R D
Wb 2 ERL L7, Bl LC=v 7=
A F(NiFexOa)hi 1 DYERG VLA 773, PEG(400
& DT 2000) DR A BRI L) NiCl-6H,0,
FeCly4H,0, ZHLEIDKIFNR & NaOH #{RE S
B, P LR L0 LB TR T S, ki
L PEG (ZMMA KO THIE L. o7k
T X B RAT(XRD), EFIEMES(TEM), X
RIS (XAFS), HE X #R(XRF), ZRIMEIIN
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SHEFT-IR) 72 & ClRIE LT-.
22 BEALRITE & 22 ik R o FRHE

SQUID BHGEHZ LV, [Efiké s L Ukt
ZPNE LT, FHEIAE I IA ik 2 38 A 2
EERLL, A VNI H T AEITEED T 2 7%
ELT, aANVEREAILRNOT 7 A " —iE
FHFCHEEANIE L.
2-3.& NELOS AUHBIE A VT2 in vitro IRZATEER

b MELAS KN MBA-MD-231 %5 4 v 3 =|Z
B L, MR- Z2Hun LC 30 i (f =
458 kHz, h=8.8 Oe)ZHIIN L, Z DI L7l
JazYeta U CA - SEflas e h o >k Le.
2-4.MRI 17 7 o b AESLE MR 20 50E
TH =R TR T RS, 772 b aaE
EERIL, AV a——7 U AT LEfE
HIE L=,

3MEREEBR

VR R HG 1%, RIRATED 310K T 17
nm ORI — 7 RO DB T,

FRRIRE B HMORR I VAKEICE <, A

Fig.1 K08 17 nm @ 10-1 kHz (23317 B A3k bR EHR
() & 3-17 nm DR OREREST TOIREERHE (T).
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AR A FEPR S D OIS ATREZR IR, 42.5°CITEL
7(Fig.1). Yt ML AMIREZ V- in vitro FEER
DOFERAE Fig2 (ORT. L3y ha—)L, 2.0

ORI L= D, 3.8 A =P —I 7Tk
B, DA
DEEET

e 93 90.7
H5D. EFIZ <
I S iw— =
T 30 55D ?g )
O HEHIINZ b 5
M 5T,
30% LL o B 5 B
WD HERD  TFig2 b K~ 3L 2 A M M
CX7-. Wi MBAMD231 OnAf S—H—3

W TR AR

AR Z LTl Y, RO TIXEME
Z L, PEG 2&ffid 5 L, S OITAEMREASMENM

2z & bMERL WD, MR JIE T,

Mn-ferrite 2 CENL 7 T FOHERR DG B, 2

MOMELE LTHHIFFTE 2.

4. B« VURT U ABE
KOO —ERIE 2022 4 12 H 7 BIZHEE KT
B < o7z,
Nanomedicine2022, 2023 4 3 A 17 HIZ &K -
AT Yy RCRBIE ST 70 RIS S A HE
FhaEes] TRE LD THD.

International Symposium on

Bt
Z ORI TN BT 28 [BIRGKAFZEBI R O
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Verification of cognitive improvement by cognitive rehabilitation combined with
repetitive transcranial magnetic stimulation

=2

Tomokazu Takakura
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*Department of Rehabilitation Medicine, Juntendo University Graduate School of Medicine
2-1-1 Hongo, Bunkyo-ku, Tokyo 113-8421 Japan
**Department of Rehabilitation Medicine, Juntendo Tokyo Koto Geriatric Medical Center
3-3-20 Shinsuna, Koto-ku, Tokyo 136-0075 Japan

Abstract

Repetitive transcranial magnetic stimulation (rTMS), a non-invasive brain stimulation

(NIBS) method, is expected as a non-drug therapy for preventing the progression of dementia.

Although there is still no unified consensus on the stimulation site and stimulation method,

there are many reports using high-frequency stimulation (HF-rTMS) for the left dorsolateral

prefrontal cortex (Lt.DLPFC), similar to depression treatment, Recently, there are also

research reports using intermittent theta burst stimulation (iTBS). Concomitant use of

cognitive function training (rTMS-Cog therapy) is also considered to be useful for improving

cognitive functions in daily life. We plan to continue research on rTMS treatment aimed at

improving cognitive and memory functions.

Keywords: transcranial magnetic stimulation, cognitive rehabiliation

XL I
2m2$@ [ERREMEA RIS R B, FEEIE
BFEIL 2025 FET ﬂmﬁkuiTék%Méﬂ
5. RHVE T C & 5 B SR A FE E (mild
cognitive impairment, MCI)/ % 400 ﬁj\ﬁr TZDH
5 10-30%D5FBHVECEI TS 5 & TRIS 5. MCI
DEFEN D OEAT TN EECTH 5. FERERAONN
I (non—invasive brain stimulation, NIBS) T&
% X 18 % 55 25 1 5 L (repetitive  transcranial
magnetic stimulation, rTMS)I %, BIREGHAL & Z D ESE
T HRy NT—7 OR[N E IR IR S
HDHIENTE IO, B, MR giEdfEE

72 EZIIT 07 2R - ARk LAFZED S HE
D HILTET. T (TMS 1 ET7 VYA < —J5
(AD) Z1X U & T DRBHERE - MCLIZH L,
FERET T O 7= DIESEpRIE L L THIfF S

NTWD, RKFFETIE r TMS+ = v v o — Z R8s
VMY~ ) 7 — v 3 ¥ (computer

assisted cognitive rehabilitation, CACR) ffFH I &

DHEHEGTMY ) F— g VIREORE
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EBGEEL, SROBRICH TR 2 MEEY % b D

<H 5,
2. ik

SEVE AL TRERI R (RCT), 60 %2> 5 80 /%
TD MCI H#F Z 0 RIC ARE(LS 4) : 1TBS HlEk
L LLIEBHEE (154) o v LHi#HD rTMS £
Jitg CACR (4 047fd) %I 3 [ - 2 @5
ERRN )
IENHL, ITAKETIE, AR T % 2W 12, MOCA-
T, BOE(ENE =% 50, ZEfEiE WM, S3E1E WM
(RST =¥ /A505), FhiietE, TMS ic Xk 2%
SAEB A BA (RMT, SAI (ISI 21-25grand
mean) %17V, HBN - HERIHIKZ 1T 5.
3. fE%
FEEERARMIIE & U CHFPR Sk el 2 s 2022 4F
JE X0 ARFGE &R LT\ 5. COVID-19 %5 7 i
(2022 /7 H~), %58 (2022 /10 A~) D4
DRSS 1N E ARETAV) 37 1 S SIG Y TIPS
WFGEEEN K 2 Ul-720, WFEESIC RN %
A U7z, 2023 4 3 H KIRER T COVID-19 Jitf 713U
HIZ[F->TEY, 2023 4EEELIRE S AL 2 5]
for X ki LR A BGEL T TETH .
4. B
FFER LOYMCLIZXT 5 rTMS 18IS, ZAvE
TO L& Z AOEERRITE L CRITETRE, JEEL,
FIPRIREH) , @OFBBEAREEALIZ DWW Ta oy
2IFENTEHT, ERICmiFESbRsE
T UAEENPME LW D, RBAERES I AT
T2AFZEIZIE rTMS BARIZ X D098 &, (TMS &3R8
FIFEREFIFE 2 OF ] L 72 WFE(TMS-Cog therapy) )’
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HD. FEMERAIHEL (single-site rTMS) & 2308
AZAI (multi-site rTMS)IZ K DAFZEIC KRB SN 5.
DiLazzaro %1% AD * MCI Z5f4 & L 2020 £ T
(24T D472 RCT (22U T systematic review 4175
TW5., ZOWEICED L, TIGHERAL « BEEL L
TETSHMURTEERTE (DLPFC) ~O SRRl
HZ<, ZOIEDNIH DLPFC ~0 5]
W, 45 DLPFC ~O = AR, 47 DLPFC ~0D1K
BEEERIEL, 8] DLPFC (ZhI % Broca B « Wernicke
B o [ N ERTE/ N A2 & ZEAL A~ E B,
PR A~O SRS R E ST\ D. T4,
A REE A AR & LRIKREY 0 /X— 2 Ml
(TBS)Z W iE B TE TV D, /83—
Il (Theta burst stimulation, TBS) & /%, 50Hz [t
fR D 3 HRHITM A SHz TV I3/ — il ¢
BV, FHIXREC 2 FhRhEGRIT - 8 FoMIRIEZ1T
VWY 600 FED /K — I AAT 9 H OFX intermittent
TBS(TBS) & FHEN 5. iTBS 13HE D AE R
T PSR ] CRh R BRI 28 b 3 15
LD Z &N DI, B EEEF~0 iTBS #il
BOBETIE, A% 30 iCbi v RS
BUEVENBRT 5 2 LB LS.
MCI 2> HIERFE « FEEFED AD % %R Thivi=Hf
72 CIL, Rk L—= 7 FEHaRTc /2 DLPFC ~
HF-rTMS % 3&fi(add-on) 35 Z &2 L5 FL—=
VIMERI RN E SN TWD. (IMS 12k 5=
2—aEValb—g VIR E, HEO Wi
FRH~EIULE B2 72DI21E rTMS $RICFERET 5
BAUANAEY T —2 g VAN ERE L EZ T
%. CACRIE, 7F— @R THLL &0 IR
REICELD fTe = ENFTRECTH 0, WS OFfRERE
FORPUZIS U CHES 25 2 & L AMAET
&»%. CACREZHELUT, #rEAHICLY BHD
FUERE N A TE R - BEINICEISRT o L b
0, FREEMESTYRIICMIT T2 A & B AESO—B)
WZH7e s EWREEND.

Eifas
AW DXL 12 S WE L R M R R
BT L BT £
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and therapeutic perspectives of transcranial
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magnetic stimulation in dementia. Clin
Neurophysiol. 2021;132(10):2568-607
Bagattini C, et al. Enhancing cognitive
training effects in Alzheimer's disease: rTMS
as an add-on treatment. Brain Stimul.
2020:13(6):1655-64.
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1. BB
KR B 75 (MRY) (3R LS (NMR) 3).

HBINE S/ ST )L 9F MRI &2 DB

=BTk
*FRPR TR E B TP ZERE,  T565-0871  RBRFFWR HH 7 (L H - 2-1
#RJST X X 28F, T565-0871  RFFFRH L H - 2-1

Abstract

IR (MRD I3RS B W TREWZER D fERE T 1A A —
YT EATH OO — N ThDH. FFIZ F MRIIE, WNTEMEOAKF-IZH
KT AR I 5 R F R LIC F SREEEA AR TE A EERY
— NV THDH. FHLIIMRIEEAE L T—T v Fah—Ro2Na L= B
) AT RIVERELTCNDN, F 7 ROERNIAITTA X, Bk, FHEH
WRBIIKTE T 5. & 2 ORI TR &2/ hN S L@/ ) ) 7'
NVDORRFEEToTo. TERO 1B RBREDOEZ30nm OF / B 7L ziiflL, £&
To~ U A CHRN A &2 Al Ak LTz,

F—U—R:MRL"FMRIL, >V B+ h7&NL

YF MRI &K E LTCORHZHEDTWD (5IH

ZOF ) I TRMTEVIRES R L, BN

D JFERZ FD U= B bk CARGER O BLI AT
e/ A g b3 5. REMR D DITKESED
71 v (H) ZEBET % 'THMRI 23207 B,
JRFTIZEBT 57 1 h R, RO 2% 2

RN A NELTHBEL, Z#icfibinTing.
Tz, ISR T AERANICL > Ta v b T
A NDFEE PR SEDHZENARETHY, BilE L
THBHNED G $ER-CEBIRBEME DI LER T/ hL
TREPFEINTHD GIHD. LLAaRs,
'H MRI T3 RPN B EICAFET DK 1-HK
DY 7 I EITBR SN D T2, EEAIH RO
T FNDRGFTIRONTRNGER B D.

— 5T, IFEBHRE S LT vHE (F) &7
L7z PFMRI 23EH 30TV 4. UF 13V MRI
AR L, EENIC Ay 2 S5 Ry I
WEIE LW LG, YF 28Tt a s
FE L TH&ET D LT, EFABKRDY TV
nary b7 A NRLBIEIND (BIH2). bivo
NOTN—TTIIHFPIC YF %% < GTiiRiR
DR—=T)Fah—R 2L, U H (SI0,)
THMA R LT=F ) 7BV EBIFE L TR,

18

TUFMRI > 7 ARSIz, LI L7225,
T H IR~ D REFED R DR S oAk~ D = H
DI L WO TS b TnWie., F ko
ENENE XY A XITKAFT 5 Z e mb T
7= (B 4), KR TITRI A XD LY /)
E7pF ) 1 7 A F MRIERAIOBR%E & 0
RNENREORHMEZ1TH> Z L2 HIVE LT,
2. ik

F 7 1 7+ VX Perfluoro-15-crown-5-ether
(PFCE) & &ie/\—7 LA v J1—R AR, T4
PEFETE A2 STk, U BEADFEE 72
55 hIx hF T (TEOS) ZEieAREfH
D =AAD B 72 HIRR 2 RS U a7, Rt
A RITEHPEHELE (DLS), B X ONE @RS T
BEINEE (TEM) (2L ABIEEOHEL. T/
BTN BENT T v #ELAEY (PFCE) (2
DVWTYF NMRICEDRIE L. £72, F MRI
ZHWT, ~ 7RG/ OF ) TRV OERE
BIE LT
3. R

2. CR LI =M RAHET D BT o Ty



V) h7renziGi-. 4 X% DLS BLW
TEM BE44 THER LT L = 5, A XA 100-150
nm B2E DA DT ) H 7 & I 30-50 nm £
BEEDSHTDF ) I FEARELNT-. A XD
SV I SN E SRR BT, 0o
BEIZ LD REWY A XD D T2V E RS,
FiEESEET S LTSV DS T
YA DOHEENT D Z ENTE =, FkDT
71 72V % TEM THIEST 5 & FEEIREHT 30 nm #2
FELlpoTW = (K1), £7=, >V HEnsMane,
PFC @3N H D a7 -v = MBIk LT
W5 ZE bR TE. AKRIERTICOB ST
J B 7% PFNMR THIET % &, NELET
% PFCE DAL 7 MEIIZ I B — 7 D382

Nz BT a— RETRLN-Z EnD,

TRIAIR D PFCE 2B E A MERR L7 IRIETh 7k
INERNBINTWND Z EDfER SN, £7-,
VU WEEOMEI ZRETT 2 2 8T, REWIAT
FoM, 7= MO ERREIEAINIZTF S T
TRNERD T LIS LT,

X 1. (&) fERL7=F 7' (F) #EED
VEREIC KB ) ) B 7@ TEM 14

F 7 7R Z% YF MRI THElgAL T & % 7wt
L7z & 25, RFRERFHIZR F MRIL & 7 )L
DB ST, F£7=, T/ 7 RAOENERED
D72~ 7 ZNZFRIRESR T &
BhL, HE%ZE 3 B%ZO~Y T A% YF MRIIC
KO L=, BHEZO~ T AL IFE D
YF MRI &7 ADEn-—FhH7T, %53 H
BO~TANBIIT T FANBER SN o T
(X2).

2. (&) HEEEO~TZ () &5 3 A%
D~ AD YF MRI %, /2K OFAEAFRZ =~
7
4. B

A RIBA%E L7/ N T 7 D 7R VidnEsk o
ETERLLUI=T ) B R TH A ARE
KE3HD1 &L IpoTe., TS, YU IE
HDOTatvARLF )Y a LTBRO S etk
AEEFCAT) Z &Ik, ==Y VERE
BT A ZDOERICZ D T L RifT~D
U AHEANEITTE 20 EEZOND. v T A
~OENENREICE L i B ERdIic k0 H
7B ILHFD F MRI & 7 V3 EEE LTz,
WERDY A XDF /) J3 72V TITE A % DB
TIHERND S D YF MRI & 7 F/URIE & A ST
TTROENTWZZ D, ARERITEIBEZE .
P A ZD/INE T T ) T TR IITEND S OHEH
RS Z S T2D TRV ETRIBE IS,
BRI AR AT & RT3 2 72 9 O
~ 7 ATORMHE, 725 ONCRAERD K IE T2
22T MRI Z L A5l % 5| & XD TS
TETHD.

AFRSLO—EROWNEIL 11 H 29 BIZH= ChfE S v
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Magnetic stimulation therapy by a wearable device for focal dystonia of the upper extremity
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Abstract

The purpose of this study was to determine the feasibility of using a wearable

magnetic stimulator machine in conjunction with conventional rehabilitation and to

evaluate the effect of magnetic stimulation below motor and sensory thresholds for focal

dystonia of the upper extremity. Ten patients with stroke hemiplegia and one patient with

focal dystonia of the upper extremity were included in the study. The results showed that

the wearable device did not interfere with conventional rehabilitation and the feel and fit

of the device were good. In addition, magnetic stimulation reduced symptoms of dystonia

and improved the accuracy of writing ability. The effect may be sustained after 3 months

of intervention.

Keywords: focal dystonia, wearable magnetic stimulator, writer’s cramp
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Membrane damage of cellular organelles by magnetic nanoparticles
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Abstract
Magnetic nanoparticles (MNPs) have been used for a variety of medical application

including Drug Delivery System (DDS). MNPs are internalized into cells and transported to

membranous organelles. We aimed at analyzing physical stiftness of organelle membrane by

MNPs. We delivered MNPs into early endosomes in cancer cells and applied magnetic field

from outside of cells, then examined if endosomal membrane was damaged or not by

visualizing CHMP4B, a cytosolic marker of membrane damage. We found more CHMP4B

colocalized with MNPs after applying magnetic field. We are now calculating the mechanical

force required for membrane damage. These studies will develop the future technology that

we could manipulate intracellular organelles by MNPs and magnetic field.

Keywords: Magnetic nanoparticle, organelle, membrane damage
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Abstract

In the present study, we investigated roles of AMPA (a-amino-3-hydroxy-5-methyl-4-

isoxazole propionic acid)-type glutamate receptors on abnormal gamma-band oscillatory
activity in schizophrenia (SZ). We measured resting-state magnetoencephalography (MEG)
from SZ patients and healthy controls. We also assessed their AMPA receptor functions using
a positron emission tomography tracer of AMPA receptor, [11C]K-2. The MEG data analysis
revealed that gamma-band oscillatory networks in SZ had hyper-connectivity throughout the

brain. In addition, we found a strong correlation of AMPA receptor density with gamma-band

network features in the posterior ramus of the right lateral sulcus. Our present study is the

first to examine the connection of AMPA receptor function to gamma-band oscillatory

activity in the human brain.

Keywords: schizophrenia, AMPA receptor, gamma-band neural oscillation, neural network
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Risk stratification using liver magnetic resonance elastography
in patients with heart failure
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Abstract
Right atrial pressure (RAP) measured by an invasive catheter is one of the key

determinants of adverse events in patients with heart failure (HF). Recently, we have

developed a novel non-invasive method for accurate estimation of RAP using liver

stiffness assessed by magnetic resonance elastography (MRE). We performed liver MRE

for 207 HF patients and found the significant association between liver stiffness assessed
by MRE (LS-MRE) and subsequent adverse events. In conclusison, elevated LS-MRE

may be useful for risk stratification in patients with HF.

Keywords: right atrial pressure, heart failure, liver stiffness, congestion, prognosis
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Preface

About 46 years ago, I have been researching feeble magnetic measurements from the human
body in order to help diagnose the disease at the Massachusetts Institute of Technology (MIT)
in the United States for two years. I have been studying biomagnetism measurement after

returning home.

It has been estimated that weak magnetism is generated from human heart and brain, but there
was no magnetometer capable of measuring this weak magnetism. However, in the 1970s, an
ultra-sensitive SQUID magnetometer using superconducting technology was developed in

collaboration between US National Research and MIT.

When the magnetic measurement from heart using this SQUID magnetometer was successful
and challenging magnetic measurements from the brain of about 1 / 1,000 of cardiac

magnetism, I had been studying at MIT.

MIT laboratory was in big trouble during my study abroad. A prominent doctor in the United
States criticized of MIT's research as follows. "They say that they measure the magnetism
caused by nerve activity of heart and brain, but that is incorrect. They are only measuring the
magnetism that the iron in the blood is disturbing the geomagnetism." As a result, the public

research expenditure in the US for MIT biomagnetism research was greatly reduced.

I regarded his theory as correct. Therefore, I measured more than ten blood with SQUID
magnetometer, but it turned out that blood had no magnetism at all.

The reason is that iron itself always has magnetism, but it has strong magnetism or no
magnetism at all depending on the bonding method of iron and oxygen. Iron in the blood binds
to oxygen so that it has no magnetism at all.

The evolution of mankind has progressed from birth to bipedalism to communication through
spoken language over 2millions of years. The strength and directions of the geomagnetism have
changed about ten times during the years. Since humans have evolved in such magnetic

environment, human body have made to have little effect of geomagnetism.



On the other hand, it has been only 200 years or so since humans started using electricity. The
humans have not developed full defensive capabilities against it. Therefore, a human body is
vulnerable and sensitive to electricity: a heart stops beating once a couple of voltages are
applied to the chest, however, it is quite difficult to stop a heart when magnetism is applied
externally.

In view of this, it is fair to say that electric medical devices bring an immediate effect.
However, they could be dangerous once misused. In contrast, magnetic medical devices are not

dangerous, but they must be used for a long time for treatment.

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 2021
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.

Director Makoto Kotani

The Watanabe Foundation






Prevention of dementia using spleen-derived IL-10 induction by a static magnetic

field

Koro Gotoh*

*Faculty of Medicine, Oita University
1-1 Idaigaoka, Yufu city, Oita 879-5593 Japan

Abstract

Obesity decreases one of anti-inflammatory cytokines, IL-10 synthesis from spleen, and this

reduction brings chronic systematic inflammation, including brain. In addition, obesity is also

a risk factor of Alzheimer's dementia (AD), which is related with chronic inflammation in the

brain. On the other hand, the expression of brain-derived neurotrophic factor (BDNF) which

is necessary for neuronal maintenance falls in AD patients. In this research, we examine

whether a magnetic field reverses obesity-induced reduction of BDNF expression in brain as

well as IL-10 synthesis from spleen, and these alterations are useful for preventing the

development of AD.

Keywords: 1L-10, spleen, Alzheimer's dementia, brain-derived neurotrophic factor,

obesity

1. PURPOSE

Metabolic syndrome due to obesity induces
systemic chronic inflammation. There are many
researches that obesity is one of risk factors for
Altheimer’s dementia (AD) and the activation of
microglia (MG) as well as deposits of amyloid 5 (AB)
in brain is related with pathophysiology of AD. Y On
the other hand, brain-derived neurotrophic factor
(BDNF) plays an important role in the development,
growth, maintenance, and repair of neurons. Recently,
It has been confirmed that BDNF expression in brain
is reduced in AD patients. ? We have shown that
obesity reduces the synthesis of spleen-derived
Interleukin (IL)-10, which leads to MG activation and
inflammation in the brain.®)

It has been clarified that glucagon-like peptide-1
(GLP-1) secreted by L cells in the small intestine
activates the hepato-derived afferent vagus nerve via
GLP-1 receptors located around the portal vein in the
liver, and its activity leads to an increase in BDNF
expression in the brain.¥ Considering that blood

GLP-1 concentrations are reduced in obesity, it is
suggested that obesity also causes inflammatory
and that this

inflammatory responses may cause a decrease in

lesions in the small intestine,
GLP-1 secretion. Therefore, it is presumed that
enhancing the ability to synthesize IL-10 from the
spleen suppresses inflammation in the small intestine,
improves GLP-1 secretion, and promotes BDNF
expression in the brain, which is useful for
preventing the development of AD. The purpose of
this study is to prove that the synthesis of IL-10 from
the spleen and the concentration of GLP-1 in portal
vein blood are significantly involved in the
pathogenesis of AD due to obesity.
2. METHODS

[1] Model animals :

Wild type mice (8 weeks) are fed a normal chow or a

high-fat diet and continuous central administration of
AP (0.001 mg/day) is performed to each group. The
high-fat diet group is further divided into sham group,
sham + magnetic field chronic exposure group,



splenectomy (SPX) group, and SPX + magnetic field
chronic exposure group. Therefore, five groups of
normal chow + Sham group (CNT + sham), high-fat
diet + Sham group (HF + sham), high-fat diet +
magnetic field chronic administration group (HF +
sham + MF), high-fat diet + SPX group (HF + SPX),
high-fat diet + SPX + magnetic field chronic
administration group (HF + SPX + MF) are prepared
and bred for another 1 month. For chronic exposure to
the static magnetic field, by sandwiching a magnet
having a surface magnetic flux density of 200 mT
between the breeding cages, an environment in which
an average magnetic force of 30 mT is generated in the
center of the cage is created. Such a static magnetic
field is exposed throughout the day.

[2] Assessment on the spleen :

a) For the group that preserves the spleen, the content
of TNF-q, an inflammatory cytokine in the spleen, and
IL-10, an anti-inflammatory cytokine, were measured.
b) The expressions of B cells in the spleen and
regulatory T cells that are deeply involved in the
synthesis of IL-10 were investigated.

[3] Assessment on the small intestine :

a) GLP-1 concentrations in the lower small intestine as
well as blood and expression of dipeptidyl
peptidase-4 (DPP-4), an inactivation enzyme of
GLP-1, in the small intestine were investigated.

b) In order to evaluate the inflammation in the small
intestine, we examined the intestinal infiltration of
inflammatory macrophages immuno-histologically.

[4] Assessment on the brain :

a) BDNF expression in the brain was evaluated.

b) Since inflammatory changes in the brain are greatly
associated with the development of dementia, TNF-a,
an inflammatory cytokine in the brain, IL-10, an
anti-inflammatory cytokine were measured, and the
activity of glial cells related with inflammation was
also evaluated.

¢) AP and amyloid precursor protein (APP) content, a
precursor of AP, in the brain were quantified.

d) We evaluated the effects of spatial cognition using
the Maurice water maze test.

3. RESULTS

Decreased IL-10 expression in the spleen as well as
decline of B cells due to obesity was significantly
increased by chronic exposure to magnetic fields.
Increased DPP-4 activity and decreased GLP-1
expression in the small intestine via obesity, and
inflammation in the small intestine were significantly
aggravated by removal of the spleen. In the presence
of a spleen, chronic exposure to the magnetic field
improved such above alterations, but not in the
absence of a spleen. On the other hand, there was no
significant change in blood GLP-1 levels. In addition,
the promoted inflammatory changes in the brain and
the reduction in BDNF expression due to obesity
worsened more markedly with SPX. However, in the
presence of a spleen, chronic exposure to the magnetic
field improved such changes, but not in the absence of
a spleen. There was no significant change in APP
content of brain. Moreover, the deterioration of spatial
cognition (Figure 1) as well as memory (Figure 2) due
to obesity was exacerbated by SPX Although, in the
presence of a spleen, chronic exposure to the magnetic
field improved such changes, but not in the absence of
a spleen (Figure 1 and 2).

4. DISCUSSION

There have been some reports that applying a magnetic
field to patients with inflammatory bowel disease
increases the expression of IL-10 and improves their
condition. In Japan, magnetic fields are used as home
remedies for inflammatory diseases such as rheumatic
diseases, and magnetic fields are recognized to have
anti-inflammatory effects. In animal experiments, it
has been reported that exposure to a static magnetic
field after making adjuvant arthritis improves
inflammatory changes.” Therefore, it is indicated that
the static magnetic field may improve the reduction in
the synthesis of IL-10 from the spleen due to obesity.
In addition, when GLP-1 secreted from L cells in the
lower small intestine is administered into the portal
vein, the BDNF nerve in the brain is activated via the
afferent vagus nerve from the liver, and this activity
further stimulates the efferent sympathetic nerve to the
pancreas. It has been clarified that this stimulation
promotes BDNF secretion from the terminals of



efferent sympathetic nerve terminals ¥,

This study suggests that the anti-inflammatory effect
of the static magnetic field may be related to the
promotion of the synthesis of IL-10 from the spleen. In
addition, it was suggested that the recovery of IL-10
synthesis from the spleen by the static magnetic field
improved inflammatory changes in the small intestine
and promoted GLP-1 secretion from the small intestine,
thereby increasing BDNF expression in the brain.
Therefore, it is speculated that exposure to static
magnetic fields may be effective in preventing the
onset of dementia due to obesity.
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Figure 1. Evaluation of spatial cognition

Spatial cognitive decline due to obesity is
exacerbated by splenectomy. Improvement due to
static magnetic field disappears by splenectomy.
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Figure 2. Evaluation of memory

memory decline due to obesity is exacerbated by
splenectomy. Improvement due to static magnetic
field disappears by splenectomy.




Measurement of interaction between local electromagnetic field and nuclear spin
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Abstract
MRI and PET/SPECT are both important imaging modality in clinical diagnosis as

a morphological imaging and a functional imaging. Both are using the unique

characteristics of atomic nuclei, such as nuclear spin and the emitted gamma-ray photon,

however, the integration of those devices is limited. In this study, the cascade gamma-ray

emitted from atomic nuclei under high magnetic field is investigated for the future

integration of magnetic resonance method and nuclear medicine.

Keywords: nuclear spin, magnetic resonance, nuclear medicine, cascade gamma-ray

1. PURPOSE

MRI (Magnetic Resonance Imaging) is useful
imaging modality in clinical diagnosis because of its
fine visualization of morphological information
utilizing nuclear spin as small magnet. On the other
hand, the devices in nuclear medicine, such as PET
(Positron Emission Tomography) and SPECT (Single
Photon Emission Computed Tomography), are useful
molecular imaging method because of its excellent
sensitive detection of molecules up to pico mole order.
Nuclear medicine devices utilize the enormous energy
from the atomic nuclei. Though both MRI and
PET/SPECT utilize the unique -characteristics of
atomic nuclei, however, it is only used as a
combination of morphological imaging and functional
imaging by just combining the image.

Authors previously presented and demonstrated
extracting chemical information, such as pH, with
cascade gamma-rays emitted from atomic nuclei
utilizing the electric quadrupole hyperfine interaction
between nuclei and the external molecular field".

Similarly, in this study we have investigated the
possibility to utilize the magnetic dipole interaction
between nuclei and external field for the advancement
of nuclear medicine devices and MRI. We have
quantified the response of cascade gamma-rays under
high magnetic field and demonstrated the feasibility of
use of gamma-ray for the detection of position
information encoded in the magnetic field strength.
2. METHODS

2.1 Detection methods and materials

Liquid state clinically available ''InCl; radio tracer
was used as a cascade gamma-ray nuclide.

Figure 1 '"'In decay scheme and cascade gamma-ray



""In has an intermediate state with the time
constantof 85 nano seconds and emits 171 keV and
245 keV gamma-rays in a successive way. (Figure 1).
By measuring the spatio-temporal distribution of 171
keV and 245 keV gamma-rays, the hyperfine
interaction between nuclear spin and the external field
was quantified. To measure the gamma-ray emission
angle with high accuracy, eight 8 X 8 GAGG
scintillators array coupled to SiPM array were used.
512 channel signals are readout in parallel by using
dynamic Time over Threshold circuit for recording all
the position, energy, and timing information as list
mode data. Coincidence events are extracted from the
data to identify the cascade gamma-rays.

2.2 Experimental Setup

Firstly, to quantify the response of '''In nuclei to the

magnetic field, we have applied different magnetic
field strength (0-3 T) and measured the gamma-ray
events in 90 degree and 180 degree emission for
observing Larmor precession. (Figure 2).

2 Experimental setup of magnet and detector
geometry surrounding a source. Reprinted from Ref. 3)
3. RESULTS
Figure 3 shows the observed Larmor precession
depending on the magnetic field strength.

Figure 3 Larmor presession observed by gamma-rays (1
Tand 2.7 Tcase)  Reprinted from Ref. 3) and 4)

Figure 4 shows the comparison of previously
reported value and experimentally measured data. The
Larmor frequency of 2.34 MHz/T was observed and
the position encoding by magnetic field is feasible.

Frequency relative to magnetic field intensity

1
0.5 1 1.5 2
Intensity of magnetic field [T]

25 3

4 Larmor frequency by gamma-ray detections
9. DISCUSSION
This research demonstrates the detection of Larmor
precession in liquid state '"'InCl; molecule with high
sensitivity around pico mole and also shows the
feasibility of position detection encoded in the
magnetic field strength with gamma-ray detection.
On the other hand, to achieve a better spatial
resolution, new algorithm will be required
specialized to gamma-ray detection method. We
have also started the investigation of SPION
combined with cascade gamma-rays for the future
integration of MRI and nuclear medicine
technology.
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Verification of reflex improvement by the magnetic vestibular stimulation
Kunihiko Tanaka and Akihiro Sugiura
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Abstract

Effects of magnetic vestibular stimulation on posture and arterial pressure control were
examined. Center-of-gravity sway on a foam rubber with closed-eyes was measured for 1
minute in eight healthy volunteers. Neodymium magnets (0.4 T) or an aluminum disks (0
T) were attached behind the auricle during measurement. The trajectory length and the
envelopment area of sway were significantly smaller when magnetically stimulated at
0.4T. The integrated values of 0.1-1Hz with 0.4T were significantly smaller on both the
X-axis and the Y-axis. Arterial pressure control in six subjects were significantly

augmented with 0.4T stimulation. Thus, magnetic vestibular stimulation increases

vestibular-related motor and arterial pressure control function.

gravity, posture,

vestibulo-arterial pressure reflex

Keywords:

1. Purpose

The vestibular system senses changes in posture and
reflexively changes the muscle contraction for the eye
movement and lower extremities to maintain posture.
When strong galvanic vestibular stimulation is applied
to the vestibular nerve, which transmits information to
the central nervous system, dizziness is induced, and
the center of gravity of the body sway increases”. On
the other hand, it has been reported that applying of
weak electrical stimulation suppresses the sway, that is,
improves postural control 2. These responses do not
contradict the “stochastic resonance", the phenomenon
in which if the “noise" is large, the stimulus is masked
and reactivity is lowered, but if a weak stimulus is
applied, the reactivity becomes higher.

Recently, we have demonstrated that the vestibular
system is playing an important role not only in postural
regulation, but also in arterial pressure (AP) control at
the onset of posture change via the autonomic nervous
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system When the posture is changed from the

equilibrium

system, orthostatic  hypotension,

supine position to the standing position, direction of
the gravity to the body changes from the short axis to
the long axis direction. The hydrostatic pressure in the
blood vessels increases toward the foot, causing
footward blood shift and AP should be dropped. At this
time, the vestibular system senses the change in
posture and reflexively constricts blood vessels to
prevent this drop in AP. As described above, when
strong electrical stimulation is applied to the vestibular
nerve, postural changes cannot be sensed appropriately,
and AP immediately decreases. AP is not decreased, or
further increased with weak stimulation®.

In medical institutions, various imaging machines
are used. Magnetic Resonance Imaging (MRI), uses
strong magnetic fields and electromagnetic waves to
image the inside of the body. During MRI exam,
especially when performing for the head, patients often
complain “magnetic field sickness” such as dizziness
and nausea. Since nystagmus is recorded without
imaging, this phenomenon is considered to be caused



(mm/s)

even in a static magnetic field where the magnetic field
does not change”.

Considering with the phenomenon observed by
electrical stimulation, if strong magnetic stimulation
disturbs the
stimulation may increase the sensitivity and the

sense of balance, weak magnetic

controllability. Thus, in this study, we examine the
effects of magnetic stimulation, which is relatively
lower than the current MRI, on postural control and AP
control via the vestibular system.

2. Methods

This study was approved by the Institutional Review
Board at the Gifu University of Medical Science, and
written informed consent was obtained from all
subjects.
2-1 Center of gravity sway
Eight  healthy
Center-of-gravity sway was measured for 1 minute
(TKK5810, Takei Kikai) with a foam rubber,

closed-eyes, and feet-closed position. A neodymium

volunteers were recruited.

magnet (diameter 1.2 cm, 0.4 T) or an aluminum plate
(diameter 1.2 cm, 0 T) was attached behind the auricle
during measurement. Trajectory and envelopment area
of the sway, and 0.1 — 1 Hz component of the sway in
the leftright (X-axis) and front-back (Y-axis)
directions were analyzed. The differences between
0.4Ta and 0T were compared. .

2-2 AP change at the onset of standing

Six healthy volunteers were tested. While measuring
continuous AP (Human NIBP, AD Instruments) with a
neodymium magnet (0.4T) or an aluminum plate (0T)
attached in the same manner as above, the posture was
changes from the supine position to a 60° head-high

Average length Envelopment area
E
E
*=0.012vs.0T *p=0.0050vs. 0T
oT 0.4T oT 04T

Fig. 1: Center of gravity with magnetic

position (standing position). Difference in mean AP
during supine position and 10-15 seconds after the

onset of postural change was analyzed.

3. Results

Figure 1 shows the values of the center-of-gravity
sway test. Both the average length (left) and the
envelopment area (right) were significantly smaller
when magnetically stimulated at 0.4T. Furthermore, in
the frequency analysis, the integrated value of the area
was significantly smaller for both the X-axis and the
Y-axis.

Figure 2 shows the average AP at the onset of
standing. With 0T, the AP did not change, but it
increased significantly with magnetic stimulation of
0.4T at the onset of posture change.

4. Discussion

In the present study, during the center of gravity
the
disturbed with the foam rubber, and visual information

measurement, somatosensory sensation was
was blocked by closing the eyes. Thus, the decreases
in the length and the area might be the results of
improvement of the vestibular-related postural control.
Decreases in the frequency componens support the
idea. At the onset of standing, the vestibular system
senses potural change, and actively increases AP. This
is to prevent AP decrease due to the footward blood
shift, and the effect was enhanced by magnetic
stimulation. It should be verified in elderly people and
patients with orthostatic hypotension or vestibular

dysfunction.

(mmHg)

*p=0.043 vs. supine
supine standing

Fig. 2: Mean AP with magnetic stimulation
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Toward the development of technology to create novel neuronal circuits
using magnetic stimulation
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Abstract
In this project, I aim to develop the technology to create new neuronal circuits in

the damaged brains to recover brain functions. In the future, I will implant neurons into

the damaged brain, and plasticity will be induced by magnetic stimulation at specific

times to create neuronal circuits with specific brain functions. In this research, |

established a system in which the coils were installed on a head-fixed device needed to

perform in vivo calcium imaging.

Keywords: magnetic stimulation

1. Purpose

We aim to recover brain functions using

transplanting neurons into the brain. However, only
the transplantation of neurons into the brain is not
expected to reconstruct neural circuits with specific
brain functions. Therefore, this study aims to develop
the technology to create novel neuronal circuits in the
damaged brain using magnetic stimulation.
Specifically, I will implant neurons into the brain, and
plasticity will be induced by magnetic stimulation at
specific times to create neuronal circuits with specific
brain functions. Furthermore, we aim to reveal neural
activity changes during brain function recovery using

in vivo calcium imaging,

2. Method

Calcium sensors are based on cpEGFP
(circularly ~ permuted  enhanced  green
fluorescent protein), a calcium-binding protein

(calmodulin), and a binding peptide (M13).

CaM undergoes a conformational change in the
presence of calcium and associates with M13.
The conformational change results in increased
fluorescence brightness . Using a glass
window we reported previously 2, we aim to
observe the neuronal activity in the same

population of neurons for a long time (Fig. 1).

Fig. 1 Features of in vivo calcium imaging

11



In order to perform in vivo calcium imaging under a
microscope, the animal must perform the task with the

head constraint. (Fig. 2) 13,

Fig. 2 Lever pull task
performed with the head fixed

3. Results

I established a system in which the coils are installed
on a head-fixed device capable of performing in vivo
calcium imaging as described in the method. Next, I
investigated whether magnetic stimulation is possible
to light on a red LED (Fig. 3).

Fig. 3 Magnetic stimulator
attached to head-fixed device

The magnetic stimulator consists of a pulse transmitter,
a TTL-triggered controllable function generator, a
pulse receiver connected to an external power supply
for coil power transmission, and a coil for magnetic
stimulation. This magnetic stimulator enables various
types of stimulation using a large current to this small
coil at specific frequencies and timings.
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4. Discussion

In the future, I will investigate whether it is possible
to control neural activity using in vivo calcium imaging
and the magnetic stimulator developed in this study.
Furthermore, we aim to recover brain function by
implanting neurons into the brain and inducing
plasticity through magnetic stimulation at a specific
time to create novel neural circuits with specific brain
functions.
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Development of Magnetic Nanoparticles for Cancer Thermal Therapy and
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Abstract

Recently magnetic nanoparticles are drawn attention, not only in physical properties

but in the field of life science. Magnetic materials accumulate heat in response to

external magnetic fields. This feature is useful for thermal therapy. They can also be used

for diagnostic imaging. In addition, the nm size is large enough to be introduced into

cells. In this proposal, magnetic particles are integrated with medicine to create a new

science and technology.

Keywords: magnetic nanoparticles, hyperthermia, diagnostics

1. PURPOSE

In recent years, magnetic nanoparticles have
attracted attention not only in high-density recording
media and various magnetic materials, but also in the
field of life science. The nanometer size is large
enough to be introduced into a cell. On the other hand,
magnetic materials accumulate heat upon an
application of an external magnetic field. If magnetic
nanoparticles that are specifically introduced into
cancer cells are fabricated and heated by applying an
external magnetic field to them, hyperthermia, a cancer
thermotherapy using physical energy, will become
possible. In this study, we aim to fabricate magnetic
nanoparticles that generate heat in an external
magnetic field, devise ways to selectively introduce
them into cancer cells, and develop particles that also
have diagnostic functions.

The heating of nano-sized magnetic particles is due
to magnetic relaxation, which consists of Néel
relaxation caused by the rotation of magnetic moments
and Brown relaxation caused by the rotation of the
particles themselves. We consider that the Neéel

relaxation, which is unaffected by the surrounding

environment, is the most effective heat-generating
medium for magnetic hyperthermia.

We have confirmed the magnetic hyperthermia
effect using SiO,-encapsulated magnetic clusters in
human breast and prostate cancer cells in vitro
experiments.'? In this study, we attempted to modify
the clusters with PEG (Polyethylene Glycol), which is
a highly biocompatible material.

2. METHOD
2-1. Preparation and evaluation of the particles

Magnetic nanoparticles of various compositions and
particle sizes have been prepared using an original wet
mixing method. As an example, nickel ferrite
(NiFe;Oy4) particles were prepared by mixing the metal
chlorides NiCl;'6H,O and FeCl,4H,O, aqueous
solutions of each and NaOH in a PEG (400 or 2000)
solution, washing, drying, and sintering in an electric
furnace. The particle size was adjusted by the amount
of water added to the PEG. The particles were
evaluated by X-ray powder analysis (XRD), electron
microscopy (TEM), X-ray microstructure (XAFS),
X-ray fluorescence (XRF), and infrared absorption
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spectroscopy (FT-IR).
2-2.Magnetic measurements and temperature increase

DC magnetization and AC magnetization were
measured with a SQUID magnetometer. For the
temperature rise measurement, a device generating an
AC magnetic field was constructed, and a sample
packed in a glass tube was placed inside the coil.

2-3.In vitro experiments of hyperthermia treatment

Human breast cancer cells MBA-MD-231 were
cultured in a dish, distributed with fine particles, and
applied an alternating magnetic field (f=45.8 kHz, h=
8.8 Oe) for 30 minutes, after which the peeled cells
were stained and the number of living and dead cells
was counted.

2-4. fabrication of MRI phantom and measurement of
MR effect

A phantom sample was prepared by dispersing
particles in agarose gel, and 7> relaxation was
measured using a spin-echo sequence.

3. RESULTS AND DISCUSSION

The AC magnetic susceptibility imaginary part )"
has a peak at 310 K, near body temperature, for
particles of 17 nm, which can be expected to generate

Fig.1 AC magnetic susceptibilities ¢’ of 17 nm sample in
10-1 kHz field (upper) and increase in temperature of 3-17
nm samples in AC field. (down)
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heat, and in fact the temperature rise is much higher
than for other particle sizes, ¥ reaching 42.5°C, a
temperature at which cancer cells can be killed (Fig.1).
The results of in vitro experiments using human breast
cancer cells are shown in Fig. 2. The three conditions
of cell viabilities were, 1) Control, 2) Magnetic field
only, and 3) Hyperthermia treatment. Despite the
application of a very small magnetic field for only 30
minutes, more than 30% of the cancer cells were
suppressed. The biocompatibility of the particles has
been evaluated, and it has been confirmed that the
toxic and that the
biocompatibility is further improved by modification
with PEG.

In MR measurements, a significant 7> shortening

particles alone are not

effect was obtained in the Mn-ferrite system, and it is
expected to be used as a diagnostic material.

4. Conference and Symposium Reports

Some of the contents of this paper were presented at the
International Symposium on Nanomedicine2022 held at the
University of Tokushima on December 7, 2022, and at the
70th Spring Meeting of the Japan Society of Applied Physics
held at Sophia University, Hybrid, on March 17, 2023.
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Verification of cognitive improvement by cognitive rehabilitation combined with
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Abstract
Repetitive transcranial magnetic stimulation (rTMS), a non-invasive brain stimulation
(NIBS) method, is expected as a non-drug therapy for preventing the progression of dementia.
Although there is still no unified consensus on the stimulation site and stimulation method,
there are many reports using high-frequency stimulation (HF-rTMS) for the left dorsolateral
prefrontal cortex (Lt.DLPFC), similar to depression treatment, Recently, there are also
research reports using intermittent theta burst stimulation (iTBS). Concomitant use of
cognitive function training (rTMS-Cog therapy) is also considered to be useful for improving
cognitive functions in daily life. We plan to continue research on rTMS treatment aimed at

improving cognitive and memory functions.

Keywords: transcranial magnetic stimulation, cognitive rehabiliation

1. PURPOSE

Based on the results of the 2012 National Dementia
Prevalence Survey, the number of people with dementia
is expected to reach 7 million by 2025. It is important to
prevent the progression of dementia from MCI.
Repetitive transcranial magnetic stimulation (rTMS), a
non-invasive brain stimulation (NIBS), can non-
invasively modulate the plasticity of the stimulation site
and its associated network. It has been investigated for
a wide range of psychiatric and neurological disorders,
including depression, pain, and post-stroke movement
disorders. Recently, rTMS has shown promise as a non-
pharmacological treatment for Alzheimer's disease
(AD), dementia, and MCI to prevent the progression of
symptoms. In this study, we will examine the efficacy of
rTMS combined with computer-assisted cognitive
rehabilitation (CACR) in short-term intensive cognitive
rehabilitation therapy and its potential for clinical
application in the future.

2. METHOD
Randomized controlled trial (RCT), Group A (15

patients): iTBS stimulation or Group B (15
patients): rTMS with sham stimulation followed by
CACR (40 min) 3 times a week for 2 weeks in MCI

patients aged 60 to 80 years. (Figure)
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MOCA-], digit span, spatial WM, verbal WM

HF-rTMS of the left DLPFC

iTBS to left DLPFC (approx. 3 min)

Induces plastic changes within the stimulus site/memory-related
network

Computer assisted cognitive rehabilitation (CACR)
Computer-based cognitive rehabilitation training (40 min)

(WM, attention, word memory, image memory, and mental rotation
tasks)

(RST span score), verbal fluency, and

electrophysiological testing using TMS (RMT, SAI
(IST 21-25grand mean)) before the intervention, at
the end of the intervention, and 2W after the
intervention, for comparison within and between

counties and groups.

3. RESULTS

The nationwide outbreak of COVID-19 7% Wave
(from July 2022) and 8" Wave (from October 2022)
caused restrictions on the implementation of clinical
research activities at the medical institution concerned,
resulting in delays in the progress of this research. As of
the end of March 2023, the COVID-19 epidemic was
being contained, and we plan to continue this study to
verify the efficacy of this treatment.

4. DISCUSSION

So far, for rTMS treatment of dementia and MCI, no
consensus has been reached on (1) standard stimulation
methods (stimulation intensity, frequency, and duration)
and (2) optimal stimulation sites, then further
accumulation of evidence is needed for practical
application. Studies to improve cognitive function
include rTMS alone and rTMS combined with cognitive
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function training (rTMS-Cog therapy). Di Lazzaro et al.
conducted a systematic review of RCTs conducted up to
2020 in AD and MCI. According to this report, high-
frequency stimulation of the left dorsolateral prefrontal
cortex (DLPFC) was the most common, followed by
high-frequency stimulation of the bilateral DLPFC,
high-frequency stimulation of the right DLPFC, low-
frequency stimulation of the right DLPFC, and high-
frequency stimulation of the multiple sites including
Broca's area, Wernicke's area, bilateral inferior parietal
lobes, bilateral DLPFC, and high-frequency stimulation
of precuneus has been reported. In recent years, there
have been increasing reports of intermittent theta burst
stimulation (iTBS) for the purpose of improving
cognitive function. theta burst stimulation (TBS) is a
pattern stimulation with 3 bursts of stimulation at 50 Hz
intervals repeated at 5 Hz, with 2 seconds of continuous
intermittent stimulation and 8 seconds of pause.
Compared to conventional high-frequency stimulation
methods, iTBS is known to produce cortical plasticity in
a shorter time and more efficiently. iTBS stimulation of
the primary motor cortex of the upper limb is known to
enhance corticospinal tract excitability for 30 minutes
after stimulation. iTBS stimulation of upper limb
primary motor cortex is known to enhance corticospinal
tract excitability for 30 minutes after stimulation.

In a study conducted in patients with MCI to
mild/moderate AD, HF-rTMS to the left DLPFC before
cognitive training (add-on) was reported to promote
training. Cognitive rehabilitation training after rTMS
may be important to generalize the effects of rTMS to
the prevention of everyday "forgetfulness". CACR is an
enjoyable and repetitive game-like task, and its
difficulty can be adjusted according to the subject's task
achievement. CACR also provides an opportunity for
participants to quantitatively and objectively observe
their own memory abilities and is expected to provide
an opportunity to acquire metacognition for the

prevention of dementia progression.
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Abstract

Magnetic resonance imaging (MRI) is a powerful tool for molecular imaging with
high spatial resolution in deep tissues. In particular, "’F MRI is a promising tool that
enables visualization of F-containing contrast agents without background signal from
endogenous molecules. We have developed perfluorocarbon-encapsulated silica
nanocapsules as an MRI contrast agent. Since biodistribution of nanoparticles depends on
the size, the material, and the surface modification, we here addressed the development
ultrasmall silica nanocapsules for '’F MRI. These nanocapsules with 30 nm diameters

were prepared and their biodistribution was visualized in living mice.

Keywords: MRI, "’F MR, silica nanocapsules

1. PURPOSE contrast agents.
Magnetic resonance imaging (MRI) is an imaging
method based on nuclear magnetic resonance (NMR). 2. METHOD

Conventional 'H MRI visualizes proton nuclei in deep

tissue in body. Gadolinium complexes and
superparamagnetic iron oxides are used as a contrast
agent for '"H MRI (ref.1), however, they sometimes
suffer from discrimination of the signals from intrinsic
'H MRI signals. In recent years, fluorine ('’F) MRI.
F MRI is a promising tool that enables visualization
of “F-containing contrast agents without background
signals from endogenous molecules (ref.2). Our group
has developed perfluorocarbon-encapsulated
nanocapsules for application to '"F MRI. These
nanocapsules show strong '°F NMR signals and allow
visualization of their localizations in living mice by
using F MRI (ref.3). However, the biodistribution
study also implied that the nanocapsules tend to
accumulate in liver for long period of time. Based on
the finding of the size effects on the biodistribution of
nanoparticles (ref.4), we develop ultrasmall (< 50 nm

size) nanocapsules as the next generation of '°F MRI
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We prepared the ultrasmall nanocapsules by

vigorous mixing and sonication with triphasic
solutions comprised of fluorous phase containing
perfluoro-15-crown-5-ether (PFCE), aqueous phase
containing cationic surfactants, and organic phase
containing tetraethyl orthosilicate (TEOS) as a silica
precursor for polymerization. The size and structure of
the obtained nanocapsules were characterized by using
dynamic light scattering (DLS) and transmission
electron microscopy (TEM). Encapsulated PFCE was
characterized by using '°F NMR. For in vivo '°F MRI
experiment, the ultrasmall

nanocapsules WEre

intravenously administered to mice. The mice
immediately after and 3-day after administration were

imaged by using '°F MRI

3. RESULTS
Using the aforementioned preparation protocol in

triphasic  solutions, the silica nanocapsules were



obtained. DLS results showed their sizes were
distributed in smaller sizes (30-50 nm) together with
larger sizes (100-150 nm). To separate the smaller
nanocapsules, the supernatants was collected from the
mixture of the nanocapsules by centrifugation. After
dialysis, the ultrasmall nanocapsules with uniformed
size distribution around 30 nm were obtained. From
the TEM images, we confirmed the size and the
core-shell structure of the nanocapsules. The ’F NMR
peak of PFCE was observed without peak broadening,
indicating that PFCE was encapsulated in the
nanocapsules as a liquid state keeping its fluidity. In
the use of the
polymerization enabled preparation of the ultrasmall

addition, silica precursors for

silica nanocapsules with cationic and anionic surfaces.

Figure 1. TEM images of ultrasmall nanocapsules
(left) and nanocapsules in previous study (right).

Visualization of the nanocapsules were performed
by using '°F MRI. The °F MR signals were observed
depending on the concentration of the nanocapsules.
Moreover, in vivo °F MRI showed that the °F MR
signals were observed in liver immediately after
administration, whereas the signals were disappeared
from the body 3-day after administration.

Figure 2. 'H/"°F MRI of mice. (left) Immediately after
administration (right) 3-day after administration. Black

lines in left image indicates the area of liver.

4. DISCUSSION

The sizes of the obtained ultrasmall nanocapsules
were approximately one third of those of the
nanocapsules in our previous report. The decrease of
the size was caused by the polymerization process of
SiO; in the modified protocol. This protocol enables
rapid templated hydrolysis on nanoemulsions without
the size enlargement by flocculation, aggregation, and
Ostwald ripening. In addition, the biodistribution
results suggest that the ultrasmall silica nanocapsules
were excreted from mice body after injection. In future,
we will evaluate the ability of the targeted delivery to
tumors in the ultrasmall nanocapsules by using '"F
MRL

A part of this report was presented at the 10th Asian
Conference on Bioinorganic Chemistry (AsBIC10)
held in Kobe, Japan on November 29, 2022.
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Abstract
The purpose of this study was to determine the feasibility of using a wearable

magnetic stimulator machine in conjunction with conventional rehabilitation and to

evaluate the effect of magnetic stimulation below motor and sensory thresholds for focal

dystonia of the upper extremity. Ten patients with stroke hemiplegia and one patient with

focal dystonia of the upper extremity were included in the study. The results showed that

the wearable device did not interfere with conventional rehabilitation and the feel and fit

of the device were good. In addition, magnetic stimulation reduced symptoms of dystonia

and improved the accuracy of writing ability. The effect may be sustained after 3 months

of intervention.

Keywords: focal dystonia, wearable magnetic stimulator, feasibility

1. INTRODUCTION

Dystonia is an abnormal movement characterized by
continuous or intermittent contractions of skeletal
muscles. The prevalence of focal dystonia is reported
to be 3-38 per 100,000 population.” A focal dystonia
of the upper extremities includes writer's cramp,
musician's dystonia, and sports-related dystonia.
Botulinum therapy is the first choice of treatment, but
it is not covered by medical insurance in Japan. In
addition, botulinum therapy is not widely used in the
treatment of focal dystonia of the upper extremities
due to the difficulty of the technique and the adverse
effects such as muscle weakness. The effect of
pharmacotherapy is uncertain due to the lack of
evidence. On the other hand, transcutaneous electrical
nerve stimulation (TENS) has been reported to be
effective in improving spasticity by stimulating upper
limb muscles below the motor threshold.? However,
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TENS is not always well accepted by patients because
of the time and labor required to apply electrodes to
the skin, as well as the possibility of tingling sensation
or discomfort during stimulation.

Recently, the clinical application of magnetic
stimulation has been attracting attention. Magnetic
stimulation does not require the attachment of
electrodes and can be performed over clothing, making
it easy to use in clinical practice. In addition, because
nociceptors in the skin are not stimulated, stimulation
above the sensory threshold with electrical stimulation
is below the threshold within a certain range with
magnetic stimulation, allowing stimulation without
discomfort. The disadvantage of using magnetic
stimulation is the bulkiness of the equipment, but since
the intensity of electrical stimulation used in TENS is
below the motor threshold, a small magnetic stimulator
may be applicable. We have developed a compact and



lightweight wearable magnetic stimulator using
magnets with reduced stimulation intensity (patent
pending) (Fig 1). The device measures 7.9X 7.7 cm
weighs 107.5g, and can be worn on the upper limb
with a built-in battery and permanent magnet. It has a
frequency of 150 Hz and a flux density of 0.2 T. It is
capable of magnetic stimulation below the motor and
sensory thresholds and may be effective in the
treatment of focal dystonia of the upper extremity.

This study investigated the feasibility of using a
wearable magnetic stimulator in conjunction with
conventional rehabilitation and the effect of magnetic
stimulation below the motor and sensory thresholds for
the treatment of focal dystonia of the upper extremity.

Fig 1. Wearable Magnetic Stimulator (IFG)

2. METHODS

This study was approved by the institutional review
board and was registered to jRCT (s042200013).
1) The feasibility of rehabilitation with a wearable
magnetic stimulator

The subjects were 10 hemiplegic stroke patients.
Their age was 72411 years, height was 164.7+12.0 cm,
and weight was 61.4+12.5 kg. The motor function of
the paralyzed upper limb was 3.5£1.1 in the proximal
test and 3.2+1.0 in the distal test of the upper limb by
Stroke Impairment Assessment Set. Patients with a
pacemaker, a history of epilepsy, and a non-removable
metal object near the stimulation site, and pregnant
women were excluded. All subjects gave written
informed consent to participate in the study.

The magnetic stimulator was set on the wrist
extensor muscles of the paralyzed forearm. The subject
wore the device during rehabilitation for 60 minutes on

three consecutive days in the first week. The device
was not used in the second week. It was also used in
the third week on the wrist extensor muscles of the
paralyzed forearm during rehabilitation for 60 minutes
on three consecutive days. The feasibility of this
device was evaluated by Likert Scale.
2) The effect on focal dystonia of the upper
extremity

A male patient in his late 50s presented with right
hemiplegia after left thalamic hemorrhage with focal
dystonia of the upper limb. Four and a half years had
passed since the onset of the disease, and only
involuntary movements of the right upper limb
remained without apparent paralysis. The subject gave
written informed consent to participate in this study.

Magnetic stimulation was performed on the flexor
forearm  muscles including flexor  digitorum
superficialis and flexor pollicis longus (Fig 2), The
immediate effects before and after 30 minutes of
stimulation were examined. We also compared the
writing ability of the subjects after 60 minutes of
stimulation per day for 3 months. The amount of
displacement, acceleration, and dynamicity were
measured in a tracing task of a spiral figure (20 mm
between circumferences, 3 laps) by using TraceCoder ™
(Sysnet Inc.).

Fig 2. Magnetic stimulation to forearm flexor muscles

3. RESULTS
1) The feasibility of rehabilitation with a wearable
magnetic stimulator

The median values on Likert Scale were 5 (good), 5
(good), 7 (no pain), 7 (want to continue training with
the device), and 6 (did not interfere with training),
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respectively.
2) The effect on focal dystonia of the upper
extremity

The amount of displacement in the tracing task was
3.3£3.7 cm before stimulation and 1.8+1.6 cm after
stimulation. The acceleration was 0.3082+0.4150
cm/s* before stimulation and 0.2057+0.2341 cm/s’
after stimulation, and the jerk was 0.0074+0.0117
cm/s’ before stimulation and 0.0043+0.0050 cm/s’
after stimulation. Figure 3 shows the changes in
tracing tasks before and after 30 minutes of magnetic
stimulation. The amount of displacement obviously
decreased after the stimulation.

After 3 months of stimulation, the amount of
displacement became 1.9+1.3 cm, the acceleration
0.4293+0.5480 cm/s>, and the jerk 0.0099+0.0159
cm/s’.

Before After

Fig 3. Changes in tracing tasks before and after 30

minutes of magnetic stimulation

4. DISCUSSION

This study investigated the feasibility of a wearable
magnetic stimulator in conjunction with conventional
rehabilitation and the effect of magnetic stimulation
below motor and sensory thresholds on focal dystonia
in a stroke patient. The use of this device did not
interfere with conventional rehabilitation, and the feel
and fit were good. In addition, this device did not
cause pain or discomfort during stimulation. Therefore,
the feasibility of this device is good.

Magnetic stimulation below motor and sensory
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thresholds for focal dystonia in the upper extremity
reduced dystonia immediately after stimulation and
improved the accuracy of the tracing task. The results
suggest that this effect may be sustained with
long-term intervention. Although there are no clear
normal values for the tracing task used in this study,
our previous data on a healthy subject showed that the
amount of displacement was 0.7+0.5 c¢cm, acceleration
0.2342+0.2435 cm/s2, and jerk 0.0045+0.0049 cm/s3.
The results suggest that although the amount of
displacement was not sufficient, the acceleration and
the jerk improved to close to the normal values. TENS
restructures the relationship between excitation and
inhibition between the action and antagonist muscles

by activating mainly afferent fibers.”

Magnetic
stimulation with this device also facilitated the
restructuring of the interaction between the action and
antagonist muscles in the central nervous system,
which is significantly impaired by dystonia, through
the same mechanism, and this may have resulted in
improved writing ability of the upper limb. To clarify
this effect, it is necessary to conduct a study by large

sample with control groups.
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Abstract
Magnetic nanoparticles (MNPs) have been used for a variety of medical application
including Drug Delivery System (DDS). MNPs are internalized into cells and transported to

membranous organelles. We aimed at analyzing physical stiffness of organelle membrane by
MNPs. We delivered MNPs into early endosomes in cancer cells and applied magnetic field

from outside of cells, then examined if endosomal membrane was damaged or not by

visualizing CHMP4B, a cytosolic marker of membrane damage. We found more CHMP4B

colocalized with MNPs after applying magnetic field. We are now estimating the mechanical

force required for membrane damage. These studies will develop the future technology that

we could manipulate intracellular organelles by MNPs and magnetic field.

Keywords: Magnetic nanoparticle, organelle, membrane damage

1. PURPOSE

Mammalian cells have a wvariety of

membranous structures called organelles that
(Fig.1)
partition the

perform each different function.

Membranes of organelles
contents from cytosol, therefore physical
property of membrane is important for
organelle function. The tension of plasma
membrane has often been reported by optical
tweezers, however, physical properties of
organelle membrane remain to be understood.

Magnetic nanoparticles (MNPs) are the
magnetized and nano-sized particles that can
be controlled by magnetic field. In this study,
we aimed at measuring the stiffness of
organelle membrane by internalizing MNPs

into organelles and applying magnetic field

from outside of cells. Our study would reveal
the novel information of membrane property.

MNPs
Plasma @ endosomes
membrane
Early
endosomes

Cytosol

Lysosomes

Figure 1. Intracellular Traffic in mammalian
cells. Nutrients are internalized into cells
and transported to early endosomes, late
endosomes and lysosomes to be degraded.
Basically, MNPs also follow this route.

2. METHODS
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We made MNPs (15 nm in diameter) from iron
oleate by thermal decomposition method. The spherical
shape of MNPs were confirmed by transmission
electron microscopy (TEM). Next, we modified the
surface of MNPs. We introduced hydroxy groups (OH)
on the surface of MNPs, and polymerized glycidol by
high
biocompatibility and gives solubility in water to MNPs.

living polymerization. Polyglycidol has
In addition, we partially replaced OH groups of
polyglycidol to NH», then introduced Fluorescein
Isothiocyanate (FITC), a green fluorescent dye. We
eliminated aggregated MNPs by centrifugation and the
efficiency of the modification was monitored by UV-Vis
spectroscopy and thermogravimetric analysis. The
obtained MNPs encapsulated with polyglycidol were
well-dispersed in water, and the morphology was
confirmed by TEM. We obtained the encapsulated
MNPs (approximately 20 nm in diameter) after the

surface modification. (Manuscript in preparation)

3.RESULTS

We internalized the above MNPs into human
metastatic breast cancer cell line, MCF-7, and examined
cytotoxicity by MTT assay in a variety of concentration
for 24- 72hr. The MNPs showed no cytotoxicity below
100pg/ml in 24hr. Then we internalized MNPs and
incubated at 37°C for several time points, and found
that in 20 min, MNPs colocalized with EEA1, an early
endosome marker, and within 1hr, colocalized with
lamp-1, a lysosome marker. These results suggest that
MNPs are delivered to the early endosome in 20 min,
and to the lysosome in lhr. Our prediction is that
applying magnetic field after 20 min of internalization
could specifically damage the membrane of the early
endosome. When organelle membrane was damaged,
CHMP4B, a subunit of ESCRT protein complex, is
recruited to damaged membrane from cytosol and
repairs the membrane damage. We overexpressed
CHMP4B fused to DsRed, a red fluorescent protein, to
MCF-7, and internalized MNPs for 20 min. We applied
magnetic field for 5 min by direct current (DC), 2V, or
alternating current (AC), 6V, 0.5Hz. We found more
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Figure 2. A. MNPs were internalized for 20 min and
applied magnetic field. The arrows indicated MNPs.
Note that CHMP4B colocalized with MNPs in DC. B.
The experiments of A were repeated twice, and
quantified colocalization. Note that increase of
colocalization in DC was statistically significant.

CHMP4B colocalized with MNPs after applying
magnetic  field. (Fig2A) We quantified the
colocalization between MNPs and CHMP4B, and
confirmed that in DC, the colocalization between
CHMP4B and MNPs was increased. (Fig.2B) These
results suggest that the early endosomes are injured by
MNPs after applying magnetic field of DC.

4. DISCUSSION

In this study, we found that MNPs were colocalized
with CHMP4B after applying magnetic field. Especially,
DC gave more colocalization, suggesting that DC gives
more damage than AC, that is usually used for
hyperthermia to kill cancer cells. We are now estimating
the force required for membrane damage. Our study
would reveal the novel mechanism for membrane
damage and possibility to use DC for future application.
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Abstract
In  the present study, we investigated  roles of AMPA
(a-amino-3-hydroxy-5-methyl-4-isoxazole propionic acid)-type glutamate receptors on
abnormal gamma-band oscillatory activity in schizophrenia (SZ). We measured
resting-state magnetoencephalography (MEG) from SZ patients and healthy controls. We
also assessed their AMPA receptor functions using a positron emission tomography tracer
of AMPA receptor, [11C]K-2. The MEG data analysis revealed that gamma-band
oscillatory networks in SZ had hyper-connectivity throughout the brain. In addition, we
found a strong correlation of AMPA receptor density with gamma-band network features
in the posterior ramus of the right lateral sulcus. Our present study is the first to examine
the connection of AMPA receptor function to gamma-band oscillatory activity in the

human brain.

Keywords: schizophrenia, AMPA receptor, gamma-band neural oscillation, neural

network

PURPOSE

Neurophysiological mechanisms underlying
schizophrenia (SZ) have not been fully clarified
despite the enormous importance of its diagnosis
and treatment in society. Gamma-band neural
oscillation (periodic neuronal activity at frequency
of 30-100 Hz) has attracted attentions as one of
promising neurophysiological endophenotypes of
SZY. However, most studies reporting altered
gamma-band  oscillations in SZ  used
electroencephalography ~ with  low  spatial
resolution, and therefore the brain regions
responsible for these abnormalities have not been
identified.

Based on findings of preclinical studies using
animal models of SZ, it is conceivable that altered

gamma-band neuronal oscillations are caused by
impairment of excitatory neurotransmission
mediated by neurotransmitters such as glutamate.
However, no studies have examined the
relationship between gamma-band oscillations and
excitatory neurotransmitter function in the human
brain.

In the present study, we attempted to identify
brain regions responsible for abnormal
gamma-band oscillations in SZ by measuring
resting-state brain activity from SZ patients and
healthy controls (HCs)
magnetoencephalography (MEG) with excellent

using a
spatial resolution. We also measured their

a-amino-3-hydroxy-5-methyl-4-isoxazole
propionic acid (AMPA) receptor density using a
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positron emission tomography (PET). We
examined the relationships between AMPA
receptor density and gamma-band oscillatory

features throughout the whole brain.

METHOD

Twenty-seven healthy controls (HCs) and 21
SZ patients participated in MEG experiment. Of
these participants, 14 HCs and 12 SZ patients also
participated in PET experiments.

We used a 306-channel whole-head MEG
system (Elekta, Neuromag) to measure 4 minutes
resting-state brain activity. During the MEG
measurement, the participants were instructed to
keep in a supine position with closed eyes.
T1-weighted images were also obtained using a
Phillips 3T MRI system.

We used MNE-Python (a software for EEG
and MEG analysis) and FreeSurfer (a software for
brain image analysis) to analyze the MEG data.
After co-registration of MEG and MRI data, we
estimated gamma-band oscillatory activities at 150
Next,

connectivities were evaluated by calculating

anatomical brain regions. functional
envelope correlations of gamma-band oscillatory
activity among the brain regions. Based on the
results of functional connectivity analysis, we
obtained the characteristics of the gamma-band
brain networks. Specifically, we calculated a
degree centrality (D-CENT) and clustering
coefficient (C-COEF) that indicate the degree to
which a specific brain region forms clusters with
other brain regions. We used #-tests to determine
whether there was a significant difference in
D-CENT or C-COEF between SZ and HC groups
in each brain region. False Discovery Rate
(FDR)-correction was applied to p-values of r-tests
to correct for multiple comparisons.

For measurements of PET, we used [11C]K-2,
an AMPA receptor PET probe that has been
validated in human brain?. PET images were
obtained using a biograph mCT system (Siemens).
After aligning the PET and MRI data, partial

volume correction (PVC) value was obtained as a
measure of AMPA receptor density at 150
anatomical brain regions. We examined whether
D-CENT and C-COEF values were significantly
correlated with PVC value in the brain regions
where significant group differences in D-CENT
and C-COEF were observed. We calculated a
Spearman's correlation coefficient for each brain
region and corrected its p-value using the
FDR-correction.

RESULTS

The MEG analysis revealed that the functional
connectivities between the brain regions were
abnormally elevated in SZ group. In addition, we
found that the D-CENT and C-COEF, which were
calculated from functional connectivity data, were
significantly higher in SZ than HC groups in
almost all brain regions.

In the brain regions where significant group
differences in D-CENT and C-COEF were found,
we examined their correlations with PVC. We
found a strong positive correlation between
D-CENT and PVC in the posterior ramus of the
right lateral sulcus (Figure 1) (tho = 0.633, p =
0.046).

DISCUSSION

Using MEG, we found that the gamma-band
hyper-connectivities were observed throughout the
brain regions. This result is consistent with
previous findings that spontaneous gamma-band
activity is abnormally enhanced in SZV but is
different from a previous study that examined
network characteristics in SZ using the D-CENT
and C-COEF. Therefore, further investigations
would be needed to confirm the reliability of our

findings.
Regarding the relationship  between
gamma-band network features and AMPA

receptor function, we found that D-CENT was
positively correlated with AMPA receptor density
in the posterior part of the right lateral sulcus. This



Figure 1. Group comparison of D-CENT (middle panel) and scatter plots of D-CENT as a function of

PVC (right panel) in the posterior ramus of the right lateral sulcus (left panel) .

result suggests that the gamma-band network in
this region had hyper-connectivities with the other
brain regions when the AMPA receptor density
was higher. However, in the other brain regions,
no significant correlations were observed.
Therefore, it is conceivable that neurotransmitter
functions other than the AMPA receptors would be
also involved in altered gamma-band neural
activity in SZ. In the future study, it would be
necessary to investigate involvement of not only
AMPA Dbut also N-methyl-D-aspartic acid
(NMDA) and gamma-Aminobutyric acid
(GABA) receptors with gamma-band oscillatory
networks.
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Abstract
Right atrial pressure (RAP) measured by an invasive catheter is one of the key

determinants of adverse events in patients with heart failure (HF). Recently, we have

developed a novel non-invasive method for accurate estimation of RAP using liver

stiffness assessed by magnetic resonance elastography (MRE). We performed liver MRE

for 207 HF patients and found the significant association between liver stiffness assessed
by MRE (LS-MRE) and subsequent adverse events. In conclusison, elevated LS-MRE
may be useful for risk stratification in patients with HF.

Keywords: right atrial pressure, heart failure, liver stiffness, congestion, prognosis

1. PURPOSE

Heart failure (HF) is the leading cause of death
among cardiovascular diseases. The number of HF
patients is increasing worldwide despite advances in
medical therapy and devices, with the social problem
of a HF pandemic. Amongst many pathophysiologic
factors, congestion is considered to be one of the most
important drivers for end organ injury and failure in
HF. Right atrial pressure (RAP) is a dominant
parameter of congestion, and its elevation is an
important determinant of worse clinical outcomes in
HF patients.

Recently, evaluating liver stiffness (LS) by
RAP
estimation has been reported.” Nevertheless, several

ultrasound elastography for non-invasive
studies have indicated limitations of ultrasound

elastography regarding its low reliability and
reproducibility.

Magnetic resonance elastography (MRE) is an
emerging non-invasive modality using magnetic
resonance imaging (MRI). Measurement of LS by
MRE (LS-MRE) has high

reproducibility to quantify mechanical properties of

accuracy and
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tissue and is useful for evaluating liver fibrosis and
cirrhosis.?> We have reported that LS-MRE showed a
significant positive correlation with RAP, and had
greater accuracy for predicting elevated RAP
compared to conventional non-invasive modalities of
liver ultrasound and echocardiography in patients with
HF and without chronic liver disease.” However, the
value of LS-MRE in patients with HF in relation to
clinical outcomes is unclear. Accordingly, the aim of
this study was to investigate whether LS-MRE could

predict clinical outcomes in patients with HF.

2. METHOD

This was a single-center, observational, prospective
study that included consecutive patients aged > 20
years with a diagnosis of HF requiring hospitalization
in our university hospital and scheduled for RHC from
April 2018 to May 2021 (Figure 1).

Prior to MRE, all patients underwent fat-suppressed
T1-weighted imaging, which was read by radiologists
to exclude organic liver disease. MRE was performed
within 4 days of right heart catheterization with a 3.0
Tesla MRI scanner; Discovery 750W (GE Healthcare)



using 16- and 40-channel GEM array coils, and the
results were expressed as shear modulus (kPa).

Follow-up data were obtained through outpatient
consultations, telephone interviews with the patient or
family members, and mail. The primary outcome of
interest was the composite of all-cause death and
hospitalization for HF.

The cumulative incidence of the composite of
all-cause death and hospitalization for HF was
estimated by Kaplan-Meier analysis, and log-rank test
was performed to assess significance according to the
median LS-MRE value. To evaluate the influence of
LS-MRE on all-cause death and hospitalization for HF,
we constructed univariable and multivariable Cox
proportional hazard models. Multivariable analyses
were performed using forced inclusion models
including age, sex, and pertinent covariates.

Linear regression analysis was performed to
determine the factors that were significantly associated
with LS-MRE. After univariable screening, candidate
variables that are indicators of congestion, liver
function and liver fibrosis achieving p < 0.10 were
entered into a multivariable model to identify
independent predictors of LS-MRE.

3. RESULTS

During a median follow-up period of 720
(interquartile range [IQR] 434-1013) days, the primary
outcome occurred in 44 patients (21%), including 15
(7%) all-cause deaths and 29 (14%) hospitalizations
for HF. The patients were divided into two groups
according to median LS-MRE of 2.54 (IQR 2.34-2.82)
kPa (Figure 1). Patients with higher LS-MRE showed
a higher incidence of the primary outcome compared
to those with lower LS-MRE (p < 0.001) (Figure 2).
Multivariable Cox regression analyses revealed that
LS-MRE value was independently associated with the
risk of adverse events (hazard ratio 3.98, 95%
confidence interval 2.14-5.62). In multivariable linear
regression, RAP showed a stronger correlation with
LS-MRE (B coefficient = 0.31, p < 0.001) compared to
markers related to liver fibrosis.

Figure 1. Flow diagram of present study.

Figure 2 Kaplan-Meier analysis of composite of
all-cause death and hospitalization for HF
categorized by LS-MRE.
4. DISCUSSION

This study is an initial report evaluating the
prognostic significance of LS-MRE in patients with
HF and no organic liver disease.® The major finding of
this study was that higher LS-MRE was independently
associated with increased incidence of all-cause death
and hospitalization for HF even after adjustment for
previously established variables for predicting worse
LS-MRE  was
independently correlated with RAP, hyaluronic acid,
FIB-4 index, GGT and type IV collagen 7s. Among
these, RAP showed the strongest correlation with
LS-MRE, indicating that assessment of LS-MRE
would be useful for risk stratification in patients with

clinical outcomes. Moreover,
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In HF patients, elevated RAP, which is transmitted
to the liver via passive congestion, making the liver
larger and harder (i.e., elevation of LS) because the
liver is encapsulated by a non-elastic membrane.
Millonig et al. confirmed its mechanism by
demonstrating that central venous pressure directly
controlled LS measured by ultrasound elastography
1.0, p < 0.01) in a

reversible manner during clamping or de-clamping of

with perfect correlation (r =

the IVC in a porcine model.”

Chronically elevated hepatic venous pressure leads
to perivenous and perisinusoidal fibrosis in the liver
parenchyma, and eventually poorly reversible bridging
fibrosis develops.? In that stage of advanced liver
fibrosis caused by a long duration of HF, LS may not
always change in parallel with RAP. In addition, the
liver is a compliant organ and may expand before its
stiffness increases, and the pulsation transmitted to the
liver may not be accurately captured by the MRE as
one needs to perform an ECG-gated study. Therefore,
a modest correlation between LS-MRE and RAP
would be reasonable in clinical settings from our study.
However, the median LS-MRE in the present study
was 2.54 (IQR 2.34-2.82) kPa, and, with two
exceptions, subjects had values below 4.0 kPa.
Yoshimitsu et al. reported a significant correlation
between LS-MRE and the pathological grade of liver
fibrosis (FO [no fibrosis] - F4 [cirrhosis]) using the
METAVIR scoring system [37; 38] in 70 patients who
underwent both liver MRE and biopsy within a
3-month interval.? In their study, LS-MRE was 2.6 +
04,34+0.6,3.8+1.1,6.0+ 1.4 and 8.2 + 2.0 kPa for
FO, F1, F2, F3 and F4, respectively. These findings
suggest that the majority of our HF population could
be classified as FO or F1.

Interestingly, our study showed that LS-MRE had
higher discriminative value for predicting adverse
events compared to LS estimated by ultrasound
(Harrel’s c-statistics: 0.724 vs. 0.582, p = 0.015),
which was consistent with our previous report on the
prediction of RAP.Y It is suggested that the accuracy of
LS-MRE is higher than that of LS estimated by
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ultrasound in assessing RAP and outcome prediction.
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I-1. Study on maintenance of stem cell stemness using elastic modulus control of culture substrate
by magnetic field manipulation
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II-3. Establishment of bladder preservation therapy using nanoparticles for muscle invasive
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II-4. Mechanism of spasticity treatment using peripheral magnetic stimulation
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