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Intravital microscopical exploration of modulatory actions of static magnetic field
exposure on in vivo angiogenesis
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Abstract
Angiogenesis is known to be an important step for bone formation and wound

healing. Previous findings suggest that magnetic fields could modify the regeneration of

organs/tissues via the angiogenic process. To observe dynamic changes in the angiogenic

process under exposure to a static magnetic field, we improved on the traditional closed

cranial window method for rodent animals. The improved method allowed for in vivo

and repeated imaging of the angiogenesis in mouse brains under the exposure at 80 mT

of static magnetic field for about one month. The angiogenic process at early stages

seemed to be accelerated with the exposure, although further investigations were

required.

Keywords: angiogenesis, static magnetic field, in vivo imaging
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Regulation of circadian adaptive system
by static magnetic field-responsive Chrono-signal
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Abstract

Mammalian intracellular signaling responsive to static magnetic field remains
obscure. Circadian (clock) system orchestrates various physiological timings. So far,
applicant found; i) Control of circadian system by circadian (Chrono-) signal via protein
phosphorylation, ii) Alternations of circadian rhythm patterns by static magnetic field
stimulus. In this project, I tried to elucidate the regulatory mechanism of static magnetic
field-responsive circadian adaptive system, by investigating the molecular basis for
Chrono-signal- controlled cross-talk between circadian system and magnetic
field-responsive system. Here, I found that short time (30min) exposure to static
field (below 1mT) cAMP-mediated clock-

magnetic temporally potentiated

T 143-8540 R ETHERR H K KZR P 5-21-16

synchronization in mammalian cells.

Keywords: circadian clock, static magnetic field, bioluminescence
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Exposure of MSCs constructs to static magnetic fields from MRI

P
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Abstract
To evaluate the effects of SMFs, exposure of TCP construct combined with rat

mesenchymal stem cells to 7 T SMFs from MRI system for 3 hours was carried out in this

study. Influences on expressions of biological markers and in vivo bone formation were

examined. No significant influences on expression on biological markers and in vivo bone

formation were detected to rat MSCs. The results of this study would be useful as a safety

information for MRI system users.

Keywords: static magnetic field, bone formation, mesenchymal stem cell, MRI
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Probe-Targeted Focal Magnetic Resonance Imaging with
a '"H-"C-"N-Labeled Polymer Nanoprobe
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Abstract

A C/"N-labeled phosphorylcholine polymer (PMPC) was designed, synthesized,
and functionally evaluated as a concentration-amplified, spectroscopically well-behaved,

size-controlled and highly biocompatible molecular probe. EPR effect enables

accumulation of a probe in the tumor in tumor-bearing mice, selectively, thus rendering
the tumor a focus that is clearly visualized by focal 'H-{"*C-""N} MRI without staining
normal organs and with the complete suppression of noise from water and endogenous
lipids. Conjugation of *C-PMPC with scFv gave "*C-PMPC/scFv probe with active
targeting ability toward HER2(+) tumor, efficiently. Metabolic/pharmacokinetic analysis
of *C/"N L-Dopa/"*C/"*N Dopamine in brain was traced by a triple-resonance NMR

technique. The present study causes innovation in the area of MRI.

Keywords: MRI, Multiple-resonance NMR, Stable isotope-enriched,, MPC, PMPC,
Active targeting, Passive targeting, EPR effect, . —Dopa, Dopamine
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Figure 1. Concept of Probe-targeted MRI.

11



12

A— 7 (MRI : Magnetic Resonance Imaging)
Tu—7" OFIf L, ZEMAE NMR (Nuclear
Magnetic Resonance) % & DORlEIZ K 5 FTFEEED

“Or AR MRI IR OBIFICERD AT (K
1)

ZEIAG NMR (£ &1, 2725 Larmor JEJ
BAEATHHERE L. NMR &8 (H, PC,
PN B2 &) ORI TRt — L 22 BE) S
BOLFETHY, ZNETE N THEOBRD
EUAEEfRT DA R FiEE LTRSS T
7= (X2) V.

1H-13C-15N = B M8 NMR

® H
Pulse ®  H-iC
\ ML ® ® H-BCHN
B . TR aia | 8 'H-2C-5N
1H_1BC_15N ® HN
Yo’ e’ ® 'H-vCc-12C
Signal (EHR{E) REHShGES

Figure 2. Principle of Triple-resonance NMR.
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Scheme 2. ATRP of *C/">N-MPC to 3C/"*N-PMPC
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Figure 3. (a) 'H single-resonance MR images. (b) 'H—{"C}
double-resonance MR images under nonselective conditions using
block pulses. (¢) 'H-{"C} double-resonance MR images under
selective conditions using Gaussian-shaped pulses optimized for
PMPC (6c = 55.0 ppm). (d) 'H-{"C} double-resonance MR
images under selective conditions using Gaussian-shaped pulses
optimized for oleic acid (5 = 30.0 ppm). (¢) 'H—{*C-""N}
triple-resonance MR images.
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Abstract
The optical magnetometer based on the nonlinear magneto-optical rotation was

developed toward the new magnetometer of the magnetoencephalography. The operation

conditions of the magnetometer, such as the frequency modulation width and the laser

light power were optimized. We performed the measurement of the pulsed magnetic field

by the optical magnetometer with the optimized conditions and detected the change of

the magnetic field which was the order of 100 pT.

Keywords: magnetoencephalography, optical magnetometer
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Magnetoreception of the photoreceptor protein investigated for the magnetic
response for the biological rhythm.
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Abstract
Many magnetic field effects on the behaviour and the circadian response of

creatures were reported. However, the mechanisms of them are still unclear.

For the

understanding of the problems, we had been targeting the photochemical reaction process

of blue light receptor proteins: cryptochrome family molecules in vitro and discovered

the MFEs on the electron transfer reactions by conventional transient absorption

technique.

In the present study, we improved the spectroscopic techniques.

The cavity

based spectroscopy and the newly developed MFE measurement improve the sensitivity

and allow us to start measurement of the MFE in quasi-vivo conditions.

Keywords: magnetic field effect; cryptochrome; blue light receptor protein

1. HE(purpose)

IR, Bllx D7 N—71280, vayraon
TOITE) D0, EH U XA D (ASEWOALD
2 ABEREHAD Y X L) (TR D RS R B
SN, Ebodh, Sa—Fr b (EaTEEEL
@) A RVTZERE Ol D, HOZEER
2RI )T vy u OB ER S
TW5. EBIZ, ABDZ )7~ 7 a iy ok
A NNT\AIA N TZ RIS, N7 ) 7 K
7 v Ab S ORI B AREME A RIR S
TW5., —FHT, Z7U 7 M7 aAFEY SOK
U RADFKERHE LEZLNTEY Y, 20
AR BN HICHIZEE S TE TIN5,
ZOE IR TITENT, IGEE DI, M
BIFD27 V7 N7 v AR KGE B ROy
THHT7 4 b T7T—RBIZBNTC, TIhksE

2L BLEH SN DB BENS )T 51
BRI EZHLNNC L THE L TE2 Y. £
7, Bors ) ek (N, L) 1T
WTh, BHERMNEDGIES 5 2 & 2 EEF
SETHRELTE., LN, ZZETO
R ZHE 2 C, BR O L O O
BOEBEOEET v R EHIET 51013065k
D in-vitro 72HITED B —HEA in-vivo (2T R
BIRIZBT BT VAR OAERK L GO R %
BT 2 LERDD. TORDITIL, RE, 722
IIEREDTREBH I KRN MLEAR K TH D,
AWFFETIE, OO EEEEZ2 T, XV
in-vivo (AEIRODIRAEIZ LV ITVY) 725:0F T,
HOZHRE (7T EUEER) O KIS D A
N=ALEPRY, EOBBSGOFHRNED L I
VI E LTEIR L T O E ) EE

17



BT D21, DGR RIS E L, B)
Y OMESRIGE THRIT 527 V7 b7 v ME
RE, T IaY TN TONACFEOE 2 BIEZHE
2, THUSK DBG OB 2B 5.

2. ¥ (method)
BERDIEPETIGETIX, Stz & 2 IEH12/)

S 7RI IERIN AL 2 BT 5 DIFREET, —fXic

Weh SR 2 MBI 512X 107 v 5 102 F2HEE

DIBPETINAMLETH-T=, LL, AR

%2 < DY T NADTDOIREDRY, 6

WCHBUSIZ Z VY 7V EHET D85E, Jtick

DY TINET B, BEEOT— 2 HIE

12D SIN EeD[a] ESEEL . RRZRE S O

FEIZRBWTIE, B EsRHOEakids; FTo

MEZIZFRC AT 4> a U TITHILERD

0, FMOREMENRDLND. D72, HhE

B/ S <IAT, NS 7REERINE B % i

THIETDVNERHS.

ZOBEBNHRD LD BRBEEDOK R EZ1T >
7z,

) XA A— RS2 L—HFc k5, EpEg
PUEEOREELZENZIET, Yay hTE
DSHLOXHR ST 5.

2) FAA—RL—¥hEzrn—7%L LTH
WC, NT 2RISR AT S 2 LTk
0, BENXONY 7 7T RIGEORMEE
iR L, 10° A —F —OidiEWRIE L O o
WeshR (10* 4 —4—) ZHNTHH FTEE
Wz L7z,

3) FXYET 4 EHANET U IVIEIEREDRIY
WEDZ VT~ v LFR~DILH. Hal—
P L0 AR LT ROSH IR TS L OVERL
MOWIE, 1 KD T7—IZL>THELNT
X BT 4 OFIZA CIADTZ55WEE
TH I N HEER S, /NS 72
ZAL A BT 5 .

4) T IR AAL T TEE L, 1D)3)OHIE
EHAADEDLFICLY, BpEske EofliE
NOHENKETH -T2, ERSFT L
K OFFMOBNIN DB LT, #im D
AT, FETIART 5.

18

3HER & E 2% (Results and Discussion)

HiEL), 2) ICXDHRIZEY, ZhETH
TE D T & > T Fe O K& 70 E W ALEh
L7z, K132 V7~ 7 v DEOFEZRIROM
R TH D, FADKRBIRIZET 50 THNETZ
BSOS E D N R ORIETH D, ZHE T,
F ADKERIZIBNT S, B R 2 ke e
THDIL, TORFEOFHERLL—FDSLOE)N
LINEETH -7 9. ALRICEV K1 DX 728
BENRE 2, W, MO IR L CE AN
WCHIET D Z LI LT,

AMA=AA(B}AA0)

SOLXYVY

- 20
5
b Rl
= 056
0.0

D EXFVY

gl

<
§ e o &
i

10
0

£ G
° ar®

X 1: ZAF— R FYAGL—Y (355nm)
EPHRWCELNZ. 107 A —F —OiEERIUE &
DR R h . WG IE D B IEICERIZ A
Ty LTWA,

7 V7 b v DBEIZB T AR ORIEIC
b, Bt EA D o 7-. Tk CERPERIHE
2 X DRGFEN RSN TE N, 20V
TIVORRERTVE, BTV VO
DENZ L6, L—FRKFOMED IKLZE DM
FEERMN A TZHEN MBI A0, 9 LTS,
FE3) OFx T4 Vo7 Xy R EICLY v
auYaunTps Y7 hr vk, DnCRY Difd
PEWINGAIEIZREY LT, X 212 DmCRY (28T
XY T4 VT H T AEERNTERIL, &
BRI OB AT M VERT. Y ET 4
Z W TR LIV REGNRIZ DWW TIIETE, 5
HfhCcd 5.



0.003 - 0.003

0.002 \ - 0,002

0.001- 0.001

X2 XX T4V TE T EEATE L
DmCRY DRSS 108 4 —F — Db Ek I
B, EEHRE L A= R—a T =2 — L WRE
FAWTHIE LT, RMHESIFNIE. 105 4 —
B — DN R DOWEGHATNE & R A 2 [RIRFLZ
BIL7-. BT EARGFIZAF Y LT0D)

4. B2 - VURV YU LABEDEE
RFSLOMEITL 3 A 8 BIcliB TS [~ %
T A 7 AWEE] TH Lm0 T U L
1 & B ORGSR TH 5.

P
= OBFFRIT AT 1 NS SR R R b 2% Bl
M OB A T, Bearsety, A¥— 7
v 7, BB IEF R OB L v T, &

I ZABFZE I Z—48 Oxford K, P. J. Hore 4%, C. R.

Timmel Z4%, S. Mackenzie Zi% 5 & OIL[EINFZE &
L ATthis-.

1)

2)

3)

4)

5)

6)

BEIR
R. J. Gegear, A. Casselman, S. Waddell, and
S. M. Reppert, Nature 454 (7207),
1014-U1061 (2008); R. J. Gegear, L. E. Foley,
A. Casselman, and S. M. Reppert, Nature
463 (7282), 804-U114 (2010).
T. Yoshii, M. Ahmad, and C. Helfrich-Forster,
Plos Biol 7 (4), 813-819 (2009)..
K. Schulten, C. E. Swenberg, and A. Weller,
Z Phys Chem Neue Fol111 (1), 1-5 (1978).
T. Ritz, S. Adem, and K. Schulten,
Biophysical Journal 78 (2), 707-718 (2000).
K. Maeda, A. J. Robinson, K. B. Henbest, H.
J Hogben, T. Biskup, M. Ahmad, E.
Schleicher, S. Weber, C. R Timmel, and P J
Hore, Proceedings of the National Academy
of Sciences of the United States of America
109 (13), 4774-4779 (2012).
S. R. T. Neil, J. Li, D. M. W. Sheppard, J. Storey,
K. Maeda, K. B. Henbest, P. J. Hore, Christiane R.
Timmel, and Stuart R. Mackenzie, Journal of
Physical Chemistry B 118 (15), 4177-4184
(2014); K. Maeda, S. R. T. Neil, K. B. Henbest, S.
Weber, E. Schleicher, P. J. Hore, S. R. Mackenzie,
and C. R. Timmel, Journal of the American
Chemical Society 133 (44), 17807-17815 (2011).
M. Murakami, K. Maeda, T. Arai J. Phys.
Chem. A, 109, 5793-5800(2005).

19



HIEY QOHIE:RILFAF 037 LA K HEBEERIRBED
F¥ & T DT

Suppression of tinnitus: developing an integrated transcranial magnetic
stimulator using multi-inductor arrays and its evaluation
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Abstract

This research project aimed to develop a multi-site transcranial magnetic stimulator,
which is possible to suppress tinnitus-related neural activity in the brain. To achieve this
end, we first evaluated a magnetic stimulator of a sub-millimeter size solenoid by using
numerical simulation and constructing an experimental setup to measure the magnetic
flux density around the solenoid. To test its effectiveness of the magnetic stimulator, we
applied the stimulator to the surface and inside the brain and observed evoked neural
activity by the autofluorescence imaging. In a planar formation of many solenoids, from
the numerical calculation by linearly superimposing the magnetic effect, we speculated
that increasing the number of the solenoids strengthens magnetic flux density at the target
neurons in the tissue. Testing our system for larger animals will be one of the next steps
to be examined in the near future.

Keywords: autofluorescence imaging, magnetic stimulation, solenoid, sub-millimeter

size, tinnitus
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Enhanced human motor cortical plasticity by combined mirror visual feedback
therapy and transcranial direct current stimulation (tDCS) in patients with
Parkinson’s disease
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Department of rehabilitation medicine, Nagoya City University Graduate School of Medical
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Abstract

It is not yet known whether motor skill training of hand using mirror visual feedback (MVF) is
useful to patients with Parkinson’s disease (PD) in order to improve hand performance and
whether MVF combined with anodal tDCS over M1 cause additional effect especially in point of
motor cortical plasticity in PD. To elucidate it, we evaluate the effect of MVF combined with
tDCS or sham stimulation in patients with PD. In PD, there were no significant changes in the
motor performance of left hand and cortical excitability of right M1 by repetitive motor training
of the right hand (non affected side) with MVF. However, when applying anodal tDCS over right
M1 during motor training with MVE, motor performance of left hand and motor cortical
excitability in right M1 were significantly improved and its effect was lasted until one week after.
Thus, it is likely that motor training with MVF and M1 plasticity is impaired in PD, which is
improved by anodal tDCS over M1.

Keywords: motor skill learning, mirror visual feedback, tDCS, Parkinson’s disease
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Regulation of a circulation of osteoclast precursors by the magnetic field:
Development of the cutting-edge non-invasive methodology in the induction of
bone resorption, a clinically available method
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Abstract
Spinal stenosis is the bone disease in which spines of the excess bone tissue protrude to the spinal cord,
which results in the incidence of the severe neuronal disorders. Operation is required to cure this disease. In
orthodontic treatment, dentists move the position of alveolar bone by use of the function of osteoclasts, however,
it requires long period of time. The purpose of this study is to realize the rapid and safe removal of the bone
non-invasively by recruiting osteoclast precursors at the desired sites using magnetic fields. This study provides

a revolutional methodology of the next generation in these areas.

Keywords: Osteoclasts, Magnetic field, Transferin, Bone resorption
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