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Development of molecular imaging technologies for the early diagnosis of heart disea
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We developed high-resolution cardiac imaging systems both in cells and in vivo.

First, by using quantum dots (QDs), we measured the length of a single sarcomere in isolated rat cardiomy
ocytes. QDs provided a quantitative measurement of sarcomere length. Second, we measured sarcomere length
in AcGFP-expressing rat neonatal cardiomyocytes(precision, 3 nm). Neonatal myocytes exhibited spontaneous
sarcomeric oscillations, and the waveform properties were indistinguishable from those obtained in electri
c field stimulation. Third, we conducted Ca imaging in the isolated mouse heart. Ca waves/transients becam
e _synchronized by electric stimulation. Forth, by using the adenovirus vector system, we developed an expe
rimental system allowing for the real-time imaging of sarcomeric motions in ventricuiar myocytes in the an
esthetized mouse (precision,20 nm). These molecular imaging technologies will be useful for the developmen
t of a novel diagnostic device for heart disease in future studies.



MRI
ca®
1
in vivo
1
A Invitrogen Qdot655
Antibody Conjugation Kit
Z a-actinin
QD QD
655 nm Wistar
~300 g 0.3%
w/v Triton X-100 2,3
QD
2,3

30 fps

B In vivo QD
Transfection FUGENE HD
Wistar ~300¢g
50 mg/kg, i.p.
FUuGENE HD
a-actinin - QD
30 1
Tyrode
7C3.2+
A B 532 nm
QD
2 AcGFP
1 Wistar
2 pAcGFP-actinin
Invitrogen
Lipofectamine LTX 1
1
3 Exvivo Ca*
2.5%
8 Ca”'
Cal-520 Tyrode
Cal-520
Tyrode
Ca2+
Tyrode ATPase

2,3-butanedione monoxime BDM



4 Invivo

a-Actinin-AcGFP

ADV invivo Z
AcGFP ADV
2 AcGFP
488 nm
AcGFP
40 N/A,0.08 60 N/A,1.00
100 Hz
1 in vivo
Z
o-actinin - QD
SPOC SL
SPOC 2
10°M Ca*
Ca-SPOC ADP
ADP-SPOC

Ishiwata et al., Prog Biophys Mol Biol 2011

SPOC

2006 QD

SL
SPOC

30 nm

1 min

QD

Sasaki et al., BBRC

SL
1
1.7 2.3 um
1 min
30 nm
Alexa488

~200 nm

Sarcomere Length [um]

Time [sec]

() a-actinin - QD
z

10 pum

SPOC ADP-SPOC
0.6
QD in

Vivo

FuGENE-HD  a-actinin -QD

3
2 um
Qb T Z

2 A o-actinin -QD
1
V4 QD B A
QD T
V4 T T Z Z

Frank-Starling

V4 o-actinin AcGFP

S.D. 3

nm



Ca2+
Fluo-4 8 nm
SPOC
Ca2+
Ca-SPOC pCa 6.0; 10 mM EGTA
Ca2+
Fluo-4
SPOC
SPOC
2
A) B)
51127 N10
B 9 e A AR ANAANARARAAAAAAINAS 2
2 femessviiansPhase LvPhase 2nev 3
g 61 4
o 5
g 37/\)*\/VV\N\MWW\[\[\/\{\]\/V\M/\MMN6
N0 2 4 6 8 10
Tpm Time (s)
9, [Phase1]
. 2.04 20
Y E1s
P 16 @ g
14 ASL=0.370£0.019 pm 14 ASL=0.384+0.030 um
70.00.2040.6081.01.2 1.4 “000204060810121.4
Time (s) Time (s)
3 A Z o-actinin AcGFP
B Cell-SPOC Z
C B Phase 1,2 SL
Cell-SPOC
SL ASL
1 Hz
SPOC
/
SPOC

Ca2+
invivo
Ca2+
BDM Ca**
Ca2+
Ca2+ Ca2+
4
& B 0
ol 3
$¥75%5% September 2013
Cardiac in vivo imaging
4 in vivo Ca** A
B
C a2+ C
C a2+
4
invivo
a-actinin-AcGFP
100 fps BDM
2.0 pm
20 nm

actinin-AcGFP



1.7 2.0 um

5
1. Kobirumaki-Shimozawa F, Inoue T, Shintani SA, Oyama K,
Terui T, Minamisawa S, Ishiwata S, Fukuda N. Cardiac thin
filament regulation and the Frank-Starling mechanism. J
Physiol Sci. 2014 May 1. [Epub ahead of print]

2. Shintani S, Oyama K, Kobirumaki-Shimozawa F, Ohki T,
Ishiwata S, Fukuda N. Sarcomere length nanometry in rat
neonatal cardiomyocytes expressed with o-actinin-AcGFP in
Z-discs. J Gen Physiol. 2014;143:513-524.

3. Inoue T, Kobirumaki-Shimozawa F, Kagemoto T, Fujii T,
Terui T, Kusakari Y, Hongo K, Morimoto S, Ohtsuki I,
Hashimoto K, Fukuda N. Depressed Frank-Starling
mechanism in the left ventricular muscle of the knock-in
mouse model of dilated cardiomyopathy with troponin T
deletion mutation AK210. J Mol Cell Cardiol. 2013;63:69-78.

4. Kobirumaki-Shimozawa F, Oyama K, Serizawa T, Mizuno
A, Kagemoto T, Shimozawa T, Ishiwata S, Kurihara S, Fukuda
N. Sarcomere imaging by quantum dots for the study of
cardiac muscle physiology. J Biomed Biotechnol.
2012;2012:313814.

5. Serizawa T, Terui T, Kagemoto T, Mizuno A, Shimozawa T,
Kobirumaki F, Ishiwata S, Kurihara S, Fukuda N. Real-time
measurement of the length of a single sarcomere in rat
ventricular myocytes: a novel analysis with quantum dots.Am
J Physiol Cell Physiol 2011;301:C1116-C1127.

31

2014 3

2
in vivo

2014 3
3 _
Yellow Cm%no

2014 3
4 [
a-Actinin-AcGFP  Z

2014 3

2014 3

6 Kotaro Oyama, Shuya Ishii, Tomomi Arai, Seine A. Shintani,
Hideki Itoh, Norio Fukuda, Madoka Suzuki, Shin’ichi
Ishiwata

THERMAL  ACTIVATION OF CARDIAC THIN
FILAMENTS INDUCES CONTRACTION WITHOUT
INTRACELLULAR CA?" CHANGES: STUDIES WITH
CARDIOMYOCYTES AND AN IN VITRO MOTILITY
ASSAY

San Francisco 2014 2

7 Seiichi Tsukamoto, Kotaro Oyama, Seine A. Shintani, Norio
Fukuda, Shin’ichi Ishiwata
SIMULTANEOUS IMAGING OF LOCAL CALCIUM AND
SINGLE SARCOMERE LENGTH IN RAT NEONATAL
CARDIOMYOCYTES VIA EXPRESSION OF
CAMELEON-NANO IN Z-DISCS

San Francisco 2014 2

8 Seine A. Shintani, Kotaro Oyama, Takashi Ohki, Shin’ichi

Ishiwata, Norio Fukuda

SARCOMERE LENGTH

CARDIOMYOCYTES

EXPRESSEDWITHa-ACTININ-ACGFP IN Z-DISCS
San Francisco 2014 2

NANOMETRY IN

9  Fuyu Kobirumaki-Shimozawa, Kotaro Oyama, Akari
Mizuno, Takako Terui, Togo Shimozawa, Takashi Ohki,
Shin’ichi Ishiwata, Norio Fukuda
REAL-TIME IMAGING OF SARCOMERE DYNAMICS IN
THE MOUSE HEART IN VIVO

San Francisco 2014 2

10 Norio Fukuda

Real-time imaging of single sarcomeres in the mouse heart in

Vivo

International Symposium on Nanomedicine Molecular Science
2014

1)
Invivo

2013 11

12
Real-time imaging of single sarcomeres in the mouse heart in
Vivo

2013 10

13 Seine A. Shintani, Kotaro Oyama, Shin’ichi Ishiwata,
Norio Fukuda
High-resolution analysis of sarcomeric auto-oscillations in rat
neonatal cardiomyocytes

2013 10

14 Seiichi Tsukamoto, Kotaro Oyama, Seine Shintani, Fuyu
Kobirumaki , Shin’ichi Ishiwata, Norio Fukuda

Simultaneous imaging of intracellular Ca>* and sarcomere
length in neonatal cardiomyocytes via expression of
cameleon-Nano in Z-discs

2013 10

15 Fuyu Kobirumaki-Shimozawa, Kotaro Oyama , Seine A.
Shintani, Erisa Hirokawa, Togo Shimozawa, Takako Terui,
Shin'ichi Ishiwata, Norio Fukuda
Real-time high-resolution cardiac imaging in vivo

2013 10

16



2013 6

17

2013 6

nm
2013 6

19
in vivo

21 JSPPPEC
2013 5

20

2012 7

21
Nano-imaging of sarcomeres in the heart in vivo —Basis for
Cardiac Nanophysiology and Nanomedicine-

— 2013 1

22 Akari Mizuno, Fuyu Kobirumaki-Shimozawa, Kotaro
Oyama, Takako Terui, Erisa Hirokawa, Togo Shimozawa,
Shin’ichi Ishiwata, Norio Fukuda
Real-time measurement of sarcomere length in the mouse
heart in vivo by using a-actinin-GFP

2012 9

23 Tatsuya Kagemoto, Mitsunori Yamane, Cristobal G. Dos

Remedios, Norio Fukuda, Shin’ichi Ishiwata

The effects of disease and aging on human myocardial SPOC
2012 9

24 Kotaro Oyama, Akari Mizuno, Seine Shintani, Hideki Itoh,
Takahiro Serizawa, Norio Fukuda, Madoka Suzuki, Shin’ichi
Ishiwawta
Ca**-independent on-off regulation of a cardiomyocyte by
microscopic heat pulses

2012 9

25 Seine Shintani, Kotaro Oyama, Norio Fukuda, Shin’ichi
Ishiwata

2012 9
26 —
2012 3
27
SPOC
2012 3
28
2012 3

29

2012 3

30

2011 6

31

a-Actinin-GFP

2011 6
o 0
o 0
(1)
FUKUDA NORIO
30301534
@)
TAKAKO TERUI
10366247

KOBIRUMAKI-SHIMOZAWA

40548905

®
SATOSHI KURIHARA

90057026

IWAO OHTSUKI
70009992

SHIN’ICHI ISHIWATA
10130866

HIDEO HIGUCHI

90165093

FUYU



