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PET permits molecular imaging and quantitative assessment of vascular
function. We performed quantitative assessment for experimental and clinical atherosclerosis by PET.
FDG as a marker of macrophage and FMISO as a_hypoxic marker showed altered glucose metabolism and

hypoxic response in diabetic atherosclerosis in rabbits. The PET studies indicated reduced
myocardial flow reserve (MFR) in relation to altered FFR in patients with coronary artery disease.
In addition, impaired peripheral endothelial function was suggested by oscillometry which was
correlated with coronary endothelial dysfunction in smokers. Furthermore, active cardiac sarcoidosis
was identified by FDG-PET. Thus, PET permits identification of active atherosclerosis and
guantitative assessment of vascular dysfunction. PET should play an important role for risk
assessment and patient management in the near future.

PET



PET
18F-fluorodeoxyglucose
(FDG) PET
FDG
FDG-PET
FDG
(Ca)
FDG, Ca
18F-sodium fluoride
(NaF) 18F-fluoro
misonidazole (FMISO)
PET
PET
FDG Ca NaF,
FMISO
PET
PET
(Myocardial flow reserve:
MFR)
PET
)
FDG
PET
ApoE-/-

FMISO

PET

(2) 150
(MBF) PET
MBF
MBF MFR)

(Fractional flow reserve: FFR) MFR

Flow
Mediated Dilatation (FMD)
MFR
FDG-PET MRI
(1) co2 24
MO
FDG
FMISO
IL-4 M2
FMISO
( 1
FDG
macrophage
Pimonidazole FDG
macrophage
HIF-1a FDG
( 2)
1
Irbesartan
FDG
( 3
PET
FDG

NaF FMISO

PET



5 = *
.g 4 |
8 (56
o
w 3 }
£
&
g 3 b FMD
D *
5 (CFR)
1 i *
0 [ I I L [ |
Mo M1 M2
o B E CPT FMD
mEREHE
*p<0.05
FMISO 20 -
(A)
215 1 ¥ =
@® non-DM o =
r=0.26, p < 0.0001, n=75 = *
o 204 . DM E1° B ./
£ o =000048,p=086,n=63 | § .
g -
= 0 — :
e 0 50 100
CPT response (%)
. Smokers and Controls:
80 r=0.40 Smokers: Controls:
macrophage positive area (%) p=0.097 «r=-0044 «r=-031
p=092 p=0239
@® non-DM
— 201 r2=0.38, p < 0.0001, n=75 2.0
E " @® om ~ 1(B)
2 s rl =0.0016. p = 0.76, n=63
= L N ]
o . 15 1
% g ;
w @1.0
o
z
05
R 40 60
pimonidazole positive area (%) 0.0
FDG g oom e
macrophage ( ) pimonidazole Smokers and Controls: Smokers:  Controls:
r=0.24 «r=-023 -r=050
p=032 p=0.59 p=0.14
(2)
15
O PET MFR EMD
FFR A
FFR
MFR (CFR) B
« 4



FMISO

block

FDG-PET
18
FDG FDG
7
8
FDG
AV
MRI
9
PET
FDG FMISO
PET

1. Shimizu Y, Hanzawa H, Zhao Y, Fukura S,

NishijimaKI, Sakamoto T, Zhao S, Tamaki N,
Ogawa M,Kuge Y. Immunoglobulin G
(19gG)-based imaging probe accumulates in
M1 macrophage-infiltrated atherosclerotic
plagues independent of 1gG target molecule
expression. Mol Imaging Biol. 2017
Aug;19(4):531-539.

. Matsuura Y, Yamashita A, Zhao Y, lwakiri T,

Yamasaki K, Sugita C, Koshimoto C,
Kitamura K, Kawa K, Tamaki N, Zhao S,
Kuge Y, Asada Y. Altered glucose
metabolism and hypoxic response in
alloxan-induced diabetic atherosclerosis in
rabbits. PL0OS One. 2017 Apr 14;12(4):
€0175976.

. Zhao Y, Fukao K, Zhao S, Watanabe A,

Hamada T, Yamasaki K, Shimizu Y, Kubo N,
Ukon N, Nakano T, Tamaki N, Kuge Y.
Irbesartan  attenuates atherosclerosis in
Watanabe heritable hyperlipidemic rabbits:
noninvasive imaging of inflammation by
!8F-fluorodeoxyglucose positron  emission
tomography. Mol Imaging. 2015;14. doi:
10.2310/7290.2015.00004.

. Manabe O, Naya M, Tamaki N. Feasibility of

PET for the management of coronary artery
disease: Comparison between CFR and FFR.
JCardiol. 2017 Aug;70(2):135-140

. Ochi N, Yoshinaga K, Ito YM, Tomiyama Y,

Inoue M, Nishida M, Manabe O, Shibuya H,
Shimizu C, Suzuki E, Fujii S, Katoh C,
Tamaki N. Comprehensive assessment of
impaired peripheral and coronary artery
endothelial  functions in smokers using
brachial artery ultrasound and
oxygen-15-labeled water PET. J Cardiol.
2016 Oct;68(4):316-23.

. Yoshinaga K, Fujii S, Tomiyama Y, Takeuchi

K, Tamaki N. Anatomical and functional
estimations of brachial artery diameter and
elasticity using oscillometric measurements
with a quantitative approach. Pulse (Basdl).
2016 Jul;4(1):1-10.

. Manabe O, Yoshinaga K, OhiraH, Masuda A,

Sato T, Tsujino |, Yamada A, Oyama-Manabe
N, Hirata K, Nishimura M, Tamaki N. The
effects of 18-h fasting with low-carbohydrate
diet preparation on suppressed physiological
myocardial (18)F-fluorodeoxyglucose (FDG)
uptake and possible minimal effects of
unfractionated heparin use in patients with
suspected cardiac involvement sarcoidosis. J
Nucl Cardiol. 2016 Apr;23(2):244-52.

. Manabe O, Hirata K, Shozo O, Shiga T,

Uchiyama Y, Kobayashi K, Watanabe S,
Toyonaga T, Kikuchi H, Oyama-Manabe N,
Tamaki_N. *®F-fluoromisonidazole (FMISO)
PET may have the potential to detect
cardiac sarcoidosis. J Nucl Cardiol. 2017
Feb;24(1):329-331.

. Ohira H, Birnie DH, Pena E, Bernick J, Mc

Ardle B, Leung E, Wells GA, Yoshinaga K,
Tsujino |, Sato T, Manabe O, Oyama-Manabe
N, Nishimura M, Tamaki N, Dick A, Dennie
C, Klein R, Renaud J, deKemp RA, Ruddy
TD, Chow BJ, Davies R, Hessian R, Liu P,
Beanlands RS, Nery PB. Comparison of
(18)F-fluorodeoxyglucose positron emission
tomography (FDG PET) and cardiac magnetic
resonance (CMR) in corticosteroid-naive
patients with conduction system disease due
to cardiac sarcoidosis. Eur J Nucl Med Mol
Imaging. 2016 Feb;43(2):259-69.

9

1. Shimizu Y, Hanzawa H, Zhao Y, Fukura S,

Nishijima K, Sakamoto T, Zhao S, Tamaki
N, Ogawa M, Kuge Y. Immunoglobulin G



(1gG)-Based Imaging Probe Accumulates in
M1 Macrophage-Infiltrated Atherosclerotic

Plagues Independent of 1gG Target
Molecule Expression. Mol Imaging Biol.
2017 Aug;19(4):531-539. doi:

10.1007/s11307-016-1036-8.

Matsuura Y, Yamashita A, Zhao Y, Iwakiri T,
Yamasaki K, Sugita C, Koshimoto C,
Kitamura K, Kawai K, Tamaki N, Zhao S,
Kuge Y, Asada Y. Altered glucose
metabolism and hypoxic response in
alloxan-induced diabetic atherosclerosis in
rabbits. PL0S One. 2017 Apr 14;12(4):
€0175976. doi:
10.1371/journal.pone.0175976. eCollection
2017.

Zhao Y, Fukao K, Zhao S, Watanabe A,
Hamada T, Yamasaki K, Shimizu Y, Kubo N,
Ukon N, Nakano T, Tamaki N, Kuge Y.
Irbesartan attenuates atherosclerosis in
Watanabe heritable hyperlipidemic rabbits:
noninvasive imaging of inflammation by
18F-fluorodeoxyglucose positron emission
tomography. Mol Imaging. 2015;14. doi:
10.2310/7290.2015.00004.

Manabe O, Naya M, Tamaki N. Feasibility of
PET for the management of coronary artery
disease: Comparison between CFR and FFR.
JCardial. 2017 Aug;70(2):135-140. doi:
10.1016/j.jjcc.2017.03.002. Epub 2017 Mar
17.

Ochi N, Yoshinaga K, Ito YM, Tomiyama Y,
Inoue M, Nishida M, Manabe O, ShibuyaH,
Shimizu C, Suzuki E, Fujii S, Katoh C,
Tamaki N. Comprehensive assessment of
impaired peripheral and coronary artery
endothelial functions in smokers using
brachial artery ultrasound and
oxygen-15-labeled water PET. J Cardiol.
2016  Oct;68(4):316-23. doi:
10.1016/j.jjcc.2015.10.006.

Yoshinaga K, Fujii S, Tomiyama Y, Takeuchi
K, Tamaki N. Anatomical and Functional
Estimations of Brachial Artery Diameter and
Elasticity Using Oscillometric
M easurements with a Quantitative Approach.
Pulse (Basel). 2016 Jul;4(1):1-10. doi:
10.1159/000444368.

Manabe O, Yoshinaga K, OhiraH, Masuda A,
Sato T, Tsujino I, Yamada A,
Oyama-Manabe N, Hirata K, Nishimura M,
Tamaki N. The effects of 18-h fasting with
low-carbohydrate diet preparation on
suppressed physiological myocardial
(18)F-fluorodeoxyglucose (FDG) uptake
and possible minimal  effects  of
unfractionated heparin use in patients with
suspected cardiac involvement sarcoidosis. J
Nucl Cardiol. 2016 Apr;23(2):244-52.
doi: 10.1007/s12350-015-0226-0.  Epub

8.

9.

2015 Aug 5.

Manabe O, Hirata K, Shozo O, Shiga T,
Uchiyama Y, Kobayashi K, Watanabe S,
Toyonaga T, Kikuchi H, Oyama-Manabe N,
Tamaki N. 18F-fluoromisonidazole
(FMISO) PET may have the potential to
detect cardiac sarcoidosis. J Nucl Cardiol.

2017 Feb;24(1):329-331. doi:
10.1007/s12350-016-0495-2. Epub 2016
Apr 12.

Ohira H, Birnie DH, Pena E, Bernick J, Mc
Ardle B, Leung E, Wells GA, Yoshinaga K,
Tsuyjino I, Sato T, Manabe O,
Oyama-Manabe N, Nishimura M, Tamaki N,
Dick A, Dennie C, Klein R, Renaud J,
deKemp RA, Ruddy TD, Chow BJ, Davies
R, Hessan R, Liu P, Beanlands RS, Nery PB.
Comparison of (18)F-fluorodeoxyglucose
positron emission tomography (FDG PET)
and cardiac magnetic resonance (CMR) in
corticosteroid-naive patients with
conduction system disease due to cardiac
sarcoidosis. Eur J Nucl Med Mol Imaging.
2016 Feb;43(2):259-69. doi:
10.1007/s00259-015-3181-8. Epub 2015
Sep 11.

6

Tamaki N: Molecular imaging for
cardiovascular medicine. (Keynote lecture)
2016 Northeastern Asian Conference on
Molcular Imaging-based Precision. Nov
10-13, 2016 (Hangzhou, China)
Tamaki N: Radionuclide molecular imaging
of heat falure and myocarditis.
(Symposium) International  Society  of
Cardiomyopathy and Heart Failure (ISCHF)
Congress 2016. Dec 2-4, 2016 (Kyoto)
Tamaki N: How to optimize myocardial
glucose  metabolism  for  assessing
inflammation  /injection.  International
Conference on Nuclear Cradiology and
Cardiac CT. May 7-9, 2017 (Vienna)
Tamaki N: Emerging role of cardiac
perfusion PET and CFR. In Multimodal
Imaging for  Myocardia  Perfusion
Evaluation. The 61st Annua Scinetific
Meeting of the Korean Society of
Cardiology. (Educational Seminar). October
12-14, 2017 (Seoul)

Future Direction of Nuclear
Cardiology ( ) 27

2017.6. 16-17

PET/CT. ( ) 65
2017.9. 29-10.1



@

@

TAMAKI, Nagara

KUGE, Yuji

YOSHINAGA, Keiichirou

NAKAYAMA, Wakaki

NAYA, Masanao

Manabe, Noriko

OAGAWA, Mikako



