©
2020 2022

New role of natriuretic peptide in energy metabolism regulation and its
therapeutic potential through interorgan metabolic crosstalk

Nagoshi, Tomohisa
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Growing evidence suggests natriuretic peptides (NPs) regulate energy
metabolism and exert thermogenic actions via interorgan metabolic crosstalk with adipose tissues. In
vivo experiments using mice fed a high fat diet (HFD) showed ANP-treatment ameliorated HFD-induced
systemic insulin resistance (IR) by activating brown adipose tissue. ANP also ameliorated myocardial
IR. Ultrastructural analyses showed increased peri-mitochondrial lipid droplets in ANP-treated HFD
hearts, indicating ANP protects mitochondria from lipid overload by trapping lipids. Meanwhile, we

found ANP-treated mice were tolerant to cold exposure. Accordingly, our clinical study showed
impaired cardiac function is associated with body temperature (BT) decrease, whereas plasma BNP
elevation is associated with BT increase. In summary, exogenous ANP administration ameliorates
HFD-induced systemic and myocardial IR by coordinating with adipose tissues, leading to in vivo
thermogenesis during cold exposure.



(IR)

Na (NP)
IR NP
NP
NP handicap IR NP
“ NP ” IR
NP

NP
vIR
v
( ) ‘ ol Storage e
( OW
) BYETRILEF—
Btia (AERLER) 1
' a panz 4
\_ NAFLD ) . AV RYERE ‘
NP
NP
(NP responder) hANP
13 weeks 3 weeks
NFD or HFD +ANP
@ IR NP NFD: B & P e O v
HFD: Bl & N
. [ Liver | - - gt '
£
IR
(HFD) 3
g
osmotic pump ANP : 0

0 15 30 60 90 120
(min)
*P<0.05 and *"P<0.01 vs. NFD:
“P<0.05 and P<0.01 vs. HFD;
“P<0.05 and "P<0.01 vs. NFD+ANP.

(1 ) AW

HFD |
i E1. ANPO £ 5 5 ENAFLD- 1B EHARILEEEL. 25D10RYY
((\AQTT)) browning BRI ERETD
steatosis(NAFLD) IR
@ IR NP
(1) HFD ANP
(Akt) IR
Langendorff

(©)) NP

ANP @ 4 )

path
BNP ( )



@ IR NP
HFD NAFLD
ANP (1 )
ANP  HFD ucP1 (browning)
ANP
IR ( 1 )
@ IR NP
HFD BNP  mRNA HFD HFD+ANP
2 /IR g Yo
NP handicap
BNP
BNP
ANP
(Akt) HFD
Akt ANP
2 ANP e
IR NFD
HFD  ANP “L/ ”“
(lipid droplet) NFD
« 2 lipid droplet i ANP M
molecule(ATGL HSL) vam
ANP  HFD - g
lipid droplet -~
HFD ANP . L\"'”w 0
trap ; g”
mitochondria | o L
IR +ANP '::20
HFD /\FM :
( 3) 1mir\ i 40min
E3. ANPIZHFD:IL ) R I F RIS EE®RNT
(©)) NP
ANP UCP1
browning NP
¢4 ,4 ) ANP @8 ) 36
(4
NP
path
(EF) ERRBT(AC)HITHHEE #5 BB
- 0 Iy 73_—_ _‘—9 R— =
BNP %38 AEP B (DT T}'/-;@ R—2X [n=1985])
§ 36
( 4 ) FF
§32
= 30
§ 2 Control
NP 9 &’ | **P < 0.01 versus control
o 0 1 2 3 4 (hours)
( 4
) . / \fBNP
)
4
NP A AL

4. NaFIRRTFFISERBRETICBLVTREDRERET S



1. Kimura H, Nagoshi T, Oi Y, Yoshii A, Tanaka Y, Takahashi H, Kashiwagi Y, Tanaka
TD and Yoshimura M. Treatment with atrial natriuretic peptide induces adipose tissue
browning and exerts thermogenic actions in vivo. Sci Rep. 2021;11:17466.

2. Oi Y, Nagoshi T, Kimura H, Tanaka Y, Yoshii A, Yasutake R, Takahashi H,
Kashiwagi Y, Tanaka TD, Tachibana T and Yoshimura M. Exogenous ANP Treatment Ameliorates
Myocardial Insulin Resistance and Protects against Ischemia-Reperfusion Injury in Diet-
Induced Obesity. Int J Mol Sci. 2022;23.

3. Kang R, Nagoshi T, Kimura H, Tanaka TD, Yoshii A, Inoue Y, Morimoto S, Ogawa
K, Minai K, Ogawa T, Kawai M and Yoshimura M. Possible association between body
temperature and B-type natriuretic peptide in patients with cardiovascular diseases.
J Card Fail. 2021;27:75-82.



29 25 0 15

Ogawa Takayuki Yamashita Seigo Oseto Hirotsuna Yokoyama Masaaki Itakura Ryosuke Kang 86

Ryeonshi Tokutake Kenichi Aizawa Takatoku Inoue Yasunori Morimoto Satoshi Ogawa Kazuo

Nagoshi Tomohisa Kawai Makoto Yamane Teiichi Yoshimura Michihiro

Pulmonary Vein Angioplasty for Pulmonary Vein Stenosis After Ablation Therapy for Atrial 2022

Fibrillation — A Report of 7 Cases —

Circulation Journal 1229 1236
DOl

10.1253/circj .CJ-22-0162

Takahashi Hirotake Nagoshi Tomohisa Kimura Haruka Tanaka Yoshiro Yasutake Rei Oi Yuhei 12

Yoshii Akira Tanaka Toshikazu D. Kashiwagi Yusuke Yoshimura Michihiro

Substantial impact of 3-iodothyronamine (T1AM) on the regulations of fluorescent thermoprobe- 2022

measured cellular temperature and natriuretic peptide expression in cardiomyocytes

Scientific Reports -
DOl

10.1038/s41598-022-17086-2

Oi Yuhei Nagoshi Tomohisa Kimura Haruka Tanaka Yoshiro Yoshii Akira Yasutake Rei 23

Takahashi Hirotake Kashiwagi Yusuke Tanaka Toshikazu D. Tachibana Toshiaki Yoshimura

Michihiro

Exogenous ANP Treatment Ameliorates Myocardial Insulin Resistance and Protects against 2022

Ischemia?Reperfusion Injury in Diet-Induced Obesity

International Journal of Molecular Sciences

DOl
10.3390/i jms23158373




Shirasaki Keisuke Minai Kosuke Kawai Makoto Tanaka Toshikazu D. Ogawa Kazuo Inoue 101

Yasunori Morimoto Satoshi Nagoshi Tomohisa Ogawa Takayuki Komukai Kimiaki Yoshimura

Michihiro

Unique crosstalk between platelet and leukocyte counts during treatment for acute coronary 2022

syndrome: A retrospective observational study

Medicine -
DOl

10.1097/MD.0000000000032439

Oh Takuya Ogawa Kazuo Nagoshi Tomohisa Minai Kosuke Ogawa Takayuki Kawai Makoto Yoshimura 10

Michihiro

Relationship between haemodynamic indicators and haemogram in patients with heart failure 2022

ESC Heart Failure 955 964
DOl

10.1002/ehf2.14258

Narui Ryohsuke Yamashita Seigo Yoshitake Michio Nagoshi Tomohisa Kunihara Takashi 27

Yoshimura Michihiro Yamane Teiichi

Right-to-left shunt via iatrogenic atrial septal defect requiring emergency surgical repair 2023

following cryoballoon atrial fibrillation ablation in a patient with arrhythmogenic right

ventricular cardiomyopathy

Journal of Cardiology Cases 16 18
DOl

10.1016/j . jccase.2022.09.008

Ogawa Takayuki Inoue Yasunori Aizawa Takatoku Morimoto Satoshi Ogawa Kazuo Nagoshi -

Tomohisa Minai Kosuke Kawai Makoto Yoshimura Michihiro

Investigation of the small-balloon technique as a method for retrieving dislodged stents 2023

Cardiovascular Intervention and Therapeutics

DOl
10.1007/s12928-023-00917-y




Kashiwagi Yusuke Nagoshi Tomohisa Kimura Haruka Tanaka Yoshiro Oi Yuhei [Inoue Yasunori
Ogawa Kazuo Kawai Makoto Yoshimura Michihiro

Effects of angiotensin receptor- neprilysin inhibitor on insulin resistance in patients with 2023
heart failure
ESC Heart Failure -
DOl
10.1002/eh¥2.14352
38
2022
47 50
DOl
Minai Kosuke Kawai Makoto Ogawa Kazuo Nagoshi Tomohisa Morimoto Satoshi Inoue Yasunori 3
Tanaka Toshikazu D. Komukal Kimiaki Ogawa Takayuki Yoshimura Michihiro
A Pilot Evaluation Study of Diffuse Coronary Arterial Contraction Causing Ischemia by Double 2021
Measurement of Left Ventriculography Before and After Intracoronary Administration of Nitrates
Circulation Reports 241 248
DOl
10.1253/circrep.CR-21-0015
Kimura Haruka Nagoshi Tomohisa Oi Yuhei Yoshii Akira Tanaka Yoshiro Takahashi Hirotake 11
Kashiwagi Yusuke Tanaka Toshikazu D. Yoshimura Michihiro
Treatment with atrial natriuretic peptide induces adipose tissue browning and exerts 2021
thermogenic actions in vivo
Scientific Reports 17466

DOl
10.1038/s41598-021-96970-9




Kashiwagi Yusuke Yoshida Jun Nagoshi Tomohisa Hoshino Satoshi Yoshitake Michio Hongo in press

Kenichi Kunihara Takashi Yoshimura Michihiro

Constrictive Pericarditis with Cardiac Ascites Caused Spontaneous Bacterial Peritonitis 2022

Internal Medicine in press
DOl

10.2169/internalmedicine.8332-21

Kashiwagi Yusuke Yoshida Jun Itakura Ryosuke Nagoshi Tomohisa Hoshino Satoshi Ito 24

Toshiaki Kunihara Takashi Yoshimura Michihiro

Lung ventilation/perfusion scintigraphy shows the efficacy of anticoagulant therapy and 2021

surgical treatment for papillary fibroelastoma originating from the tricuspid valve

Journal of Cardiology Cases 280 283
DOl

10.1016/j . jccase.2021.04.022

Takahashi Hirotake Kashiwagi Yusuke Nagoshi Tomohisa Tanaka Yoshiro Oi Yuhei Kimura 11

Haruka Minai Kousuke Yoshimura Michihiro

Low triiodothyronine levels correlate with high B-type natriuretic peptide levels in patients 2021

with heart failure

Scientific Reports 21865
DOl

10.1038/s41598-021-01454-5

Tanaka Yoshiro Nagoshi Tomohisa Takahashi Hirotake Oi Yuhei Yoshii Akira Kimura Haruka 55

Ito Keiichi Kashiwagi Yusuke Tanaka Toshikazu D. Yoshimura Michihiro

URAT1-selective inhibition ameliorates insulin resistance by attenuating diet-induced hepatic 2022

steatosis and brown adipose tissue whitening in mice

Molecular Metabolism

101411 101411

DOl
10.1016/j .molmet.2021.101411




Kashiwagi Yusuke Nagoshi Tomohisa Ogawa Kazuo Kawai Makoto Yoshimura Michihiro

Heart Failure Treatments Such As Angiotensin Receptor/Neprilysin Inhibitor Improve Heart 2022
Failure Status and Glucose Metabolism
Cureus -
DOl
10.7759/cureus.22762
53
2021
919 926
DOl
70
(MRA) 2022
225 231
DOl
Yamada Takayuki Ogawa Kazuo Tanaka Toshikazu Nagoshi Tomohisa Minai Kosuke Ogawa 161
Takayuki Kawai Makoto Yoshimura Michihiro
Increase in oxidized low-density lipoprotein level according to hyperglycemia in patients with 2020
cardiovascular disease: A study by structure equation modeling
Diabetes Research and Clinical Practice 108036

DOl
10.1016/j .diabres.2020.108036




Kashiwagi Yusuke Komukai Kimiaki Kimura Haruka Okuyama Toraaki Maehara Tomoki Fukushima 10

Keisuke Kamba Takahito Oki Yoshitsugu Shirasaki Keisuke Kubota Takeyuki Miyanaga Satoru

Nagoshi Tomohisa Yoshimura Michihiro

Therapeutic hypothermia after cardiac arrest increases the plasma level of B-type natriuretic 2020

peptide

Scientific Reports 15545
DOl

10.1038/s41598-020-72703-2

Hasegawa Jun Ogawa Kazuo Kawai Makoto Tanaka Toshikazu Nagoshi Tomohisa Minai Kosuke 135

Ogawa Takayuki Yoshimura Michihiro

Evaluation of Enhanced Lipid Oxidation and Compensatory Suppression using Natriuretic Peptide 2021

in Patients with Cardiovascular Diseases

Peptides 170421
DOl

10.1016/j .peptides.2020.170421

Kang Ryeonshi Nagoshi Tomohisa Kimura Haruka Tanaka Toshikazu  Yoshii Akira Inoue 27

Yasunori Morimoto Satoshi Ogawa Kazuo Minai Kosuke Ogawa Takayuki Kawai Makoto Yoshimura

Michihiro

Possible Association Between Body Temperature and B-Type Natriuretic Peptide in Patients With 2021

Cardiovascular Diseases

Journal of Cardiac Failure 75 82
DOl

10.1016/j .cardfail .2020.08.012

Suzuki Kenichiro Inoue Yasunori Ogawa Kazuo Nagoshi Tomohisa Minai Kosuke Ogawa Takayuki 11

Kawai Makoto Yoshimura Michihiro

Possible diverse contribution of coronary risk factors to left ventricular systolic and 2021

diastolic cavity sizes

Scientific Reports 1570

DOl
10.1038/s41598-021-81341-1




Tanaka Yoshiro Nagoshi Tomohisa Yoshii Akira Oi Yuhei Takahashi Hirotake Kimura Haruka 162

Ito Keiichi Kashiwagi Yusuke Tanaka Toshikazu Yoshimura Michihiro

Xanthine oxidase inhibition attenuates doxorubicin-induced cardiotoxicity in mice 2021

Free Radical Biology and Medicine 298 308
DOl

10.1016/j - freeradbiomed.2020.10.303

Nagoshi Tomohisa 85

Close Linkage Between Natriuretic Peptides and Obesity — Impact of Sex on the Interorgan 2021

Metabolic Crosstalk —

Circulation Journal 655 656
DOl

10.1253/circj .CJ-21-0202

Kashiwagi Yusuke Nagoshi Tomohisa Inoue Yasunori Tanaka Yoshiro Takahashi Hirotake Oi 11

Yuhei Kimura Haruka Minai Kousuke Yoshimura Michihiro

Close linkage between blood total ketone body levels and B-type natriuretic peptide levels in 2021

patients with cardiovascular disorders

Scientific Reports 6498
DOl

10.1038/s41598-021-86126-0

Nagoshi Tomohisa Yoshimura Michihiro 60

New Insight into the Regulation of Glucose Metabolism in the Pathophysiology of Ischemic Heart 2020

Diseases

The Journal of Japanese College of Angiology 127 134

DOl
10.7133/jca.20-00018




88

2020

249 254

DOl

89

2021

379 385

DOl

18 11 8

PCI

TOPIC (Tokyo Percutaneous Cardiovascular Intervention Conference)

2022

Nagoshi Tomohisa, Oi Yuhei, Kimura Haruka, Yoshimura Michihiro.

New Role of Natriuretic Peptide in the Pathophysiology of Heart Failure and its Therapeutic Potential through Interorgan
Metabolic Crosstalk.

2022




2022

2022

Nagoshi Tomohisa, Oi Yuhei, Kimura Haruka, Yoshimura Michihiro.

Novel insight into the potential role of natriuretic peptides in energy metabolism regulation.

International Society for Heart Research (ISHR)

2022

Nagoshi Tomohisa, Yoshimura Michihiro.

Various Biological Roles of Natriuretic Peptides and its Therapeutic Potential through Multi-Organ Network.

2023




e-learning

2021

Tanaka Yoshiro Nagoshi Tomohisa Yoshii Akira Oi Yuhei Takahashi Hirotake Kimura Haruka Kashiwagi Yusuke Tanaka
Toshikazu Yoshimura Michihiro

URAT1-selective inhibition ameliorates insulin resistance by attenuating diet-induced hepatic steatosis and BAT whitening in
mice.

European Society of Cardiology

2021

Nagoshi Tomohisa, Yoshimura Michihiro

The pathophysiological role of mineralocorticoid receptor in heart failure.

International Symposium on Atherosclerosis

2021

Oi Yuhei, Nagoshi Tomohisa, Kimura Haruka, Tanaka Yoshiro, Yasutake Rei, Takahashi Hirotake, Kashiwagi Yusuke, Tanaka
Toshikazu, Yoshii Akira, Yoshimura Michihiro.

Treatment with exogenous atrial natriuretic peptide ameliorates myocardial insulin resistance and protects against ischemia-
reperfusion injury in diet-induced obesity.

American Heart Association

2021




ANP NAFLD browning

(Basic Translational Research Award Finalist)

2021

ANP NAFLD

(YIA finalist)

2021

Oi Yuhei, Nagoshi Tomohisa, Yoshimura Michihiro.

Treatment with exogenous atrial natriuretic peptide ameliorates myocardial insulin resistance and protects against ischemia-
reperfusion injury in diet-induced obesity.

International Society for Heart Research (Featured Research Session)

2021

Nagoshi Tomohisa, Ogawa Kazuo, Inoue Yasunori, Minai Kosuke, Morimoto Satoshi, Tanaka Toshikazu, Ogawa Takayuki, Kawai
Makoto, Yoshimura Michihiro

Blunted B-type natriuretic peptide (BNP) Reactivity to Ischemic Attack of Acute Coronary Syndrome (ACS) in Obese Subjects.

Japanese Circulation Society

2020




Tanaka Yoshiro Nagoshi Tomohisa Yoshii Akira Oi Yuhei Takahashi Hirotake Kimura Haruka Ito Keiichi
Tanaka Toshikazu Yoshimura Michihiro

Kashiwagi Yusuke

Xanthine oxidase inhibition attenuates doxorubicin-induced cardiotoxicity in mice.

European Society of Cardiology

2020

Nagoshi Tomohisa, Yoshimura Michihiro

New insights into the role of Natriuretic Peptides in the regulation of metabolism and body temperature.

2021

Tanaka Yoshiro, Nagoshi Tomohisa, Yoshimura Michihiro

New Aspect on the Role of Cardiac Tissue Xanthine Oxidase Activity in Doxorubicin-induced Cardiotoxicity.

Japanese Circulation Society

2021

Nagoshi Tomohisa, Yoshimura Michihiro

Novel Role for Natriuretic Peptides in Coordinating Inter-organ Metabolic Cross-talk.

Japanese Circulation Society

2021




2022

404

2023

154

SGLT2

YIBC

2020

204




