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Development of novel molecular targeted therapy by stabilizing cardiac ryanodine
receptors in hypertrophic cardiomyopathy

OKUDA, Shinichi
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In hypertrophic cardiomyopathy (HCM), there is a high-risk group that causes
sudden death due to lethal arrhythmia along with cardiac hypertrophy; however, no disease-specific
drug therapy was currently presented. This study focused on the increase in intramyocardial Ca2+
concentration during diastole, which is closely related to lethal arrhythmias in HCM. The results
showed that Ca2+ concentration increases during diastole due to abnormal Ca2+ leakage via Ca2+
/calmoduliin-dependent protein kinase Il phosphorylation of ryanodine receptor (RyR2) and subsequent
dissociation of calmodulin from RyR2 and that RyR2 stabilization suppresses Ca2+ leakage. These
results suggest that RyR2 stabilization may prevent the increase in diastolic Ca2+ concentration by
improving myocardial sarcoplasmic reticulum function, thereby preventing the induction of lethal
arrhythmias.



(HCM)

HCM Ca?*
CPVT
(RyR2) N central 2
(Unzipping) RyR2 (Cam)
Ca*leak
RyR1
(DAN) Ca*"leak
Ca*leak Caz/
11 (CavKIl) RyR2 CavKI1
(Ser2815) CaMK11
Ser2815
HCM CaMK11 Myofilament
Ca* Ca? - Ca? — CaMK11
- SR RyR2 Ca*"leak Ca®
RyR2 Ca*leak
HCM
(€)) 3 3
a) TnT2 A 160 HCM  TnT (HCM-TG)
b) CavKI15 ¢ (CaMKI1-TG)
) RyR2 RyR2 CaM RyR2Y3599+/-
(CaM-HA) DAN 20mg/ 100mg/
/ DAN
@
dish Ca*
( )
(€) Cell shortening Ca? Cell
shortening(CS) 2Hz Fluo-4 AM
Ca a) Ca* spark Ca*'spark
SparkMaster b) Spontaneous Ca*
transient(sCaT) 1~5Hz 20 10
Ca* Spontaneous Ca* transient

*

(Cardiac homogenate)

(SR)



RyR2, RyR2 CalK

Serine2814 RyR2 PKA(Protein kinase A)

Serine2808 CaMK o6 CaMK Thr287 GAPDH
(5)RyR2 CaM CaM
Anti-CaM anti-RyR
CaM CaM
(1) HCM-TG Ca? CaMK1 1 RyR2 ( DAN)
, HCM
HCM-TG ca*
Ca*transient RyR2 Ca** spark
sCaT DAN
HCM-TG RyR2 CaMKlI1
CaMK11 DAN Ca*transient Ca*
spark
(2) CaMKlIl (CaMK11-TG) RyR2 DAN
CaMK11-TG RyR2 CavKl1 RyR2-
CaM RyR2 (CaM)
Ca*
DAN RyR2  CaM
DAN Ca* RyR2
CaMKl1
DAN RyR2 CaMKl1
RyR2 CaMK11
RyR2 CaM
®3) RyR2
HCM RyR2 RyR2 CaM
(Cal-HA) - (TAC)
TAC DAN RyR2 CaM
/
TAC
D) DAN RyR2 VT
HCM CaMKI1 RyR2
HCM DAN RyR2-CaM
RyR2 Ca?

HCM



11 11 0 3

Tamitani Masaki Yamamoto Takeshi Yamamoto Naoki Fujisawa Koichi Tanaka Shinji Nakamura 23
Yoshihide Uchinoumi Hitoshi 0Oda Tetsuro Okuda Shinichi Takami Taro Kobayashi Shigeki

Sakaida Isao Yano Masafumi

Dantrolene prevents hepatic steatosis by reducing cytoplasmic Ca2+ level and ER stress 2020

Biochemistry and Biophysics Reports

100787 100787

DOl
10.1016/j .bbrep.2020.100787

Nakamura Yoshihide Yamamoto Takeshi Kobayashi Shigeki Tamitani Masaki Hamada Yoriomi Fukui 4

Go Xu Xiaojuan Nishimura Shigehiko Kato Takayoshi Uchinoumi Hitoshi Oda Tetsuro Okuda

Shinichi Yano Masafumi

Ryanodine receptor-bound calmodulin is essential to protect against catecholaminergic 2019

polymorphic ventricular tachycardia

JCI Insight e126112
DOl

10.1172/jci.insight.126112

Kohno Michiaki Kobayashi Shigeki Yamamoto Takeshi Yoshitomi Ryosuke Kajii Toshiro Fujii 3

Shohei Nakamura Yoshihide Kato Takayoshi Uchinoumi Hitoshi Oda Tetsuro Okuda Shinichi

Watanabe Kenji Mizukami Yoichi Yano Masafumi

Enhancing calmodulin binding to cardiac ryanodine receptor completely inhibits pressure- 2020

overload induced hypertrophic signaling

Communications Biology 774
DOl

10.1038/s42003-020-01443-w

Nawata Takashi Ariyoshi Toru Okuda Shinichi Wada Yasuaki Kubo Makoto Yano Masafumi -

Images in Vascular Medicine: Usefulness of carotid ultrasonography for diagnosis and management 2021

of polymyalgia rheumatica-associated large-vessel vasculitis

Vascular Medicine

DOl
10.1177/1358863X21995582




Sufu-Shimizu Yoko Okuda Shinichi Kato Takayoshi Nishimura Shigehiko Uchinoumi Hitoshi Oda 524

Tetsuro Kobayashi Shigeki Yamamoto Takeshi Yano Masafumi

Stabilizing cardiac ryanodine receptor prevents the development of cardiac dysfunction and 2020

lethal arrhythmia in Ca2+/calmodulin-dependent protein kinase 115 c transgenic mice

Biochemical and Biophysical Research Communications 431 438
DOl

10.1016/j .bbrc.2020.01.107

Hamada Yoriomi Yamamoto Takeshi Nakamura Yoshihide Sufu-Shimizu Yoko Nanno Takuma Fukuda 21

Masakazu Ono Makoto Oda Tesuro Okuda Shinichi Ueyama Takeshi Kobayashi Shigeki Yano

Masafumi

G790del mutation in DSC2 alone is insufficient to develop the pathogenesis of ARVC in a mouse 2020

model

Biochemistry and Biophysics Reports

100711 100711

DOl
10.1016/j .bbrep.2019.100711

Kajii Toshiro Kobayashi Shigeki Shiba Sho Fujii Shohei Tamitani Masaki Kohno Michiaki 521

Nakamura Yoshihide Nanno Takuma Kato Takayoshi Okuda Shinichi Uchinoumi Hitoshi Oda

Tetsuro Yamamoto Takeshi Yano Masafumi

Dantrolene prevents ventricular tachycardia by stabilizing the ryanodine receptor in pressure- 2020

overload induced failing hearts

Biochemical and Biophysical Research Communications 57 63
DOl

10.1016/j .bbrc.2019.10.071

Nanno Takuma Kobayashi Shigeki Yoshitomi Ryosuke Fujii Shohei Kajii Toshiro Kohno 83

Michiaki Ishiguchi Hironori Okuda Shinichi Okada Munemasa Suga Kazuyoshi Yano Masafumi

Detection of Active Inflammation Status Around Ventricular Aneurysms in Patients With Cardiac 2019

Sarcoidosis

Circulation Journal 2494 2504

DOl
10.1253/circj.CJ-19-0248




Kobayashi Shigeki Myoren Takeki Kajii Toshiro Kohno Michiaki Nanno Takuma Ishiguchi 142

Hironori Nishimura Shigehiko Fukuda Masakazu Hino Akihiro Fujimura Tatsuhiro Ono Makoto

Uchinoumi Hitoshi Tateishi Hiroki Mochizuki Mamoru Oda Tetsuro Okuda Shinichi Yoshiga

Yasuhiro Kawano Reo Yano Masafumi

Addition of a 3 1-Blocker to Milrinone Treatment Improves Cardiac Function in Patients with 2019

Acute Heart Failure and Rapid Atrial Fibrillation

Cardiology 195 202
DOl

10.1159/000499400

Nishimura S, Yamamoto T, Nakamura Y, Kohno M, Hamada Y, Sufu Y, Fukui G, Nanno T, Ishiguchi H, 15

Kato T, Xu X, Ono M, Oda T, Okuda S, Kobayashi S, Yano M

Mutation-linked excessively tight interaction between the calmodulin-binding domain and c- 2018

terminal domain of the cardiac ryanodine receptor as a novel cause of catecholaminergic

polymorphic ventricular tachycardia.

Heart Rhythm 905-914
DOl

10.1016/j .hrthm.2018.02.006

Oda T, Yamamoto T, Kato T, Uchinoumi H, Fukui G, Hamada Y, Nanno T, Ishiguchi H, Nakamura Y, 125

Okamoto Y, Kono M, Okuda S, Kobayashi S, Bers DM, Yano M

Nuclear translocation of calmodulin in pathological cardiac hypertrophy originates from 2018

ryanodine receptor bound calmodulin.

J Mol Cell Cardiol 87-97

DOl
10.1016/j .yjmcc.2018.10.011

6 0 2

Yoko Sufu-Shimizu , Shinichi Okuda , Yoko Okamoto , Takayoshi Kato , Hitoshi Uchinoumi , Tetsuro Oda , Shigeki Kobayashi ,

Takeshi Yamamoto , Masafumi Yano

Stabilization of CaMKII-phosphorylated RyR2 By Dantrolene Prevents the Development of Age-related Cardiomyopathy in CaMKI1d

¢ Transgenic Mice

American Heart Association Scientific Meeting 2019

2019




Yoko Sufu-Shimizu , Shinichi Okuda , Yoko Okamoto , Takayoshi Kato , Hitoshi Uchinoumi , Tetsuro Oda , Shigeki Kobayashi ,
Takeshi Yamamoto , Masafumi Yano

Stabilization of CaMKII-phosphorylated RyR2 By Dantrolene Prevents the Development of Age-related Cardiomyopathy in CaMKI1d
¢ Transgenic Mice

Journal of Heart Failure Scientific Meeting 2019

2019

Yoko Sufu-Shimizu , Shinichi Okuda , Yoko Okamoto , Takayoshi Kato , Hitoshi Uchinoumi , Tetsuro Oda , Shigeki Kobayashi ,
Takeshi Yamamoto , Masafumi Yano

Stabilization of CaMKII-phosphorylated RyR2 Mediated through P harmacological Enhancement of Calmodulin Binding to RyR2
Prevents the Development of Cardiac Dysfunction

Journal of Circulation Society Scientific Meeting 2020

2020

Yoko Sufu-Shimizu, Shinichi Okuda, Yoko Okamoto, Shigehiko Nishimura, Takayoshi Kato, Tetsuro Oda, Shigeki Kobayashi,
Takeshi Yamamoto, and Masafumi Yano

Dantrolene Prevents the Development of Age-Related Cardiomyopathy by Stabilization of CaMKII-Phosphorylated RyR2 in CaMKI1d
C Transgenic Mice

American Heart Association Meeting 2018

2018

Yoko Sufu-Shimizu, Shinichi Okuda, Yoko Okamoto, Shigehiko Nishimura, Takayoshi Kato, Tetsuro Oda, Shigeki Kobayashi,
Takeshi Yamamoto, and Masafumi Yano

Stabilization of CaMKII-phosphorylated RyR2 prevents the development of age-related cardiomyopathy caused by transgenic
CaMKI1d ¢ overexpression

International Society for Heart Research 2018 Japanese Section

2018




Yoko Sufu-Shimizu, Shinichi Okuda, Yoko Okamoto, Tetsuro Oda, Shigeki Kobayashi, Takeshi Yamamoto, Masafumi Yano

Stabilization of CaMKII-phosphorylated RyR2 by dantrolene prevents the development of age-related cardiomyopathy in CaMKI1d
c transgenic mice

Japanese Society of Cardiology 2019

2019




