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New molecular targeting therapy for regression of cardiac hyﬁertrophy by inhibiting
abnormal Ca2+ leak through RyR2 in hypertrophic cardiomyopathy
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Hypertrophic cardiomyopathy(HCM) is a myocardial disorder characterized by
idiopathic hypertrophy of the left ventricule. In familial HCM patients, it is the cause of sudden death
by lethal arrhythmia in Koung age and the cause of heart failure disability at diastolic phase of HCM.
However, medical approach of the regression of hypertrophy remains elusive. Here, we hypothesized that
diastolic Ca2+ leak through ryanodine receptor (RxRZ) is one of the important factor for triggering
abnormal hypertrophy in HCM. To verify this hypothesis, we investigated the pathogenic role of Ca2+ leak
through RyR2 in transgenic mouse (TG) model of familial HCM-related cardiac troponin T mutation.
Diastolic Ca2+ leak through defective RyR2 caused by CaMKIIl activation was seen in TG cardiomyocytes and
RyR2 stabilizer, dantrolene inhibited Ca2+ leak in TG. These results suggest that inhibiting Ca2+ leak by
RyR2 stabilization might play a role for the regression of abnormal hypertrophy in HCM.



SR Ca?
RyR2
Ca*leak
(Circulation 2000 102:2131-2136)
Ca*leak

RyR2 Ca*
Ca2+
RyR2
Ca*leak
RyR2
(CaM) RyR2
RyR2
Ca*leak (HCM)
phenotype
3

Yamaguchi, et al. J
Clin Invest.2007;117:1344-53
HCM RyR2

(HCw)

HCM

(HCM)
C a.2+

C a2+
C a.2+
RyR2
Ca* leak RyR2

Ca**/calmodulin kinasell(CaMKII)

1)RyR2
2)RyR2

RyR2
Ca?* leak Ca?

1) ca*

CPVT  RyR2 C KD
Ca* leak
RyR2 CaM
RyR2
Exon48 2474(Arg) Ser
R2474S Kl
a) Fluo-4 AM
Ca** spark
b) Di-8-ANNEPS

(DAD)
(1S0) DAD
RyR2
CaMm
RyR2 GSH-CaM

a),b)

HCM Ca*
TroponinT Glul60
HCM
TG
Ca** spark
spontaneous
Ca2+transient(sCaT)
CaMK11

HCM (DCW)
TnT

(19 )

Ca**spark
CAVP

Ca**spark

2) HCM Ca?*
Ca*
; HCM TG Ca*
Ca*
RyR2

Ca?"leak



Ca?* transient

Ca*spark  sCaT

Kl
WT RyR2 Ca2+ leak
Ca2+ spark DAD
(CaM) RyR2
GSH-CaM
RyR2  CaM Ca2+
spark DAD (
3:BBRC 2014) CaM
RyR2
Ca*
RyR2 ca*
HCM TG
Ca** transient
Ca* spark
1S0
HCM
Ca*
CaMKI1
Ca** spark
Ca**
transient
DCM HCM ™nT
CAMP Ca2+spark
(L)HCM CaMK11
RyR2 ca** leak
Ca*

(2)TnT RyR2

Ca?" leak

(3)RyR2 ca*

(HRyR2 ca*

Ca2+

C a2+

4

1. Kobayashi S, Susa T, Ishiguchi H,
Myoren T, Murakami W, Kato T, Fukuda
M, Hino A, Suetomi T, Ono M, Uchinoumi
H, Tateishi H, Mochizuki M, Oda T,
Okuda S, Doi M, Yamamoto T, Yano M.
A low-dose B 1-blocker in
combination with milrinone improves
intracellular Ca2+ handling in
failing cardiomyocytes by inhibition
of milrinone-induced diastolic Ca2+
leakage from the sarcoplasmic
reticulum. PLoS One.
2015;10:e0114314. DOl :
10.1371/journal .pone.0114314.

2. Yano M, Okuda S. Does a ripple of

Ca(2+) leak develop into a rogue wave
that can trigger pathological
hypertrophy? J Am Coll Cardiol.
2014;63:1580-2. DOI:
10.1016/j - jacc.2013.10.064.

3. Fukuda M, Yamamoto T, Nishimura S,
Kato T, Murakami W, Hino A, Ono M,
Tateishi H, Oda T, Okuda S, Kobayashi
S, Koseki N, Kyushiki H, Yano M.
Enhanced binding of calmodulin to
RyR2 corrects arrhythmogenic channel

disorder in CPVT-associated myocytes.



Biochem Biophys Res Commun. 2014 May
23;448(1):1-7. DOl :

10.1016/j .bbrc.2014.03.152.

Kobayashi S, Murakami W, Myoren T,
Tateishi H, Okuda S, Doi M, Nao T,
Wada Y, Matsuzaki M, Yano M. A
low-dose (3 1-blocker effectively and
safely slows the heart rate in
patients with acute decompensated
heart failure and rapid atrial
fibrillation.Cardiology.
2014;127:105-13. DOI:
10.1159/000355312.

23

Okuda S, Kato M, Fukuda M, Nishimura
S, Kobayashi S, Oda T, Yamamoto T,
Yano M. RyR2 stabilization by
inhibiting aberrant Ca2+ release
mediated by CaMKI 1 signaling and Ca2+
buffering function suppress
arrhythmogenesis in Troponin
T-related familial hypertrophic
cardiomyopathy. European Heart
Journal. 2015: 36 (Supplement),
371.

Okuda S, Kato M, Sufu Y, Fukuda M,
Nishimura S, Kobayashi S, Oda T,
Yamamoto T, Yano M. Inhibition of
aberrant Ca2+ release through RyR2
mediated by CaMKI 1 and Ca2+ buffering
suppresses arrhythmogenesis in
Troponin T-related familial
hypertrophic cardiomyopathy. Circ J
2016; 80[Suppl ] : 2390.

Okuda S, Kato M, Fukuda M, Nishimura
S, Kobayashi S, Oda T, Yamamoto T,
Yano M. RyR2 Stabilization by
Inhibiting Aberrant Ca2+ Release
Mediated by CaMKI11 and Ca2+ Buffering
Suppresses Arrhythmogenesis in
Cardiac Troponin T-related Familial
Hypertrophic Cardiomyopathy. Cir J
2015; 79(Suppl.1): 2417.

Okuda S, Fukuda M, Kato M, Nishimura
S, Kobayashi S, Oda T, Yamamoto T,
Yano M. Dantrolene suppresses
arrhythmogenesis by inhibition of
aberrant Ca2+ release mediated by
CaMKI1I and Ca2+ buffering in Troponin
T-related familial hypertrophic
cardiomyopathy. Journal of Heart
Failure. 2015;21: 10, S188.

Okuda S, Kato M, Fukuda M, Nishimura
S, Kobayashi S, Oda T, Yamamoto T,
Yano M. RyR2 Stabilization by
Inhibiting Aberrant Ca2+ Release

10.

11.

12.

Mediated by CaMKIIl Signaling Within
the Increase of Ca2+ Buffering
Capacity Suppress Arrhythmogenesis
in Cardiac Troponin T-related
Familial Hypertrophic
Cardiomyopathy. Circulation 2014;
130: A9414.

Okuda S, Fukuda M, Kato M, Nishimura
S, Oda T, Kobayashi S, Yamamoto T,
Yano M. Stabilization of RyR2 by
inhibition of CaMKIIl-mediated
aberrant Ca2+ release may suppress
arrhythmogenesis in cardiac troponin
T-related familial hypertrophic
cardiomyopathy. European Heart
Journal 2014:35 (Supplement), 712.
Okuda S, Fukuda M, Kato M, Oda T,
Kobayashi S, Yamamoto T, Yano M. RyR2
Stabilization by Inhibition of
CaMKII-mediated Aberrant Ca2+
Release Suppress Arrhythmogenesis in
Cardiac Troponin T-related
Hypertrophic Cardiomyopathy.
Journal of Cardiac Failure. 2014; 20:
10, S189

Yamamoto T, Katoh T, Nishimura S,
Hino A, Ono M, Oda T, Okuda S,
Kobayashi S, Yano M. Ryanodine
Receptor Bound Calmodulin as a Novel
Therapeutic Target of Heart Failure
and Cardiac Hypertrophy. Circ J 2016;
80[Suppl ] : 313.

Fukui G, Yamamoto T, Nishimura S,
Kato T, M,0da T, Okuda S, Kobayashi
S, Yano M. Dantrolene cannot inhibit
aberrant Ca2+ release and ahhythmias
without calmodulin in pressure
overload heart failure. Circ J 2016;
80[Suppl ] : 2382.

Nishimura S, Yamamoto T, Fukui G,
Maeda T, Hino A, Suetomi T, Ono M,
Mochizuki M,0da T, Okuda S, Kobayashi
S, Yano M. High Affinity CaM, but not
normal affinity CaM can prevent
arrhythmias in CPVT which mutation is
located at CaM-like domain of
RyR2_Circulation 2015; 132: A13700.
Nishimura S, Yamamoto T, Fukui G,
Maeda T, Hino A, Suetomi T, Ono M,
Mochizuki M,0da T, Okuda S, Kobayashi
S, Yano M. Dantrolene enhances
binding of calmodulin to RyR2 in CPVT
which mutation located at central
domain but does not enhance that in
CPVT with mutation at CaM-1ike domain.
Circulation 2015; 132: A13816.
Fukui G, Yamamoto T, Kato T, Maeda T,
Nishimura S, Hino A, Suetomi T, Ono
M, Mochizuki M,0da T, Okuda S,
Kobayashi S, Yano M. Dantrolene




13.

14.

15.

16.

17.

18.

19.

cannot inhibit aberrant Ca2+ release
and ahhythmias without calmodulin in
pressure overload heart failure.
Circulation 2015; 132: A14991.
Oda T, Yamamoto T, Nishimura S, Kato
M, Okuda S, Kobayashi S, Bers DM, Yano
M. In Failing Cardiomyocytes,
Calmodulin Dissociation From RYR2
and Defective Domain Interaction
Leads To Channel Destabilization.
Journal of Heart Failure. 2015;21: 10,
$190.
Yamamoto T, Katoh T, Maeda T,
Nishimura S, Oda T, Okuda S,
Kobayashi S, Yano M. RyR Bound
Calmodulin Plays a Key Role in
Arrythmogenesis in End-Stage Heart
Failure. Circ J 2015; 79[Suppl ] :
282.
Katoh T, Yamamoto T, Maeda T,
Ishiguchi H, Nishimura T, Nishimura
S, Myoren T, Murakami W, Suetomi T,
Ohno M, Mochizuki M, Oda T, Okuda S,
Ueyama T, Kobayashi S, Yano M.
Dantrolene Might be a New
Anti-arrhythmic Drug Targeting
Intracellular Calcium Release
Channels in Pressure-overloaded
Heart Failure. Circ J 2015; 79[Suppl
1 : 803.
Katoh T, Yamamoto T, Maeda T,
Ishiguchi H, Nishimura T, Nishimura
S, Myoren T, Murakami W, Suetomi T,
Ohno M, Mochizuki M, Oda T, Okuda S,
Ueyama T, Kobayashi S, Yano M.
Stabilization of Ryanodine Receptor
by High Affinity Calmodulin is a
Novel Therapeutic Strategy in
End-stage Heart Failure. Circ J 2015;
79[Suppl ] : 2294.
Oda T, Yamamoto T, Kobayashi S, Okuda
S, Katoh T, Nishimura S, Yano M. In
Cardiomyocytes, Dantrolene can
Correct Defective Domain Interaction
Caused by Oxidation, and Restore
Calmodulin Binding Affinity in RyR2.
Circ J 2015; 79[Suppl ] : 1594.
Nishimura S, Yamamoto T, Maeda T,
Katoh T, Suetomi T, Ohno M, Mochizuki
M, Oda T, Okuda S, Kobayashi S, Yano
M. Calmodulin Binding Affinity to
RyR2 is Decreased without Beta
Stimulation in CPVT with Mutation at
Calmodulin-like Domain. Circ J 2015;
79[Suppl ] : 2291.
Kato T, Yamamoto T, Maeda T,
Nishimura S, Murakami W, Suetomi T,
Ono M, Mochizuki M,0da T, Okuda S,
Kobayashi S, Yano M. Dissociation of
Calmodulin From RyR2 Causes

20.

21.

22.

23.

Diastolic Ca2+ leak and Induces
Lethal Arrhythmias in
Pressure-overload Heart Failure.
Circulation 2014; 130: A13176.
Murakami W, Kobayashi S, Ishiguchi H,
Myoren T, Nishimura S, Kato T, Oda T,
Okuda S, Yamamoto T, Yano M. A
Recombinant Atrial Natriuretic
Peptide Prevents Aberrant Ca2+
Leakage Through Ryanodine Receptor
by Suppression of Mitochondrial
Reactive Oxygen Species Production
in Failing Cardiomyocytes.
Circulation 2014; 130: A17163.
Kato T, Yamamoto T, Maeda T,
Nishimura S, Suetomi T, Ono M,
Mochizuki M,0da T, Okuda S, Kobayashi
S, Yano M. Dantrolene Inhibits
Aberrant Ca2+ Release and
Arrhythmogenesis in
Pressure-overloaded Heart Failure.
Journal of Cardiac Failure. 2014; 20:
10, S173.

Kato T, Yamamoto T, Maeda T,
Nishimura S, Suetomi T, Ono M,
Mochizuki M,0da T, Okuda S, Kobayashi
S, Yano M. Binding Affinity of
Calmodulin to Cardiac Ryanodine
Receptor, as the Novel Therapeutic
Target in the Pressure-overloaded
Heart Failure. Journal of Cardiac
Failure. 2014; 20:10, S173.

Nishimura S, Yamamoto T, Maeda T, Kato
T, Suetomi T, Mochizuki M,0da T, Okuda

S, Kobayashi S, Yano M.Defective Ca2+
Regulation Causes Lethal Arrhythmia in
CPVT KI Mice Model with Mutation in
CaM-like Domain of RyR2. Journal of

Cardiac Failure. 2014; 20: 10, S173.
2

2015 220(105,112-118).

60
2014  350(24-31)

0



o

@

YANO, Masafumi

90294628

OKUDA, Shinichi

90530212




