


N N AR G HE) e Akl A N[y ] SR T~ R A 7
4.4 LTI A (sl ANP 3N SO IV A L0




e E T F IO | T, Befb DNA 1259 %)

8-hydroxy-2'-deox

"; %.Jll_- ‘\." [)\L j.fll; I?‘L - ,

guanosine Pk & 3

DBEAL B LA

Ca™ spark ¢247 42

A ot

ANP [T 1SO 2K

Ca™ leak &

ANP O 7= 70

Ly L=
iy 2 K il
y =
37 R
=1 =
/ i i

ihi
1M

SO R R

e o 1) e e R e _ .
S L7mY. FE7zBovo S ~ ] :
TIIBUTS ROS D% kA




AL 7 K-

AL L

AL




S (BP) Gl

Ao iy T F + 1 e T e e s 7 et B O = | = M BT A
O THGZINTTER : Pl Thiif T L /=, S 72 AT I L EAFEHT

1006 (W 1) el e ]
C1996 Mzil ) 2L

3.4 2 7-dichlorofluorescin diacetate (DCFH-DA) 121~

R 2 50 S HLIN ROS & RPAITS 4 72

(Thermo Fisher Scientific, Massachusetts,

(Carl Zeiss,

530 nm) Oy

e 490 nm,

Oberkochen, ) 2

60 7[Hl, RNase iz (10

0.05% TritonX-100 T 30 43

mg/mL RNase A, 5 mM Tris-HCl (pH 7.5), 7.5 mM NaCl) THLA

:100) (Abcam, Cambridge, %) 35 LU~ 7 A

B Ok 20 DAPL (1:800) (Thermo

Bk & M 24 W], 4°C ChE A%l

(1:300) (Thermo Fisher Scientific) 35478




R RS

v +

lgG (Thermo Fisher Scientific) 22 O w[#l{lL L, AL

i LSM510 (Carl Zeiss)

B4 DNA &

7 (JON ( Iptix, Massachusetts,
(I(':;“ \ ,“i\ |J||!‘ ‘\:_1‘ |4 -7 _,L 1 /‘) e I 7’“

92 msec OILF[H]

)i ll\\"u\'\t

spark MR eE 3 KR LAPIZ %

g 2

NI
SYIRE VAP

Ca”

iy (DMEM, 24 mM HE

PES, 6 mM taurine, 5 mM ¢

(o)

“reatine,

mM L- itine, 100 U/mL penicillin

#

1d 100 ng/mL streptomyeing 2 [r] il 75 U 72 B g%

ANP i, 10 nM ISO IFE, 10 nM ANP-

10 nM SO BEOD 4 FEIBITZ

£ e ] . Az Vi I A ]
v ARl v T Q,Li‘l, FA 1“ 1" 11 ’_] | (= ”
[T 2 Jpla]s—2

A48 IR Cora i i 1/ AR I L7z k5

Lo I 22 A o7 Do R A I
\I {

DO SRR LT, R LA

1\ o i il

7 Ml 3> T ALY,
DT L;Lm 4o vy O R

R

24 I T 97.7% (2161/2211 #ilg) |, 48 I T 94.9%

J
ESIHR N

R,
Tdh O, e

YAV

L7z (Supplemental Fig2)




- ’ 'I':M ‘Iii'.-'. NEEAN '\"I

v

SOOREAINI TV Kruskal Wallis ANOVA i

ey (T
CAH BTN

LT |
Ii',ui]’l,"}.‘--

HR(bpm) SBP(mmHg) LVDD(mm}) ‘ LVDS(imm)

125+5 31.6= f_J,;!‘ 20.6:0.6

AR A2 ANP Of {1




100 uM Mito-tempo




Fig 1B

1SO (-)

1SO (+)

Sham
Cardiomyocyte

(o)
Oy
w 3
c O
= B
‘" £
w o
o
} .
U A

Fig 1C

Fluorescence intensity of DCFH-DA
(F/Fo)

Baseline

Baseline

ANP 10nM

ANP 10nM

Baseline

Baseline

ANP 10nM

0
ANP
I1SO

Mito-tempo

P<0.005 P<0.005
1} I
P<0.005
P<0.001
I HH
ns r I
| — N
ns I —_'L_
T
ns I
lﬂS IGS
| IAX‘II
-+ -+ + - o+ -
- - E -+ -
- - - - - - - o+
Sham Failing
Cardiomyocyte Cardiomyocyte

gl VR LV

- 7y

s T I 35 2 O
eI N S
LN ROS @
WP LT, AN RY T2

DL . Al N ARGt
[SRE R BT L1

FEC A O




Fig 1D

Baseline

+H,0,
+EDV

[
=
]

[T
)
T

P<0.001

I

o 0 5
1 I I

E =Y
T

DCFH-DA (fold increase)

N

Relative fluorescence intensity of

P<0.005

P<0.001
1
I

0 Baseline +H,0,

Ji b R 7HIETH Bh

FUA & H a7z

J

AR ETAN B LTV 578, 2

L‘,-u\ L

'*“H;D;
+EDV

ey
o

L4 T o B A s et
et OR Y= rg 217579

+H,0, +H,0,
+ANP +Mito-tempo

i

O£ 8-OHAG 12T Hai 0k G

10

+H,0,
+Mito-tempo

L g U 1 I
H-0, (25 uM)
ANP (10

Mito-tempo (100

Fig 1D Cor L /g Gas{am

(100 uM)

T 4. Edaravone

T ANP (10 nM) i, B LT8R

. B L L bk 0
C, baseline #ft & L L 7

DCFH-DA SO A

2K i

)
i
[§)

] U EFAE M /e < & 4 il
M2 fhi U, e 210, 58
TR 20 A0

RIVE Y TADREE

Ei A TR

L VDAC Pk E AL DNA 1263 591 CH 51 8-OHAG

CVDAC I AT 44




B2 30T, ANP JFE, 1SO D LN ANPHISO 2300 T. Bl 8-OHAG 17 %

i/ =78, Al iz 05 1SO FECHEH 8-0HdG

COFEWIN G ISOICK ST ROz R TNICBITS

L7z78, )7, ANP+ISO . 572 100 uM Mito-tempo Tl
1 8-OHAG Pk i X172 (Fig 2A) . §1 8-OHAG #HAIZ 30T Sty

HUVDAC PUAiZ B0 240 0ns e 12 L D B U 7200 & relative mitochondrial DNA damage & L C

A e s B A [ s S SILe oy s B A TS D R A Y T R e AN I+ oM e
ROFZAE T Fig 2 BAoRT BLLO#E R o3 A0 iz 50y T ANP L ISO W2 k-

TN a2 B 7O ROS OREf2MiiT o 2 EHURE X7

1SO (-) 1SO (+)

Baseline ANP 10nM Baseline ANP 10nM

Sham Cardiomyocyte

ANP 10nM Baseline

ng Cardiomyocyte

S O RU YT S8 VDAC biikd LONE{E DNA 1269 4 b1 8-OHdG Ptz L 5

A7l DAPL E s A E NI BT S

S-OHdG DHEIEIHIII PO RUTEATH S VDAC DIGTEE L TEL T s,

T 7

FIRAAR

AL A 0 FC R 2 10

BB s s A

R AL 1SO B A LT S b

O FUTIZETS ROSIZAT D AN N 2 v —Tdh % Mito-tempo (10




e
[\
we

P<0.001 P<0.05
3r T i ! Fig 2A Tt L 7= fods o

P<0.001 g 2A TR L7z

Relative mitochondrial DNA damage

ANP -+ -+ - 4
1SO e

Mito-tempo - - _ _ 3 3
Sham ' Failing
Cardiomyocyte Cardiomyocyte

[z AL T ANP BEINISO 74 5.7

ZARFLTI0 oM H S 0L 10 M EL RO IS0 A4 5 L= 15

Ca” spark /

i »:n‘\‘ !‘l

(events/ 100 pm/sec) (2% 27357278 (0 nM; 0.90 £ 0.25, 10 nM; 1.66 = 0.30, p=0.07) ,

30 oM & DL 30 nM B E O T 1SO A&

0.90 £ 0.25, 30 nM; 3.85

SO A&l
L7 30T

S A E Rl QN o

@) baseline #f:

] g

ST Ca™ spark MU O & 75 B

SO0 B I AT

Bl Lin L, 1SO & MIZ ANP 288 1 U 7= BT Ca™ spa

mi 7z,

BT Ca™' spark BUEE




Sham

o

Failing

=)

Spark Frequency
(Events/100um/sec)

15O (-) 1SO (+)

Cardiomyocyte

Baseline ANP 10nW

3 500 msec

N
o

1SO (-) f 1SO (+)

ardiomyocyte

C

C

ANP - + - + - + - + +
IS0~ - ’
H,O,

10

6 P<0.001

ANP 10nM

Baseline ANP 10nM : Baseline ANP 10n0 o
2 | AN : = NP 10nM +H,0, ZZ?H.JN«'!

y
k
,L

| Ca” spark &
i AR PANTIEE RS
7% P RO A
20 pn L

i

pol
/
(]
o
F
o
A
[
Q
et

- - - - — — - - - 20 /05 30 AR O
Sham Failing §iH A 2a 7
Cardiomyocyte Cardiomyocyte

13




MSO+ANP O 75

ANP FE, 1SO 5 4

1 Mz 30T, ISO BETUE ANP O A7 e ) 9 N07)
w00 b = AR NN Ca NI
LTz, Az 50T WL PER 72 < WA N Ca” AT
"’." s .‘\"l_,\-‘ 4L
I1SO (-) SO (+)
o Baseline ANP 10nM Baseline ANP 10n1
£ 3 '
o 28
E25s |
s E o3 |
Vo= s \
T 86 o
- A
5 oo W
3 RN oadugn "
o w 2sec A
i::&‘:?’i:::'si“
20mi
O Baseline ANP 10nM i  Baseline ANP 10nM
= O —_ :
o 28>
S 5§<
‘é & 9%
o W O C
T O3
- c:: [T E
S @
7 A O RHGER T K D BN IN Ca® AT A U7z, AGK M Al 2o g LR
) 20 uM Fluo-4 AM % ey, SS30CC 30 I8l 0 —5 ¢ > V8 Tyrode /(2

mM Ca™) ToorirL 7z, 2




Content

2+

SR C:
(F/FO of Fluo 4 fluorescence intensity)

[

0.5¢

0

ANP - + - =+ =+ i SR 20 7p
- - - + - - + +
ISO 30 e

I;

i n=1804, 2Ol n=1540) .

- 2 "y

IIL T /sl baseline B

T 10 nM ANP EE. 10 nM ISO FE. 10 nM ANP+10 nM 1SO

b Iy o - [ =¥ [IE] )] + =3 x
H! SR LETAE DY A [N y 4
N Loy e r £ R T,
+ . 2V . [ = N

10 nM ANP O /{8 d

10 nM ANP=10nM ISO #E T 56% E TlgE L7 (10 nM 1SO JF: 33 + 5%, 10 nM ANP+10nM

SO {if; 56 = 2%, p< 0.01) (Fig 5)




Sham
Cardiomyocyte
Cell survival

Q

o

0

0 24 48 (h)

Time Course N

FLEE ol w0 i

S AN DT

’%\ — FEALL AN baseline

ling

T p<0.01

Fa
ell survival
o ¢
()} )
/
/
/
éﬁ

ANP I

C
o
=Y

/
/

[
E—)
5
0
O
>
=
2
T
q
@)

24 | ag(h) i

Time Course

BN, BT O T 2 2 TH A ISO IR T Hha U3l w12

A N X A I B T L I L N B T S I s - S 1] s
ATV, ARG I A U CUSRE S T - T H, flllN ROS &

rL7z 10 Ca™ leak #
LR U W, A EDil s BT ISO 12 LD

= AR R S LT IS0 L D)

16



/L 1SO

HE [

y - . . Sl 1 -7 AN - Fap o\
HC, Ca 72 A CH LT, At e s b LA

LANPHISO BT RS

OIS

N, A 1SO 1250 T

il

o[ kD -

w1 73R TEE

guanosine monophosphate (¢cGMP) D

OIS = 412 & &

e 1 . 17H +- ) - ~ " IRR] ? —rd r b b
NHE-1 & [H%d Bl NS SR S N S B & L7




AR Z 00T, AND I A= 7

AL

S S BRI A )
e T A e

AN S 415

) ROS O

In Heart failure AN -

\GCR-F 3-AR
mitochondria \k_/’f U

4

Diastelic ,
SR Ca** Leak O

\
S

Leaky RyR channel

SR




In Heart failure

4

Diastolic o~
SR Ca** Leak U

SO %4459 % Z & T, BhiE

Ca™ leak VLEINI= 4.

RyR

Cell death

Fig 6C

=]

In Heart failure

SO L iFyasan-3 o

4

Diastolic

SR Ca?* Leak
O -
K, O A4
e’ -

SR

GCA-R ; 77 IVl o7 o—1t A %

gL ANP OFIHALATIL, NHE-1 BLEMIZ S

AT b

(BERI AR S 302 T RN RIME T Hh 4 25 A
72N ROS 13 ANP 5 512 L O I & 419 (Fig 1D,

& AN HO, BT S & Caospark MK

TR L 358 ] Ca”™ leak 4

e 14

HLHEND, TNFETOWEEFTLARVERTH LY. T 20 18012 £ 0 i/ ik




SO {10nM 725 10 uM) (12

les
A
C
2 AT , . fge A1 Lo SIS Ay oy (a2 Hel 5 P
” gLz | 7= WAl & W:H [rL‘J NGO Ca HIH ||j“ ‘,’i&.,:,

- > )3 el = P (o . g e S T
RBovo 5 VL g 1ISO (250 ‘Llf‘.-'l.‘v [ A =15

F4 ROS O

SSREELL NP

o
LT

I OWFELZ

Lo bt
R L)

i 2330 T, (7

“d % Mito-tempo % HEZIZ Ly, ANP 778 1SO 12 d

W4 5 2 & 4G

| -




Supplemental Fig 1.

10~

Q
81

1}

O o

C ~~

@ £ °r f

3 =
.

g3 —

r 9

r

"4 \:/? 41

b -

T

o o ns

v > I 1
i

%]
1

0

(3]

Supplemental Fig

I
4

Trypan blue staining

48H

xao

7

Jl Ca™" spark 7% J

b LT

723 nM 3L 10 M 1SO

(o vl a4 vk !

nM~ 100

il L2 430, 1SO (3

spark ##

spark HiE VD ISO

Lo /an ') ;1

(2282/273172

(2161/2211

32290 i) = i
T 2100 L4 oo >
!

~ [ -




1

1. Mann DL, Kent Rl;, Parsons B, Cooper G 4th. Adrenergic effects on the hiology of the
adult mammalian cardiocyte. Circulation. 1992;85: 790-804,

2. Curran J, Hinton MdJ, Rios I, Bers DM, Shannon TR. Beta-adrenergic enhancement
of sarcoplasmic reticulum ecalcium leak 1n cardiac myocytes 18 mediated by

calcium/calmodulin-dependent protein kinase. Cire Res. 2007;100 :391

. D vy N : ;
3. Bovo E, Lips

eactive oxygen species contribute to the development
o rrhvth o oe 1 N2t rAtrOaQ ] 1 R_o e AVoio ot v at ati 1 1 .

of arrhythmogenic Ca*" waves during B-adrenergic receptor stimulation in rabbit

cardiomyocytes. J Physiol. 2012;590: 3291-53304.

4. Santulli G, Xie W, Reiken SR, Marks AR. Mitochondral calcium overload 1s a key

determinant in heart failure. Proc Natl Acad Sei U S A, 2015;112: 11389-11394,

5. Luo M, Anderson ME. Mechanisms of altered Ca”* handling in heart failure. Circ Res.
2013;113: 690-708

6. Oda T, Yano M, Yamamoto T, Tokuhisa T, Okuda S, Do1 M, et al. Defective regulation
of interdomain interactions within the ryanodine receptor plays a key role in the
pathogenesis of heart failure. Circulation. 2005;111: 3400-3410.

7. Yano M, Okuda S, Oda T, Tokuhisa T, Tateishi H, Mochizuki M, et al. Correction of
defective interdomain interaction within ryanodine receptor by antioxidant is a new
therapeutic strategy against heart failure. Circulation. 2005;112: 3633-3643.

8. Kobayashi S, Yano M, Suetomi T, Ono M, Tateishi H, Mochizuke M, et al. Dantrolene,

1

a therapeutic agent for malignant hyperthermia, markedly improves the function of

failing cardiomyocytes by stabilizing inter-domain interactions within ti

1e ryanodine
receptor. J Am Coll Cardiol. 2009:53: 1993-2005

. Marks AR. Calcium a‘:ym‘lih;: proteins and heart failure: mechanismsg and therapeutics,
J Clin Invest. 2013;123: 46-52.
10. Dobrev D, Wehrens XH. Role of RyR2 phosphorylation in heart failure and

arrhythmias: controversies around ryanodine receptor phosphorylation in cardiac

disease. Circ Res. 2014;114: 1311-1319

11. Kobayashi S, Susa T, [shi voren T, Murakami W, Kato T, et al. A low-dose




B1-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.

12. Yasue H, Yoshimura M., Sumida H, Kikuta K,

Localization and mechanism of secretion of B-type

with those of A-type natriuretic peptide in normal subjc

1 heart
failure. Circulation. 1994;90: 195-203.

13. Tsutamoto T, Bito K, Kinoshita M. Plasma atrial natriuretic polypeptide as an index
of left ventricular end-diastolic pressure in patients with chronic left-sided heart failure
Am Heart J. 1989;117: 599-606.

14. Hayashi M, Tsutamoto T, Wada A, Maeda K, Mabuchi N, Tsutsui T, et al
[ntravenous atrial natriuretic peptide prevents left ventricular remodeling in patients

L

with first anterior acute myocardial infarction. J Am Coll Cardiol. 2001;37: 1820-1826.
Kuhn M. Structure, regulation, and function of mammalian membrane guanylyl

cyclase receptors, with a focus on guanylyl cyclase-A. Cire Res. 2003;93: 700-709.

16. Kitakaze M, Asakura M, Kim .J, Shintani Y, Asanuma H, Hamasaki T. et al. Human
trial natriuretic peptide and nicorandil as adjuncts to reperfusion treatment for acute
myocardial infarction (J-WIND): two randomised trials. Lancet. 2007;370: 1483-1493,
17. Yamamoto T, Yano M, Xu X, Uchinoumi H., Tateishi H, Mochizuki M, et al.

Identification of target domains of the cardiac ryanodine receptor to correct channel

disorder in failing hearts. Circulation. 2008;117: 762-772.

18. Mochizuki M, Yano M, Oda T, Tateishi H, Kobayashi S, Yamamoto T, et al.

Scavenging free radicals by low-dose carvedilol prevents redox-dependent Ca2+ leak via

stabilization of rvanodine receptor in heart failure. J Am Coll Cardiol. 2007;49

19. Ohno M, Oka S, Nakabeppu Y. Quantitative analysis of oxidized guanine,
8-oxoguanine, in mitochondrial DNA by immunofluorescence method.

Methods Mol Biol. 2009;554: 199-212,

20. Maruyama R, Takemura G, Aoyama T, Hayakawa K, Koda M, Kawase Y, et al.

Dynamic process of apoptosis in adult rat cardiomyocytes analyzed using 48-hour

]

videomicroscopy and electron 11‘1&L’1'<_)>;a_-(_1;J\'; i_\».ﬁutin;.; and rate are associated with the

apoptotic process. Am J Pathol. &
21. Goto K, Takemura G, Maruvama R, Nakagawa M, Tsujimoto A, Kanamori H, et al.
Unique made of cell death in freshly isolated adult rat ventricular cardiomyocytes

exposed to hydrogen peroxide. Med Mol Morphol. 2009;42; 92-101.

Kobayvashi S, Kohno M, Dol M, Tokuhisa T, Okuda S, et al

23




FRKBIP12.6-mediated stabilization of calcium-release channel (rvanodine receptor) as a
novel therapeutic strategy against heart failure. Circulation. 2003;107: 477

4

1. The role of atmal natriuretic peptide in the immune s

. Peptides
2005:26; 1086-1094.
24, Mattana J, Singhal PC. Effects of atrial natriuretic peptide and ¢GMP on uptake of

\

[gGG complexes by ms u“'mh ages. Am J Physiol. 2003;265: C92-98.

™

25 orioc T, Kishimoto I, Soeki T,

25. Tokudome T,

T
—

Mor:i K, Kawano Y, et al.
Calcineurin-nuclear factor of activated T cells pathway-dependent cardiac remodeling
in mice deficient in guanylyl cyclase A, a receptor for atrial and brain natriuretic
peptides. Circulation. 2005;111: 3095-3104

26. Saito Y, Nakao K, Nishimura K, Sugawara A, Okumura K, Obata K, et al. Clinical
:117‘,'1li(‘;1lﬁ'x(m of atrial natriuretic polypeptide in patients with congestive heart failure:
beneficial eifects on left ventricular function. Circulation. 1987:76: 115-124,

27. Ta Y, Kishimoto I, Saito Y, Harada M, Kuwahara K, Tzumi T, et al. Guanylyl
cyclage-A inhibits angiotensin Il type 1A receptor-mediated cardiac remodeling, an

1728.

endogenous protective mechanism in the heart. Circulation. 2002;106: 17
28. Suwa M, Seino Y, Nomachi Y, Matsuki S, Funahashi K. Multicenter prospective
investigation on efficacy and safety of carperitide for acute heart failure in the 'real
world' of therapy. Cir J. 2005;69: 283-290.

29. Kobayashi S, Susa T. Tanaka T, Wada Y. Okuda S, Doi M, et al. Urinary

8-hydroxy-2'-deoxyguanosine reflects symptomatic status and severity of systolic
dysfunction in patients with chronic heart failure. Eur J Heart Fail. 2011;13: 29-36.

30. Susa T, Kebayashi S, Tanaka T, Murakami W, Akashi S, Kunitsugu I. et al. Urinary
3-hydroxy-2'-deoxyguanosine as a novel biomarker for predicting cardiac events and
evaluating the effectiveness of carvedilol treatment in patients with chronic systolic
heart failure. Cire J. 2011;76: 117-126.

31. Tsutsui H, Ide T, Shiomi T, et al. S-oxo-dGTPase, which prevents oxidative

1

stress-induced DNA damage, increases in the mitochondria from failing hearts.

Circulation. 2001;104: 2883-2885.

32. Ide T, Tsutsui H, Hayashidani S, Kang D

), Suematsu N, Nakamura K, et al
Mitochondrial DNA damage and dysfunction associated with oxidative stress in failing

hearts afte rocardial infarction, Cire Res. 2001;88: 529-535.

33. Javadov 5, Purdham DM, Zeidan A, Karmazyn M. NHE-1 inhibition improves
cardiac mitochondrial function through regulation of mitochondrial biogenesis during
postinfarction remodeling. Am J Physiol Heart Circ Physiol.2006;291(4):H1722-1730.

34. Javadov S, Baetz D, Rajapurohitam V. Zeidan A, Kirshenbaum LA, Karmazyn M.

24




Antihvpertrophic effect of Na+/H+ exchanger isoform 1 inhibition is mediated by
reduced mitogen-activated protein kinase activation secondary to improved
mitochondrial integrity and decreased generation of mitochondrial-derived reactive
oxvegen species. J Pharmacol Exp Ther. 2006;317(3):1036-43.

356, Kilic A, Veliec A, De Windt 1.J, Fabritz L, Voss M, Mitko D, Zwiener M, et al.
Enhanced activity of the myocardial Na+/H+ exchanger NHE-1 contributes to cardiac
remodeling 1In atrial natriuretic peptide receptor-deficient mice. Cireulation.
2005:112(15):2307-17.

36. Kinoshita

Kuwahara K, N la M, Jian 7, Ron

X, Kivonaka 3, et al. Inhibition

of TRPC6 channel activity contributes to the antihypertrophic effects of natriuretic

)

peptides-guanylyl cyclage-A signaling in the heart. Cire Res. 2010 106(12):1849-60.

37. Klaiber M, Dankworth B, Kruse M, Hartmann M, Nikolaev VO, Yang RB, et al. A
cardiac pathway of cyclic GMP-independent signaling of guanvlyl cyelase A, the
receptor for atrial natriuretic peptide. Proc Natl Acad Seci U S A, 2011 Nov
8;108(45):18500-18505.

38. Perera RK, Sprenger JU, Steinbrecher JH, Hubscher D, Lehnart SE, Abesser M, et

phosphodiester:

I

al. Microdomain switch of ¢GMP-regulated to ANP-induced

augmentation ol B-adrenoceptor-stimulated contractility in early cardiac hypertrophy.

Cire Res. 2015;116(8):1304-11.

39. Bovo E, Mazurek SR, de Tombe PP, Zima AV. Increased energy demand during

= =)

contributes to Ca(2+) wave generation. Bilophys J.

rgle receptor stimulation
2015;109: 1583-1591.
10. Oda T, Yang Y, Uchinoumi H, Thomas DD. Chen-Izu Y, Kato T, et al. Oxidation of

ryanodine receptor (RyR) and calmodulin enhance Ca relea

and pathologically alter,
yR structure and calmodulin affinity. J Mol Cell Cardiol. 2015;85: 240-248.

t1. Ellison GM, Torella D, Karakikes I, Purushothaman S, Curcio A, Gasparri C, et al.
Acute beta-adrenergic overload produces myocyte damage through calcium leakage
from the ryanodine receptor 2 but spares cardiac stem cells. J Biol Chem. 2007
282(15):11397-409.

42. Seddon M, lLoor YH,

Shah AM. Oxidative stress and redox signalling in cardiac

hypertrophy and heart failure. Heart. 2007;93: 903-907.




