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G 1LIY Caspase 3. 1% LAY Caspase 9 Fl Bax AHX} ik 330 (P #4<<0.05) , HLId T8 H Bel-2 AHXT B w
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Ca’"/calmodulin-dependent protein kinase Il in regulating cardiomyocyte hypertrophy and apoptosis in
pressure overload-induced heart failure mice: the role and mechanisms
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[Abstract] Objective To elucidate the role and mechanisms of inhibiting Ca”'/calmodulin-dependent protein kinase
Il (CaMK II) in cardiac hypertrophy and apoptosis in pressure overload-induced heart failure mice. Methods Twenty-four
male C57BL/6 mice aged 6-8 weeks were evenly randomized into four groups: sham operation group, sham operation—+
KN-93 group, transverse aortic constriction (TAC) group, and TAC+KN-93 group. The body and heart weights of mice in
each group were recorded, and the heart weight index (HWI) was calculated; the geometry and function of mouse heart were

evaluated by echocardiography; the cross-sectional area, fibrosis degree and apoptosis level of mouse cardiomyocytes were
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detected by triticum vulgaris lectin (WGA), Masson’s trichrome and TUNEL staining, respectively. The mRNA expression
of atrial natriuretic peptide (4NP) was determined by qRT-PCR; Western blotting was used to detect the protein expression
of ANP, brain natriuretic peptide (BNP), B-myosin heavy chain (B-MHC), cleaved Caspase 3, cleaved Caspase 9, B-cell
lymphoma-2 (Bcl-2), B-cell lymphoma-2-related X protein (Bax), phosphorylated-CaH/calmodulin-dependent protein
kinase I (p-CaMK II') and sirtuin3 (Sirt3). Results The HWI, left ventricular end-systolic diameter (LVESD) and left
ventricular end-diastolic diameter (LVEDD) were higher (all £<<0.05), while the left ventricular ejection fraction (LVEF)
and left ventricular fraction shortening (LVFS) were lower in TAC group compared with those in the sham group (both
P<<0.05). The cardiomyocyte cross-sectional area, the ANP mRNA level and the protein expressions of ANP, BNP, and f-MHC,
and the myocardial fibrosis and cardiac apoptosis were significantly increased in TAC group compared with the sham group
(all P<<0.05). TAC group also had significantly increased protein expression of apoptosis-related proteins (cleaved Caspase 3,
cleaved Caspase 9 and Bax) and decreased anti-apoptosis protein Bcl-2 compared with the sham group (all £<<0.05);
moreover, the ratio of p-CaMK Il /CaMK I was decreased and the expression of Sirt3 was significantly increased in TAC
group (both P<<0.05). However, the above indexes were significantly reversed in TAC+KN-93 group compared with those
in TAC group after the administration of KN-93, a CaMK Il inhibitor (all P<<0.05). Conclusion Inhibition of CaMK II can
alleviate cardiac dysfunction and inhibit cardiac hypertrophy and apoptosis in pressure overload-induced heart failure mice by
regulating Sirt3.

[Key words] heart failure; transverse aortic constriction; pressure overload; cardiac hypertrophy; calcium-calmodulin-

dependent protein kinase type 2; sirtuin 3
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calmodulin-dependent protein kinase I, CaMK II )
Je— R Z IR 22 241R - IR AR FE, BT
s B BRI IR (L LR ) v B
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KN-93, J£[H Selleck Chemicals 23 &5 L Jis M iR K
(atrial natriuretic peptide, ANP) . fiixi 4% K (brain
natriuretic peptide, BNP ) | B JLEREE H #4% ( B-myosin
heavy chain, B-MHC) . %L Caspase 3. {fifbiY
Caspase 9. Bel-2., B itk 4 ffgdi 2 #HOC X & ( B-cell
lymphoma-2-related X protein, Bax) — $T, 3%
Cell signaling 28 7] ; T ER U8 9 25 A 3 (sirtuin 3,
Sirt3) , ¢ [ Abcam 2> w; W B2 b 55 B /5
6 2 MK M B 3% T ( phosphorylated-Ca®/
calmodulin-dependent protein kinase II,p-CaMK 1T ),
GAPDH — #T #ll cDNA £ Bk 5 £ . SYBR Green
qPCR Master Mix i 5| &, 3& [E Thermo Fisher
Scientific /A ®); Z M #E £ F (triticum vulgaris
lectin, WGA ) , [ Sigma /3 H]; TUNEL 4t
M &, 22 1H Roche 24 ;3 Vevo2100 Bl i 73 H /)N
Y RS, N5 K VisualSonics 23 ) ; Masson
PG, F R EY TR A IR A ]
PUER, WRBIREYARAF
1.2 Fik
121 MA S R LI a4 /N BUOR AT I
EIEEE 120, SRIF 4 2% 5 RN AR, 2
HRSCHR (7] #E47 £ 3h k48 45 R (transverse aortic
constriction, TAC) . MR ¥& L5 H #9453
44 BPEARL, BFARFKN-93 4. TACH.
TAC+KN-93 4, f4 6 H. T ARABRI BN
F K S HARGEFLAN, HAb AL IS TAC 4 AHF],
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TR 20204E 12 H, 41 %

FARGHELNNERPUAER 3 do KN-93 4525 57K
ARHT 3 d T/ RUR K FE 5T KN-93 5 me/kg, K IE
S 1k, EEERERE 21 do
1.2.2 & fIE it & 48 # (heart weight index, HWI)
ME FRANBUARTE, 25 2% S FUBE A BRI 7 Bip
2, BCOIE, A BUA R PBS iRk, IR
+ PBS J& BRI BT T A HWI, HWI=.00 5
w (mg) /KHE (g)
123 BFOoERMNDNRCREEHEE L DR
W R 6, 28 m o3 HE /NS R S RGP /N B
D HEZE RN RE ., 83T M A 2 5 A0 3 5
O EE KA B AL (left ventricular end-diastolic
diameter, LVEDD ) | 750 F W48 R W EH A% (left
ventricular end-systolic diameter, LVESD ) ¥ #} .0»
WEZERE . il TS S50 4 (left ventricular
ejection fraction, LVEF ) HI /& .0 % 5 fill 45 55 %
(left ventricular fraction shortening, LVFS) #F 4}
W 45 T fig. LVEF (%) = (LVEDD'—LVESD’) /
LVEDD’X100%, LVFS (%) = (LVEDD—
LVESD ) /LVEDD X 100%.,
1.2.4 WGA. Masson % TUNEL Z & # /Iy 500 AL
AAZA BUNRHEONIHLSE T 4% 2R P
PR AE 48 h, T AN Y . U1 I S
i FHRGEKPEY 5 min, PBS PE% 3 X, K 2 min,
SRR I3IEAT WGA . Masson J2 TUNEL 44

WGA Yt {1, 20 pg/mL & [ K% 0.5 h,
PBS £ K ¥k ¥%; 20 ng/mL WGA T 37 ‘C kG iiF
A 1 ho PBS FRRFLEVE 3 IR FHEIE SO B
BEWREE . IR, Imaged 14 B o JUL 20 A A
A,

Masson 4ef . A% 44 B Masson 4 73205 & it
Wl T, FEIEYOL BB . i, H
Imagel 4 Masson e (@00 [ILEF4EAL T FH .

TUNEL ¥:ff; 20 pg/mL 25 1/ K 9% & 30 min,
PBS Z KU ; 2 I8 TUNEL 4t (6357 & 13 W - i
A TUNEL 3438, ZiREDEIFE 2 h, PBS 2Kk
¥ DAPI 1 pg/mL ZEH#EIEE 15 min, PBS YL,
FREIE SO WM ML I, F Image) 3 {4 i
1T TUNEL (& 43 #7 -

1.2.5 qRT-PCR # Il /N & & L 4 42 ANP mRNA
Fi BSH/NEO IS 10 mg, FH TRIzol i
FEHUE RNA, PUEAF 20 uL. RNA 500 ng 4 2
MR 2T R, A 8 cDNAL #&J5 FIF SYBR
Green qPCR Master Mix i fll & i 17 qRT-PCR., 5|
Y5, ANP 37514 5'-GATAACAGCCAGGGA

GGACAA-3', TUiF5| 4 5'-CTGCAGCTTAGATGG
GATGA-3'; GAPDH I1i#5|%) 5-TGTGTCCGTCG
TGGATCTGA-3', NiF5|4¥ 5'-TTGCTGTTGAAGT
CGCAGGAG-3'. Ul GAPDH RN, it 27
1154 ANP mRNA A5 5,

126 ZEaROgZERLMNDNRCHNARE B
Fik  FRHL 100 mg /DR WLZHZE, fin A RIPA %4
R (5% ) 0.3 mLIZRCE & H. DL fLIE 25 pg
B EFEEATHIK, RS 50 o/L Wi Ng Wk i
WE 2 he —Pi4 C WHELRK, TBSTIEDE; —
PR IRME 90 min, TBST EVE; ECL kA tE
5. UL GAPDH NS, 1184 HIE A MY &
ki,

13 %it543® ] SPSS 18.0 Hib#A 74t #
ST AL EADER 3 IR BRI x5 Fom,
ZH M BRI R R I 2001, HESAGIT
= SO 5N S 3 M 2 Sk T R L . KR
KHE (a) 4 0.05,

2 # R

2.1 BuhResEEME g WFEARL. BF
AR+KN-93 41, TAC 41, TAC+HKN-93 41 /) [’ &
LSRG FE Y (F=1.834, P=0.1815) .
58 T AR 4 A0 e, TAC 41/ B HWI, LVEDD i
LVESD ¥ (t=—5.156, —15.385, —19.646,
P#J<0.05) , LVEF 5 LVFS ¥J[&K (1=18.102.,
16.207, P¥1<<0.05) . %7 CaMK Il #1l5 KN-93
b, 5 TAC 4 EE, TACHKN-93 ZH/MR HWI,
LVEDD. LVESD ¥JF%fIX (+=3.081, 8.339., 11.825,
P¥J<0.05) , LVEF. LVFS #F+5 (1=—10.898.
—11.702, P¥j<0.05) . WA 1,

22 AR m e m AR WGA Jefagh g
R, SRTFARAMEL, TAC /N0 L2 RS
T A R (1=—22.826, P<<0.05) ; % T KN-93
0 Hl caMK 11 5, TACH+KN-93 4H /) 0 L2 g
B T B TAC 410/ (1=12.428, P<0.05) .
UL 2,

23 AR S PLL Y442 E Masson JE B2t R
R, BFEARL/DFOIEFYER LA, TAC 41/
SO JULETF 4 (8] ] U i % %) 2 S 21 4, $8 7R TAC 4
N A LA i dk, 27 iR B 5B F AR 4L AH
Fb22 A G2 EE X (1=—22.618, P<0.05) ;
1M 45 F KN-93 4 #] CaMK 11 J5, TAC+KN-93 21
JIN B ILET 4 A 2 2 55 TAC 41K (1=17.685,
P<0.05) . UKl 3,
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Fig1 Cardiac geometry and function of mice in each group
KN-93 is an inhibitor of CaMK I . TAC: Transverse aortic constriction; HWI: Heart weight index; LVEDD: Left ventricular end-diastolic
diameter; LVESD: Left ventricular end-systolic diameter; LVEF: Left ventricular ejection fraction; LVFS: Left ventricular fraction

shortening; CaMK Il : Ca**/calmodulin-dependent protein kinase Il . "P<C0.05 vs sham group; “P<C0.05 vs TAC group. n=6, x5
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Fig 2 Cross-sectional area of mouse cardiomyocytes in Fig 3 Fibrosis of mouse myocardial in each group
each group detected by WGA staining detected by Masson staining

KN-93 is an inhibitor of CaMK Il . WGA: Triticum vulgaris KN-93 is an inhibitor of CaMK Il . TAC: Transverse aortic

Y constriction; CaMK 1l : Ca’*/calmodulin-dependent protein

lectin; TAC: Transverse aortic constriction; CaMK Il : Ca
calmodulin-dependent protein kinase II . Scale bar=50 um. kinase Il . Scale bar=50 pm. P<0.05 vs sham group;

"P<<0.05 vs sham group; “P<<0.05 vs TAC group. n=6, x*s “P<0.05 vs TAC group. n=6,x+s
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Fig4 Expression of ANP, BNP and B-MHC in myocardial tissues of mice in each group

A: gqRT-PCR detecting the mRNA expression of ANP; B-D: Western blotting detecting the protein expressions of ANP (B), BNP (C) and B-MHC

(D). KN-93 is an inhibitor of CaMK II . ANP: Atrial natriuretic peptide; BNP: Brain natriuretic peptide; B-MHC: B-myosin heavy chain;

GAPDH: Glyceraldehyde-3-phosphate dehydrogenase; TAC: Transverse aortic constriction; CaMK 1T : Ca*'/calmodulin-dependent protein

kinase Il ; qRT-PCR: Quantitative real-time polymerase chain reaction. "P<<0.05 vs sham group; “P<<0.05 vs TAC group. n=6, X s
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—23.412, P<<0.05); %7 KN-93 #ii#] CaMK 11 J5,
TAC+KN-93 H{UA D E 7Ot MR, AL

20 R T HR B TAC ARG, 2R A ST L
(t=18.263, P<<0.05) . WK 5.
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B A R A5 R B, S5IRF R4, TAC
21 /N B0 LA 21 A O T 2K H 36 f6 19 Caspase 3,
1% 1L 1) Caspase 9 F1 Bax #H %} F i8 & ¥4 (1=
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—22.658. —11.717. —18.098, P }<0.05) , Bax AH X 3 ik & ) 5 TAC 4H F& ik (1=18.442.
LU T 8 [ Bel-2 A % 25 R (1=14.148, 9.586. 12.723, P#J<<0.05) , Bcl-2 tXFA

P<0.05) . 457 KN-93 #i il CaMK 1I 5, TAC+ TAC 437 (t=—6.426, P<<0.05) . UL/ 6,
KN-93 4H ¥ 1k 1) Caspase 3. i {1k ) Caspase 9 Fil
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Fig5 Apoptosis of mouse cardiomyocytes in each group detected by TUNEL staining
KN-93 is an inhibitor of CaMK Il . TUNEL: Terminal dexynucleotidyl transferase-mediated dUTP nick end labeling;
DAPI: 4,6-diamino-2-phenylindole; TAC: Transverse aortic constriction; CaMK II : Ca’*/calmodulin-dependent protein kinase I .

Scale bar=50 um. "P<<0.05 vs sham group; “P<<0.05 vs TAC group. n=6, X+ s
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Fig 6 Apoptosis-related protein expression in mouse myocardial tissues in each group detected by Western blotting
KN-93 is an inhibitor of CaMK II . TAC: Transverse aortic constriction; GAPDH: Glyceraldehyde-3-phosphate dehydrogenase;
Bcl-2: B-cell lymphoma-2; Bax: B-cell lymphoma-2-related X protein; CaMK II : Ca**/calmodulin-dependent protein kinase I .
"P<<0.05 vs sham group; “P<0.05 vs TAC group. n=6, x&s

2.7 B Rosag p-CaMK [ 4= Sirt3 &5 p-CaMK Il /CaMK 1T H i 5 1 F K 41 #1 o T+ &
JoT B G o K I 45 R BN, ST AR, 4 (1=—22.679, P<<0.05) , Sirt3 fIX}£irES5ETF
T KN-93 41l il CaMK 1 J&, & F R+KN-93 44 ARLA L (1=12.643, P<<0.05) . #Rifii TAC+
/N B0 WL 4L 2 p-CaMK TT /CaMK T Ll T[4 KN-93 /N HLZHZ p-CaMK 1T /CaMK T Fb{E %5
(t=2.633, P<<0.05) , Sirt3 A X} % ik & 1 fin TAC 20 T F§ (1=26.083, P<<0.05) , Sirt3 #H % %
(t=-—29.413, P<<0.05) . TAC /R0 Ld 4 ISEHG (1=—34.384, P<<0.05) . WKl 7,
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Fig7 Expression of p-CaMK II and Sirt3 in mouse myocardial tissues in each group detected by Western blotting
KN-93 is an inhibitor of CaMK Il . p-CaMK II : Phosphorylated-Ca"/calmodulin dependent protein kinase II ; Sirt3: Sirtuin 3;
TAC: Transverse aortic constriction; CaMK II : Ca**/calmodulin-dependent protein kinase Il ; GAPDH: Glyceraldehyde-3-phosphate
dehydrogenase. "P<<0.05 vs sham group; “P<C0.05 vs TAC group. n=6, x*s
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