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Abstract: Objective To investigate the molecular mechanism of calmodulin-dependent protein kinase [l
(CaMK 1l ) regulating cytoplasmic Ca®" and reactive oxygen species (ROS) induced by lipopolysaccharide
(LPS) in cardiomyocytes. Methods Rat cardiomyocytes (H9C2) were treated with 10. 0 png/ml LPS for 48 h
to establish myocarditis cell models in vitro. There were three groups in this experiment: the control group,
the LPS group (10. 0 pg/ml LPS stimulation for 48 h), the KN93+ LPS group [ pretreated with 5.0 pmol/L
KN93 (the inhibitor of CaMK [l ) for 1 h, and then stimulated with 10. 0 pg/ml LPS for 48 h]. The content of
Ca®" and ROS was observed by fluorescence probe. RT-qPCR was employed to detect the expressions of CaMK
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Il , phospholamban (PLB), sarco endoplasmic reticulum Ca’" -ATPase (SERCA), member 4 of the wingless
mouse mammary tumor virus integration site family (Wnt4), B-catenin, c-Myc, G1/S-specific cyclin D1 (Cyc-
lin D1), inducible nitric oxide synthase (iNOS) and interleukin 10 (IL-10) mRNA. The content of CaMK [I
Results

protein in cells was detected by Western Blot. Compared with the control group, the LPS group had

increased levels of cytoplasmic Ca*" and intracellular ROS as well as raised mRNA and protein expressions of
CaMK [I ( P <<€0.01); but the PLB and SERCA mRNA levels decreased ( P <C0.01). In the LPS group, the
mRNA expressions of Wnt4, B-catenin, c-Myc, Cyclin D1, 11.-10 and iNOS also increased ( P <{0.01). Com-
pared with the LPS group, the KN93+ LPS group had decreased cytoplasmic Ca*" and ROS content and de-
clined mRNA and protein expressions of CaMK [[ ( P <C0.01). Furthermore, this group had increased mRNA
expressions of PLB and SERCA ( P <<0.01) and decreased mRNA expressions of Wnt4, Cyclin D1, IL.-10 and
iNOS ( P <<0.01). However, there was no statistically significant difference in the mRNA expressions of -
catenin and c-Myc between two groups ( P >>0.05). Conclusion CaMK [l may inhibit the increase of Ca*"
and ROS levels induced by LPS in myocardial cytoplasm. The inhibition may be by regulating the expressions

of PLB and SERCA, protein Wnt4 of Wnt pathway and Cyclin D1, as well as the expressions of cytokines iNOS

and IL.-10.
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BFHEY A E

1.1.2 FZH &% DMEM £ 3% 5 (C1199-

5500BT, Gibco); i 4 IfiL 7 (FSP500, ExCell Bio);
qPCR SYBR Green Master Mix (11201ES08, 3 2%%) ;
RT First Starand ¢cDNA %5 — &% & iR 7 & (D71-
68M, 21 2 K); LPS (1.2880, Sigma) ; PCR 5| ¥ & 1k
(I 16 5 %) s EDTA-J#E & 1 B (25200056, Gibeo) s
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calmodulin-dependent protein kinase [[ ; lipopolysaccharide; cardiomyocytes; cytosolic calci-

KN93(HY-15465, MCE) ; 45 B T % )t # 4 (Fluo-3
AM,40703ES50, # %) ; Hanks V- £ £ 1% W ( HBSS,
60161ES76., 30 3% ) ; 1 4 48 ROS X7 & (s0033s. 3 =
K Z BRI CaMK 1 858 B B 5T GAPDH, 1L
Fhi R IgG (H+L) HRP. I FEHL R 1gG (H+ L)
HRP (AF6434.T0001,S0001,S0002, Affinity Biosci-
ences) .BCA &7 & .SDS-PAGE %t ik i 7 & .ECL fk
RGN A R F

L2 4588 75 37°C.5% CO, &MTF.ff
M&A 10% A4 % DMEM 85 55 561 32 40 M . 1%
Y M A=K 2 80 % ~90 Yo i, I Ak, B8 0 H R TH AR 4
il T LA BT ML (B B 6 LR 2 X 10° A4~/ 4Ls
LR RN 510" A4/ L5 30 mm FL42 4 i 5
FRINH 2X10° AN/, 4kSE 597 24 h e 85 40 i o
Joxt PR ZH L LPS 41 KN93 + LPS 4., X M40 A fi 4
BRAL B LPS 4H . 5% 10.0 pg/ml #9 LPS 76 T 40 it
48 h;KN93 + LPS4L: Y] 5.0 pmol/L #Y KN93 1
FATF4M 1 h,BEJG N A 10,0 pg/ml Ay LPS #ill i 40 ity
48 h,
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13,1 MR Ca" 26K  LPSYEMZ R )G,
B B A1 55 % UL v () 240 L L 5 5% 4 i 5 5% L, HBSS
W VR4 M 3 L 5.0 pM 4 Flou-3 AM TAEW
37T°CWEE 45 min, FfJE 258 TR, OIS VE240 B 3
UL I HBSS WM 78 wa 40 e, 37° C K220 & 20 min.,
i i R O R A B AUBE (FV3000, H A Olympus)
FHE AL
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200 pl ¥ FE A 10. 0 pmol/L % 64 DCFH-DA,
37°CHEH 20 min, i il DMEM #% 3% 3 1F Y& 40 i 3
U B I R RO 3 2R £ I Tl B R AR IR

1.3.3 RT-qPCR 4% MUy Ab #1519 240 B, 7 BR
WL EAEILANA 1.0 ml TRIzol 2 7 $2 B 40 iy
MY S RNA, i JH & 58 50 43 O O 2 3 (TGEM
Plus. L H KA M 2 RNA ¥ E & OD260/0D280 H .

SR FH R e s 3R 6 R AT B 5) , AR AR cDNA R ; fff
H SYBR Green Master Mix i #] 7 qPCR {¥ (Light
Cycler 9600, 78 [ % [C) #f — 2L ¥ F A 1 1) cDNA,
SERGIYFII R 1, P &M HR:95°C, 10 min;
95°C .10 s360°C,20 s;72°C,30 s, il 45 N5 IR,
FEARYIRA 3 AN AL, R 22 kit 58 3 ny 5L A
PR AR R 5

£ 1 RT-qPCRLBZEESIWFT

. -/ !
Reverse primer (5'—>3")

K 4 FR Forward primer (5'—3")
CaMK 1[I CTACATCTTGCTGGTGGGA
PLB CTTTTGTCTTCCTGGCATCA
SERCA TCTGACTTTCGTTGGCTGTG
Wnt4 AAGAGGAAACGTGCGAGAA
[-catenin TCCGCATGGAGGAGATAG
c-Myc TCAGCAACAACCGCAAAT
Cyclin D1 TGACTGCCGAGAAGTTGTG
iINOS CCGATTACACGACATTGAGA
1L-10 CAGTCAGCCAGACCCACAT
GAPDH TCTCTGCTCCTCCCTGTTC

GAGGTCTTTGGCTTCAGGT
AGGTTCTGGAGGTTCTGACG
GCCTTTGTTATCCCCAGTGA

CGAAGACAGGCAGGGAGT
TTCAATGGGAGAATAAAGCA
AACGGACAGGATGTAGGC
GAGGGTGGGTTGGAAATG
TGGTCCAGTTGGGAGCAT
GGCAACCCAAGTAACCCT
ACACCGACCTTCACCATCT

1.3.4 Western Blot 325 HUAb ¥ 5 /%) 41 ff 155 57 1L,
FERANME W, IR 4°C i PBS JE VR4 2 k. 1A
WP A 400 ;] RIPA 40 2@ (& 1%
PMSE) 2 A ML B85 . 50 pg SEAMEAH TRN
A5 BE e R B2 (SDS-PAGE) HLJK 1B 55 v B 2 11 B AL
%R 0.45 pm B9 PVDF I, = B 10 min, i 1
: 1000 M B JE B—PLIE W 4 CF R . 78 1 2000
) HRP Fric i 1 290 % (88t BO 1gG Pk sl b =
I HE 50 min, i ECL & 6V, oE 178 6 1% .
K Image] $%F 57 647 I BEAA 43 Fr , TH 50 L4
i CaMK I 25 A ZR ik K T,

1.4 Seitbsedrss SR SPSS 23. 0 % #4758 42
oM T RO SR (o) R, 1 41 ) HE AR
FABh ST REAS ¢ K536, P <<0.05 25 BASGH¥E X,
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2.1 Wil CaMK I 7] A LPS Jr 240 Mo L ¢ Ca™"
W SGEREN AL I ZE SR R 28 LPS AbH S 40 i
W Ca® KT, Hom T4 B4, 1 /E KN93 + LPS
A LPS X Ca® B34 IinAE el . WA 1.
2.2 il CaMK I 7] &A% LPS 5 5 A9 4l i 4 ROS
s 43t ROS 926Kl 5% B A, LPS 20 248 il
W ROS & & 38 0, 28 B8 98 G o B2 o T X BR4L . i
KN93 Fiikb B KN93 + LPS 4140 Mg . ROS /K A%
T LPS4l. WK 2,

%o I 2 LPS#H KN93+LPSZH
A1 &40 004K Ca®t 4 84 (800 X ,400 X)

X EH LPSEH

KN93+LPS4H
A2 A48 W4 MK ROS 4 & 4 M (800X)

2.3 4N CaMK Il 32858 [ (PLB) .0 LA AL L
W Ca’ -ATP Ji (SERCA) . To 38 %I /)N B ZL i o 98 95
TR N S F R L 4 (Wntd) | B-3% FF & [ (B-cate-
nin) JJR L H (e-Mye) . G1/S-Fr 2 M B #E B3 DI
(Cyclin DD 558 —F A GNOS) . 4+ & 10(IL-
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RT-qPCR Fll Western Blot S 45 3 .78 . LPS fig B 3%
B LA CaMK IT mRNA FIE A £L, 5
AWK EZRFASEITFE L (P <0.01), M7
KN93+ LPS 41, KN93 i &b # i 2 F# X CaMK 11 19
mRNA FIEHKE, 5 LPSHUKE R A G IH¥E X
(P<<0.0D), WA 3,

A B =
2.0 = 1.5
s i B
H s CaMK-2 "o s e & P
= # = 1.0
g cappy -
Z 1.
E ‘32’& Q\'j‘&, QC:&\ g 0.5
= 0.5 N Y% XY o
2 o0 =
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0.0 A é 0.0
3
AT & &
<

Eeo G B AR, » x P<<0.01;
5 LPS4th&,# 7 P<<0.01,
A3 £4AxHaEn CaMK [ mRNACA) fr
& A (B A0

2.3.2 Wil CaMK I AT Z¢f# LPS %I PLB fil SERCA
mRNA B4 LPS 440 i 52 LPS 50, 41 it
N4 8 7= 8 11 PLB Al SERCA mRNA 35 KL,
X MAMEZERAGITFE L (P <<0.01), M7
KN93+LPS 41 ,PLB fil SERCA mRNA £ikF .5
LPSAHIIEEZRAG I FE X (P <0.0D ., WE 4.

g 167 # = o R4
® L mm PS4
' 1.2 fiiid :
ié =3 KN93+LPS#H
E *k
[ 0.8 *k
S
&
= 0.4
7
2
~ 0.0 —

PLB SERCA

/f—%ﬂd'ﬂgéﬂkkf&-* % P <C0.01;
5 LPS4 i, # £ P<0.01,
K4 &40 A% H A PLB f1 SERCA mRNA A F 4 i

2.3.3 W CaMK [ % LPS %51 Wntd il B-cate-
nin mRNA /K¥FE B0 LPS 4140 i 52 LPS %0,
Wntd Fl B-catenin mRNA Fik K FF+5 , H & F X #
HCP <<0.05 8 0.01), XL T LPS 4, KN93 +
LPS ZH41 i 4 Wnt4 mRNA ik KFE B (P <
0.05), 1M B-catenin mRNA & & /KF I B A4k ( P
>0.05), WK S5,
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1.6
X & = sl
= * mm PS4
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< 9 4
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E *
= 0.8
g
g
& 0.4+
=
3
£ 0.0
& Wnt4 p-catenin

ELHAEHLE, * » P<0.01, % P <C0.05;
5 LPS#E,%# P<0.01,# P <0.05,
K5 A48 M2 8N Wntd F1 B-catenin mRNA A F 4 3|

2.3.4 i CaMK I % LPS S ¢ Myc 1 Cyclin
D1 mRNA KR LPS HZ48M N -Myc Fl Cyc-
lin DI # mRNA 7K 7 5 238, % He 70 2 22 =
Siit¥E L (P <<0.01), 17 KN93 + LPS 4,
KN93 ] &Ik LPS %} Cyclin DI mRNA #9142 ¥ /F H
(W LPS#H, P <<0.05), VL& 6,

g 2.4+ )

iﬂ% = X R4
?’é r T E *% mm PS4l
5 # = KN93+LPS#
E 124

=]

|

5 0.6

w

1>

-

EI 0.0

© c-Mye Cyclin D1

A EAlE, x « P<<0.01, x P <(0.05;
5 LPS 4 th %, # P <<0.05,
6 &40 AmKEA c-Myc f Cyclin DI mRNA A F 4 |

2.3.5 il CaMK I 7 B AKX LPS 5 3 1Y iINOS Fil
IL-10 mRNA /KF %F b F X 40, LPS 20 40 i Py iN-
OS F1 TL-10 mRNA 7K 8 Z 8 P <<0. 01). 1
KN93+ LPS 41 4 iNOS Hl IL-10 mRNA /K VA& T
LPS 41 ( P <C0.05 8{<<C0.01), WK 7,

el 3.29 o+ R 4F

ﬁ *%k = ﬁ e
= PS4

£ 2.4 ¥ i

z l =3 KN93+LPS4l

3

Z 1g4

£18 P

>

= 0.8 [] B

7

w

o

% 0.0

iNOS IL-10
E G A4 A, » x P <{0.01;

5 LPS4th#,# 2 P<0.01,# P <0.05,
B 7 &4 04 W INOS #1 IL-10 mRNA K F 4 0l
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O LA BB v i Ca® ™ & it 32 P 5 IR 2 R A4
R R 450 ) A A2 22 b B B - 3 T DA RO BT O
P M O 5 B g L [ 52 . O ILAR i Bk LPS 14
Ji > 40N 22 5 2 11 PLB T RE T B L UL 190 45 45 Uk
D A S ) N S A8 /D, A0 I ISR Ca® O g
i AR AR 2 1 5 7K T ot i 200 B 2 A R 2, T U R S
A A5 0 LA B 2% Ay U A Th N . B gE R
S KNS @ 1 4 i) CaMK T 89 3% 1k I B A1 I iR
RIS TR CaMK 1 & #5755 S M il /E . 5T
UESE,KNO3 # il CaMK T, F& AR SR i 7 7 12 468 403 465 18t
R 77 A DT ARG P R PO A R 1 R A . KINO3 41l
il CaMK 1 1% P, o] A &4 BE AR LPS Jr 2040 i i 45
o5 LR gE R —3L,

AN LPS 3 40 M N ROS a2 B 34 i, 8% 3K 41 Jifg
FREE AR 15 2 P9 T I R 2 B R T AR R SR R
W1, CaMK I 2% 3k K& AR 7T 3 20 40 g ROS & &, By 1k
ROS 0> LA ff 2 — 25 5493

Wt {5 51 #A Wnt 281050 2% A Wnt 35 28 858
B, Wnt £ L8 %, LFR Wnt/B-catenin 15 5 il
W ELA PR P A A A DL R A TR YE . Wnt/B-
catenin {5 5 18 J% T A O I B 90 KR R TR B A
bRl . 2 5.0 00 X g Z s, 78 LPS $ii .0 AL
20 B 9 AT R D E) Wnt/B-catenin K3 MY, B-cate-
nin MZH AR I AS B 3 A 40 3R, O 7 LR YK = R
. Y4 B-catenin ¥ J& 1 & B, B-catenin i A4 L%,
WoE N iF AR A B 3R D1 Ceyelin DI AL C-mye 55 4/l
HE R AH 56 3k P f 26 5 S00 L 40 i AR K 1 g AR
Wnt 4 28 8138 #% x5 Wnt/Ca®" 3 5% 1 Wnt/JNK
W%, Wnt/Ca’ BB FUHE S 70 F A BRI C. 45 5
F.CaMK Il %4 F. MK Ca Hmal & CaMK 1l
T A2 S 200 B A P A DR A G 2R 1 L aE— 25 i
DB AR AR, Wnt/JNK Gl F il A C-Jun 2 3
AR it P CJNKO FAH B A% N 5% s I+ C-Jun %5 43
T I T 0 UAE KL £ 4 A A e B AR
I, ARBFFE L E] LPS #1455 10 ILZH i v Wt/ B-
catenin, c-Myc/CyclinD1 B 1% ¥ 25 88 Jms w40 4
CaMK [l 35, 7] i Z 0 H] Wntd  CyclinD1 mRNA
FiBKF,

YERAE Ca>" MM NOS I H!, iINOS 52 LPS i
WE KRN, f fE M Rr Lk v K BRI NOMY L Bk4k,
F 5T LPS By LA0 M AT 43 0 K i R PR ¥ (TNE-
a JL-13 VA K 116 Z5)H 0 AR HF 58 & B i CaMK
Il (2235 7] 4 ) INOS, TL-10 %5 5%, FEAR 28 7F i I 19
Bk, £ R AR5 & B CaMK T it 34
O WL M N 45 8 5 A PLB, SERAR, Wnt i #% )

Wntd ,CyclinD1, DA K % 5 38 #% ) iNOSIL-10 By & [
FIRIKF DR LPS Fr 8o WLgn i iy Ca®™ Fil ROS
KRN, X W] CaMK I 7] RE J2 ik 25 58 0 LA Y
— VTR YT R A, (B SO0 200 25 R AN 08 58 5
T AR S — A B E
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