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[ ABSTRACT ] Aim  To investigate the role of calcium- calmodulin dependent kinase Il and calcineurin in tumor nec-
rosis factor a( TNF-a) -induced cardiomyocyte hypertrophy through Phosphatidylinositol 3-kinase pathways. Methods
Intracellular free Ca>* concentration was measured by laser confocal microscopy. The protein content was assayed with
Lowry’ s method. The cardiomyocytes volumes were measured by computer photograph analysis system.  The expression
of CaMK Il 3B and CaN was determined by western blot. Results (DL.Y294002, a selective PI3K inhibitor, signifi-
cantly suppress the elevation of intracellular free Ca’* concentration induced by TNF-a in cultured ventricular myocytes
from the neonatal rat.  The effect was similar to that of LY294002 +2-APB(P >0.05), but lower than 1.Y294002 + ryan-
odine(P <0.05). (@LY294002 significantly reduced the enhancements in protein content and cell size induced by TNF-
a.  The effect was similar to that of 2-APB + LY294002, but higher than 2-APB and lower than ryanodine + LY294002.
LY294002, a PI3K inhibitor, suppressed the expression of CaMK Il 8B and CaN induced by TNF-« in myocytes; which was
similar to that of LY294002 + 2-APB. Conclusion TNF-a induced cardiac hypertrophy through activing PI3-kinase

pathway in cultured ventricular myocytes from the neonatal rat, which was mediated partly by IP3R to mediate expression of
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CaMKII and calcineurin through increasing the intercellular Ca®*.

O LA R O LA 2R GE 95 08 ) — b i WO
iE . AR FE AR B AL, 2R SO LA
ML A BE R 2 R A G, MR A SE Y - (tumor
necrosis factor-alpha, TNF-a ) J&— A5 ZFh A 92234
N7 8 A& S PR 240 DR, AT pR O LA L A RS IR
B TNF-o SO MU R, N Ca* (55
FIRY AL S SRR S O ) S 98, 7 U IS T2 1 e A
FEAR P AR AR 30 5 SO T T 0 Ok A
AR RER . BRI A FRES A S0E S
BSOS S T O NUE R &R S R R — 85
2R il ( caleineurin, CaN) /M Sl = 248
P ZR MO PE 8] P 1T ( calmodulin dependent ki-
nase I ,CaMK Il ) {5 556 i 21 312 A i BF
0 BV UESE TNF-« 3833 /E F IP3R A RyR i AEFT
TF LAY Ca®* 38185 | M P85 128 ok 2 38 o, 3 T
Jin CaMK 11 8B Al CaN 35 , M55 50 WUIE K o

FORLRH] PIBK 2 —Fh AN S5 S0
T AR O ML AR O LA M AC K Koo ) 38
FEFEEMEH . PI3Ks £&— iRt LIRSy & M
TR , 2 15 ORI AR L A A ) — A A T P
A+, OIERERPEFR IR ca PI3K (constitutively active
pl10a PI3K) Y45 3 A /)N 0 JE 25 B S 385 K, T 4 5
P35 dn PI3K ( donminant-negative pl10a PI3K) f¥)
2 DR /I B0 U D0 B 8 g5 /N A " L PIBK-
Akt/PKB iR HIEFE TNF-o0 355190 L 4H AL 2R 14
A G R B AR A, RATAREE E SRS
TNF-o SO NUE R H TG PBK 25 T[Ca*" ],
AR, BESR TNF-o 38 5 35 [ Ca®* ], 1M 3
CaMKIIBB il CaN ik, i - L NI AT TH5
BT PBK Z il Ca®*/CaMK/CaN 538
25 TNF-o PR OIUER,

1 #R57EE

1.1 ¥

HAE1~3d8SD AR EFRRA, HTTEF
Bestie sh ) SR BE, B A EAEIE T i sexK (1)
2003-0007,
1.2 Zyminik

{K## DMEM ; Gibco /A 7] ; i & & B . Gibco /A ] ;
5-3RJIt 4Bk : Sigma /> 7] 5 VB12: Sigma /> 7 5 #% 4k &
1 :Sigma /8] s o 4 3% AN 10 B A A A IR

/L\\EJ;DH] AW, LR TFEHFR s TNF-a
R&D /A 7] ;SDS:: Sigma /> 7 ; HEPES ; % E Amersham
LIFE SCIENCE) ; EGTA ; Sigma /A 7] ; TritonX-100: ¥
B B 25 & A E b=k R A B 5 4F L vE A B ; Sigma
N 52-3 H 73 TR 35 ;2-APB, Sigma /A ] jry-
anodine: 1% merck ; Fluo-3/AM: Sigma A #;
1.Y294002 : Biosource /A & ; CaMKII8B — # : Santa Cruz
Biotchnology ; calcineurin — i ; Sigma /7] ,
1.3 S FLRO AR R EESR

B4 1 ~3d 8 SD KR, BHE &+ T M
H% B, Hanks 7% 28 3 K JF 5 R 47 Tmm3 K /N #E
P, MmN 0.08% & & B H 4, BUE AL T
WM, N 10% 6 4F i ¥ B9 DMEM #5535 45 10 mL
F A HE,200 E R G R 4 AR, 2 % ER AR
F, 5%C0,37°CHF 1 h, kB0 L4 M,
B E 1 x10°/L( 4 84% DMEM 3% 7= 2, 15%
B 4 7 B 1% Rk, B 10° B AL/L F & %,100
my/LEEF), EMHT 24 LERNK, N 5% CO,
A E SR, %4772 h 0.1 mmol/L Br-
du(5-& AN WH EQ M@ £ K, 3t —F 4
o L4 f, — k% 2 ~3 K, 4 T L % DMEM
BAEE(ANES mg/L B H £,5 pmol/L 4 & &
B12,10 mg/L # 4k & & ) ¥ 7 24 h, #AT A T 5250,
1.4 HHEKKYH

ARS8 4. &1 A BA %2
4 % TNF-o (100 pg/L); % 3 41 4 PI3K [H B 7|
1Y294002 (50 wmol/L) + TNF-a(100 pg/L) %41 ;% 4
41 % TP3R FELIT 7| 2-APB(30 wmol/L) + TNF-a(100
pe/L) 4 ;% 5 4 % RyR BLBT 7| ryanodine (50 pmol/
L) + TNF-a (100 pg/L) 41; % 6 41 % PI3K [H #F 7
L.Y294002 (50 wmol/L) + IP3R [H W7 7 2-APB (30
wmol/L) + TNF-a(100 wg/L) %1 ;% 7 %1 % PI3K [H i
#| LY294002 (50 pmol/L) + RyR [H ¥7 #| ryanodine
(50 pmol/L) + TNF-a(100 wg/L) %41, % 8 21 % PI3K
FELIT 7 LY294002 (50 wmol/L) +IP3R A ¥ 7% 2-APB
(30 pmol/L) + RyR ML 7| ryanodine (50 wmol/L)
+ TNF-o (100 wg/L) 41, & FLIT 7| 3 % TNF-a Am X
AT 30 min Am N, #2572 h G HATIE AR ARG AL
70 L B e B e 2 AR AR

M 0 ALZE L CaMK IT 8B/ CaN & &1 k35 . 4 W
4 4. F 1A NXEA;F 2 A% TNF-a (100 ng/
L) ;% 3 41 % PI3K FH #r 7| 1.Y294002 (50 pmol/1.)
+TNF-a (100 wg/L) 41; % 4 41 % PI3K [ B 7
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LY294002 (50 wmol/L) + IP3R [H #F 7| 2-APB (30
pwmol/L) + TNF-a (100 wg/L) 4, %475 48/72 h &
M 0 AL CaMK 11 8B/CaN % & % ik

EREDHMEALN BAC N E N Ca’ R .
HES A8 1 AT EA, % 2 4K TNF-a (100
pwe/L) 4, % 3 4 % PI3K P #F 7 LY294002 ( 50
wmol/L) + TNF-a( 100 wg/L) , % 4 41 % PI3K [ 7
7| LY294002 (50 wmol/L) + IP3R A #7 7| 2-APB (30
pwmol/L) + TNF-a( 100 wg/L) ; % 5 41 % PI3K [ My
7| 1Y294002 (50 pwmol/L) + RyR [ #f #| ryanodine
(50 wmol/L) + TNF-a (100 wg/L) 4, b3k [H W 7
M H 30 min & EHLIE, EiLF—-BEME)E,
N TNF-a (100 pg/L) , W 232 5% TNF-a # # 7
JE AL A Ca® KR E R,
1.5 MM Fluo-3/AM REHIRIER AR HERERHK
ERMEAANOAERA Ca® RED

KA L 2E A 42 B 1 x 10°/L 1y % B
T H 4235 mm K FILF |4 10% i 7E B DMEM
FRREH 24 h, £ W B 53 L fL % DMEM 3 5% %
Rk 24 h, FRFE,H D-Hank’ s B % 3 K, o
N Fluo-3/AM £ H 2Ky 5 wmol/L,37°C # K if
9% 30 min, 48 J5 B 2, B A D-Hank* s 3 % % 3
WK,V F G AN R P AR A B Fluo-3/AM, A FLdm A
Hank’s & 1 mL, X A £ R & B &M € 20 0
N Ca®* TR E (K ST K 526 nm, B K K
488 nm) , A BB LA, EREEHTER
30 min Ja _EALIM E, i — B A, ME LM
T 70 % IE 0 L 40 AL 9 45 K % BB B (FL) B L % vl
AN TNF-a (100 pg/L) , 38 A W 2 TNF-o #3815
o A2 B 5 KO TR E B R G, R AL LSMS10 2kt
MNEAE EARHATELHGANES 2T, REL Y
AR BN E FLE T A AR A Ca ], E5
ERA[C], WATELRT, B2 AHFmW,Ht
FAEKR@EEER 3 K, K Grynkiewicz’ s A3,
HHE[C ], B MABE[Ca® ], =kd x (F -
Fmin)/ (Fmax - F); [Ca" ], 8 A & &
(AlCa’" ]) =% E[Ca" ], - A HA[Ca ],
Kd: % Fluo3 5 Ca’* &4 M- T HEHEEH, £R Y
320 nmol/L, F: 52 Fr Ml %5 & FI {4 ; Fmax; 20 # W
Fluo-3 # Ca’* 5E A it 8y FI (L, N 7 440 B H 45
it N TritonX-100 (0. 1% ) J& Il % ; Fmin: 28 2 W
Fluo-3 T4 & (M AT Ca®) BBy FI {18 3 Ao
A EGTA(10 pmol/L) &l 7%,
1.6 EFOAMEMELRSENNE

W B AR A T By B SR, I D-Hanks 3Bt

FHEE 3 KRG, MmN 1% SDS 0.5 mlL ¥ ## 28}, Low-
rys B G AR EATEE,
1.7 R0 FR RN E

WEBCTHABEN—BHEN, ERXK
400 FHEERMETHNE AR, LTHERKY, A
THEHL CIAS KB40 f £ 247 R G & 2440 e
WEAR, Mt E S @R ER, FLENEZE4 A
B 4 A0 B 20 N4 A,
1.8 Western blot ;EMZE O ALZERE A CaMK 11 8B K
CaN EBRIE

0 H A A AE A 48h/72 h g, R dE L E 1B T
M, Fl PBS o 3k T3k 90 x g B0 15 min, 3 _E 3,48
MR E BT -70°C k48 &R . I E A AR e, B
HE N RIPA 9 5, 3F im N 1% PMSF, # 7 5L fi
4°C,13000 x g B 25 min, 3 L& &, BCA %3
ATEARENZE, 250 wg m K F Y 2 x SDS
EHZRFOFE R, R E AT 1I0pL HE UK E A
SRR VE S BB, Tris-SDS 2 T M Bt i 6 IX 22 A L ik
3~5h, %K 8 ~12 hy H W, kE, A s UMHEE W
F A A B CaMK 1T 3B 4t f&/CaN Fi /4 (1: 1000) % &
KR 2h, B 5 Z#40(1:1500) & Kk 1 h,Supel’ Signal
West Pico & 7| & W K F Smin, T ¥ 4% £ 1200Pro
AP % 43 3% BUHE 4, CAMIAS008 & 15 4 47 & 4 4
E, RERLORAEE A ST EAHHIEG, YU
B-HLzh & & h WA B, 8% & 2Z 1200Pr0 A A%
HAH B CAMIAS008 & 247 £ St AT+ & &
A4, BT LL CaMK TT 8B 2 CaN/B-AlL5h & &ty Bk
8 % 7~ CaMK 1 8B = CaN &4 48 %t & 3£ K F
1.9 SitZESH

Kl SPSS 13.0 4iit - #ATHAE ST, iR
Pl x x5 R R, KRN EEAT 0 F £ 94 34T 54t
FAY, W P<0.05 HEFHRITFENL,

2 # R

2.1 PIBK X TNF-o S8R E FiKE
TR

FEFERBARAS T, 25 410 WILAN i 5 ik B AR b TG
HEZS(P>0.05), [F—4i}d TNF-a(100 pg/L)
S, 20 ML 5 't B2 A AL B R3S 98 (P < 0.01)
L.Y294002 (50 pwmol/L) il &b FHAT .o ULZH bl P 45 25 +
PR B B4l TNF-o 410855 (P <0.01), IP3R
FH B 77 2-APB (30 umol/L) 5 PI3K FH W 5
1.Y294002 (50 wmol /L) & i kb B 20 7 Y 0tk i 5 B
41 1.Y294002 (50 wmol/L ) il &k BR £H %% S i JiE 432 T
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(P>0.05), RyR BHWr# ryanodine (50 pwmol/L) 5
PI3K BHI#] LY294002 (50 wmol/L) B4 i &b 3 £H
B0 FE 5 .40 1,Y294002 (50 wmol/ L) T kb 3 2H B
(P <0.05), RZ5HULET PI3K 7] GE# i 1F H
IP3R 1fii A& RYR {2 #F TNF-o i 5.0 L 40 il Y
[Ca’" ], FHE R (L 1-/13)

1. PI3K %f TNF-o S804 P B §5 3 F 20 5L 58
ETURMRENE A XL, B N TNF-a 41,C 7 LY294002 +
TNF-a 41,D 3 LY294002 +2-APB + TNF-o 41, E 7 LY294002 + ry-
anodine + TNF-a 41; B, ~ E, 4 TNF-a 37, B, ~ E, 4 TNF-a #
e,

Figure 1. Effects of PI3K on the spontaneous [ Ca’* ], fluo-

rescence intensity in the cultured ventricular myocyte from
the neonatal rat treated with TNF-a

2.2 1Y294002.2-APB #0 ryanodine ¥ TNF-o % &
ROIERSEEMMEN

5% HAZH (28.9 £2. 1) A HL, TNF-a (100 pg/L) 4
(44.2 1. 6) BN S 3G T 52.94% (P <
0.05), 5 TNF-a ZUAHEEL, TNF-a + LY294002(50 pmol/
L)41(34.01 £2.43) \TNF-a + 2-APB (30 pmol/L) 4
(36.88 + 1.34) , TNF-a + ryanodine (50 pmol/L) ZH
(37.36 +1.23) TNF-a + LY294002 (50 pmol/L) +2-
APB (30 pmol/L) #H (33.86 + 1.79), TNF-a. +

LY294002 (50 pmol/L) + Ryanodine (50 wmol/L) 2H
(29.6 £2.3) TNF-o. + LY294002 (50 pmol/L) +2-
APB(30 pmol/L) + ryanodine (50 wmol/L) #H (29.34 +
1. 7) B.C WU M AR 1 3 i B BRI (P < 0..01) , 43 311
X T 35.26% . 25.33% . 23.67% . 35.78% . 50.5% Fll
51.42% , A TNF-oo s /EH] IP3R \RyR M PI3K 55
O LSRR 1S S, LY294002 X TNF-o 35 1Y
O U AELER S S i 4 IR BE LY294002 +2-APB
(P >0.05) ,(HB KT 2-APB 41 (P <0.05) ;
PR PBK EVER IP3R 25 TNF-a 5 T O
TN, (EL SR G AT B8 i A7 AE AR 2, LY294002
+ ryanodine 2 A & 6] TNF-o 75 50 LA0 I &5 1%
SR, AR B ST B LY294002 41(P <
0.05) , Uil PBK A2 /EH RyR 25 TNF-o 5%
OHERS

I (& 4)

& 2. PI3K Xf TNF-o % S69:0AILZH B PN 35 25 55 8 F 22 5L 58
ETUMEI Ay TNF-o 41, By LY294002 + TNF-a 41, C
A7 1LY294002 +2-APB + TNF-a 2, D &7 LY294002 + ryanodine + TNF-
afl,

Figure 2. Effects of PI3K on the spontaneous [ Ca’* ], fluo-
rescence intensity in the cultured ventricular myocyte from
the neonatal rat treated with TNF-a
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Figure 3. Effects of PI3K on the spontaneous [ Ca** ], tran-
sient in the cultured ventricular myocyte from the neonatal
rat treated with TNF-« (x +s, n=30)
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>
j‘ 60
g a
41 b be b b
o 40 be bc
H

2
= 0
2
)
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Control LY 2-APB RYA LY+2-APB LY+RYA LY+2-APB+RYA
TNF-

4. 1.Y294002.2-APB #A ryanodine 3 TNF-« iS50 AL
MAE QS S MAIRME (x +5,n=8) LY 4 1.Y294002,
RYA 4 ryanodine, a i P <0.05, 5% LE ;b I P<0.05,5
TNF-a 2148, ¢ 9 P <0.05,5 TNF-o + LY 4152,

Figure 4. Effects of L.Y294002, 2-APB and ryanodine on
protein content of cultured ventricular myocytes from neo-
natal rats treated with TNF-a(x +s5,n=8)

2.3 LY294002.2-APB #A ryanodine ¥f TNF-a i 5
B0 AILZH BB R R A K B9 32 M

5% AL (1147 +123) A H, TNF-ac (100 wg/L)
ZH(1686 +151) AL JILAH MR FR I K T 46.99% (P
<0.05), 5 TNF-a 414, TNF-a + LY294002 ( 50
pumol/L) 4 (1372 +£108) TNF-a +2-APB (30 wmol/
L) #H (1567 +136) ,TNF-a + ryanodine (50 pwmol/L.)
ZH(1558 +122) ' TNF-a + LY294002 (50 wmol/L)
+2-APB (30 wmol/L) 4 (1354 +143) , TNF-a +
LY294002 (50 wmol/L) + Ryanodine (50 wmol/L) ZH
(1235 +117) [TNF-a + LY294002 (50 pmol/L) +
2-APB (30 pmol/L) + ryanodine (50 pmol/L) #H
(1207 +148) AL WL ML AR FRE] B/ (P <0.01)
Ay /NT 27.38% (10.38% 11.16% .28.95% .
39.32% 1 41. 76% , i 8] TNF-o i 3 /E H IP3R
RyR J PI3K 530 LA MO AFRIE K, LY294002 Xf
TNF-o 755 19 0o JIL 240 B A4 R 38G K i 4 i A2 B 5

LY294002 +2-APB ZH#%iL (P >0.05) ,{HE B KT
2-APB 21 (P <0.05) ;#&7 PIBK ML /EH IP3R
55 TNF-o 175 50 LA AR RS O, (FL ISR 6 ] 6B 1 47
TEHABR AR . LY294002 + ryanodine ZH &% 1.Y294002
+2-APB + ryanodine ZH B i 1 il TNF-o 3755300 AILAH
AT K PR R TE 2500 (P > 0. 05) , fH 24l
FREE I K T 8 LY294002 2H (P <0.05) , 361
PI3K A Z&if it /EH RyR 25 TNF-a i 530 HILAT A
BRI (ES) .,

3000
£ 2500
£
= 2000} a be b
o b
& 1500 b bc b
£
2 1000
2 500
>

0

Control LY  2APB  RYA LY+2-APB LY+RYA LY+2-APBIRYA
TNF-

& 5. LY294002.2-APB #0 ryanodine % TNF-o iS850 AL
MR FRIE ARSI (x +5,n =80) LY 3 LY294002, RYA
M ryanodine, a i P <0.05, 5% B4 A ;b i P <0.05,5 TNF-a
AH# ;¢ P <0.05,5 TNF-a + LY 21 HEL

Figure 5. Effects of 1.Y294002,2-APB and ryanodine on cell
size of cultured ventricular myocytes from neonatal rats
treated with TNF-a(x +5,n =80)

2.4 PBK X} TNF-a S8 O AAR CaN FRIZH
A

5% IR (0. 69 +0.08) A H, TNF-a (100 pg/
L)Z41(0.90 +0.08) i CaN Fik B B I/ (P <0.
01), 34 /11T 30. 43% , 1LY294002 (50 pmol/L) 4H
(0.74 £0.06) B AW T TNF-o 355 190 L CaN
FIRHIN(P <0.05) ,FEALT 23.18% , UiHH PI3K %
G2 5187 TNF-a 35 0.0 LA CaN FiB3E 0,
HAMHIVE S LY294002 (50 wmol/L) + 2-APB(30
pwmol/L)2H(0.72 +0.09) TEH B 2% (P >0.05),
ViR PI3K il /R IP3R 2 5981 TNF-o i 319
D WLEAE CaN Fik38hm (K 6) .,
2.5 PBK X TNF-o FSHO AL CaMK 11 3B %
ey apAl

EXFHRA. (0. 72 £0.04) A H, TNF-a (100 pg/
L)#41(0.87 +0.07) #J CaMK Il 8B &350 B4 (P
<0.01) ,3h1T 20.83% , PI3K FHLHT#] LY294002
(50 wmol/L) B i #l ] TNF-o i 5 49 .05 UL 20 g
CaMK Il 8B ik 88 m (0. 75 0. 05), [RK T
16.66% (P <0.05) ;#2785 PI3K #1525 #45 TNF-
a SO L4 caMK I 8B 3 ik 34 i,
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1.Y294002 (50 wmol/L) 415 1.Y294002 (50 pmol/L)
+ 2-APB(30 pmol/L) & H4(0.76 £0.06) AH L JC
BEEF(P>0.05), Ui PBK @i /EH IP3R
S5 TNF-o 55000 WL CaMK I 8B R ik 1%
m(E 7).,

A 1 2 3 4

F ﬁ B T _caN(e3 kDa)
E .-- — B —actin(42 kDa)

B
15
|
ﬁ
L a
10 i X
z
@ |
P4
S
00— 2 3 4

B 6. PI3K Xf TNF-o i SH0ALAAAE CaN RizHI T

A A Western Blot [ ; B A8 HAX Rk w0, 1 AXTRY,2 4
TNF-a (100 pg/L) 2,3 & TNF-a (100 pg/L) + LY294002 ( 50
pwmol/L) 41, 4 7 TNF-a (100 wg/L) + LY294002 (50 wmol/L) +2-
APB(30 pmol/L)#H, a i P<0.01, 5% ML LB ;b Jy P <0.05, 5
TNF-a 03K

Figure 6. The effects of PI3K on CaN expression in the cul-

tured neonatal rat cardiomyocytes treated with TNF-«
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