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Expression of adenine nucleotide translocator-1 and cardiomyocyte
apoptosis in pressure overload-induced left

ventricular hypertrophy in rats
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[ Abstract] Objective

optosis in pressure overload-induced left ventricular hypertrophy. Methods

To explore the effects of adenine nucleotide translocator-1 (ANT1) on cardiomyocyte ap-
The pressure overload rat model was es-
tablished by abdominal aorta coarctation. The observation time points were 1, 2, 4, 7, 14, 21 and 30 days after oper-
ation, The ANT1 mRNA expression was evaluated by RT-PCR. The TUNEL method was applied to detect the car-
diomyocyte apoptosis. Results 1. Compared with control group, the expression of ANT1 mRNA was upregulated
on 4th day after coarctation, and peaked on 7th day, then it returned to control level on 14th day and persisted until
30th day. 2. The apoptosis increased significantly 1 day after operation, and reached a plateau between 4 and 7 day.
Afterwards, it decreased continuously to a low level. However, the apoptosis was so rare that it was undetectable in
control group. Conclusion Apoptosis is an important regulatory mechanism involved in cardiac adaptive response to
pressure overload, and it may be mediated, in part, by ANTIL.
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P B IR R B BR #% 12 1K (adenine nucleotide
translocator, ANT), ANT B—FM8BEEH, HLEK
PENEESREZNEAGSEREENBEEESS
B 10%0), FLEE AT 88 R 9t Tt 40 0 1A Bt 5 0 40 B i
Z[6] ATP/ADP %32 ; Fif ANT & R E R kB &
% 3% F, (mitochondrial permeability transition pore,
mPTP) {80 B A3 » 24 52 86 42 8 1 R 8/ A T 4
B, ANT A LI — e R fLE AR AR
C,H1-1 5 [l T (apoptosis inducing factor, AIF) &£
B AR P 3 30T U Tl B R i A BB R .
A ANT & 3 [ R S# itk , 53 512 ANT1,ANTZ,
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ANTS, fik BA/DN R ANT RLE 5 F 2 54
A, B ANTL-F1 ANT2; 3326 5 50 5 #g fh i 2 3% LA 7=
BEOASEEE. EONTEXERENEEY
ANTI®, (RAMUBFIT RS ANTI B3t 57 5540
FESETC e B ST U 3 B AR ANT 2R 0/ L
WU E & JR 8 IE 3 3 B4 B k™ fH 6 F ANTIL
T HE 748 SR B0 28 M JEE o 9 31 75 28 36 175 1 B 3o 3¢
— AR e LR IO A T B B U o R LR

1 MEmAE

L1 #H AZEPHA TUNEL &30 K5H & W
B f2E Boehringer Mannheim A &; K& F4 Y
FEM Y B R E Promega YA RAF.

1.2 EARAFKAEY L 42 LA SD
KB R E (2002300 g, BREVL A H B4 (DFR
H LB R 0me/ke, ip) KRB, TG EL A
B ks L E L 0. 45mm STk 58 3k —
R BEE Ak B RUE KR, W
W 30d,7 RE A, B HI ARG 1,2,4,7,14,
21,30d, BABF A 3 R AR, 21 RRR. (X
BA AEHBEEDK RLEERFARL, 560
AR3IAEXE, 21 RXR., TRIEP, KRARE
MFEAFEREEHAEQCOLD T, HHBRSAT
R, AEREERAR.

1.3 BREF% BAKRETENASHFEEE
(body weight, BW) , FiJ5 LA B by 44 (35mg/kg,
ip B FEEER EH RS A LT FR,. M
SIMENS SIRCUST 960 4 Big #AX (F ] F 24 7l
EED 0 E J7 i 28, 18 Bl UK 45 & (systolic blood
pressure, SBP) F14F 7k [E (diastolic blood pressure,
DBP) , 3% i1 & ¥ ¥ 3 bk J& (mean aortic pressure,
MAP), it & /A R 5 : MAP = DBP + 1/3 (SBP —
DBP) , B /5 FF M B i 0 BiE , 4°C T8 A 3 R K v it
RO E B (cardiac weight, CW), HE LB
(cardiac weight index, CWD,HE AR N :CWI=
CW/BW., BEHE A LERELEER BRE
LE, FELELRBBL M 100mg, RF T

>

—80CHEF,HTE RNA W #MAeNAEE L
ML IOYPERBREEE. AT oNARA TR
O LT 4R 4L B IR BRI A R,

1.4 #2% RNA 933 %5 Promega A F &
RNA #42i£ %] & (TripureTM Isolation Reagent)
fBRAE 5, N 100me 7 8 K BB L L4 4 o SRR
FF4ifh A RNA 25 100pg, 2 A260/A280 % 1.9 %&£
o PR Y B B R R AR L K 43 AT, 18S, 288 K/
M, B RNA B BB KR .

1.5 PCR §] 4 # % it & RT-PCR 4 ## 5 %
ANT1,B-actin i) PCR 3| #/£% Gene bank T iR &
& B ) cDNA £ %] (Gene bank index. 398592,
13592132) , i+ E AU B BE 519, BT A 3k 4 % DNA
Club, & HWERNMSIWFIIHE 1,

W 55 0 LA SR B B RNA 10pg R ## , Oligo
(dD)15 primer Jy8%EF5|45,70°C K% Smin [5HRHIK
HeFE R, AR A RNAsin, dNTP mix, MMMLV 5 X
Buffer, DEPC 4bBE #y X% /K » £ J& #% 100U/ g mRNA
A M-MLV 3 5% 5 88, )2 B SR Bk 50p1,42°C K
¥ 2h, 5B — 4% DNA ., PCR R A Fs F ™=
Wiopl AEKR, BEWER KNS Bactin 51
200nmol/L, A Taq DNA B4 % 2.5U, SRR &H
3 251, PCR 414K 92°C A $E 45s,58°C B Kk 50s,
72°C FEf# 705,30 MEIF, BST 72°CEH Tmin,

1.6 BEABIMALRANLBHEBHREKRTE

PCR F=#) 10p] F 2% 89 B3 B8 ¥ S e 1 s 3k, 50V,
H¥k 1. 5h J5 , Fl KODAK EDAS290 %% 5 124 #7 &
SRR, BR ¥ KODAK 1D BRI/ 844 » 43
HEBEWEHEKNZS Bactin BKEE,. MG HE
HIERMENREKEHEARN: BHEEK
X REAKFE=HHERKEE/ Bactin FKEE.
1.7 wpsmpeA &R (TUNEL %) #BEEARNE
PRAERAE S BN K B, B A HPIAS-1000 35 Wi
YERBEXA AL (RAFTREAARAFEX
BOFTLERMNT. BRI 5 M EF BT 40
A8 43 A0 50 PR i 200 PO 2SR 40 B S 28, JEC E BB o L
20 M T3 B (myocardial apoptosis index, MAI),

%1 ANTL % P-actin PCR 3|15 51

AR B3 5195751 PCR = B
ANTI N&::3 5’-TAGGCAATAGCATAAGAGCGGC-3’ 4590
8L 5’-GTCCAGTGGGTAGACGAAGC-3’ P
IE X 5’- TTGTAACCAACTGGGACGATATGG-3’
B-actin 751bp

9%

5’-GATCTTGATCTTCATGGTGCTAGG-3’
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2.1 B XEAMAPA CWI ME 181, 5% 8K
WM, FRAKE MAPEARSE Id B FHREE
(122+6/95+3, P<0.05),HRLei i, B = 30d ik
B AAH(18844/10246, P<C0.05), H&E 2 i 4,5
YRALLE,CWI FFARJGF 4d HFFH M (3. 45+
0.20/3.0640.07, P<<0.05), MG Kk EEA
SEHYAE TR (4. 554-0. 32/3. 2240, 03, P<<0.05), £
A BRI UESE T M8 S R R A 31
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2.2 BRAMBAH KK SH ANT1I mRNA & 485
2% SXERAHE,ANT] mRNA H&iKKFEE
AR5 4d EiE. 7840. 11/1. 4140. 12, P<C0.05),
7d B3k Bl K (3. 0740, 28/1. 3840, 07, P<
0.05) , B J5 HR# T M, F 14d Bt B & Z Xf B4 K F
HIFEELREHRE 3

2.3 BARAFBERL MAL ME 4 55,

MAT ARG 1d BJA 75 (0. 184:0. 03) , 7 4d B}
AR R 0. 31+0.06) HFELEFE 7d(0. 3040.04),
HEWRKPFRHREEE EEXLRE R, WA BAH
PR ERAR L E L & (MAI=0),
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" 3_—a—xmza

% .

o 25

®

< 2F *

O
05k
0 'l A 1 'l A '

1 2 4 7 14 21 30
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55X R4 thi, © P<0.05
B3 EnBamAkROonghs
ANT! mRNA EikAkFE

1 2 4 7 14 21 30
FRERE(D

5%t A, P<<0.05
B4 EHBATKROCMARATEY

3 i i@

ZELB A, 55 BA LB, DIEBEHATF
ARG 1d BIARIHFF 4~7d K HAKFE, )5 BIR
HT R Z X A K, M ANT1 mRNA %R ETF
A 4d FHAE L, M EEE . (OBERHAR
R, o B2 TR K O LA M AT 3% .0 L4 I
W1, AT RE RS VLY T &R AT f158
BEARSEY, FEAR MBI T b, I 45 LM 3h Bk 89
EBRAZENBAK, ARG IdAFZ0NAKE T/
Fripm, H S5ERMT-HHA p53 X Bax WEEHAE
AHXRU WA EHRSEILBERAEZE S BRAEH
LRGSO AE T b F i AT R TR
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FEETK B, A L4 2 B A R, A, b
R & PR R R B 57 BT BB 2RO UL I B T P R
TEENEH. BER+S MAP EAR)S 1d I JF
BAE HREENEARRLER &4 0NAMRE
T2, AT i MK 5.0 L4 iR i T i 3R 4k
YFHATLEEMX, L. CAERRENH. A
R B K B R 2 0 LA 8 T 5 i i B %00 3R
e EM XM T EN, 28V HA M RHS
1 FE K B - B B il FE AT SR 3% 8 L LG LA M A A T
CHEREME D, B, REABHREHBRE
EABRONERB TN —ER, B
PLEITTREER TENEENEM. (DANTL B
FANESERENED, ) ANTL 3 F i {2
T-RE Bax I FNARMBT-ROTE RS EH
BHRT . HATHEIFHE S — mPTP HH R
H43 s cyclophlin D Bl il , i 2442 5 T 3 AE B T
AHAT, 45512 Bax BH L ENH S ANT1 WHE
YEF, 138 cyclophlin D #y40 #il VE FWL 38 B R0,
T ZHH 5 FE Y Bax 7 E N B AL LIEE
SRPHEFRE LAY OO B, EE RS,
REARBHEE RN ANTI FRE S RAMELT
BEER HAX - BB RAEPFRERNRE
B 2HRR A FT RN TEH#— ST
BRI BINEENEARAERE 4¢~7d, 80
DIEEREEGR CWIFHE 4 REESRAKESR
BEER;ANTI WERZXTFRE 4d FH LA FTF
BT RBBEE;MATNE 4~7d it BB — 48K
REFEH. HAlsRiRE K . (D REE TR At i
W FAERFOIBNREEREE, A BENR
Tl EFE— RS, RRFBET LN EREN
FRUELATFHESHZH. (2)ANT1 REHHHE—
13t ATP/ADP #ia Bk, LR R ANES 2
REEMEAZ—; AN FIABEN A X &LEKR
RN EFETHRE XA, ANTL 5 KLk E
ATP &M ", H, 7E %L % i/ E I+
MEPIEH, BRERTREET,.H ANTL MR
Fik 7K ] B 3 A — 5 W T B S AT RE L 0 LR
BRRO ML CIRE, XN ALR P ANTI
M & CWI -8R 72 AR Ja 32 BN A5 o 1] 52 b Ep
ETE—m, OBREEP MEEREFEN, H
o B FH R BT8O LRE B 7 SR I 4T3k T IR 56 4
HRA T B KER, ANTL #3555 F 8, A hn
REERIGERE, Ra, DR AERE, —HF{XRRET
BT B e BT 5 A0 L 38 A B A A, DA 4
FrOLIhEE. (DEIMFFREZHR,ANTL Bt KA AL

P0G 0 TN L T AR R O LA B Y R
L, 0N ANTL M REFHE R, FEE 0N
AR T- M RE N, KL ERAE ST
BMEERBR 4~7d X — B 8 B T B 0 E AR 4k
AR FERHB T ANTI WE LSRR,

ZHRS,ANT1 R X FARE 14d BEIE =%
BAKE, HARRFE 30d; L AL AR F 7d
JE WS BB H AR (A7 LMK PR . 2
XAk, AT S LU T R A 5% : (1) Kayer F5 A
B SRE RE: B E B AR KRR, 30d 5
EH, EXMBHEE, #BRETHOMEEEXR
HHEKEHABEER BLOREFHEERMT 30%,
OB T 80% , f M 7T LA LA 1 2
frE O NP SR R 5 BRI Y, BP 2R Mk 3
AL HBAEANOPABMY AR ME. LINHEHR
R—FAR GG, 8 T 80 DL BB 2R R &
HALRKRE, MELRP, ANT1 HEXERE 14d
15 2 % B K F H R 7 2 30d, 45 & Kayer H
R BB P ANTL K& ERFFEEH
BE, 5 I B R B 5 B0 DLAE B T SR a9 3
RHE—BM. B ANTL 3 & 3 B A LR L4
JE TR, R, R RSP OUARE T T 7d
FNFEHBEH B, HURKERERFE. BE
HEPAEENEHROENABREBMTRF R
W, RE 2 AR A TUNEL %84 &30 L4 KA
T EEIEE, A T-%EE Bel-2 MRARNE
HBEHE,HFAAXARERN TG BT H A
B0 M T B — R R P AL LA, B R R,
EENBHRHERONERELEHSRS, R
A BCL-xl R KRR MAN™ . HEABSR
R T 7d J5 B AR 3 MR K R S 2 T R
ERATHHSHATNAHESANE R, WA
REERE—LEH,

EE, ARG E AN/ RIFA MR ANT1 A
ANT2 ZEFNHEE, KT ARDEEE LR
T, EA R ANT MR TR EEXR A RO T E
AR, HIEWMEH FR, ANT W& R REH
BHRZERE WAL R, 0N PREN
FEE ANTL. MEFE P REHN R ANT2H,
HeAh fE B ANTY B bR 248 B B0 4T 1 41 BR LR
FRHHRFHRE AR ARAT-FEGIERE ),
BRI TR R B A S A, 40 B 08 1 9 R AL A
B ANT1 EX— S B AR ERATREEER.

ZEFR, LUERA ANTL BE B R
DNEBX—-SBPONARATHEBRRAERF



- 188

PEEZTFLBERRAE 2007FE 63 F6% S 3H Chin ] Mult Organ Dis Elderly Jun 2007 Vol 6 No 3

z—

SFARER M T X — AR EEMER. BA

EWmUNEREEER S HHETMENT,. A
ANT1 %A # BN X — I BT F RS —1 5
EOEE- 155

[1]

(2]

[3]

[4]

(5]

L6l

7]

(el

9]

[10]

(11]

(12]

(13]

& W

Van Empel VP, Bertrand AT, Hofstra L, et al. Myo-
cyte apoptosis in heart failure. Cardiovasc Res, 2005,
67. 21-29.

Van Bilsen M. "Energenetics" of heart failure. Ann N
Y Acad Sci, 2004, 1015.238-249.

Schulze K. Dorner A. Schulthei HP. Mitochondrial
function in heart failure. Heart Fail Rev, 1999, 4.
229-244,

Belzacq AS, Vieira HL, Perrimon M, et al. The adenine
nucleotide translocator as a potential therapeutic target.
Gene Ther Mol Biol, 2001, 6. 121-131.

Dorner A, Olesch M, Giessen S, et al. Transcription of the
adenine nucleotide translocase isoforms in various types of
tissues in the rat, Biochim Biophys Acta, 1999, 1417: 16-
24,

Bauer MK, Schubert A, Rocks O, et al. Adenine nu-
cleotide translocase-1, a component of the permeability
transition pore, can dominantly induce apoptosis. J
Cell Biol, 1999, 147 1493-1501.

Graham BH, Waymire KG, Cottrell B, et al. A mouse
model for mitochondrial myopathy and cardiomyopathy
resulting from a deficiency in the heart/muscle isoform
of the adenine nucleotide translocator. Nat Genet,
1997, 16. 226-234.

Brilla CG, Weber KT. Reactive and reparative myo-
cardial fibrosis in arterial hypertension in the rat, Car-
diovasc Res, 1992, 26. 671-677.

Cheng W, Li B, Kajstura J, et al. Stretch-induced
programmed myocyte cell death. J Clin Invest, 1995,
96 2247-2259.

Liao XD, Wang XH, Jin HJ, et al. Mechanical stretch
induces mitochondrial-dependent apoptosis in neonatal rat
cardiomyocytes and G2/M accumulation in cardiac fibro-
blasts. Cell Res, 2004, 14; 16-26.

lkeda S, Hamada M, Hiwada K. Cardiomyocyte ap-
optosis with enhanced expression of P53 and Bax in
right ventricle after pulmonary arterial banding. Life
Sci, 1999, 65: 925-933.

Teiger E, Than VD, Richard L, et al. Apoptosis in
pressure overload-induced heart hypertrophy in the
rat. J Clin Invest, 1996, 97 2891-2897.

Diez J, Panizo A, Hernandez M, et al. Cardiomyo-
cyte apoptosis and cardiac angiotensin-converting en-

zyme in spontaneously hypertensive rats, Hyperten-

[14]

[15]

[16]

[17]

(18]

[19]

f20]

[21]

[22]

f23]

[24]

[25]

sion, 1997, 30. 1029 -1034.

Fortuno MA, Ravassa S, Etayo JC, et al. Overexpres-
sion of Bax protein and enhanced apoptosis in the left
ventricle of spontaneously hypertensive rats; effects of
AT1 blockade with losartan, Hypertension, 1998, 32
280-286.

Marzo I, Brenner C, Zamzami N, et al. Bax and ade-
nine nucleotide translocator cooperate in the mito-
chondrial control of apoptosis. Science, 1998, 281;
2027-2031.

Condorelli G, Morisco C, Stassi G, et al. Increased
cardiomyocyte apoptosis and changes in proapoptotic
and antiapoptotic genes bax and bcl-2 during left ven-
tricular adaptations to chronic pressure overload in
the rat. Circulation, 1999, 99. 3071-3078.

Moorjani N, Catarino P, El-Sayed R, et al. A pres-
sure overload model to track the molecular biology of
heart failure. Eur ] Cardiothorac Surg, 2003, 24.
920-925.

Atlante A, Seccia TM, Pierro P, et al. ATP synthe-
sis and export in heart left ventricle mitochondria
from spontaneously hypertensive rat. Int ] Mol Med,
1998, 1. 709-716.

Doerner A, Schulze K, Rauch U, et al. Adenine nu-
cleotide translocator in dilated cardiomyopathy:
pathophysiological alterations in expression and func-
tion, Mol Cell Biochem, 1997, 174. 261-269.

Narula J, Kolodgie FD, Virmani R. Apoptosis and cardio-
myopathy. Curr Opin Cardiol, 2000, 15. 183-188.

Kayer SR, Weiss HR. Diffusion distances, total cap-
illary length and mitochondrial volume in pressure-
overload myocardial hypertrophy. ] Mol Cell Cardiol,
1992, 24. 1155-1166.

Buzello M, Boehm C, Orth S, et al. Myocyte loss in
early left ventricular hypertrophy of experimental re-
novascular hypertension. Virchows Arch, 2003,
442 364-371.

lkeda S, Hamada M, Qu P, et al. Relationship be-
tween cardiomyocyte cell death and cardiac function
during hypertensive cardiac remodelling in Dahl rats,
Clin Sci, 2002, 102 329-335.

Kokoszka JE, Waymire KG, Levy SE, et al. The
ADP/ATP translocator is not essential for the mito-
chondrial permeability
2004, 427 461-465.

Fagiolari G, Sciacco M, Chiveri L, et al. Lack of ap-

transition pore. Nature,

optosis in patients with progressive external ophthal-
moplegia and mutated adenine nucleotide translocator-
1 gene. Muscle Nerve, 2002, 26: 265-269.



