2535 B 16 ) B, = E BE K ¥ ¥ Vol. 35, No. 16

1680 2013 4E8 A 30 H J Third Mil Med Univ Aug. 30 2013
*N\ e .
-lob SCTEG S :1000-5404 (2013 ) 16-1680-05

ACE2 3 RiAI K RO ALFESE 50 = B H) 22
B O RMK,KRAFE EEF, R L, EKE (400010 TP, T PR EERFAR S4B 45— BEBE O 45 R
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(P <0.05) , F MMP-9/TIMP-1 {f) LLASFEAR . 65 BT ARLLLAL MI NS 214 AL TOF- Al o-SMA ik g
(P <0.05),1fi Ad-ACE2 ZHFEIABEAL(P <0.05) , &5 ik ACE2 nf .0 Ler 4 fb, B 0 E B, HALH vl gk 5
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Effect of overexpression of angiotensin converting enzyme 2 on ventricular remodeling

after myocardial infarction in rats
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[ Abstract | Objective  To determine the effect of adenovirus-angiotensin converting enzyme 2
(Ad-ACE2)on the ventricular remodeling after myocardial infarction (MI) in rats. Methods A total of 75
Sprague-Dawley (SD) rats, at an age of 8 to 10 weeks, weighing 200 to 250 g were randomly divided into MI
model group (n =60) and sham operation group (n =15). MI model was induced by the ligation of the anterior
descending branch of left coronary artery. Then the MI rats were randomly treated with normal saline, vector,
and Ad-ACE2, with 15 rats in each group. The left 15 MI rats served as model control. The rats from above
treatment groups were injected intramyocardial directly into normal saline, Ad-EGFP and Ad-ACE2 in 5 differ-
ent points along the infarct borders respectively. Rats in the model group and sham operation group received no
such injection. The relative ventricular remodeling indexes after 4 weeks were evaluated. Results Compared
with sham operation group, ACE2 protein was highly expressed in Ad-ACE2 group( P <0.05). The changes of
muscle fiber disorder, myofilament fracture, nuclear condensation, and nuclear fragmentation, and the elevated
expression levels of type [ and Il collagens in the model control were improved significantly, and decreased in
Ad-ACE2 group. Immunohistochemical staining and ELISA indicated the expression levels of Ang [l and Ang-
(1-7) were increased in MI, normal saline group, vector and Ad-ACE2 groups than in the sham operation
group (P <0.05), and that of Ang I was decreased, while that of Ang-(1-7) protein was increased in Ad-
ACE2 group than in MI group( P <0.05). Western blotting showed that Ad-ACE2 injection resulted in an obvi-

ous decrease in the MMP-9 expression, a significant increase in the TIMP-1 expression, and a following reduce

[(E£WBE] HERAKRFIEET EIH (81170166) 5 BKH 1A JR K4 (2009-2-171)
EEEE] XK, HiF: (023)63693079, E-mail : liuzengzhang666@ 163. com
[f%EHAR] http://www. cnki. net/kems/detail/51. 1095. R. 20130516. 1208. 021. html(2013-05-16)



%35 B 16 £ = FE KB K ¥ ¥ R
J Third Mil Med Univ

2013 4E8 A 30 H

Vol. 35, No. 16
Aug. 30 2013 1681

in the ratio of MMP-9/TIMP-1 when compared with MI control (P < 0.05). Compared with sham operation
group, the protein levels of TGF-B and a-SMA were consistently increased in MI group, normal saline group

and vector group, and decreased in Ad-ACE2 group( P <0.05). Conclusion The over-expression of ACE2

ameliorates ventricular fibrosis and attenuates ventricular remodeling after MI, which probably through regula-

ting renin-angiotensin system, down-regulating MMP-9 | TGF-B, and a-SMA, and maintaining the balance of

MMP-9/TIMP-1.
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0> LA ZE ( myocardial infarction, MI) J& /™ 5 155 2
N DL IV R 2 — , ML J5 140 %8 4 e
AT T3 U (congestive heart failure, CHF)
(Y A FUR SR B B RIS LR AR R R 1 BARHL AR
PIARNTESr o I B 5k Z 75 i (angiotensin converting
enzyme , ACE) 1% [i] 2 4 IfiL 45 %5 7K 3R e 41 2 (‘angioten-
sin converting enzyme 2, ACE2) £ Z8F 52 A] DL 7K ff 1L
ZkR I (Angiotensin I, Ang I ) Jy il A& 55K & -(1-
7) [Ang-(1-7) 1" ifii Ang-(1-7) HLAT &F 5K 1 45 At
B VR T, A B T4 ot A A R LR R b
Kbl 22 FOUESE 7R Ang-(1-7) BZHRES Ang [ J2AH
9127 AR R ACE2 S DA (1 F 2 R i 24
& (Ad-ACE2) 4% MI J5 KL, WE.0 WLey T T#Y
T T A RO e 35 o 4 J 2B 1A B 9 ( matrix metalloprotein-
ases9, MMP-9) &5 4 J& 8 F B 2L i 5] 1 (tissue
inhibitor of metalloproteinase-1, TIMP-1) | Ang Il | Ang-
(1-7) A B ARSCET Ak 45 br i A A= K P 7~ B (transfor-
ming growth factor-B, TGF-B) Fil o-F 35 AL WL 3h &
( a-smooth muscle actin, a-SMA ) [y 335, #3HZ T-F6+
MI Ji5 .02 A 20
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T PV Sprague-Dawley (SD) K fl 75 H,8 ~ 10 Ji
%, /R BT 200 ~250 g, F HE PR R RS g0 s ) o FR AR B0
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o5 L 15 H RSO 6] B Ik dsr AR R, A=
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S5 07 A O JIURE B JA TR X 43 530 3 S A B ER K L Ad-EGFP J
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AREHES3 d JLAESH S E 4 x 10° U WP, [ % 50
TSR 4 L4 HE AR RTARA 12 B M4 .
10 HNS 41:11 H ;28 gikd] .9 H;Ad-ACE2 4.9 H,
1.2 Fik
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1.2.3  FEHEIBEREN ACE2 MMP-9 TIMP-1 } TGF-B f) %
K CERARBLC WESE R X0 MU ZUE 1, BCA YL 8
B U, SDS-PAGE BTk , 25 LG F8 2 PVDF J,
T 5% BNk A 1 h, —$T[ TIMP-1(1: 400, Abcam, 3%
[E) .MMP-9(1: 100, Abnova, H1 [E &%) ,ACE2 (1: 500, Abcam,
Pe[H ) \TGF-B(1:100, Santa Cruz,35[E ) \Tubulin(1:1 000, =
K,HE) 14 COKFEMEF R4, TBST YR 1S min, FEARYE 3T
SRR FEAR N B BOR T A ALBE AR 0 A —HT, IREE 1 h, TBST
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One) HATER ST .
1.2.4 S22k 0L Ang [T B2 o-SMA 25 H 1) 3R 5

R P RS 1A 3 -2 S A R R AT e AR . R LG
1) : BT R, Ang T (1:50) /NERBLK R o-SMA(1:50) , [F] B
PBS 0 Ang Il & o-SMA T HiEFIHEN R, Sepedl fh et sh
HH Image Pro Plus BB 440 2 1 3k 19 RBUL LB
(integrated absorbance,TA) , H{H # A 23 HIAC T HE H £ ik Bl
% R
1.2.5 ELISA .0 WA Ang-(1-7) £k YA R A
BEJA 101 X0 VAL 2L, il 48 10% 21 235 300, #3350 vl BH 5 45
E,450 nm AT &AL D (450) 18, Fn e it il 45 [ A i 22
HREAHEA Ang-(1-7) &8,
1.3 %it o
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PP TR] H R ) LSD 3, Geit kR I SPSS 17.0,

2 HR

2.1 SRR AMGIEN
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ABFR4;B. 28 4A4
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2.1.2  ACE2 720 UL Ay 3k HIRTFAH L, Ad-ACE2
2 ACE2 ZE [ ¢ 35 7K - HH 2 F 1 (0. 025 + 0. 006 s 0. 083 =
0.007,P <0.05) , it BHEE AR R B IR Ad-ACE2 S5 5emith (1 2) .
1 2
ACE2— — | e— «—92x10°
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KeA% 4334, (8] 53w 07K M 200 e (] 728 422 1 2, 3 0T DL R d R M4
B E ; T Ad-ACE2 21 [ 348 st A ¥ B sz (1 3)

2.2.2  FRRPELT -0 T VR R e (0 55 TE R AR D I8 i s
AT EO LY T LT 2k i /R AR SR A XU e, 2 8 (sl
EAR G || B R A S N R DY E i o8 i e L 4 O g
FAR R, MI 21 NS 4 Je 78 g kgl 22 o = AR RSB X 1 &L T
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AU i R 3 B 0 (B SR T AR A b L 3R 4% 3 1 Jin 5 T MIT
ZH NS 57 8k 3 IR RETHEZE R (K 4) .
2.3 ACE2 A% RAS 2%

2.3.1 Angll & (S AL e ta 25 31 Ang II 25 1 FH P 4
e TAME, B A, 5H8F AR i, MI 4, Ad-
ACE2 4l \ZS 3R Ang I B (H Rk BN (P <0.05) ;5 MI
ZHAH B, Ad-ACE2 20 Ang 11 25 1 235 7K - B BRI (P <0.05)
(El5.6),

2.3.2 ELISA @ LALHZ Ang-(1-7) & i BRF R4 MI
ZH NS 2 .28 31 4H . Ad-ACE2 41 Ang-(1-7) KB E 591K
(8.26 +3.31) . (25.46 +8.60).(29.48 +5.80).(27.34
7.90).(58.55+£7.35) , SRFRA K, Ko 4 ALK ES
WEG I #E (P <0.05); 5 MI 4 lh i, R F AL K& Ad-
ACE2 Al S B A G E L (P <0.05) ;MI 41 NS 4 . %5
AR 3 A I EF TG IT2=E X (P >0.05)

Bl ek T ARG WO e
NN ‘.!'.‘: [N \\\‘1_'.

LN
Nt i)

A BRFARZ8;B:MI20;C NS 48D & &4k ;E; Ad-ACE2 21
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2.4 MMP-9 #= TIMP-1 f&.5 U 64 & ik
S5RF AR, MI 4] NS 425 #i k4 & Ad-ACE2 4
MMP-9 [) 2 H R IR K (P <0.05) ; 5 MI 20 AL, Ad-
ACE2 2| MMP-9 (¥ [ # KK TFREAG(P <0.05) NS 4 25 3%
AT B2EF (P >0.05), SFARALE, M4 NS 4.,
AR K Ad-ACE2 41 TIMP-1 (2 H £k AKFEF & (P <
0.05) (7). BFARM ML NS 4 25 #Hik 4 Ad-ACE2 4
MMP-9/TIMP-1 &3k (1) #H XF LA >4 :0. 98.1.7.1.7.1.73.0. 6,
SEFARY b, MI 4] NS 4 K725 34K 40 MMP-9/TIMP-1 () tt
H T4, T Ad-ACE2 44 MMP-9/TIMP-1 11y HLAB R A%
1 2 3 4 5

Timp-1— [ . - 2310’

Tubulin— ~=——— —— — < 55|}
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A :Western blot | TIMP-1 MMP-9 & TGF-B %& & ¢ & :k;B. £ &
LR (n=5,x+s); 1LARF RAL;2: ML 248;3:NS 40,4 = HoAkal;
5.Ad-ACE2 41; a:P <0.05, 5/8F K4 rtdi;h: P <0.05, 5 MI 4
e
E7 fAKXROAELZ TIMP-1 MMP9 % TGF-g EHKFKIE

2.5 ACE2 T B4 defiAa X 38 A7

2.5.1 TGF-g 7E.L L 355k S5RFARA B, M 4.
NS 20 Je 28 A2 TGF-B Y2 H Rk im (P <0.05) , 5 ML 41
48, Ad-ACE2 4 TGF-B [ IR BREAL(P <0.05) (K 7)
2.5.2  o-SMA ZE AR H g s HRFARAE,
MI ZH (NS 2H 7 75 28 A 241 1l 48 7 8 JOURH 1 2 €5 48 A 1) ol 38
(P<0.05) ;5 MI 41 ks, Ad-ACE2 £ 18 2e 2, 41 ffd 5 25 )i /0>

(P <0.05) , B FARLIA WL i FIYE Rk (16 5.6) o
3 it

D FEFEMRIGIR M5 &4 CHF B9 3= 22 H 2%
itk D] LG 90 B 0 2 S A 2 T B o0 ) S o AN 25 B —
MEER, BRI B KR RS (rennin angioten-
sin system , RAS) B9 0T 76 0> 25 S AG 93 i 1 FE 22 A
0, TR Z I RAS RS — Ml ACE2, HAEY)
FerE S ACE ANJA], B b0 i 8 &R 498 BA R4 1
o R, T AT R FH A ACE2 3 [ 4 iR 9 75 28 1A
Ad-ACE2 #5344 M1 K B, #1197 ACE2 3 ik X MI J5 .0
E HIBRZI , TR HAR ) 4L

o JULTE) R T 75 s T e e R s A /0N | el 3 R, %o
TR 2 BE (A5t B A FE B0 5L, I 7Y e Ji & 4 A 2
[l R, S R O, T/ TR e Dt Lo 45 mT A
S ILEF A AL 0 B B, T M 50 AL ) J5i fise it i)
A GE EA R R R BFIE Z I M JE 0L
() o T 750 R0 TIT 78 sz i iy G 2 34 B 1/ T 789 g )i
FEAZ 2 98 Ak A5 FIUARE A 158 o o FPE T 37 P 2R AR Ao
FWY K, BRA ST HNEAR LT AR
W5 ML A LE, Ad-ACE2 g AL IX LEF 4EHES 25 L,
W22 Wt 24, 20 JH0 A% 1 45 | i 284 55 B0 42 B W sk 45 Ad-
ACE2 HAEREFEIX T | I AL i B 34 (g 35 2, 25 R 3%
B ACE2 5 36354 B F MI Ji5 15 %O JULAL 2L 45 44 1) 4
FEFIE i EE A A A

RAS W3iG e L EHEA R T EE/EM, Ang 1l
7= RAS RS F LR 43T WFFEIESE, Ang T 343
it N 22 24 [R5 AL 2R 1 0 ( mitogenactivated protein ki-
nases , MAKPs ) J& 2l #% P9 3 X 3R 58, 1F 17 5| A2 240 e 33
FH R A R A R 530 (4 TGF-B) 5 4 fif b 5
i (extracellular matrix , ECM) FE352E— R 5728, 5 8h
1 N EF YAk G BE AR S I PR (R F% s 5 3k (R kO ik
ICET 2 20 R A D B A G o 5 50N 1 R
B B SRS IESE ACE2 1o ik i) L
Wiz FAL i Ang-(1-7) Sk b 1 8 4y 450 T L)
RGO 4iqe ™ . BF5E & IRTE ACE2 JE P Al A B
(A Co RS TR Hh O A A6 AH 5 X 35, Ang 1T 19 7K ST 55,
ifii Ang-(1-7) B7KF-FEAIR ", Yaghooti 25 BF 5% /5%
Ang [T 8 0] DA B35 E MMP-9 [l 365 FG 2 . ASHFoE
G gL AL AN ELISA 2558 B 7R ACE2 i &3k ] DUREAIGO
FEfS Ang II (3R 35 A1 198 Ang-(1-7) B3R 35, filf RAS
GV ) AP 7 1 3

MI J5 0 JLZH 2R 248 rh MMPs 7K - (1) 3% i #n
MMPs/TIMPs Lt {51 %) 2 i 7 B0 L ECM R fif A 25
AL, 25 Ml RO = EA AR, MMPs/TIMPs
S JCE G MMPs F) 375 4 384 i TIMPs (3% 4100 1) 48 FH ik
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55085 MMPs/TIMPs H B .00 2= 44, 4 e MMPs
T P B AL TIMPs 1) 30 i 7 38 i a8 fIk. MMPs/
TIMPs [t gl 3% .00 5 A . Roten 25 75 SR T
TIMP-1 LR R 4 > H 18 B & 30 22 0 2 &7 5k R B 4%
B IR A R 7 (BT Sk A BE R ) RN A0 B T Y
S ZE BN RO WU DL ey 2, U BH T L 3 R
MMPs/TIMPs {14 -7 1717 5 1 0 25 544, F 52 Wi O ik )
AE. A WF5E 8 s H MMPs 10 41 50, 4100 i MMP-2
MMP-9 f{2eik, i B 3 oot O S e fLe s A,
141, Ducharme 457 75 [RIARE 49 3 W46 50 vh & 3 MMP-
O V05 M T2 O S A A F O WLITR) 288 440 a2 ) 0 52 i 10 A ik
DML G A ZEY RIEEE, Western blot 125 5 i 7w MI
Ji MMP-9 1 TIMP-1 £ FH B9 A #4 in, 5 MI 41 kb
B, Ad-ACE2 41 MMP-9 75 [ Y 2 3k W] b AR, 1
TIMP-1 2 H BB, 5H&FARLH H, ML
ZH NS 4 Je 25 34K 4 MMP-9/TIMP-1 /Y LU 1H T+ &, 1
Ad-ACE2 4] MMP-9/TIMP-1 [y Fb (5 R& A%, 45 S48 5%
ACE2 i 3K 0] DLREAR MI J5 MMP-9 £ [ (1) &k, #2
{75 TIMP-1 £ H 3835, 4E ¢ MMP-9/TIMP-1 ()1,
AT FEAR Rl MMP-O Fh 5t o 1) — 2R 81 I 4 1 T 52 )

VARSI ST & P TGF-B AT H1984 35 2T 4k 240 Jfa 3 7
75 5 L ZT 4 40 B 1] JUL 2T 4 40 i 434k K. ECM K B4
B, MRS SE g — 20 3 B TGF-B HAT il 30 AE il 2F
Y 20 B 43 £k R LR 2T 4 4 I % e 0, 12 0 bR iR
a-SMAJG b ik , T 8O I FA A, Mmoo fL
AR AW RV ACE2 1 5] B
ik TGF-B & H KKK, g AL A5 AR 7R Ad-ACE2
2H o-SMA & [ R A W B /b, X s g5 R ] ACE2
1 IR REAG R AR A 5 L ) A s e 41 Sk Ak
{55 TGF-B Hl a-SMA ik,

B2 AW R B ACE2 33 R RENS RO R
DL Ang-(1-7) By 3238, F 4 Ang IT () £ 3K, B0 A8
ACE2/ Ang-(1-7)/Mas $lif~F, e 0 LEF 4k, 2
FHLHI AT BES T 8 MMP-9 \TGF-B & a-SMA [y 35 Al
#EFE MMP-9/TIMP-1 [ E#54 5.
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