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# E: AEMNB(endoplasmic reticulum stress, ERS) g 4 ffl 0 PRI S50 (1585 B 4 SR, RS BE ER'S A5 40 a7
C/EBP [A]¥ %5 [1(C/EBP homologous protein, CHOP)/& ERS HIZIH T g 2 EEIIE ST ASLH B AR CHOP /711 ERS
FHIGT 3 A A0 K U - B A B0 R D UIRE R A R IIE T o SR Wistar KR 85 L, B ABLALLI(n=45)
G (n=40), BRAITEEIIRRAEAR, SRAN S B EDKAITRAER, 49T RELD d. 3 dv 7 d. 14 d.
28 d g A sh 722484k, g 40 B /AR L (HW/BW) A 2200 % B / AR HE L (LVW/BW), RT-PCR AR I 22050
JULZHZ ERS FH 4> T 24 W 15 5 191 78 (glucose-regulated protein 78, GRP78). 4% & 1 (calreticulin, CRT)H! CHOP mRNA %
15484, Western blot 4347 GRP78. CRT. CHOP, LAKIHT AHICHT [ Bax fl Bel-2 Rk B, S8R, REIEAETF
SRROMIEE, S5RAtts, K7 dBERAXRIDET S, OIS, HW/BW M LVW/BW 10, 1
R TR 5 T 48 CRT mRNA RIE TARJG 1 d BUE AR L, BRI 136% (P<0.01), i AEANS 7 d FFLEH
MEEL, BN AT R 69.2% (P<0.01); GRP78 S FIEE ARIAH T ARG 7 d BEWGIN, 2500 AT N 20% 1 186%
(#P<0.01), 75 ML N CRT A1 GRP78 mRNA M8 HIYFFaLm /K F8Rik . M Boan A0 BN EHK BT
(+dp/dt,.) 733l 5 CRT £t 13814 (r=0.780, P<0.01)F1 GRP78 1 [ K1 (r=0.694, P<0.01)23 IEAH X . KHIERS (14 d)] fili &k CHOP
PT84, R RELOIIZHZR CHOP mRNA FIE H AR TG 14 d B35 B, 730 R4S N 22.2% F1 76.0% (3 P<0.01),
[RIRPE T 28 [ Bax RIEH InCBoxt AL I 41.1%, P<0.01), TIPLIET-E [ Bel-2 Rk BRI R ALFFE 25.5%, P<0.01);
A3 M 7R CHOP 25 (A £i5 5 Bax ik IEAIK(r=0.654, P<0.01), 15 Bel-2 FiE A (r =-0.671, P<0.01). iR &5 RIS i
T BNk AS FLTE A] 5 5 M 2 T ERB R IE AR AL, ik ERS, K ERS % S0 WA TS, CHOP A3 1% ERS HISCHH
TRAN RS T ONEELRE, #HENOUHEATZ5 T OWIEE R RREZR R, g BE N KA R .
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C/EBP homologous protein-mediated endoplasmic reticulum stress-related
apoptosis pathway is involved in abdominal aortic constriction-induced myocar-
dium hypertrophy in rats
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Abstract: Endoplasmic reticulum stress (ERS) is an adaptive process in response to circumstantial changes, but excessive and/or
prolonged ERS can induce cell apoptosis. C/EBP homologous protein (CHOP) is a very important marker participating in ERS-

associated cell apoptosis, while the role of the myocyte apoptosis induced by CHOP remains unclear in the development of hypertrophy.
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The present study aimed to investigate the effect of CHOP-mediated ERS-associated apoptosis on myocardial hypertrophy induced
by abdominal aortic constriction in rats. Healthy male Wistar rats were randomly divided into model group (n=45) and control group
(n=40). The rats in model group received abdominal aortic constriction. Hemodynamic changes, whole heart weight/body weight (HW/
BW) and left ventricular weight/body weight (LVW/BW) were measured on 1 d, 3 d, 7 d, 14 d and 28 d after surgery, respectively. The
mRNA expression of glucose-regulated protein 78 (GRP78), calreticulin (CRT) and CHOP, which are important markers of ERS, were
detected by RT-PCR, and Western blot was used to assess the protein level of GRP78, CRT, CHOP, and apoptosis-associated proteins,
Bax and Bcl-2. The results obtained were as follows. Compared with control group, the blood pressure, LVW/BW, and HW/BW of rats
in model group increased significantly and cardiac function enhanced compensatively on 7 d after surgery, and increased progressively
during the experiment. As early as 1 d after surgery, the mRNA level of CRT in model group increased by 136% (P<0.01) compared
with control, while the protein expression increased by 69.2% on 7 d after surgery (P<0.01). Both mRNA and protein expression of
GRP78 increased by 20% and 186% (P<0.01) respectively on 7 d after surgery, and the expression sustained high level during the
experiment afterwards. Correlation analysis indicated a positive correlation between +dp/dt,,, and CRT protein expression (r=0.780,
P<0.01) as well as GRP78 protein expression (r=0.694, P<0.01). Prolonged ERS triggered myocyte apoptosis, as both the mRNA and
protein level of CHOP in model group increased by 22.2% (P<0.01) and 76.0% (P<0.01) respectively compared with control on 7 d
after hypertrophy (14 d after surgery), and meanwhile, the protein expression of pro-apoptotic Bax increased by 41.1% (P<0.01) and
anti-apoptotic Bcl-2 protein expression decreased by 25.5% (P<0.01). Correlation analysis indicated a positive correlation between
CHOP and Bax expression (r=0.654, P<0.01), and a negative correlation between CHOP and Bcl-2 expression (r=-0.671, P<0.01).
These results suggest that abdominal aortic constriction induces a significant up-regulation in ER molecular chaperones at early stage
of post-surgery, indicating that ERS response is activated in the rat heart; while prolonged ERS could lead to myocyte apoptosis, and
CHOP-mediated ERS-associated apoptosis may contribute to myocardial hypertrophy. We speculate that cell apoptosis may take
part in the regulation of myocardial hypertrophy and heart failure, and determine the progression of decompensated hypertrophy.
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2 - ARG L R ACH ARG . FA IS 2
FIIR Z SR VE R, T LA i A 45 25 SLY R 4
S P F a2 R R SO0 IR R 1) S ]
. P (endoplasmic reticulum, ER), 7ELJL
1B 3 B LS M (sarcoplasmic reticulum, SR), J&
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1.1 SR i RNA 2B £ (DP419)
cDNA 58 ik S(KR104) . 2xTaq PCR
MasterMix (KT201). 100 bp DNA Ladder (MD109).
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HIUK IR FE(RT 1013908 B A6 5 RAR AL R A iR
INH] o IR LS 5 (phenylmethan esulfonyl fluoride,
PMSF). Triton X-100. EDTA. SDS. Mk, H
X NKEWERE . DTT. Leupeptine TEMED 474 Sigma
ANHE L, E VKA1 (7~175 kDa)brid A4 Bio-
Rad 7, ¥/l CRT 1 GRP78 £ e BEHi A [
Stressgen A F], YL Bax £ g FEHIAM H Upstate
A, RPN Bel-2 Z iBEPiA. %Pt A GAPDH
TeREDUA. RPN CHOP £ 5 Hik Rl SC-2048 14
Ak 2% & Yt (enhanced chemiluminescence, ECL)ix ]
%0 H Santa Cruz A, B A EEAR D LA T
SR AEPT/ IgGI A A6 A2 S AR AT B
NRCIIE

12 =B TSV TE Wistar KR 85 H,
RHE(120+10) g, T F ZE S 2R B SEa sh Py oo
[VFofiiE S SCXK- (%) 2002-001]. #4243 LA HRE
(7O R BRI B ke A R RTAE 12
h, HHEKK, 2% KEHLZ48(0.23 mL/100 g)L
[ e N = S 1 o A et R o N S 0
Fe /e Bk o7 B, L B AL (n=45)
G AL (n=40). HIEFIQBESINY 5.5 Stk 5
Tk g, RiE/N oS E Sk, ERE 38
JKEB o> M s AR 7 B B AT IR AE AR
REIEHERE, g WEEKRE, 20T ARG
1 d.3d.7d. 14 d. 28 d45REK,

1.3 MEIEIR

1.3.1 MiEsh hET. AW A, KR
FRE, 20% 2473010 mL/kg) s vV E ST BRIEE, AR
e FFARG, HWHMEE, SErEhI0, iR
AMBURBIK, AT A4 SR BRI E, 2 )% K a%
L5 SMUP-B A5 5 b R G A, Hifiid— Bans)

WKIRWIE JG, AT 2o 0 =3mE, Hihd—BUA
DE RS gk . LA MFL Lab200 I BEHK A 1157
205 ik [ (mean carotid pressure, MCP). /0> % (heart
rate, HR)\ Zi/0 % P He oK B TR (+dp/dt,,,,) Al
o3 N B KR PRI (—dp/dt ) -

132 2LE/KRELMEZSE/FER LB
MrE g G, TERROCECGME, L4 °C A3 £k
VEONEIG, UK T LRI Z, RIS L
Ja, ZEPOEAGOE, RO ERER R, R
#, M40 /AR i (whole heart weight/body
weight, HW/BW) 1 /c % 5 / /R 5L Ll (left ventricular
weight/body weight, LVW/BW). J- Wi B i 200y ==
Y1gl, —80°C fRIF#H .

1.3.3 #5R - BEME R (RT-PCR) LR
FGEAE DRI A O A0 RNA, WP EAT
RT-PCR, cDNA &4 i Bl ) G 8 4F i
B, % H R B A Ab s = ia S AR Y
BARAF G WK 1, PCR KMNAARNF: cDNA
FBR 02 ng, % HZE KA GAPDH & R34 0.4
umol/L, 2xTagq PCR MasterMix 12.5 pL, &MAZ25 pl.
94 °C &% 5 min J5HEA PCRIGIR: 94 °C AL 40 s,
54 °CiR-K 40 s, 72 °CiEfH 40 s, 332 MG,
5 72 °C RAEMH 10 min. HUS uL PCR P=4iHAT
1.5% BlRkH e vk, Lk 145K ] Image-Pro
Plus B4 5 ¥ #AF-(Version 4.1, Media Cybernetics,
LP, USA)#r-FRes B, LLH B B
GAPDH #2010 5 4 FUAEL S H A9 RE D mRNA F
FHAF 7K P o

1.3.4 Western blot #  $cA S IR IE 1) 7
R = A GUE B, Bradford A H FE
JasrEe. =70 °C fRfr. P ERBOR(E HEA 200

A 1.PCRELF B 69 K W73l 4

Table 1. Primer sequences used in PCR

Gene name Primer sequences Product length (bp)

CRT P1: 5’-CAA GGA TAT CCG GTG TAA GGA-3’ 445
P2: 5’-CAT AGA TAT TCG CAT CGG GG-3’

GRP78 P1:5’-TCT GGT TGG CGG ATC TAC TC-3’ 345
P2:5°-TCT TTT GTC AGG GGT CGT TC-3’

CHOP P1: 5’-AGC TGG AAG CCT GGT ATG AG-3’ 256
P2:5’-GAC CAC TCT GTT TCC GTT TC-3’

GAPDH P1:5’-TGC TGA GTA TGT CGT GGA G-3’ 288

P2: 5°-GTC TTC TGA GTG GCA GTG AT-3°

CRT: calreticulin; GRP78: glucose-regulated protein 78; CHOP: C/EBP homologous protein.
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ng) AT 3R A4 Ik e vt ks FL UK (SDS-PAGE, 8% 43 %
JKE), K LUK A B 0 ) E BT LA RS R A PR AT Yk
B b, B YIS 2 A CRT (1:1 000).
GRP78 (1:1 000). CHOP (1:200). Bax (1:200)#1 Bcl-2
(1:200)55 2 e BE PR ST & 4 h, YERE S LUAHR Y
TR E 1 h, LU GAPDH (1:200) 5w FEHT
R E#EE, 1R BRI B - SR E S
ECL 7R, W% X GG, KA Image-Pro
Plus B 23 B AT 23 B 2 A 45l IO AR 20 6 2% A
(integrated optical density, I0D= ~F-$4) 6% FEAH < [H]
), LIELEE 1 10D {8 /GAPDH 10D 18 1) EL AR Sz 11k
B A K.

1.4 BIEALIE R SPSS13.0 S il R F Xt s2 56 %4
PEREAT T, SEEE R H meantSD For, KH
BEATLBE VIR PR RE A RS 50004 T 78 2 R0 LA L
Z 4 8] LN 5 DRI 2277 72 53 # (one way ANOVA),
ZH ) b Y Y g & 56 . K Bivariate Correlations i3
FE23 BT WG AR B A S E, P<0.05IHA NG Gitt 2 25 5o

2 R
2.1 EEBKREFSKERCAMARRE
211 —fiER

ARJE R HEALK BURS B, R E RN, o
TRYLFIBE T BEAALK RUR S ] 2, AR E s in gz
18, DRUBCGL sl 55 IR R 0T 3 o S5 ia SRA 4T
WRALRR 40 X, BOALURR 42 Ko I sh ok s
A R R T R, BRI E RS 7 d
TR B E BT, RJG7 d. 14 d. 28 d 20 W
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TN 19% . 23% F131% (¥4 P<0.05, #%2),
FHEFALAPAE BN R . 2K RO R AR,
212 LIMgET

SIS B WK 2. ARG e 4 / &7k
Ifer +dp/dt,,, FFEETmy, b &R DIRe R LTIk
AENREALA, RN —dp/dt,,,, 7EAJE 3 d B35 EFHER
A1 N 21%, P<0.05), 11 +dp/dt,,, (K248 10
HILTAR)E 14 d (B 41380 20%, P<0.05), it
JEY¥IYEREAE Bk b +dp/dt,,, B TR 3R T
hn, A5 28 dEAR)E 14 d BN 13% (P<0.05), #/R
WS BIPAEAJG ARSI M S TR N KRRy Bhg k1
REEW, R HIUEH R JAREENE L ) 3805 .
2.1.3 HW/BW F1 LVW/BW {4

MGk AE G 7 d LA B RS, AR
HHW/BW T ARG 7 AR BT, RS2 50
45, RJG7d. 14 d F128 d HW/BW 235l 5 I
HE29% 26% Fl124% (3124 P<0.05) o SR AL
JEJEH LVW/BW T ARG 7 d P66 TR, SXF 4L E
B, RJE7d. 14 dF128 dBERL] LVW/BW 435
H132%-~ 33% M131% (¥4 P<0.05), $#&RKHIE
B2 i B A A O 3 T Sy O UIE B (%
2).
22 BEEZDRREROMEALRER NHH FHE
4
2.2.1 CRT Ri&Z

43 9K F RT-PCR F1 Western blot 33 AKX i,
LI Z CRT mRNA i &k 1k. UL GAPDH
YE N Z, X4 CRT mRNA FIE [ #IA T B

K2R HIRE & KA Hh e HW/BW A= LVW/BW %46
Table 2. The hemodymamic changes and HW/BW, LVW/BW after transverse aortic constriction in Wistar rats

1d 3d 14d 28d
Control Model Control Model Control Model Control Model Control Model
MCP 110.13+4.38  119.29+11.74 11827+11.66  129.09+13.94 120.44+9.06 143.43+7.80"  116.31+3.84 143.50+13.43" 109.06+13.47 143.2249.39"
(mmHg)
HR 433.23£16.71 436.55+29.10 427.50426.27 411.49£15.60  421.97+18.13 435.63+21.32 417.17+16.06 441.19+£30.06  399.12+20.45 411.18+21.89

(beats/min)

+dp/dt,, 902.04+90.14 964.17+64.67 1009.74£91.96 1049.69+152.46 1006.73£156.27 1066.97£192.52 1031.38+173.31 1239.06£99.72" 1169.69+205.73 1402.05+152.09"

(mmHgfs)

-dp/dt,,, 764.74+43.00 829.92490.53  839.70+£87.26 1017.61+111.73" 844.50+101.98 1035.51+£141.87"

(mmHgs)
HW/BW
(mg'e)

LVW/BW 248+0.11

(mg/g)

3.2040.13 3.36+0.17 3.21+0.19 3.38+0.24 2.97+0.19

2.56+0.12 2.50+0.15 2.64+0.22 2.39+0.19

790.72490.66  1044.72+135.17" 911.54£150.25 1091.55+112.14"

3.84+0.63 3.00+0.12 3.78+0.28" 2.53+0.09 3.1540.22°

3.15£0.49" 2.30+0.06 3.0540.24° 1.95+0.08 2.56+0.19"

MCP, mean carotid pressure; HR, heart rate; HW/BW, whole heart weight/body weight; LVW/BW, left ventricular weight/body weight.
mean+SD. n=8. "P<0.05 compared with control group; “P<0.05 compared with Model-14 d group.
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136% (P<0.01), Sbja#EFfEmRiEKT. &
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2.2.2 GRP78 RixT ik

W ok A v T K RO L ZRER Sy 1145
GRP78 £k B #0, SO NUIE)E KA I 7] — 2,
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7d BT, 3B IR N 20% A1 186% (34
P<0.01), IbJE¥4eRifEmRIEKF-(E 1),
23 EEHREERER NEHEXATIRENTE
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A
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0
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The mRNA expression of
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B, AL L4 20 CHOP Rk 10 JULAE &
Ja 1 JHRIARSS 14 d B35 2%, mRNA M K45
RN I A1 T 22.2% F1 76.0% (3 P<0.01), A
28 d AN A I8 2 T =i (P<0.01) .
2.3.2 Bax ¥ Bcl-2 ik 3

K HIBax fl1 Bel-2 45 7 PEHTAAE 1T Western blot £
M, UL GAPDH Kt J& 1) 85 (A 4k 77 TOD {H R L YL
HZ Bax fl Bel-2 FIRIEL(E 2B). 4R 2R,
5 CHOP KIA MU I 18] — 3, IR0 I ZH 2 Bax
HiBel-2 FRIE AL NUEE G 1 EIAR S 14 d 5% 2L
A, TR Bax RIAEA)G 14 d 2% B, R
J5i 14 dF128 d 43 BB FEZH 9 0 41.1% F146.9% (34
P<0.01); [FIRHLMTIERA Bel-2 RIE T, 7ER
J&i 14 dF128 d 43l 480t HE 20 PRI 25.5% F128.9% ()
P<0.01).
2.4 HHERMES

AR 23 T 2 S e IS4 T i 1Y) +dp/dit,, .
395 CRT & 3RiE(r = 0.780, P<0.01)F1 GRP78
EHFIE(r = 0.694, P<0.01) % IEAH2%, [FINFER
PTG FCHOPHR 3R 1A 5 Bax [ R IA W 34 1F

B
Control M-1d M-3d M-7d M-14d M-28d

OGRP78m CRT

SCooo = a
oMvprEON

Control M-1d M-3d M-7d M-14d M-28d

The protein expression of
CRT and GRP78

Fig. 1. Expressions of CRT and GRP78 in rat myocardium tissue after abdominal aortic constriction. A: The mRNA levels of CRT and
GRP78 normalized against GAPDH levels. B: The protein expression of CRT and GRP78 normalized against GAPDH levels. M-1d,
M-3d, M-7d, M-14d, M-28d: model group at 1d, 1 d, 3 d, 7 d, 14 d, 28 d, respectively. Mean+SD. n=6. “P<0.01 compared with control

group.
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Fig. 2. Expression changes of CHOP, Bax and Bcl-2 in cardiac muscle tissue after abdominal aortic constriction. A: The mRNA and protein

expression of CHOP normalized against GAPDH levels in myocardium. B: The protein expression of Bax and Bcl-2 normalized against
GAPDH levels in myocardium. M-1d, M-3d, M-7d, M-14d, M-28d: model groupat 1d, 1d, 3 d, 7d, 14 d, 28 d, respectively. Mean+SD.

n=6. "P<0.01 compared with control group.

FHIR(r = 0.654, P<0.01), 115 Bel-2 tHHRIE B3
Uk E(r = —0.671, P<0.01).
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LR JE AR A RS, RJE 1 d DULAZIN CRT 1)
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JEJE TR 2R . AN IS HT s A B0
I fE 43755 ER N4> 7 CRT Ml GRP78 8 (R ik
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FUR TS K IGRPT8AER NI T e 2 5 T Ik
Jyit A SO IR I O T RERIA RS o 254 500 45
FRSCHRBERE, BATTIA A ER N CRT A1 GRP78
AR I A > TR D) BRI AR ER P B R T S R
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FUZ, [ CRT A AEME L 45 ER Ca® BRI
TS (U InsP, 2 540 SERCA FEPEZEN), 5]
i ER Ca” AMilin, Mk Ca® iR T, i
DL A Dhre 3o, R EF Ik DhRe T R . BEAS
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