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(HE] BH FHTES R 1| (ASKL) 76 FVB/N /U280 28 3 9 i F v 9 28 4k K HRs
FiE M FVB/N /NG B I R O [RGB ALK 54 R FVB/IN/NRSP R 0 d 4L (n=8) . 7d 4 (n=10 ) .
14d4 (n=16) F21d 4 (n=20) . EEESSFHE LRE (1S0) @00 E BB, 1S0 7 & & H
30 mg/kg, 7d 4, 14 d 40121 d AMHELEES 7. 14, 21 d; O d 4UE s i A4 A R K . B O3l G
INREFIRAR I DS R REIEEE (ALVPW ) 5 WL IE HE (HW/TL ) 5 FAKE — PR e il i e O 2 O AT 4 B4R
TEVRIR — RARIRLL Y R 220 2O LB JE R R D65E 7t PCR 3 ASKL. T BIARJE ( Collagen 1) . B!
JEANIK ( BNP) mRNA Fik/KF; SRS A/ NRIFET %, &R RS 1S0 0. 7. 14d )5, /MR HW/TL, O
WIEF4E B . ALVPW B E (P<0.05) o 5 14 d B A, 19180 21 dif, HW/TL & ALVPW 225648
B (P>0.05) , DNEF4EEZR/N (P<0.05) Z 7dBKE (P>0.05) o« dH IS0 0, 7. 14, 21d )5, /MO
HIEI BT AR Collagen I mRNA ., ASK1 mRNA ., BNP mRNA FiA R Z#E =, 21 d BfiAEE (P<0.01) , ASKI
mRNA Zeik it 5O MR TR . Collagen I mRNA ., BNP mRNA FiAHH R IEASE, 5 HW/TL, OILEF4E EAE .
ALVPW FHOCPESS . B 1SO RS A IE K, ANRIPET- R T &5i8 O UL ASKIL kKPS 8 0= &
YIS, ASK1 Fik KT E v BE S8 O E EMRBR N E, HEARYLHA frlE— 2058
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Role of apoptosis signal-regulating kinase 1 in left ventricular remodeling in mice

YUAN Yong-Hua, XIA Xiao-Hui, HE Xue-Hua, LIU Li-Ping, WANG Sheng, HU Can, LIU Zhen-Yu. Department of
Pediatric Cardiology, Hunan People's Hospital/First Affiliated Hospital of Hunan Normal University, Changsha 410005,
China (He X-H, Email: he xh101@]163.com)

Abstract: Objective  To study the changes and significance of apoptosis signal-regulating kinase 1 (ASK1)
in left ventricular remodeling in FVB/N mice. Methods A total of 54 FVB/N mice were randomly divided into 4
groups: 0 d group with 8 mice, 7 d group with 10 mice, 14 d group with 16 mice, and 21 d group with 20 mice. A
model of cardiac remodeling was established by intraperitoneal injection of isoproterenol (ISO) at a daily dose of 30
mg/kg, and the 7 d, 14 d, and 21 d groups were injected for 7, 14, and 21 consecutive days respectively. The 0 d group
was given intraperitoneal injection of an equal volume of normal saline. Echocardiography was used to measure left
ventricular posterior wall thickness at end diastole (ALVPW) and the ratio of heart weight to tibia length (HW/TL) was
measured. Hematoxylin-eosin staining was used to measure left ventricular myocardial fiber diameter. Picric-Sirius red
staining was used to measure myocardial collagen deposition area in the left ventricle. Quantitative real-time PCR was
used to measure the mRNA expression of ASK1, type I collagen (collagen I), and B-type natriuretic peptide (BNP).
The mortality rate was observed for each group. Results There were gradual increases in HW/TL, myocardial fiber
diameter, and dLVPW after 0, 7, and 14 days of ISO injection (P<0.05). There were no significant changes in HW/TL
ratio and dLVPW from days 14 to 21 of ISO injection (P>0.05), while there was a significant reduction in myocardial
fiber diameter (P<0.05), which was similar to the value on day 7 (P>0.05). There were significant increases in
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myocardial collagen deposition area and the mRNA expression of collagen I, ASK1, and BNP after 0, 7, 14, and 21 days
of ISO injection, which reached the peaks on day 21 (P<0.01). The mRNA expression of ASK1 was positively correlated
with myocardial collagen deposition area and the mRNA expression of collagen I and BNP and had a weak correlation
with HW/TL, myocardial fiber diameter, and dLVPW. There was a significant increase in the mortality rate of the mice

over the time of ISO injection. Conclusions The expression of ASK1 in the myocardium is closely associated with left

ventricular remodeling. The increase of ASK1 expression may lead to the aggravation of left ventricular remodeling, and

the mechanism of which needs further study.

[Chin J Contemp Pediatr, 2019, 21(10): 1049-1054]
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#1215 5 ¥ 9 P4 B 1 (apoptosis signal-
regulating kinase 1, ASK1 ) JE4i il 22 2 s i 1L 8
W R 22— ASK1 FEANI A =15 515 S
P BAT AR, ASKI s J AT 4 1 4 A
T2, SEALHI Y, AR, ASKL 7RO MG
ot 1) R R AL RN B TR A 5 v A2 B g B, AR DR
LRTIHR Gt R 3 ASKT FED 5K AL 0 UL R FRASE 21
Hf A B Y, BT Budas 45 PV IFST 4 B ASKI
00 50) B8 BHL L Sl A 1 i ) ik v PR Y g,
FAHA OB B, 45 R4 ASKL A HE
s D E S R TP A S B

77 S TN B I =10 (W2 SN 7SI |
A 28 L5 0 52 Wi R85 9 AR A T B 1)
PRI R B Ao Em, AR LR
B I R R K el A S B O B EE
AT ASKT 78 20 5 20 v B BIF 5 i DL Al T8, A7
frifk—L e, B, AW N e FIRR
(isoprenaline, 1SO ) AL IEME LS BB, 8IS HE
JE S IS0 JEA7 FVB/N /D RUO S AR, %
ASK1 TEZE.0 3 D U R AL 2 2R 4kt f b g 28
BT SC, SRR O I BB ALH] L Im KR 7
MRBESLIGARYE

1 RS

11 IR HA

12 JEEHEYE FVB/N /NG (N A= k4
AIRAT ) 54 H, FIRTE 247 £2.1 g, TiIHH
YRR 1SO I FH 9 SRR a2 i 5 i/ BRAE T
RPN T, R, 2R R AR R 4L B AL/
AR, % 54 H FVB/N /NS5 )5 I FHBEDLIL %L
FRIATE RN, FEPLKE FVB/N /NS R
0d# (n=8) . 7d# (n=10) . 14 d 4 (n=16)
M21dd (n=20) . FFEARERE N 25£2°C,
120 W/ BE3SHE, Py sl S0 i~y AR B2 h AT

TEER
1.2 DOAEESEREST

Z IR SR M AR, AT T A4 14d
L1021 d 41 FVB/N /I U IS 2 3 18O (#15627,
K Sigma AT ), SPAIELHER 7. 14 F121 d,
ISO 7l A5 H 30 mg/kg, 43 2 TS, BRHKIRIRG
12h; Od AR X, W T A 25 A AR K
FR A /N B O IR S L O M BE) e 45 SR e RS Y
SR
1.3 AR ERT

S 25 A JE U H AT /N B I R R
10% 7K & SRR I /N B, > F ALOKA Qrosound
al0 Premier #71%, LI 14 MHz = 0500 IEHSK e £
iy 5% 2o 28 Al T ) R SR I 200 i BE
JE & (left ventricular posterior wall thickness at end
diastole, dLVPW ) . 3#EZEM 3 4~ 0ah JE IS4,
HEME.
1.4 iU RERR S F0 OB A IR 43 A il

SR A S U H RN RSTE R, ARBE S ST
RUIBCHS O, ¥ PBS 2 ph gk 25 i, IR AR
TUFE Ky, R WERERKE, HHEORKRIT

( heart weight/tibia length, HW/TL ) . £ 3k LK

SEREDLC AR, A OEORET 4% 2 R PR
Wb, 2K, ARSI H LU, 5.0
A Al 2 AL O RA GUTF AT I R, AUl
JEBE 5 um, FfJS 53 53R4T I8 R KE - BHEL (HE)
M RRBLLY O B BN RSB
W5 kIR, Bpak Ul R BEALESE 10 DLEF, W]
Image Pro Plus 6.0 ¥4 ( Media Cybernetics, 5[ )
WEZ 0 LRSS D A1, 3000 R0 A e D v R o 00 M
TARA 73 o SN BRUC WLEF 4 B AR
1.5 WHEE PCR i mRNA 7K

A0 D RAR T R LS RNA, K] First
Strand ¢DNA Synthesis Kit {7 & ( HA< TOYOBO 24
Al ) & cDNA, 5149 3¢ [H Invitrogen 28 Fl % 1T
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GG ASKLF): LS 19 5'-AAAAGGACGGG-
AAAGGGATAC-3', T34 5'-CGAGATGAGGGTT-
GTGATGTG-3', J B FE 257 bp; B #Y Jili £ ik

(BNP)J¥%1): _LiE514 5'-TAGCCAGTCTCCAGAG-
CAATTC-3', F 5% 5'-GGTCTATCTTGTGCCC-
AAAGC-3', B K B 218bp; [ AR & A

(Collagen I)J¥41: L1514 5'-CTGACTGGAAGA-
GCGGAGAG-3', T i 51 ¥ 5-CGGCTGAGTAGGG-
AACACAC-3', Jr Bt JFE 116 bp; GAPDH J7 41
% 51 % 5-TGAAGGGTGGAGCCAAAAG-3', F
519 5'-AGTCTTCTGGGTGGCAGTGAT-3', J B
KB 227 bpo BEDREARBINE 3AFPATHEAR, i
SYBR" Premix Ex TaqTM R & ( HAS TaKaRa 2 F] )
Bel s AR ZR (10 L) SA: 2 x qPCR Mix 5.0 L,
LERUES I (2.5 pmol/L) 4% 0.5 pl, iR 1.0 pL,
ddH,0 2.8 uL, Rox 0.2 pL. StepOne  Real-Time
PCR 1% ( 2 [ Life Technologies NI S
BF 9 i PCR 5255, [ 54 R: 95 CHlAE M
1 min; 95°C728 1 155, 58°CiE kK 20s, 72°C ZEAifi
20s, fE¥ 40 K; 72°CAAEff 5 min, X GAPDH
NS, ESERIE R CeE, HEEE A
SFFGA DL 270 R ROR

1.6 SiItESH

K SPSS 17.0 Gt it B4 % B4 47 42 112

ST TR ORIIE « friE2E (R+s) FoR,
Z A 8] LLBCR B R R 2200, 211 0 L3
K H SNK-g £ 86 . THEBERER I E 0% (%) £
N, AR HECR R R, Ao HrR
Pearson fH5E T, P<0.05 =S A GRS,

2 #R

21 BHMNRIETER

Bl 5 1SO VES B [ A AE K, #5247V BRI FE T
RETEIEI, 0, 7. 14, 21d 4 PEHE] ST Ry
WK 0 (0/8) | 20% (2/10) . 44% (7/16) . 60%
(1220) , 4 M 22 R A G F L (=828,
P<0.001) o HIBRIET/NE, 0d. 7d. 14d. 21d
4 BRI BN SR B8 55 8. 8. 9. 8.
2.2 DALBEEEIRTL

LALEONHE REAaE/R, 50440 HE,
7. 14, 21 d AN AR, DL 14 d 45
W, EHEHI1S00, 7. 14d)5, /N EEE
feAr (HW/TL, O WLEF4E HAR . dLVPW ) & i3
i (P<0.05) o 5 14 dfEE:, A ISO 21 d i,
HW/TL f dLVPW 2273 41258 X (P>0.05)
D W4 AR P<0.05 )% 7 d B 7K P>0.05 ),
W1, Ei1,

F1 FEMRONEEEREE  (xxs)
g ; HW/TL — ODHLEF4EEFE  dLVPW
(%) (pm) (mm)

0d4l 8  495+0.14  49.6+32  0.477=0.019
7d4 8  522+0.14" 868+14" 0.566+0.018"
14d4 9 538+024" 915+£32" 0.669+0.037""
20d40 8  542+024"™ 87.6+32" 0.590+0.014""

F1H 12.014 433.413 145.771

P{H <0.001 <0.001 <0.001

e [HW/TLL G M [dLVPW] &F 5k A A0 0 %8 J5 BE R L
a/n50d A, P<0.01; b5 7dH L%, P<0.05; ¢c/nb
14 d 4l kb#, P<0.01,

B1 KHENOBRERE
LU 14 d i s RIRIBLT G (% 100) s: 0d ZHAT 7 d 4R VLR SRR JEE0 TR, 14 d 210 21 d 2H.CALTa) o se ORI g
i biT A B vy AN

TIAAE - PTG ( x400) Bon: 50 d 4 HLEE, 7. 14, 21 d 4O HLEF 2R 1AL,
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2.3 ASK1 S5ihELF44k
ALELDIARBEAFEER: 14d M

21 d 0 WL BT IR T AR 2, 0 d 4R 7 d 2K

UL R DA, ST IS0 0, 7. 14, 21d )5,

I B0 B S i T AR Collagen I mRNA | ASK1
mRNA . BNP mRNA A B ZHHEE, 21 d ke
g (P<0.01) , W2, F 1,

2 FHMROEFENRBXIBIRLE (xzs)
Bl n L ERE SRR (%) Collagen I mRNA ASK1 mRNA BNP mRNA
0d#H 8 0.167 + 0.030 1.45+0.20 1.22+0.19 1.05 £ 0.06
7d4 8 0.210 + 0.009" 1.47 +0.13 2.91 +0.23" 2.09 +0.17°
14d4 9 0.718 +0.029"" 481 031" 3.78 + 0.63"" 4.02 +0.39""
21d 4 8 0.769 + 0.015™ 539 +0.21™" 5.38 + 0.44"™ 5.56 + 0.32"
F 1Y 3851.514 1385.449 215.584 713.725
PH <0.001 <0.001 <0.001 <0.001

T [ASKI JAT-{55 0 19305 15 [BNP]B TR, a/m5 0d 41HEL, P<0.001; b/t 7ddlb#e, P<0.001; c/”'g 14 d 21 L0ER,

P<0.001,

2.4 FEXMESH

AH Mk 2y B s ASK1 mRNA £ ik i 5
HW/TL, D LEF4E 548 . dLVPW FHCHESS (451
r=0.407. 0.618. 0.340, P<0.001) , ASKI mRNA

KR S5 ONEREHEFL, Collagen I mRNA, BNP
mRNA KBS B IEAE (539 7=0.798 . 0.803,
0.926, P<0.001) , W& 2,

6.5 —~ 150 0.8
g
60 = . 2 07 *S0 .
S
S ss ¢ 2 FF . £ 28 ®
2 < o 2 06 ow
£ $ g Z y
= o ¥=0.102X+4.914 ﬁ:-: 01 & Y=8.568.X+51.840 & s Y=0.031X+0.480
T 45 720,407 = 1=0.618 <N e & 720,340
P<0.001 7 P<0.001 = . P<0.002
4.0 T T T 1 N 0t T T 1 0.4+ T T T 1
0 2 4 6 8 0 2 6 8 0 2 4 6 8
ASK1 mRNA ASK1 mRNA ASK1 mRNA
10 8 8
N =
= 0.8 . é& 6 r ; 6 d
1539 .
E 0.6 — 4 Q:E 4
& o4 £ e
= ¥=0.167X=0.110 & 5 ¥=0.990X+0.023 2, Y=1.050X-0.310
=) >0 120.798 = ® r=0.803 r=0.926
2 P<0.001 © P<0.001 C P<0.001
0 T T T 1 0t T T 1 01 T T T 1
0 2 4 6 8 0 2 6 8 0 2 4 6 8
ASKI mRNA ASK1 mRNA ASKI1 mRNA
2 ASK1 mRNA 5&35irHEX S E
. JER. N Y g3 s, [9-10] SR
3 itig = EIAHLE] SO NIRA T VIR 1, (PR AE

DEFERREROEIU, B RBURIGE
R4, LI RO LR 17 B 87 A O A2 A, g LA
U2 T VR R SR TN O T 1A e o 2k
45 i L LA B0 0 2 B EE A R B R 14 2R
A VUGS, i, MRS 0sEE
e A Aoy T AL B A B S BT R LG

70 & F I S R O WL T 0 4 AL AT SR A 1
PR,

JLZS 9 Bz A 303000 3 mT S 380 e 0 2 A PR L
Ji2 SRR A MR g 20 3 A kA MY RIS A
FH 1SO BN IEPE LS B B ST 1 FVB/N /NGy
JEE AR R, 45 S I R FVB/N /N BRUE B VE 5 1S0
Ja 8 7 REVH BLOMUIEE, 14 d O JLIE R3S bR ik
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FEwg, 21 dDHUEEI B A 2 — 2 e,
FEREA T s T B X/ B0 = 1 4 b 38 A it
ki, 255 R 420 = R TR B AN Collagen |
mRNA 7 4 B[] g8 7, HIHE BT @A
W TR RS bR, O L AL 8 AR TE 1S0 T 4t
Ja 7dEEAAE, 14 d IR RS, 21 d 5
KB NRAESET- R IR A, 7d
iR BU/INRBETS, SET-% A 20% (2/10) , 14d
A AET RN 44% (7/16 ), 21 d BIFET-F A (60%,
12/20) o AWFFEEE R LR FVB/N /N RIE T 1S0
JE B BT O HUIR AL = A ik, Bl O
FEA PR, NERIETZ I B3 N, Mohamed
2 P /N RS A R o T KA R e e O
£ NnNAZ SR E NS -3 I 4 U 1 LN
FEIRB W, 5.0 WL T )RR B A AT,
p 0 WILAH 25 2 0 LA e T e s A S S LT
EEEERE N, Patel 25 ) % B 18 67 far 5 S A9 0
PEEE S, HBLOREAL . Drfe ks Far 44k ) f2
FEMURD, it Rk HAT DR R RN S, R
BRI/ R0 U S B Y W 22 . LA B PRI 52 7E
A A S A far A5 R B BT AR SR ALY
DHEE BRI, AWFIE B RLE 1S0 {4 21 d Bl
WURE SRR Rl 1 S8 Sfid, i = 47 41k
Wi, R HE e O WU JE 5 — 2 B e B
O UL P 4 R T Jn A JIL ] SR 2T 4 £k 2
KRR BRI AT O ILER 2 B AR A O R
IO 5 SO AR N — P JE L, /R
IFET R SRR 73X — 5, [Fef 5.0k E
R A 1

ARSI TE ISO FEST 0, 7. 14, 21 d 4 A~HF[HE]
SRS BNP mRNA . ASKI mRNA, %55 54
FERYE W, 21 d PR B, A ek
Hr i 7s ASK1 mRNA 5 BNP mRNA | O JERE AR
FLO L Collagen I mRNA &K /KF- ) 82 IEAH G,
M5 HW/TL, O HLEF4E 4% . dLVPW AHOCHESS .
ARSI ZE IR ASK1 2 5L EHPLFE, ASKL
FERIKAE O LR ALY BB 8 i 0 LR R e
B, BEE OEEBEAUEE BNP Lizd BT, X5
I PR b I O ORI O LA 2E T3
(A0 ILEE ¥ B R S AW o ARSI ASKL
Z 500 T B R AL G — PP, IR B A IR
FRKATARSE ASKT BJEEY, ASKIT AR R4 K AT 4

-5 5 FHL R o B IS A AR DG 1Y, AR5 Y ASKL I
BNP £ /6.0 % S R rp ] B 3 5 5 LRy
WA W) Ao Huang %5 PVBF5T 2 BLY 3K R0 L
FDNEH ASK1 BERREG TS PERG N, JFAEY SRALOL
9 /1N BB 80 R IE 512 ASKT 52 3K 7K S 48 in e L4
LR T 3G A 0GR I e R R ASK T I
IR T WERA, W  E AR . TT
LA Ty v, e A O A A, 4R A
ASK1 SEIRITY KRB U R0 ) 305 1) — o Ay
ARG . fi, Budas % P RFSE LR I IR
ASK 1 #1500 e A S AR Bk He, - sk 20 i 20 ik v
FE/N BB A O Em LR, IFIESE ASKT il 55 Y
IRITRCR S ASKY BERRAL . il s KL PN 2H 2R AN 2T 4
PO IE R SRRk WA 5, BT B R R B e
DL AL GE O YR, 25/ ARGy, Hii
EVEA T IGRIFIE . A WF7T B H ASK1 8 7]
sl 20 R BRI /N B ke i P A 7R 0 ULARE 26 T
LT ASKL 0 ) 390 3 10 5 A 1) 4 AL )
A BE 55 HRE R 2T 2 0 35 P, 00 i 2F 24 4
6L 384 5 4P R 2T 24 LA i 1) 36 Ak O, IR A
UESE ASK 1 3 1 45 p38-MAP3K 155 5l i i 3%
PP WA ST R ASKI il i i INK/p38 155
i ™ NADPH LR 5 1 SR RO LS
- MmEERERS P a0 =159,

i LTk, 5EWNIMIFE AR, 485258 F H
1SO LA N IR LA M B2 175 5 FVBIN /N O =
TR, 5N ASKI 7R/ R = £F iR B Bedss O
WUAEJE B B v o d 3, LSRR KPR S AP AR i
FRET DA T R, RELAL ASKT 522
2 I YA OC, ASK1 A] RE &350 I B
MG —, ik — LR E O E B 5+
BILH B2 3R Y7 HE s A TR AR

(& % x #)

[1]  Ichijo H, Nishida E, Irie K, et al. Induction of apoptosis by
ASK1, a mammalian MAPKKK that activates SAPK/JNK and
p38 signaling pathways[J]. Science, 1997, 275(5296): 90-94.

[2] Huang Q, Zhou HJ, Zhang H, et al. Thioredoxin-2 inhibits
mitochondrial reactive oxygen species generation and apoptosis
stress kinase-1 activity to maintain cardiac function[J].
Circulation, 2015, 131(12): 1082-1097.

[3] Boucherat O, Provencher S, Bonnet S. Therapeutic value of
ASK1 inhibition in pulmonary arterial hypertension[J]. Am J
Respir Crit Care Med, 2018, 197(3): 284-286.

1053 -



5521 45 45 10 1) W E G AR & Vol.21 No.10
2019 4 10 A Chin J Contemp Pediatr Oct. 2019
[4]  RUEHE, fepde A AF LTRSS 1 Ak regulators of heart disease[J]. Hypertension, 2016, 67(1): 38-40.

[10]

[11]

[12]

[13]

B UL R SR A8 3 3k e e 700 2 B 70 B AR S (D7,
S LRI RZR A | 2013, 28(1): 15-18.

Budas GR, Boehm M, Kojonazarov B, et al. ASK1 inhibition
halts disease progression in preclinical models of pulmonary
arterial hypertension[J]. Am J Respir Crit Care Med, 2018,
197(3): 373-385.

Hartupee J, Mann DL. Neurohormonal activation in heart failure
with reduced ejection fraction[J]. Nat Rev Cardiol, 2017, 14(1):
30-38.

FEA I, et S EREE RS LIRS
T FVB/N /NRUDHE T AR ()] P S ROLBHRGE | 2018,
20(6): 508-513.

Yamaguchi O, Higuchi Y, Hirotani S, et al. Targeted deletion of
apoptosis signal-regulating kinase 1 attenuates left ventricular
remodeling[J]. Proc Natl Acad Sci U S A, 2003, 100(26): 15883-
15888.

Li L, Chen Y, Doan J, et al. Transforming growth factor
B-activated kinase 1 signaling pathway critically regulates
myocardial survival and remodeling[J]. Circulation, 2014,
130(24): 2162-2172.

Guo X, Yin H, Li L, et al. Cardioprotective role of tumor
necrosis factor receptor-associated factor 2 by suppressing
apoptosis and necroptosis[J]. Circulation, 2017, 136(8): 729-
742.

Teerlink JR, Pfeffer JM, Pfeffer MA. Progressive ventricular
remodeling in response to diffuse isoproterenol-induced
myocardial necrosis in rats[J]. Circ Res, 1994, 75(1): 105-113.
Mohamed BA, Schnelle M, Khadjeh S, et al. Molecular
and structural transition mechanisms in long-term volume
overload[J]. Eur J Heart Fail, 2016, 18(4): 362-371.

Patel VB, McLean BA, Chen X, et al. Regulators of G-protein

signaling 10 and heart failure: the importance of negative

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

1054 -

Sharp TE, Schena GJ, Hobby AR, et al. Cortical bone stem cell
therapy preserves cardiac structure and function after myocardial
infarction[J]. Circ Res, 2017, 121(11): 1263-1278.

Hou L, Guo J, Xu F, et al. Cardiomyocyte dimethylarginine
dimethylaminohydrolasel attenuates left-ventricular remodeling
after acute myocardial infarction: involvement in oxidative
stress and apoptosis[J]. Basic Res Cardiol, 2018, 113(4): 28.
Shan X, Wang H, Margulies KB. Apoptosis signal-regulating
kinase 1 attenuates atrial natriuretic peptide secretion[J].
Biochemistry, 2008, 47(38): 10041-10048.

Toldo S, Breckenridge DG, Mezzaroma E, et al. Inhibition
of apoptosis signal-regulating kinase 1 reduces myocardial
ischemia-reperfusion injury in the mouse[J]. ] Am Heart Assoc,
2012, 1(5): €002360.

Gerczuk PZ, Breckenridge DG, Liles JT, et al. An apoptosis
signal-regulating kinase 1 inhibitor reduces cardiomyocyte
apoptosis and infarct size in a rat ischemia-reperfusion model[J].
J Cardiovasc Pharmacol, 2012, 60(3): 276-282.

Lanier M, Pickens J, Bigi SV, et al. Structure-based design of
ASKI1 inhibitors as potential agents for heart failure[J]. ACS
Med Chem Lett, 2017, 8(3): 316-320.

Wu Y, Qian Z, Fu S, et al. Icarisidell improves left ventricular
remodeling in spontaneously hypertensive rats by inhibiting the
ASKI1-JNK/p38 signaling pathway[J]. Eur J Pharmacol, 2018,
819: 68-79.

Nakamura T, Kataoka K, Fukuda M, et al. Critical role of
apoptosis signal-regulating kinase 1 in aldosterone/salt-induced
cardiac inflammation and fibrosis[J]. Hypertension, 2009, 54(3):
544-551.

(A )



