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Abstract: [ Objective] This study was designed to explore the effect of MG53 on cardiac function affected by acute
doxorubicin (DOX)-induced cardiotoxicity (DIC) in mice and its possible mechanism.[ Methods] In vivo, C57BL/6 mice
were injected intraperitoneally with twenty mg/kg DOX for one week to induce the acute DIC. In viiro, neonatal rat cardio-
myocytes (NRCs) were treated with 1 wmol/L DOX to induce DIC. A small animal ultrasound imaging system was used to
evaluate cardiac function, and the left ventricular changes in ejection fraction (EF) and fraction shortening (FS) were
measured. qPCR technology was used to evaluate cardiac remodeling related factors ANP, BNP and a-MHC, autophagy—
related factors Beclinl and LC3, and apoptosis—related factor CASPASE3. Autophagy—-related protein levels of Beclinl,
LC3 and apoptosis—related protein levels of caspase3 were assessed by Western Blot. Transmission electron microscopy
(TEM) was used to detect autophagosomes in heart tissues. TUNEL assay kit was used to detect apoptosis in neonatal mu-
rine cardiomyocytes. [ Results] The small animal ultrasound imaging revealed cardiac function was significantly reduced by
doxorubicin in the DOX group and DOX+AAV9-NC group compared with the sham group (EF: Sham: 86.06 + 2.08 vs.
DOX:58.97 + 1.62, P < 0.000 1; Sham: 86.06 + 2.08 vs. DOX+AAV9-NC: 59.00 + 1.86, P < 0.000 1. FS: Sham:
45.47 £ 1.95 vs. DOX:30.68 + 1.21, P < 0.000 1; Sham: 45.47 + 1.95 vs. DOX+AAV9-NC: 30.79 + 1.13, P < 0.000 1).
However, the overexpression of MG53 with adeno—associated virus9 (AAV9) ameliorated cardiac dysfunction (EF: DOX+
AAV9-MG53: 66.93 + 1.78 vs. DOX+AAV9-NC: 59.00 + 1.86, P <0.000 1. FS: DOX+AAV9-MG53: 36.35 + 1.33 vs.
DOX+AAV9-NC: 30.79 + 1.13, P < 0.000 1). TEM showed autophagosomes were increased in the DOX+AAV9-MG53
group compared with the DOX group and DOX+AAV9-NC. qPCR results suggested that MG53 down-regulated the mRNA
expression of cardiac remodeling related genes. Additionally, Western blot results confirmed that the protein level of cas-
pases3 was decreased and Beclinl and LC3 expression was increased in the DOX+AAV9-MG53 group compared with
those in the DOX group and DOX+AAV9-NC group (caspase: DOX+AAVI-MG53: 1.49 + 0.13 vs. DOX+AAV9-NC:
2.49 + 0.46, P = 0.000 2; Beclin-1: DOX+AAV9-MG53:0.82 + 0.02 vs. DOX+AAV9-NC: 0.62 + 0.05, P < 0.000 1;
LC3: DOX+AAV9-MGS53: 0.83 + 0.04 vs. DOX+AAV9-NC: 0.40 + 0.05, P < 0.000 1). In contrast, knockdown of
MGS53 significantly up—regulated the protein level of Caspase3 and significantly down—regulated the protein level of Be-
clinl and LC3 (caspase: DOX+si-MG53: 4.52 + 0.28 vs. DOX+si—-NC: 3.37 + 0.08, P < 0.000 1; Beclin—1: DOX+si-
MG53: 0.34 + 0.06 vs. DOX+si-NC: 0.54 + 0.07, P =0.026 2; LC3: DOX+si-MG53: 0.41 + 0.12 vs. DOX+si—-NC: 0.70
+0.07, P =0.001 5). TUNEL analysis showed overexpression of MG53 significantly inhibited the apoptosis of cardiomyo-
cytes (DOX+Ad-MG53: 9.41 + 0.53 vs. DOX+Ad-NC: 29.34 + 7.29, P <0.000 1), and knockdown of MG53 significant-
ly facilitate the apoptosis of cardiomyocytes (DOX+si-MG53: 71.34 + 5.90 vs. DOX+si—-NC: 32.19 + 9.91, P < 0.000 1).
[ Conclusion] MGS53 inhibits cardiac apoptosis and enhances autophagy , which delays cardiac remodeling and ameliorates
cardiac dysfunction.

Key words: MG53; doxorubicin—induced cardiotoxicity ; cardiac function; apoptosis; autophagy

[J SUN Yat-sen Univ(Med Sci),2023,44(1) :34-43]

Bl 25 22 R R AT W AR Z — I8 T 4 At 8
EHE SR 25, Tz N T LR I | PR S
RERTAYT o TR ZOF A A 281 7R ek R AN R R
SO MEREEAE T, DUAA BT ft s O LA O T L0 AL
U5k EERRHARE . BRI R UGG .0 T 5255 251
Tevk 5t 4 i B 8 22 5 R 190 IE 3 M (doxorubicin—induced
cardiotoxicity , DIC) ™, [l I , %) Bl 25 28 T 8000 LI 03 A9 43
FHLH R H E ST R A g i B, R — B
BB NI IR b I BT 2 2% i 00 WL A3 S 3 gty

R BTEE ZNT A0 L A T AL 28 B DL W T - B
ZET] E HE A P AR AR DNA BRE X 22 6], T8 T 4 4h 5
Famg L (TOP 1) MyMEALTE RN, BHIE T DNA XU E 1Y 55 5T
SENE, TR IE T DNA A2 61 F RNA L5 peabh, gk 4
3 3 i o 14 B F 0 I B B 2R A Ak o e P AR R
P (ROS) , % 2 [ BRI DNA 2477 48 T — @ FE A IR
SR, 0] 5 22 T 000 JIE 285k ) B WD ML o A DA B
WFoe R, B2 f 0 IE e 5 12 5 E A LR g
UM, DR B Z AR EALRE ST, Lo LN



36 HlR AR 2 (R A2 ) 44 %

L AN B A R 0™, R R AU B 7 1 el it
O LA R A 7 TE A B T R W o Ok #2295
Y, Bs R 0.0 ERE R S 2 LA O, A UL
AR SE RN IE T2 MGS3 (Mitsugumin53) , J&—Fil
FUA ANARAHE A DIRERY TRIM R (1, R 5 PRk 545
LBz C WU 0 LGP T BAT SRR, WS IER
MGS3 AT Hil.C LA SR FEAN A T, I it/ N Boc JUL e i K
TRETERBIG . AN BIFSE 3 TR O AR /N RS R v i L8R )
T MG53 A] i 2 N B WURE AE T ARURITLATS 27 T R
BB D RESS S5 TR . B AR gT R, 7E MR R B R
SR A E B NLIEESE T, MGS3 ] _E i C2C12 AT 2 40 i iy 26
RLUR A WEAKOT, B B LS 48 . DL SR 4R 7R MGS3
TEOWERERG IR T 7 A AR N W g . Thi 6 F MGS3 78
Wi 25 22 J97 800 WU R 0 PR T An AT, B AT R vl . S5 BE
AT AR MGS3 X Z 0 ER B (R 3R, B R4
PRATRN B WS A AR AR . FRATIHEI , MG 53 W] REXT Pl ¢
EZHEFEEC G A —E NP ER , X —F A
By B TR O IS R B TR AR LR Y 1]

1 #H#HE57*

1.1 %

AHISE BT AT B 52 0 4 267 7 BE B R 2R BRI e 3
Y1 B B At vE (L HE S LAEC-2021-016) , -3 IR ([
W 3h ) L5 ) I 2 ST R S B DA T AR SR S G . 6 SRS SPR
2 C5TBLI6 /N I A 1-3 d B SD FL R B T AR 2
YR A R R VT IES SYXK (B 2020-0054) , A A 5%
HTA /N RIS R v R VC RS . A /N BRI 3R TR
BB R AFBR VLB Be 2 50 sh W vt o 3R 4540y - SPF 44 8
Wb, B9 S5 FUNR, & AR, =il (2322) °C, MR
(60+£10) % I F BEREY . /DRSS T 50K EE
AR 1 S AT S
1.2 ik 7

By 25 2% (32 E MCE 22 7)) s BCA 41 11 ¥ B2 2 a7 &
(ZE[E Thermo /A 7 ) ; caspases3 PLAK (ZEE CST A7) s LC3 3t
R (S CSTZAF]) 5 Beclinl Hiik (J7264:9)) ; GAPDH Hi i
(M8 A ) s TUNEL I & (2 = KA ) ; SDS-PGE B
iz il 45 3 CRER A= 90 ) 5 B ) S0 f6 9 1 (HRP) FR i 1)
AP TG A R CR IR G 3 1 2RI e R A9
BEH A BR A Al 5 R AH 50 3 M3 74 9 (adeno—associated vi-
rus9, AAVO) I [ 11 AT A 9 20 Wl s B 38 0 11 L AR 2
AT siRNA I B T A A A A
1.3 SEIGATRYES

188 ¢ 1M (5145 DMI6000B,, £ [ Leica 23 ) ) 3 1%
S H T B MU (B H-7500, H 7K Hitachi A 7 ) 5 AR I &5
DL (LS microl TR, B ALAEAE 4 8 em, 35 [# Thermo

25 FD) 5 /NS R R AL (LS Vevo2100, il 22 K Fujifilm
NCIDR
L4 OBERAESTMER O RREXFE

T a0 W S T 5 AAVO /N B0 LS S v ik
MG53, J R AN - 6 JAl W /N EURY 5 7E BT T
i % R A U O S5 8 30 G IS R A4 34
TGS 30 pL A AAVOWRREIR . TEST 5855 G % B
RETFI/NEBAFARMEEE T, I B/NEIRBE , A2 5%
ENMEE 1 d, /NI BB s FE T S O,
/INERGR 1B s P9 4k SEAR 37 4 R 1 MG 53 ik K 1Tt
1.5 BEERSE

i 8 B 25 25 VR A, 7 20 mg/kg HFRE , B i o P 25
ZZGFIRI R, IR P IE B B R K i (ELA HE 9 R 45 25 o
ANERTEST 150 WL VRS o

/0N SRR 20 JUURE PRSI Ay S - VM 3 S B 5 3R 10
S 2k T 250 LR TR R, 3004 20 m/kg, BRI I
5, — TR 88 /N R i Rk i AR, S A T O
A TTUR I S B o AR P SE R PR CST /N B B AL
3R R34 4 Sham (FARL) . DOX (b 8 Z 0 LEE
PE/N B ELZH ) DOX+AAVO-NC (fif AH 56 955 7 % IR 20 ) |
DOX+AAVI-MGS3(JRAHSEHT 85 Fe 1k MGS34) .
1.6 AOEINEEITFME

11 JE % A5 465 T 0 a0 A 7 5 R AT 28 0 T e G
o /N B 29% S Bk BRI/, 1615 18 4 PR AR 1, (i
FH/INSI 4 50 T35 40 25 /I BRZE R 6, 0 Ax 9 5% B 1 Pl B 6
FRIINE 25, 2 5 1 ZE W0 e Bk, TR PR AE REBE TR AR A L AR
JE B 7R R Sk FE o2 kR 5 7R (5 FH M R I
TEIBCHE | 43 0 A A2 2 00 il 4 B (LVEF) | /2 %8 45 1 43
BLVEFS) %,
1.7 AOESHAKRN

HERLEE AR OB, 54T HE R WGA Yt K0 AL
AN ARG RE DL . S 2O M2 SRR ZH 20503 R RNA,
FIH qPCR 431 AUKE I 4% 20 ANP . BNP ,a—~MHC %5 T A4 L [
1 mRNAZKCE &G P E B 1.
1.8 KEREROIMEIZERISEESE

T8 3 I DT Ak A 1~3 d B9 SD R BREL Bl B 43
B A KRB JILAR I (NRCs) o 7E 37 CHUR TR 8 5%
CO, M5 %A 10 o/L G 24k M7 19 DMEM — &7 5 72 he 28
J& N T AL P RS 2 1 T 0 A B TR K0 LA
EHH 1 pmol/L W FE RN GELEEHRIEPRE 24 h 4N
control ZH (X fR41) .DOX 4 . DOX+Ad—NC (JifH 2 X i
2H) . DOX+Ad-MG53 (IR i 3235 MG53 4 ) .DOX+si-NC
(/NT 4 RNA X BB 4 ) . DOX+si-MG53 (/N T4t RNA i {1%
MG534H).
1.9 DAL AR B M 7K BB T 7K S B9

A& 2H 40 i [ <2 5, I B TUNEL ) &0 46 0 , 72950



511 FUYEPT S5 MGS3 2 FR /DN BB 2R S O LT 9 52 ) B AL o) 37

*1 KHXEEPCR3IHYFTI
Tablel Primer sequences for gPCR

Gene Primer sequence (5°-3")
ANP F: TCGTCTTGGCCTTTTGGCT
R: TCCAGGTGGTCTAGCAGGTTCT
BNP F: AAGTCCTAGCCAGTCTCCAGA
R: GAGCTGTCTCTGGGCCATTTC
a—MHC F: GGATCCACTTTGGAGCTACT
R: TCAGCATCTTCTGTGCCATC
LC3 F: TTCGGGTTGCTCTTTTGGGT
R: GACAGGCAAGGGCCTAACAA
BECLINI F: GTCAGCTCTCGTCAAGGCG
R: CGCCTTAGACCCCTCCATTC
CASPASE3 F: GAGCTTGGAACGGTACGCTA
R: CCGTACCAGAGCGAGATGAC
GAPDH F: ATCATCCCTGCATCCACT
R: ATCCACGACGGACACATT

PTG UE T A) 200 5 4 HOHT S JIE 2 U L 2R
I PRBUE A, A H Western blot 3 AR caspase3 \LC3 | Be-
clinl H IR IBKF 5 BIST I RNA I T qPCRAS I 4520
FI A L mRNA K B JE N5 PR B LR 1.
1.10 ZEHEFRRIERE

TR AR S _EALAIRE AR SR USRI A
(7] 2 5310/ B JULZAR . o e/ PR i O 25728 A A B LT
Y2
L11 GitsabiE

ST A S 5 O LT 208 £ 0 U 25 (ves) TR,
Graphpad 9.0 FAFHEAT G327 0 M , a9 SR TR IR 21y 22
T, 4L 1] P L 482K bonferroni 5, P<0.05 1A Ry 22 57+ H
AR

2 %R

2.1 MG53MEDIC/IRERERHKRE

4 20 /N BRI B Rt B AR, BB N R T 20, 4
MM ZFA G =R XL OrEZ5Igit & a8 F = 19.05,
P <0.000 1;F=115.3,P <0.000 1), % ¥ %% H bonferro-
ni %, KIS AR A L, B8 AR (DOX) 41 K AR 5
95 7% XT B8 (DOX+AAVO-NC) 4 /I R 7= A= i & & T B#
(Sham: 5.22 + 0.26 vs. DOX: 2.92 + 0.28, P < 0.000 1;
Sham: 5.22 + 0.26 vs. DOX+AAV9-NC: 2.95 + 0.27, P <
0.000 1), 25 5 Gt 238 X AR Fi & T % (Sham: 24.17 +
0.39 vs. DOX:21.77 + 0.44, P = 0.000 3; Sham: 24.17 + 0.39

vs. DOX+AAV9-NC: 21.48 + 0.94, P <0.000 1), % R H 5
TH2E 3 S /N B B et /0 5 B 4 28 3 9 )i vy B0 5 N 4
FH, HOZREARAE I R 55— KPR I R e 2 s 4K .
T4 P B AH DG 96 55 3235 MG53 (DOX+AAVI-MG53) )5, 1]
L8 /N B BT i (DOX+AAVI-MG53: 24.05 + 1.17 vs.
DOX+AAV9-NC:21.48 = 0.94,P = 0.000 1), & S 4 G it2%
B, IR /N Bk & B (DOX+AAVI-MG53:4.50 + 0.21
vs. DOX+AAV9-NC:2.95 + 0.27,P < 0.000 1) , 25 74 4e it
R (E1A,B) .

P=0.0005 P<0.000 1

309 P=0.0003  P=0.0001 P<0.0001 P<0,0001

Body weight /g
Food-intake/(g-d™")

A: Analysis of body weight in each group was shown, n = 6; B:
Analysis of intake in each group was shown, n = 6.
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Fig.1 Body weight and intake of DIC mice improved by
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A and B: Western blot analysis of MG53 protein expression, n = 6; C and D: Representative echocardiograms and measurements of cardiac function
changes in mice with different treatments, and the quantitative analysis of the panel was shown, n = 6.
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Fig. 2 Cardiac function in DIC mice improved by overexpression of MG53
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Fig. 4 Cardiomyocyte autophagy in DIC mice enhanced by overexpression of MG53
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A: Western blot analysis of caspase3 protein expression, n = 6; B: The quantification of caspase3 protein and mRNA levels was shown, n = 6; C: In-
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Fig.5 Doxorubicin—-induced apoptosis in cardiomyocytes inhibited by overexpression of MG53
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A: Western blot analysis of MG53, Beclinl, LC3 and caspase3 protein expression, n = 6; B: The quantification of western blot analysis was shown,

n = 6; C: Intracellular apoptosis levels were detected by TUNEL staining, n = 6, Scale bar = 100 wm; D: The quantification of TUNEL was shown, n = 6.
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Fig. 6 Knockdown of MGS53 inhibited autophagy and facilitated apoptosis in NRCs exposed to DOX
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