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[EE] a4 Fils RNA-21 (miR-21) RERBHEZFLE (DOX) OALEEME, F i BIVTERE B EEE T 1
(SIRT1) 5 MR EBNFHIMEN ., & DOX (1 umol/L ) 4bFE K FURA.CILAN M DOX (O L7
AL, KD WIAIHE S 8 41: XFHEZH . miR-21 41, miR-21 4. DOX 4. miR-21-+DOX 4. miR-21 #il7]+
DOX #. Sirtinol+miR-21+DOX £ . Sirtinol+DOX #1, miR-21 mimics, miR-21 ffIFIAN Sirtinol ( SIRT1 5 )
35T DOX AbFHET 24 h IAZEMIEE S . DOX ALFE 24 h J5 KGR A0 40AEsE o . TR T EE N
Fl SIRT1 (55 MsEILIEN ., &% SXEAMIL, DOX 43 24 h J5 OIS SRR, Bel-2 Fl SIRT1 Feih i
fi, 1fi Bax #il cleaved Caspase-3 FRib i, AT 2R, Z5¥A %R X (P<0.05) . 5 DOX 4L,
miR-21 A BH B HE = O ARG ), L9 Bel-2 A1 SIRT1 %35, T Bax fll cleaved Caspase-3 ik, FERANEIH T
R, BRYAGIAR L (P<0.05) o #Mffil SIRTL {55 @ #HK AT H| 5 miR-21 X0 JLAEMLA AR 1ER (P<0.05)
4> miR-21 AEGE SIRTL (G5 @Bl AT, $emAnias )y, 26 DOX O lEEMt:.
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MicroRNA-21 attenuates doxorubicin-induced cardiotoxicity by activating silent information regulator 1
signaling pathway

GUO Xian'?, SHI Cheng-yong', WANG Wen-sheng’, YU Hui', LI Pan'’, ZHAO Xian-xian'"

1. Department of Cardiovasology, Changhai Hospital, Naval Medical University (Second Military Medical University), Shanghai
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[Abstract] Objective To explore whether microR-21 (miR-21) can alleviate doxorubicin (DOX)-induced cardiotoxicity
and whether silent information regulator 1 (SIRT1) signaling pathway mediates the roles. Methods Neonatal rat cardiac myocytes
were treated with DOX (1 umol/L) to induce DOX myocardial toxicity model. The cardiomyocytes were randomized into 8
groups: control group, miR-21 group, miR-21 inhibitor group, DOX group, miR-21+DOX group, miR-21 inhibitor+DOX
group, Sirtinol+miR-21-+DOX group and Sirtinol +DOX group. The miR-21 mimics, miR-21 inhibitors and Sirtinol (SIRT1
inhibitor) were given at 24 h before DOX treatment. After treatment with DOX for 24 h, the cell viability, apoptosis rate, and the
expression levels of apoptosis-related proteins and SIRT1 signaling pathway were detected. Results Compared with the control
group, the cell viability, and the expression levels of Bcl-2 and SIRT1 were significantly decreased in the cardiomyocytes after
treatment with DOX for 24 h, while the expression levels of Bax and cleaved Caspase-3, and apoptotic rate were significantly
increased (P<<0.05). Compared with the DOX group, miR-21 significantly increased cell viability and the expression levels
of Bel-2 and SIRT1, and significantly decreased the expression levels of Bax and cleaved Caspase-3 and apoptotic rate
(P<<0.05). Inhibiting SIRT1 signaling pathway could significantly weaken the protective effect of miR-21 on cardiomyocytes
(P<<0.05). Conclusion miR-21 can inhibit cardiomyocyte apoptosis, increase cell viability and alleviate DOX-induced
cardiotoxicity by activating SIRT1 signaling pathway.
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£ZZZ R (doxorubicin, DOX ) 2K
N Z Bt 2 2z —, AT TR FLR
AL IR R A, RO R R A O
OMEREEME, AT S B0 WU A TS PO ™
T Hm R R R AZ R . O WL T2 DOX 4O
i1 2 e e N M 2 s e N 2
fift DOX /U WIUFE R ) O B SR

i RNA (microRNA, miRNA ) BE—K5
FEARSF R E AN 18~25 AMAZAF IR A9 BB A1 2
fy RNA, il ZFLE (40 mRNA )% H
BRI ) A5 St KT B ) i 48 B DR SR AT
miRNA Z 5T ZF A ETIRE, A5 40 IG5 |
S, WTSL AmE L IR RN R AR
H1, miRNA-21 (miR-21) J&& R & BA 7L 30
P miRNA Z—. St &M, miR-21 7E2Efi#
O WUVEZEN OO WU A5 0 BLRR P
CEMIAE Z A M A R FERURAE . it
miR-21 & L 0 O LA B 0 T kBT DOX O
112 S (R0 = W 7 S I 1 St g B
A5 BV F 1 (silent information regulator 1,
SIRT1 ) SEHLIAR NS & B —Ff EAT 25 2 B AL
TGPV SRR, 0% SIRT1 {553l g% A
MEfH DOX SO ILEEHE . O A7 ks,
miR-21 PSS SIRT {75 538 il i 45
[A-F o ( tumor necrosis factor a, TNF-a) #5515
WEEFAE A A1 CD40 k1, SRTfT, miR-21
JE R EOE SIRT1 5 5@ e DOX O JILEENE
WA WARIE . ASBFFEAUR ] DOX AR HR B ARC
LR DOX WO LFEPEAE Y, W% miR-21 fiE
% DOX L MLEEME T FIW] SIRT1 & &/ S
YEH.

1 #RFnTE

1.1 £&&H DOX (18%5: DI515) . Sirtinol
( SIRT1 #IFI; 1555 S7942) VU HH HEAH 2 mk
£k (methyl thiazolyl tetrazolium, MTT; %75 .

M5655) W[ 35 Sigma-Aldrich 237 ; miR-21
mimics, miR-21 #IHIFIF miR-21 &5 LEEW [ L
FH R H ARG A F; BU SIRT1 HiikI FH g fE
Abcam A Fl; P LB KHESE T O1 (acetylated
forkhead box protein O1, Ac-FOXO1 ) Hiiik H
E[E Santa Cruz AH); P Bel-2. Bax. cleaved

Caspase-3 I B-actin HTIAN H 32 [E Cell Signaling
Technology 23] FHif. FHiERbriAly Adbnt
A2 G A HRABRAE] 5 A A S 5 7% W b
it (terminal dexynucleotidyl transferase-mediated
dUTP nick end labeling, TUNEL ) JH T4 i385
& W B %t Roche A F]; Lipofectamine 2000 114
HZEE Invitrogen /A ] ; miRNeasy Mini 5 & |
miScript S % 5% 7] & Fl miScript SYBR Green PCR
A& H 2 E Qiagen Al 7500 P SLHFHE
& PCR 24t H 32 [E Applied Biosystems 23 F .
1.2 o EmmpEReEs WA KRG
ik rp o3 B R BUR AL LA (neonatal rat cardiac
myocyte, NRCM ) FuE47853:1"7 405 10%
4 3% B DMEM B R 55 T8 5% CO, 1Y
37 C i, S IRIEPRE R DOX LI
PEAR AR 7 7R, R DOX (1 pmol/L )
AR O WL AL i DOX O ILREPERRETY

1.3 FEa@mA e KA WA 5
8 4. (1) XM, #Z 50 nmol/L Y miR-21 4

Mk (2) miR-21 41, %% 50 nmol/L /) miR-21
mimics; (3) miR-21 #HFIA, ¥4 50 nmol/L

) miR-21 #il55; (4) DOX 41, oL AL4nfE
Yy 50 nmol/L 1) miR-21 4% %%, FH DOX 4t
24 h; (5) miR-214+DOX 4H, J&im.C L0
#: Y% 50 nmol/L A miR-21 mimics, F-f DOX 4b3
24h;  (6) miR-21 #IH|F+DOX 41, JemC LA
MuFEGY 50 nmol/L 1Y miR-21 #jikI5, FEH DOX 4k
B 24 h; (7) Sirtinol+miR-21+DOXH, .0
LA 4 50 nmol/L A miR-21 mimics J-[AIAF 45
¥ Sirtinol (20 pmol/L ) 4b¥E, K5 F-H DOX 4k
24 h; (8) Sirtinol+DOXZH : g0 L4 o
Y 50 nmol/L [ miR-21 %5 SLEE I [FIIF 45T Sirtinol
(20 pmol/L ) 4b3E, #RJ5F5H DOX 4L¥ 24 h,

1.4 MTT wé&xmzmiaizh % DOX HEL
L NAIMIAE 37 °C WFETHIRE 24 h J5, 7EHRM
A 20 uL MTT (5 mg/mL ) 43 4 h, BEJEiN
AT H LA ( dimethyl sulfoxide, DMSO ) . 7
SRR, TE 550 nm PR AIGE R, LG
(I () 2 o RN L 7 o DAK 2 A BRI TR
100%,  HCAZE 241 3 7k %ok REZH A A X R

1.5 TUNEL #é&tmmmpBcHn R
TUNEL &5 &R A r- i ™, 2 i
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TMEIFHAIE . AIPET-% (%) =TUNEL ¢4
B 200 A 50/ 4 A A B X 100%

1.6 EQRypEEhnmiEaekis @l
12% o BE G 1R 70— 2R TR s 1k g 58 ¢ P VK 4 5
M, FRR LR 2 R AW 0 O R
R WM I 5% £ U E iR T B
1 h, 4rilfimA Bel-2. Bax. cleaved Caspase-3.
Ac-FOXO1 . SIRT1 FI B-actin Hifd ( #i ke i3k
1:1000) 75 4 °C FWEE LA H TBST BIRPES
3, BK 10 ming SR)E, KRR IO S B
MR A BRI 0 — T (FRRELLI 12 5000 )
IR TS 1 h; F TBST MIEPESL 3 Ik, Bk
10 min; W fb2F &SR H 8 2Rk,
FH Image] BPF#E T 8L R IA A 0T .

1.7 % ®RHKEZE PCR *x4&M miR-21 #
%A H miRNeasy Mini 5] & MO LEH G Hp 2
BUR RNAL f#H miSeript %5857 & . miScript

= 2.5 "

=]

%20

g 15 x

§ 1.0

;:4: 0.5 ’_‘

- A

» AY
000\‘0 &&,’L OQ“I*

&1

Cell viability (%)

SYBR Green PCR 7| &1 7500 R SL I 5
i PCR R4/ miR-21 fYFEIEAKF, LI RNU6B
NS, il 274 SRS A b i

1.8 %uit5 42  >KH GraphPad Prism 5 4k
TG00, BARLL 45 o, L4 2ER0
LR AN 207 22081, PR LR F LSD-1 k&
5. KKiE (a) 2 0.05.

2 #Z

=A

ES

2.1 miR-21 % DOX &5 SLtmfnid f SLit
POEER PCR 458 (F 1A) R, S5XFIR41H
Ft, miR-21 #4141 DOX ZH.0JL40HE miR-21 A
KETHE (P<0.05) . MTT 4554 (E 1B) &
N, SXFIRAAM L, DOX ZH.C ILAN TR 1 AR
(P<<0.05) , 1fii miR-21 "JLIEE DOX AbFH 5.0
WLARAETE /1 (P<<0.05) ; miR-21 215 %} F41AH
LA AEYG f1 25 RIS L (P>0.05) .

150
100 *
*
50 ”—‘
0 B
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&

miR-21 3 DOX 4bI2E f5 37 & K RO AL4HRE & 180 =20

Fig1 Effect of miR-21 on cell viability of DOX-treated neonatal rat cardiomyocytes
A: miR-21 expression level; B: Cell viability. miR-21: microRNA-21; DOX: Doxorubicin. "P<<0.05 vs control group; “P<0.05 vs

DOX group. n=4,x=*s

2.2 miR-21 %4 DOX 4 )5 l2m it A
A TUNEL a4 (& 2A. 2B) &R,

55X R4, DOX 4.0 LA A g8 7 % 4 1

ifi miR-21 A f#A% DOX AbFH 5 0 LA M T~ %
(P<<0.05) ; miR-21 25X HRZHAH L0 LAH L
TR ER TSI FE L (P>0.05) . #f—2HH
I B8 1 B B A U T AH G R 1 Bax. Bel-2 Fl
cleaved Caspase-3 ik, 454 (& 2C~2E)

B, SXTRAME, DOX #n 17.C L4 Bax
Fl cleaved Caspase-3 FFRIEEIFFEN T Bel-2 3R
ikt (P<<0.05) ; miR-21 AJFEME DOX AbFESS L
L4t Bax #1 cleaved Caspase-3 #Rikim, HEmr
Bel-2 ik (P<<0.05) ; miR-21 41 5% HR41AH
te, O LI Bax, Bcel-2 fil cleaved Caspase-3 H
TR ERYIGIT R (P>0.05) .

2.3 miR-21 # 7 DOX #3255 lzg i SIRT1 43
Si% AT ATEE R (K 3) B, 5%
HEZHAHEE, DOX ALO LA SIRT1 ik i FFAIK
Ac-FOXO1 #ikHH & (P<0.05) , Ifii miR-21
AL DOX LB O LA SIRT1 ik,
fit Ac-FOXO1 Fik# (P<0.05) . K] Sirtinol
R e AP H SIRT1 fF 5%/, 5 miR-21+
DOX Ak, Sirtinol4+miR-21-+DOX 4.0 L4H
My SIRT1 AYERIAEFEAL, 1M Ac-FOXO1 By
REMEE (P<0.05) o WEE miR-21 #Hl5XT
SIRT1 FRikMysgm, 4550 W/, 5 DOX 4L,
miR-21 #5] +DOX AL WA SIRT1 %3k
HE— K, 1 Ac-FOXO1 [ iA 8 —L 1
& (P<0.05) .
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Fig 2 Effects of miR-21 on apoptosis of DOX-treated neonatal rat cardiomyocytes
A: TUNEL images; B: The apoptotic rate; C: Bax expression detected by Western blotting; D: Bcl-2 expression detected by
Western blotting; E: Cleaved Caspase-3 expression detected by Western blotting. miR-21: microRNA-21; DOX: Doxorubicin;
TUNEL: Terminal dexynucleotidyl transferase-mediated dUTP nick end labeling; DAPI: 4’ 6,-Diamidino-2-phenylindole. "P<<0.05 vs
control group; “P<<0.05 vs DOX group. n=4, x*s

SIRT| ] Ac-FOXOl [Emmmemwes]  SIRT]{oms e s =] Ac-FOXOl o e e ]
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3 miR-21. Sirtinol #1 miR-21 #PHIFIZF DOX AbE/FH £ K ROALEH SIRT1 15 -SE AR

Fig3 Effect of miR-21, Sirtinol and miR-21 inhibitors on SIRT1 signaling pathway
of DOX-treated neonatal rat cardiomyocytes
A: Effect of miR-21 and Sirtinol on SIRT1 expression detected by Western blotting; B: Effect of miR-21 and Sirtinol on Ac-FOXO1
expression detected by Western blotting; C: Effect of miR-21 inhibitor on SIRT1 expression detected by Western blotting; D: Effect
of miR-21 inhibitor on Ac-FOXO1 expression detected by Western blotting. miR-21: microRNA-21; DOX: Doxorubicin; SIRT1:
Silent information regulator 1; Ac-FOXO1: Acetylated forkhead box protein O1. "P<<0.05 vs control group; “P<<0.05 vs DOX group;
4P<0.05 vs miR-21+DOX group. n=4, x+s
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W_ZEERFFM 201944 H, H540 %5

2.4 [ SIRTI 435 i@ % #] 55 miR-21 4t DOX &
MAEAER  E 4 s, 5 miR-21+DOX 414
kv, Sirtinol+miR-21-+DOX 41.Cx ULAH (1 40 i 15
FEAIL (P<<0.05) , $a/RBHIT SIRT1 1553 s Hl
55 1 miR-21 3t DOX L LEETEEH
2.5 AT SIRTI 425 @5 ) 55 miR-21 4.3 lim b
B TAEJ  TUNEL Jeag5if (& 5A. 5B) &R,
5 miR-21+DOX #{#Hkt, Sirtinol+miR-21+DOX

O T- &R (P<0.05) ; Sirtinol+
DOX 415 DOX AL, CHLAMIET F2E 5T
Gt E X (P>0.05) . & A EE Al

(Kl 5C~5E) ©/r, 5 miR-21+DOX 4L,
Sirtinol+miR-21+DOX £H.0 41 Bax 1 cleaved
Caspase-3 [WRIEmIGE . Bel-2 ik FER

( P<<0.05) ; Sirtinol+DOX 415 DOX #H#H L,
Sirtinol+
DOX miR-21+DOX miR-21+DOX

DAL Bax, Bel-2 Ml cleaved Caspase-3 f ik
WERTHRIFE L (P>0.05) .
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AL RETE 1R R0
Fig4 Effect of miR-21 and Sirtinol on cell viability of

Cell viability (%)

DOX-treated neonatal rat cardiomyocytes
miR-21: microRNA-21; DOX: Doxorubicin. "P<<0.05 vs DOX
group; “P<<0.05 vs miR-21-+DOX group. n=4, x+s
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Fig5 Effects of miR-21 and Sirtinol on apoptosis of DOX-treated neonatal rat cardiomyocytes

A: Representative TUNEL images; B: The apoptotic rate; C: Bax expression detected by Western blotting; D: Bcl-2 expression

detected by Western blotting; E: Cleaved Caspase-3 expression detected by Western blotting. miR-21: microRNA-21; DOX:

Doxorubicin; TUNEL: Terminal dexynucleotidyl transferase-mediated dUTP nick end labeling; DAPI: 4* 6,-Diamidino-2-
phenylindole. "P<<0.05 vs DOX group; “P<C0.05 vs miR-21+DOX group. n=4, x*s
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3 #

T &L, miRNA JE—KRHEEHD RNA,
A3 25 S mRNA 51 mRNA R ok BRI il
MR R I, SR 4npEsssE . i, T,
IR L) L b aa I 0 TS e S R B
miRNA 750> M8 F 40 B/ FH Bk sz 31 S
miRNA ARy 5 AR s ks A A PR e O L
FHEAE AL ) 32t 55 22 s IS0 B9 AE W2 Wik s
PRI AN, T miRNA BHTENA YT R 7EC I
I T A4 PR A L S R

PRI miR-21 7RO R G = BRI,
SO NUIEIE | B OG5 . O T 328 DA
et iU IR S5 00 I AR P BB T A A, JF
FEV 0 LA B A R BE T DL RO I 18 21 4% 241 i
DIRerh R E IR 3R IK miR-21 AT
(| R R R A0 | BT AT 2
miR-21 FEREHH L 45 PTEN/Akt 15538 BEALHT ik
/PR SR B A0 I O LA A -1 Dai
EPNEST, miR-21 A SR b PR /N BP0
WEEF SR DI RERERT, FEIRIEMESA R 5, Wi 0 NL4E
MAER . Ak, 3Rk miR-21 A[UE55 DOX %55
PR T, A dIHR A SN DOX IS
IR T ARG AL, DOX ALBELC LA
J&, miR-21 YRR, #2758 miR-21 FikMH
i ] BESE AN AZ 2 DOX HIlME 51 & B9 —Fh TR
PRy LE . @t AMEE 1H miR-21 &3k, A1k
B miR-21 BRI A ALGE DOX ALIR O LA FfL 1%
J1, WA T

SIRT1 ZEBKHFERE AL . OO MUIEJE | 0 LGk
A REER G . O NUEBE . 0 )7 325 55 2 R I
b R A ERRT. BOE SIRTI {5538
R R DOX D ALEEME A ROR IS . Ruan 51
UESE, SIRT1 i Rkl 0 p38 22 24511k
M4 ( p38 mitogen-activated protein kinase,
p38MAPK ) WifR{tFl Caspase-3 #ifik /> DOX
5 0 WLAR I8 T, ek T A T
Cui %R B, £r4nifa i @ 3 0 SIRTI
AR L b AR T BRI T DOX 5 S A0 WILEE 14 o
Yuan ZPHESE, OUERR SRR FIE Clq/R IR
YR FAILEH 3 (Clg/tumour necrosis factor-
related protein 3, CTRP3) Wi i#i% SIRT1 {55

S DOX SR AT RERT, 15 DOX
VoS 10 W S0 B S IR LR T ASBIFSTIESE
DOX AR AN SIRT1 ARk HEE
WO WLANMI AR, i SIRT1 R 1 FOXO1
1) LA K3 R, $278 DOX Al fifi SIRT1 £ 4
Poe Ak TG R 2 40, X S BE AR A oY 4 U — 3
SIRT1 {55 18 % 1 32 5 38 £ B 0o WLA0 H 97 7~ 2%
Hagr, Bax Ml cleaved Caspase-3 A9tk 1 &y,
Bel-2 M RIKEBFEAL. AW A miR-21 7] L
Bl BF DOX Ab¥)5.ColL4i gy SIRT1 AYFRIA
i, FE{R Ac-FOXO1 myREKF-, el C IL4an i
T 1 AL A T, mFEWT SIRT1 (5%
WIS, miR-21 B LR E B ks . DLk
RN, miR-21 nlE 6 SIRT {55 %
Ui DOX DILEEE . BbAh, ASHFSTIA K P i
miR-21 FHIFH T miR-21 B9k a] B L4
M SIRT1 MUKRIA . EARMSE A, miR-21 F
BL5d 1 7 A 45 PDCD4 . FASL. PTEN, SPRYI
FRR KO MERPERRY, %6+ miR-21 &
BLRm o PR mRNA S RH 12T R & 4 17 1) o
PEVERE, FATHEN miR-21 JfIE HE/ER T SIRTI
LR, T AT REIE o ] SIRTT FEIA ) B ) 1425 43
Tl SIRT1 (AR, H miR-21 HAk
38 3 B ) PR AE A oy RZ . SIRT1 ) Rk A7
P05 .

gE Bk, ARWFSUESE miR-21 JEZEf# DOX
ORI RCT B A, miR-21 25 T s
SIRT1 5538 B LAN A R T 42 A AR
YEH . HASTEEME, miR-21 W23 52 MiEiE
KRR EE miRNA 22—, HAEVF 2SR i
hE s, JFHS MR AR . REMEBEEDIM
B dn, miR-21 ARSI /N 20 A i 98 41
AR A . BRI A . IR AR R RS, 3
IR A6 7 FBCHA TR B miR-21
FIRREAS PR TE T 595 20 B A B 5, 00 40 O
7=, BEAf A DOX T miR-21 1 30 T v ik
52 J 240 e PR 0 A 0 L R AR RS Y, Rk,
miR-21 [ PR FH A 20 ] s 5 3 X JUIL 48 i R
Fifrse A SRR P o AT e 26 e v UL 81
miR-21 FEFFEMIME AL miR-21 Fik, Al fEm
REFRACEIRIT PO NUEEME . B R R R AT RE )
(RHTRIFSE 7 1]
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