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miR-499a-5p attenuates oxidative stress damage to cardiomyocytes by targeting APC
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[ ABSTRACT] Aim To investigate the effect of miR-499a-5p on hydrogen peroxide ( H,0, ) -induced proliferation
and apoptosis of cardiomyocytes H9¢2, and to explore its mechanism. Methods Cell viability kit (CCK-8) was used
to detect the survival rate of H9¢2 cells treated with different concentrations of H,0, (100, 200, 400, 800 pwmol/L) for
6 h, and 400 pmol/L treated H9¢2 cells were selected as a model group.  The model group cells were divided into miR-
NC group, miR-499a-5p group, si-NC group, si-APC group, miR-499a-5p+pcDNA group, miR-499a-5p+pcDNA-APC
group.  Flow cytometry, western blotting( Western blot) and enzyme linked immunosorbent assay (ELISA) were used to
detect the survival rate, apoptosis rate, reactive oxygen species( ROS) , superoxide dismutase (SOD), melondialodehyde
(MDA) and proliferation-related protein expression proliferating cell nuclear antigen (PCNA ), cyclins depend on kinase
inhibitors(P21) , B lymphoblastoma-2( Bel-2), X gene associated with Bel-2( Bax) of each group. Results H,O0,
(100, 200, 400, 800 pwmol/L) inhibited the survival of H9¢2 cells in a concentration-dependent manner with an optimal
concentration of 400 pmol/L.  The expression of miR-499a-5p was significantly decreased and the expression of APC was
significantly increased in the model group.  Overexpression of miR-499a-5p and inhibition of APC significantly attenuated
H,0,-induced proliferation inhibition, apoptosis promotion and oxidation stress of H9¢2 cells.  miR-499a-5p can also tar-
get inhibition of APC.  Overexpression of APC reversed the damage of H,0,-induced cardiomyocytes by miR-499a-5p.

Conclusions miR-499a-5p can regulate the proliferation, apoptosis and oxidative stress of cardiomyocytes induced by
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H,0,.

myocardial cell injury induced by oxidative stress.

S T R B0 LA L O T R AR 22 0 iR R
I B EEZEAE FHMLA , 3t 2 145 S TR T I 57
il /N RNA (microRNA , miRNA ) 76 A 295
Jog N EEEAVE 458 B R | A5 AT, D H R
DML B . miR-499a-5p 760 LA 51 45
PIIRE M R 5E2TEAE . LA M C(activated protein
C,APC) &—Fp i B A BRPTEEN, R A C A
SN AR K L ) A0 R A, T S
PURTIE P AP B AR P B AT R IE , APC 1E
e i/ P 0 FILER 40 LA A 2R A T, X0 L4
TN A oA J AR, E, H S miR-
499a-5p TEO WA O 45 Hh VR I OC & R T
o AW B TERE miR-499a-5p 7E H,0, 531
O N I VE SO S APC Z RN E R

1 #RFTTE

11w

KBS AL HOc2 W | RN T B4 A Ay
AR N A K 28 M3 75 2 (dulbecco’s modified
eagle medium, DMEM ) % # Hyclone A ] ; pGL3-
Basic 21K B b B 8 A R BOR IR A 8 5 flg BTk
Lipofectamine 3000 14 & Invitrogen /A & ; & % 31 7l
& 1 B e B PR AR R AR BOR IR A B SRR IR O
B R KR A B4 KN (real-time fluorescence
quantitative reverse transcription polymerase chain re-
action,qRT-PCR) X 7| & & B H & TaKaRa 7 ; A
Z # (melondialodehyde , MDA ) # 1| i 7] & | # 4 1k
4 5 X B ( superoxide dismutase, SOD) X 7| & | /& &
4, (reactive oxygen species, ROS) 4 | i 7| & | W 7%
HEBREEERM AN EHYE LiEZET R
5 Bt ; 48 M i #0K 7 & (cell counting kit, CCK-8) 14
HEHARCAFRAN; ERE S V-RRAR KN
Z-# fb W 4 ( annexinV-fluorescein isothiocyanate/
propidium iodide , Annexin V-FITC/PI) % 1= 4 | i 7|
&0 8 B U A A RO IR A E
1.2 RSSO AARE HO2 G EE R S

HOC2 4 1 5 % Bt & H DMEM 3 % 3£ (10% J&
Pt ) HATHE MBS R B IEE R HI2
8 LRI N X BB 4L, # HOc2 41 B 1t 1k & (hy-
drogen peroxide ,H,0,) (100,200,400 ,800 wmol/L)

The mechanism is related to the targeted inhibition of APC, which will provide a new target for the treatment of

AL FE 4 b, AN 4B B Y A E R 25 400 wmol/ L By K
BEESEMHRGEA AFE A EA A, ¥ miR-
NC., miR-499a-5p, anti-miR-NC . anti-miR-499a-5p .
miR-499a-5p+pcDNA | miR-499a-5p + pcDNA-APC #%
B1:3WMEMANERERA, BRI HLEHAH
HOC2 M8, %45 h a, ESF &L 4 S5 %
48 h, A qRT-PCR # #\ # 4 2 & R 3, 2 7 4518
# miR-NC 41 .miR-499a-5p 41  anti-miR-NC 41 ,anti-
miR-499a-5p 41 .miR-499a-5p+pcDNA 41 . miR-499a-
Sp+pcDNA-APC 41, T Jg 42K %,
1.3 CCK-8 & il 4 i i) 75 7% 2

W B g L B 5% 10° AN/L 48 200 wl, Am X\ 96
FLAL, 4 LB m N CCK-8 KB iK 20 plL, 7 490 nm
WK T A 20 B B (Ayy) o FEE (%)=
A490§Z—%£ﬂ/A49OXa‘,?§£HXIOO% °
1.4 qRT-PCR %l £8 Al F miR-499a-5p, APC HY
Fix

W 58 40 A, Al Trizol 3 32 B 40 ML & RNA, B A
R Fe Rk F &4 2 & & cDNA, % & | qRT-PCR &
F & AE, A 28 B miR-499a-5p  APC Y % 3K,
PL U6, GAPDH # W % ,272%% & | 48 f, & miR-
499a-5p APC By AExt K 3k &, 20 pL K% 5 BB R
A WA 42 CHEE 15 min, i # E] 95 °C K JL 2 min,
qRT-PCR 4 7 95 C10 s, 4% /5 95 C 5 5,60 °C 30
s,72 C 1 min,45 MEI, 5] 4 & miR-499a-5p
F 84 5"-AAC AUC ACA GCA AGU CUG UGC U-
3", T ¥ Bl 4 miR-499a-5p 5'-UUA AGA CUU GCA
GUG AUG UUU-3';U6 tiF 5|4 5'-CTC GCT TCG
GCA GCA CA-3', T3 41 5'-AAC GCT TCA CGA
ATT TGC GT-3'; APC E J 5] 4 5'-GGA CTA CAG
GCC ATT GCA GAA-3', T i 51 4 5'-GGC TAC ATC
TCC AAA AGT CAA-3'; GAPDH _E % 5] 4 5'-ACC
ACA GTC CAT GCC ATC AC-3', T 8| 4 5'-TCC
ACC ACC CTG TTG CTG TA-3',
1.5 Western blot %4 f@ H APC, PCNA, P21,
Bcl-2 Bax IE B RIE

WEempe, il & a MR T m iR, #
B PEEa, HEAH BCA Z#HATEE, &
AT HAB A MAE, R EFRILTE GRS
R, BRERE, BABRBEAER ENE AR
Z| PVDF JE b, %% JE 4 K 5 ¥ B R 5% o Ji e 95 4
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HAAHALE, AEHELH EFLBHEN -
(1:1500~1:500) &K+, 4CHAFLRLE, K
H,BERE,ERE, 2 HEERAENLN 5
(1:1000)%FHF,37CHE2h, ABGEMAFL
# (electrochemiluminescence , ECL) X 7| & %t 2 3k 47
B %% K, A Quantity One 4. 62 2 1 247 E 1% & 7
KE,VEMATRKEMES NSBB8 B NAH
( reduced glyceraldehyde-phosphate dehydrogenase,
GAPDH) ty & JE 5 2 th & 7R & & oy 3k, WUk i,
DB RKE 6% (30% W M Bt % 4 mL, pH8. 8 Tris-
HCI 5 mL,10% SDS 200 pL,10% AP 200 wL,ddH,0
10. 6 mL,TEMED 20 pL) , % 4 iR K & 4% (30% #
¥ Bt % 0. 667 mL, pH6. 8 Tris-HCl 0.63 mL, 10%
SDS 50 wl,10% AP 50 wlL,ddH,0 3. 6 mL, TEMED 7
rL) o
1.6 7z 20 Al AR #& i £ A =

W £ 2 Bl , 1% B Annexin V-FITC/P1 A =46 1%,
FeMiH P ERRE AL 2 REFT AN
J& , N Annexin V-FITC 1 PI #t4T# X5 , 4 &
L RBRHATERG B RN T, AR (%)=
FHATE(%)+BAARATE (%),
1.7 ELISA #2488 H ROS,SOD MDA K& £

R E A (ROS) MR A & By LA B EK,
B mpF ERRE MANLE TER(CL 1000
Fi B #y DCFH-DA) ,37°C #% & 40 min,PBS %t 5 &
TR AEARF % F KKK 500 nm, K 4K K
525 nm AN B K LEE, WK K ELEES
M AEREEN K FREL, FAREAMI AR
L, EREE 3 R BCFHME, AN 48 bR A
B A A B AL EE (SOD) R | & % 1F , 7 450 nm K
TRMNELE, ER T EHBERASERITHE, R
TR RESRAELH T E R R EAE A
FRELCEFERHREEFANAR T EEAE R K
B, RAREBRUSSOHERSSE, W8
(MDA ) A 3l 3K 7] & 3t W1 45 B KB 1E J5 , 78 By A7 L
FRBEHE 600 nm ¥ K 532 nm WK, N AN

BY% G (A), 25 B MDA 2 B =6.45% (A, -
600)
1.8 £WMER iﬁﬂ‘ﬁ

At E M E B ¥ AL TN KW 3 Starbase

(http .//starbase. sysu. edu. cn) | 6 4% 5 APC ¥

4 B9 miRNA A & 67 26 H B miR-499a-5p %
}ﬂ mlRanda ( http://www. microrna. org/microrna/
home. do) # 4T miR-499a-5p th f& = M Fn # & M
#ik,

1.9 XK REREERKRNLIE

# APC 3'UTR-WT ( 4 APC 3'UTR K ¥ ) #n
APC 3'UTR-MUT( 4 APC 3'UTR K B % %K) % &
% pGL3-Basic # 1K By 7% % & B8 J5 oy X 38, 2 5L 7% N
ZEER & R, B4 pGL3-APC 3'UTR-WT, pGL3-
APC 3’ UTR-MUT A fig T & % 7| 5§ miR-NC, miR-
499a-5p , anti-miR-NC , anti-miR-499a-5p 3t # % %=
H9c2 40/, % BB W %K & B 4R & 3 B A 3K A
EREFMNEREE, HSATH RN EFE KL
AN, ERUNEERLEBHNTLELS
Ok kR R OL TR E W R
&M
1.10 it aE

S By $0 A 4 ¥ fE A Graph Pad Prism 7.0
BTN, T ETRA xves X7, £ 418 $U3F
PR A B & E AT A 4 SNK-q 40 36, 7 41
B M ST AR 1 A3, UL P<0.05 £ £ R A St ¥

2 & R
2.1 SWREHONRGHMRER A EL
m=E 1 o, 5x B4 g, H,0, (100,200,

400,800 pmol/L) Kb BH % HOc2 40 i 77 3 5 5L e JiF
APE T, BEBUEIE R 2 50% %) H,0, W T
JE R #0400 wmol/L H,0, FIT.0> LA g 47
e TENEE VAN

£ 1. AREIRE H,0, X HIQ2 FERENHIN(n=9)
Table 1. Effect of different concentration of H,O, on the

survival rate of H9¢2 (n=9)

s H,0, ¥REE (%)
papiicha: 0 wmol/L 100.00£6. 14
H,0, 4 100 pmol/L 80. 34+4. 89"
200 wmol/L 71.37+5.75°
400 pmol/L 53.67+4.98"
800 wmol/I, 45.71%3.12°

a N P<0.05, 5% R4 Hede,

2.2 miR-499a-5p APC ¥ H,0, F S #) H9c2 4HfE
R IE

e 1A 2 iR, S0 IR R B ZH 4 g
' miR-499a-5p &3k ¥ T &, APC 1Y mRNA FI4E
P12 IR 1 PRI (P<0.05) o
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1. APC 7 H,0, FSH H92 AT MEHERIE
Figure 1. Protein expression of APC in H,O,-induced H9¢2 cells

% 2. miR-499a-5p APC 7£ H,0, FS 8 Hc2 A&
E(n=9)

Table 2. miR-499a-5p and APC expression in H,O,-induced
H9¢2 cells(n=9)

x| miR-499a-5p APC mRNA APC M
papiisea| 0.98+0.08 1.02+0.07 1.00+0. 06
TR 4.75+0. 24" 0.51+0.05*  0.33%0.03"

a N P<0.05, 5%F B4 i,

2.3 F&R3IE miR-499a-5p ¥ H,0, FSH) HIc2 4H
M fEiE AT R N A 80

mEl 2 f£ 3 frs, 5 miR-NC 41 %, miR-
499a-5p ZHZA I miR-499a-5p 2634 & TH i, 41
AEI R0 BRI, 40 0 1% 5.3 T, ROS . MDA
()25 2 2 T, SOD 5 f I R AR, PCNA  Bel-
2 EHRIRY B E R, P21 Bax #E R ¥
THE (P<0.05) ,

A miR-NC miR-499a-5p
10° 10 ;
10° 10°}

T 10 T 102 o

10} ’

10° - - -
10° 10" 102 10°® 10¢
Annexin V-FITC

Oox - WP, PPN
10° 10" 102 10° 10%
Annexin V-FITC

B miR-NC  miR-499a-5p
20 T QS —
P21 | — —
Bel-2 | — -
Bax | s—— -
GAPDH N

& 2. F3&Ri% miR-499a-5p #J H, 0, % SH) H9e2 HHRA T
MEE VA THXERNERIE A Kt 735 miR-499a-5p 1)
H, 0, #5589 HOc2 AMHY T B J93g 5 TG FL R,
Figure 2. Apoptosis of H9¢c2 cells induced by H,O, overex-
pression of miR-499a-5p and expression of proliferation and
apoptosis-related proteins

% 3. 13%i% miR-499a-5p ¥F H,0, 55 HI2 HAfTEE H
THEL R (n=9)

Table 3. Effect of overexpression of miR-499a-5p in H,0,
induced survival, apoptosis and oxidative stress of H9c2
cells(n=9)

FetR miR-NC 41 miR-499a-5p 21
miR-499a-5p 1.02+0.08 2.41+0. 15"
TR (%) 99.87+5.45 67.41+4.03"
TR (%) 15.64+1.08 19.34x1.37"
ROS(SEXI5E G ) 17.67+1. 04 19.46+1.42°
SOD(kU/g) 29.31£2.11 23.84£2.09"
MDA ( pmol/g) 3.1120.34 3.97+0.32°
PCNA 0.97+0.08 0.42+0.04*
P21 0.99+0.09 1.64+0.12°
Bel-2 1.00+0.07 0.56+0.05"
Bax 1.02+0.09 1.79+0.11°

a J§ P<0. 05,5 miR-NC #H 3%,

2.4 miR-499a-5p $8[a] APC

i1 Starbase TN E] miR-499a-5p 5 APC Z [A]
FAAERE 10 45 5 A (181 3A) . 5 miR-NC 4L #K,
miR-499a-5p 4 APC-WT 4il jf 9 6 7 1 i 3 B A%,
miR-499a-5p 4T APC 5 11353k B /AR 5
anti-miR-NC 241 [t %%, anti-miR-499a-5p 4] APC-WT
YRS TE P B T AR APC R IR IA B
FHiE (P<0. 05,8 3B 1k 4) ,

A APC 3'UTR-WT

miR-499a-5p
APC 3’ UTR-MUT

5' UUUAAUUAUlIJC|%C|)UUC|%lIJ(|3LIJl|JA|\A 3
3" UUUGUAGUGACGUUCAGAAUU 5’
5 UUUAAUUAUUGCUUCAGAAUA 3’
9’?*'6
R O WX
B @} bg,'b ‘Q«% ‘wa‘
QN o
R &
APC ™ e v un
GAPDH s s st
3. miR-499a-5p B[] APC A 9 miR-499a-5p 5 APC 1Y
3'UTR 45405 ;B 0 miR-499a-5p J##% APC HEHEIA,
Figure 3. miR-499a-5p targeting to APC

% 4. miR-499a-5p #8[a] APC(n=9)
Table 4. miR-499a-5p targeting to APC(n=9)

il Jotmtt APC EH
APC-WT  APC-MUT

miR-NC 21 1.0120.07 1.00+0.06 1.00+0.08

miR-499a-5p 4 0.37+0.03" 0.97+0.07 0.45+0. 04"

anti-miR-NC £ 0.97+0.09 0.98+0.08 1.01+0.09

anti-miR-499a-5p 41 1.74+0.14> 0.95+0.06 1.54+0.10"

a } P<0.05,5 miR-NC 41 b4 ;b A P<0. 05,5 anti-miR-NC 41 b4,
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2.5 I FRiK APC #B4 #E# miR-499a-5p 3t H,0,
FESH HO2 ZHABE R0

WnE 4 f1 5 fiR, 5 miR-499a-5p+pcDNA 21
Fb# , miR-499a-5p +pcDNA-APC £H 21 Jifd ' miR-499a-

Sp Pk 2 A, A0 A7 75 R 8 T, O T
R ERFIK, ROS MDA ()55 044 i 38 %A%, SOD &%
B THE, PCNA  Bel-2 5 %351 B 3 T7H e,
P21 Bax £ 13534 W Z A (P<0.05) .

Q R 93QO
A miR-499a-5p miR-499a-5p B q’bfo @qv @g{bVQ
miR-499a-5p +pcDNA +pcDNA-APC ,59 ~§2~’0$ & é‘?"
10t 10% 10 & g S
10° 10%; 103;{ PCNA — —
T 102 L5 . T10°) P21 o -
10 10, ' 10 g Bel-2 [ ——
: { 5 > e—
1000 10r 107100 10 05 10T 10107 T0 ' 10° 107 10710 10¢ B —__.
-—— D
Annexin V-FITC ~ Annexin V-FITC ~ Annexin V-FITC GAPDH

4. H,0, ESH HY MHUAT BRME ATALEanEk

HE&RIE,

AN H,0, 5 519 HOC2 ANMAG T 1] s B A T X 2

Figure 4. Apoptosis of H9c2 cells induced by H,O, and expression of proliferation and apoptosis-related proteins

£ 5. TERIE APC #4 %% miR-499a-5p 3t H,0, FSH
H9c2 FREEI R (n=9)

Table 5. Overexpression of APC partially reversed the
effect of miR-499a-5p on H,0,-induced H9¢c2 cells(n=9)

miR-499a- miR-499a-5p miR-499a-5p+

tr Sp#l  +pcDNA 21 pcDNA-APC %1
miR-499a-5p 1.00+0.07 0.98+0.09 0.31£0.03"
TR (%) 98.82+5.89 99.73+6.72 119.37+10. 13*
FT (%) 18.67+1.14 19.03+1.62 13.86+1.27"

ROSCFEAHENEAE ) 18.94+1.05 18.79+1.36 15.33+1.22°

SOD(kU/g) 21.52+2.01 21.34+1.47 29.74+1.10°
MDA (umol/g) 4.11+0.28 3.89+0.31 2.61+0.18"
PCNA 0.98+0.05 0.99+0.07 0.67+0.06"
P21 0.99+0.07 1.02+0.06 0.67+0.06"
Bel-2 0.98+0.05 0.97+0.09 1.87+0.13"
Bax 1.01£0.07 1.00+0.09 0.43+0.04"

a A P<0.05,5 miR-499a-5p+pcDNA 21 L5,

3 3 i

miR-449a 7EAFRE RO LR | BRI 3k 23
BAE S O LA BE 283 0 1t B Hp 2 o 3
Zhao ZF'M R |, miR-499a-5p 1E 4/ 52 E B L
JULZH i v 2 3K 7K 1 3 AR, 3 %638 miR-499a-5p
J SR %) 98 T 6 R FL IR ER I S0 (lactate dehydro-
cenase,, LDH) i F-25F 38, SCA BB 5 40 3£t
7% 38 ( differentiation of 38 clusters, CD38) E. 74 &

P, #7~ miR-499a-5p A3 o § (] CD38 Jal 4 il S/
ZEFEAO LA, Zhang %51 H3E  pY
FELNE % (tetramethylpyrazine , TMP ) RJ DL 43 2% fiff it
ASIE M HO2 40 M) miR-449a b3, I H miR-
449a 3 FIKW T T TMP X Bk S A0 FH HO2 2 Y Y
BITAE L, 55 Ah DT ER A B 75 7 1 (information
regulator 1, Sirtl ) J& miR-449a FY#I LA, #E78 TMP
W T 4 miR-499a, i Sirtl , 2R 5 0% PI3K/AKT
AR AT 1 BT R O ILAN I HOe2 15 1 [
AT, X378 miR-499a 75 B 45 510 HOc2 4
Mok S B, ARFFEAT T 1,0, FSH
H9c2 4 jd #5145 th miR-499a-5p 14 234, & B miR-
499a-5p ik /KB 5 T+, If Had 3235 miR-499a-
Sp B INEE T H,0, %549 HOc2 A AYHE S |
PR AR AL R R, U B miR-499a-5p 2 5
H,0, #5319 H9c2 4l f/E M, iX 5 Zhang %'
T I miR-499a-5p X i S0 LA B 453405 i R 4 4
AHRERL , 5 Zhao % 56T miR-499a-5p fR470 L
0 Lt 0 FERE R U AR, i — 2 AR
TR AR TR | W E ' 2 e 5 R PR I S 5 ke R
miR-499a-5p REME L [n] 11 A #5 APC, X 1] i85 miR-
499a-5p 7EC WLAH ML 05 v (% D Be EAT AE G
APC 38 55 00 ) R A 240 7™ A P 240 L R i A
P A b A b R AR PR G AE 22 Bl B
T APC ¥y A A 2 sl 28 B 0 AR R A 5
F ol 28 0 0 PN B2 20 0 LA B R 11 Ding
D TERF T R I, APC 28 25 B9 R RO, 5 fk
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1ML/ P (ischemia/reperfusion , I/R) K B L ¢, 45
FETHARIIL I/, APC FEAR T4 8 T2 P Bax FIAH
HEER C BFRIE KU APC @ B S PR To@e
A SRR ORI PR ) e 3k T 7 A O IR R R
Wang 55 EWFSE o & B, APC O R R 16 16 25 1
P 1 ( adenosine monophosphate activated protein ki-
nase , AMPK) [ 30% 2l 3% 17 1I/R /N BRGO R pY Sk i 5
DT REREAS , I H APC REif IS5 I/R 15 1Y c-
Jun 2 FE 0 P % ( C-jun amino-terminal kinase , JNK)
FAZHFE 5% T kB (nuclear transcription factor-kappa
B, NF-kB) {55 ff 338 B4 0 A R SR AL R T
(tumor necrosis factor-ac, TNF-at ) Fll 140 /2% 6 (in-
terleukin-6, 1L-6 ) 9/ 4=, & W APC i i ¥4 47
AMPK \NF-kB il NK {55 5 38 i#% 760 e 1/R #5245
RAERIPAER . AUEFER I APC 12 H,0, S 1)
HOc2 A rh 238 B B FRAIR, JF HLid ik APC REfE
I miR-499a-5p X H,0, 75 S#9 HOc2 4iIEHi4% 1
IEAE ., AR, XA SLE S5 R RSPk
WHEATERIE X WA T — 2B e i) .

25 Tk, miR-499a-5p 25 H,0, i3 101
M O AR FEPLH S S m ) APC R IAAEE,
R EEAC R AR O LR HE )R T SR e 2 %

[ &% 30Hk]
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