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[ Abstract ]| Objective To investigate the effect of radiation on cardiomyocyte apoptosis and its related mechanism.
Methods Rat H9C2 cardiomyocytes were divided into blank control group, X-ray irradiation group (X-ray group), X-ray
irradiation+microRNA (miRNA)-134-5p inhibitor group (X-inhibitor group) and X-ray irradiation+miRNA-134-5p inhibitor
negative control group (X-NC group). HOC2 cardiomyocytes were irradiated with 6 Gy X-ray, and the changes of various

indexes were detected 48 h after irradiation. Cell viability was detected by cell counting kit 8 assay. The apoptosis rate was
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detected by flow cytometry and Hoechst 33342 staining. The level of reactive oxygen species (ROS) in cells was detected by
DCFH-DA fluorescence probe. The mitochondrial membrane potential was detected by JC-1 method. The activity of superoxide
dismutase (SOD) and the level of malondialdehyde (MDA) in cells were measured by kits. The expression of miRNA-134-5p
was detected by quantitative polymerase chain reaction. The protein expression of brain-derived neurotrophic factor (BDNF),
protein kinase B (Akt), phosphorylated Akt (p-Akt), Bcl2 and Bax was detected by Western blotting. Results Compared
with the blank control group, in the X-ray group the levels of ROS and MDA were significantly increased, the activity of SOD
was significantly decreased, the decreased percentage in mitochondrial membrane potential was significantly increased, the
number of micronuclei of DNA damage was significantly increased, and the apoptosis rate was significantly increased (all P<<
0.01). Compared with the X-ray group, all the indexes of the X-inhibitor group were reversed (P<<0.05 or P<<0.01), while
there was no significant difference in the above parameters in the X-NC group (all #>0.05). Compared with the blank
control group, the X-ray group had a significant increase in the miRNA-134-5p level and significant reductions in the protein
level of BDNF, Bcl2/Bax ratio, and p-Akt/Akt ratio (all P<<0.01). Compared with the X-ray group, the X-inhibitor group
had a significant reduction in the level of miRNA-134-5p and significant increases in the protein level of BDNF, Bcl2/
Bax ratio, and p-Akt/Akt ratio (all P<<0.01), and there was no significant difference in all parameters in the X-NC group
(all P>0.05). Conclusion X-ray irradiation can induce oxidative stress, mitochondrial damage, and DNA damage, eventually
leading to apoptosis in rat cardiomyocytes, and the mechanism may involve miRNA-134-5p/BDNF/Akt signaling pathway.
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IGF-1) i Sk BUHOC2 .0 JIL 40 L % A g 1=
o3 A ST W, FE O BE B O P 3 (ischemia-
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AR BRI = AT, FHAE e ARG,
Y FFC B 290 it B8 B 5 PO (S Ol 48 em, )R
9 2 Gy/min, #2180, 2. 4. 6. 8. 10 Gy X ZR454f
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134-5p 41720 ( X-inhibitor 20 ) , HJ X 4 fR 5144
¢ miRNA-134-5p #ill il 7] B9 HOC2 40 ffd; (4) X
2k MG miRNA-134-5p 14l 571 B 94 X BE 41 ( X-NC
), B X LRI G miRNA-134-5p #1057 B 7R
Xt RE Y HOC2 4 i,
1.4 CCK-8 F#m K R o Lam i A& oL O
BoA KW B K BUHOC2 (O WLAN i, K5 4 i 3 fh T+
96 LMz, fid 8 MEFL, HidE 24 h, LRFAHMINYBE
FEHR O, 2. 4, 6. 8, 10 Gy X ZR4 N ]2 FR 5T 41 i,
YBITRESE 6. 12, 24, 48, 72 h HIEEHRACAEI
450 nm AL DCERBEE (D) |, HEMMAETE %, 20
HArs R (%) =1 (Di%fL_D§|'I%L> / (DWM_
Do) ] X100%.
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FITC/PT A 4% i =X 40 i 52 56 4 K BLHOC2 .0 L
Ui 2 A F 6 FLAR Y, F 1.3 WAl T TS TE 4R
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NG A G MR ER . BAMA S pL FEEE
V -FITC 1 10 pL PI 4 fh, FEFIREIRS), =ik
S H 5 min, KTNSO LA T
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(2) Hoechst 33342 Je {5255 ¥ K BLHOC2
O LA A 2 1 24 L AR, F% 1.3 T4y 41+ Fil s
Jin A i 2 Hoechst 33342 T/E¥&, 37 CHEH 20~
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6B TR
1.6 AR I A K 00 MLgm it DNA $i45 #EK
FUHOC2 (L LAN L 422 8 T 6 fLAR, % 1.3 Wi/l T
G AR, I ATE & 0.075% FALA AR S)
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RBULEC ], BUECELA ) WRAT, 160.992X g B L
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20~30 min, 160.992Xg &[> 10 min, F* Lif; M
NE o [ R, R AN B R R AR A
T, IS R TR YL 20 min, ZUKPE
I 5 BT WU T OUEE, BEYLIE R, R4t
%1000 40 X3 R, A AN MR .
17 K Eos Wldm il & ok B A5 4l KR
HOC2 LWL L4270 F 6 FLAR, F% 1.3 Wijrel T
JE AR AR, FEET 500 pL 54 aRdkh,
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1 ) DCFH-DA T. 1F #; 37 ‘C #E % M § 20~
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TR, KM PO ey A SOD 1
1.9 gPCR &4 X R & WL 29 A&+ miRNA-134-5p
B Rk AR A AR B HOC2 O LA i, 4R B
RNA, s 5360 R il e el B Fnvk B, (i
Bulge-Loop ™ miRNA qRT-PCR Starter Kit ( ] JH %
MAEYHARAIRAT ) RE7155] cDNA, ¥HY5
JoNEEA D ARA R A FIBENZ . miRNA-14-
Sp LRI AP KR R, {1 LightCycler 96 5
A 2 e 2 PCRASGHEA TR 4347

1.10 & & J e 3 sk #em) K R s Wldm i, BDNF
Akt, p-Akt, Bcl2, Bax & @ # ki 1% 1.3 W40
LA 20 T 15 W AR A M, 4331 A 250 uL RIPA %
ff W, 4 °C 24 30 min, {8 FH 40 A S0 00 4E 40 e
2R, 111.8X g B0 5 min I Y B |38 W,
FH BCA B 8 A7 it o f 2R PO 3 42
Mo ALK, BB B WE—PURM bt
J&, TN, B TR USROG, FH Imagel
BRI RS I B A5 R A

1.11  %it 5422 )i ] GraphPad Prism 8.0 ¥ {F
HEATBARALEE, BlE Ll s 78, L4 R E
BT 25007 Kes/KHE () 4 0.05,

2 &% B

2.1 RECSMEape RS2 AR A, 26950 CCK-8
BATNZER (£ 1) R, RRIFIER X Lt
KB LA R A A T35 29— A 25z, HLa
PRI 12— 22 7 & - AR bE, 2R A 50T
RN (P<0.05) ., HSHIER 6 Gy, HiFt 48 h
I, ZIMAETE 3K 0.760.01, HET 500048 145
BSCHRNT AR S AP 6 Gy i X RIS R
FLHOC2 (LA M B e A &, ARG S 48 h A8 hn
A DU FSF ] 551

F1 AEFE X ZRHITKR HIC2 LA HETEE IR
Tab 1 Effect of different doses of X-ray irradiation on survival of rat H9C2 cardiomyocytes
n=3,xxs
o Duration after X-ray irradiation/h
Irradiation dose/Gy
6 12 24 48 72
0 1.0040.01 1.00+0.01 1.0040.01 1.000.02 1.0040.02
2 0.9940.03 0.9240.07 0.9640.03" 0.924+0.01" 0.834+0.01"
4 0.98+0.03 1.01+0.01 1.02+0.01 0.87+0.03" 0.78+0.01"
6 1.00+0.01 1.0140.02 0.934+0.01" 0.76+0.01" 0.64+0.01"
8 0.96+0.01 0.814+0.13" 0.9140.03" 0.724+0.02" 0.58+0.01"
10 0.96+0.09 0.92+0.08 0.9440.02" 0.724+0.04" 0.58+0.02"

'P<0.05, “P<0.01 vs 0 Gy group.

22 X EBIBTRR A Ti¥a REEEV -
FITC/PT X e i 4 i AR A 45 2R B, 52 [
X FRZH [ (11.53£3.01) %] # kb, X-ray 40 K K
HOC2 LA A 1=K [ (64.924+13.18) % | ¥4
2] 463% (P<0.01) ; 5 X-ray 20 # kb, X-NC 4
O TR [ (63.50£19.45) %] 2R HGeiT
227 X (P>0.05) , 10 X-inhibitor .0 UL 41 Jig 7
T2 [ (2097+1.67) %] /0%y 68% (P<0.05) .

Hoechst 33342 J&(, (& 1) 5K Bn, 2SHX
MR A e 35 5], AMREAZIE SR, 40 H2E
SREEN 21.3611.67; X-ray ZH (197573 4 i A% k5% [
45, P U RO, 55X R4, 95t
SRR D (28.6340.59, P<<0.01 ); 5 X-ray 4141 L,
X-NC Ao esm g (27.4240.77) 23S
225 (P>0.05) , 1fij X-inhibitor 41 il ffd 7¢ Y 5
fE (23.25+0.77) A (P<<0.01)
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E 1 Hoechst 33342 &N EHKR HIC2 LALAMABATIER (10X)
Fig1 Apoptosis of rat HOC2 cardiomyocytes in each group detected by Hoechst 33342 staining (10 X)

A: Blank control group; B: X-ray irradiation (X-ray) group; C: X-ray irradiation+miRNA-134-5p inhibitor (X-inhibitor) group;

D: X-ray irradiation+miRNA-134-5p inhibitor negative control (X-NC) group. miRNA: MicroRNA.

23 KA LB DNA M RGH L ERA
Bt FLIE B 1 000 A4~ K BLUHOC2 .0 LA i ik 4745 T
ML (Kl 2) , 5B B/RE XY, Xoray 4.

X-inhibitor £ & X-NC £H 41l g P4 (1) S0A% T2 1 804 1)
F(71£23).(767£70) . (316163 ) J(728+31)

A, Has xR A e, Xoray 44000 P 3O TE A%
B34 i 27 980% (P<<0.01) ; 5 X-ray [ 5 41 M
L, X-NC 2140 il N8 i g2 5 e e it2= 2 X
(P>0.05) , Tfi X-inhibitor 2 2l A N T4 4% I ml R
/b2 59% (P<<0.01) .

G
=
e 2

© D)

2 RN & A KR HOC2 (DAL I RAZ A (40X)

Fig 2 Changes of intracellular micronuclei in rat H9C2 cardiomyocytes in each group

detected by micronucleus test (40 X)

A: Blank control group; B: X-ray irradiation (X-ray) group; C: X-ray irradiation+miRNA-134-5p inhibitor (X-inhibitor) group;

D: X-ray irradiation+miRNA-134-5p inhibitor negative control (X-NC) group. The arrows indicate the micronucleus in the cells.

miRNA: MicroRNA.

24 XZ& BT K RS W LE R0 L& kR B b 15
#v K ELHOC2 O L 4 it 2 kL 14 JB5E L A7 T B
Hoartm s R (K3) BR, S AX R4
[ (14.57£1.36) %] # kb, Xeray 2H .0 UL 40 g £& 4
B FREE 43 [ (54.334046) %) N T4y
273% (P<<001) ; 5 X-ray ZHAH L, X-NC 2.0 A4
ML AR, PR A s [ (53.3043.36) %] 225
TGt X (P>0.05) , X-inhibitor 200l L
RARBEEA, FREE 3L [ (30.2045.20) %] F&IK T4y
44% (P<<0.01) .

2.5 X Z&BAHT KR Sl B4 g% ROS
Kzt R B R, 25 X4 . Xoray 4. X-inhibitor
2H K X-NC 21 K B HOC2 .0 L4 il ROS 7K S 43 1]
4 188.67+51.73, 502.33+£20.03, 278.67+7.51 &
484.00+59.41, S525 FAXT IR L, X-ray 41372 3
X 2 56 B 5 ROS K F 7+ (P<<0.01) ; 5 Xeray

HAHL, X-NC KL LA ROS /K22 7 048
23 L (P>0.05) , X-inhibitor £ & f.0> L 40
Jfi ROS /K F- TR (P<<0.01) o

MDA K il 2% W g 78, 25 X B4, X-ray
2H . X-inhibitor 1 &% X-NC 2H K f HOC2 .C> L 48 il
MDA 7K ( %437 g nmol/mg ) 4351} 0.22+0.05 .
1234022, 0.5440.04, 1.11+0.22; SOD #; il 2%
IR, 25X R4 | Xoray 2H . X-inhibitor £ % X-NC
ZH K BUHOC2 (0 JULAH e SOD 3% 4 (Bl U/mL )
A3 153214582, 118.54+8.03, 137.23+2.65.
112.20+3.33, 525 [ X BB A H, Xeray 41K B
JULZH A Y MDA 7KF- 55 . SOD il M T F (3 P<
0.01) ; 5 X-ray 4{AH L, X-NC 21K B0 WLANIE Y
MDA 7KF-H1 SOD {fi k2 R ¥ Tegeit2# 2 L (P>
0.05) , X-inhibitor 21 KL LR L) MDA 7KF T
% (P<<0.01). SOD i PEFm (P<0.05)
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3 HRAABEARKNZHEKR HIC2 LA LA A PR B i A T 1L
Fig3 Changes of mitochondrial membrane potential of rat H9C2 cardiomyocytes in each group
detected by flow cytometry
A: Blank control group; B: X-ray irradiation (X-ray) group; C: X-ray irradiation+miRNA-134-5p inhibitor (X-inhibitor) group;
D: X-ray irradiation+miRNA-134-5p inhibitor negative control (X-NC) group. miRNA: MicroRNA.

2.6 X &BE4HFK RS Ae miRNA-134-5p & ik & &
® _b\
T 44 2 v S 2t BRI R 2SN R4 N & <
KFa e qPCRAGINEER W oR, 25 FX 4] & S 5 ean

L miRNA-134-5p Fik 7K F-43051°4 0.30£0.07
1.00+0.04, 0.40+0.10, 0.944+0.07, 525 4 %f iR

p-Aki—| M - — 5

YA H, Xeray 20 K BUC WLAE A H miRNA-134-5p Akt 7 (D G -, - -0
BTN (P<0.01); 5 X-ray 204 L, X-NC PR [ ———

R O LA H miRNA-134-5p B IKIKF- 255+

ey [V 2 L . Bax — A e — 20
TG iEE L (P>0.05) , X-inhibitor 21K L L T —-—

i e o miRNA-134-5p BYFRIEKFFFE(P<0.01) . GAPDH —| e W S s 37

2.7 X B AR R s Ml e BDNF, Akt, B4 FARMEHGNEAKXR HIC2 O ALABAH
p-Akt, Bel2, Bax & @ &k #g#ra  HITENINL BDNF. Akt. p-Akt. Bel2. Bax &EHRIA
K zh s (K4, 322) WoR, 525HXIRAME, Fig 4 Expressions of BDNF, Akt, p-Akt, Bcl2, and Bax
X-ray 2H K B HOC2 0> L4 g+ BDNF 25 H % ik [% proteins in rat HOC2 cardiomyocytes in each group
K%y 43% (P<<0.01) ; 5 X-ray 2440 b, X-NC 21 detected by Western blotting

S BLC LA it BDNE 28 19 3654 19 22 R8s 2% X-ray: X-ray irradiation group; X-inhibitor: X-ray irradiation+
% (P>0.05) . Xeinhibitor 21 J B L 41 L 1] miRNA-134-5p inhibitor group; X-NC: X-ray irradiation+
BDNF &AL 49% (P<0.01) .
5 X IR I X-ray AR BG4 A Akt: Protein kinase B; Bcl2: B-cell lymphoma gene 2; Bax:
H p-Akt HHERIL K p-Akt/Akt Lt {673 31 B AR 24 Bcl2-associated X; GAPDH: Glyceraldehyde-3-phosphate
53%. 51% (¥JP<<0.01) ; 5 X-ray 4L, X-NC dehydrogenase; miRNA: MicroRNA.
A RRC LA T p-Alkt 8 1K p-AkvAKt It 52 FUIRALATEE, Xeray 41K BUO ILAR I
2 5e G4 X (9 P>0.05) . X-inhibitor  Belp 7 P4 235 W20 54% . Bax 2 14 & ik 024
AR R WLAN I p-Akt 8 1R GE I p-AkUAKt EE 2994 (15 P<0.01 ) , Bel2/Bax HAEREAE ( P<<0.01);
{EI G INZ 67%  55% ($7P<0.01) o ZERIE/R, 5 Xeray 204 o, X-NC 415 BLO LA Bel2 .,
Hos PO AL I, X RIS AR IOSE 11635 Bax 2B P15 22 R RS 241 X (1 P>005)
AT W, T LR L AR B p-AKY Xeinhibitor 41 BLC WLATIEL P Bel2 2 141 2625 B
Akt FE AT, 1740 1) miRNA-134-5p J&5 p-Akt/Akt £ 65%. Bax & FIAMEIRL 16% (¥ P<0.01) ,
PUMBAE Xoray 20 B3R, WL 4, % 2, Bel2/Bax U4 (P<<0.01) . WL 4, 2.

miRNA-134-5p inhibitor negative control group. BDNF:
Brain-derived neurotrophic factor; p-Akt: Phosphorylated Akt;
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£R2 KAKRHIC2 LALAAE BDNF. Akt. p-Akt. Bel2. Bax EEMENRIEZSE
Tab 2 Relative expression levels of BDNF, Akt, p-Akt, Bel2, and Bax proteins in rat H9C2 cardiomyocytes in each group

n=3,xts
Group BDNF/GAPDH p-Akt/GAPDH Akt/GAPDH p-Akt/Akt  Bcl2/GAPDH  Bax/GAPDH Bcl2/Bax
BC 1.38+0.03 1.08+0.06 0.9940.08 1.09+0.05 1.040.03 0.80-0.04 1.3140.06
X-ray 0.79+0.06"  0.51£0.04"  0.97£0.06 0.53+0.077  0.48%+0.02"  1.03£0.02"  0.47£0.02"
X-inhibitor 1.1820.06""  0.8520.04°" 1.0420.06 0.820.01°%  0.7920.02°%  0.8740.02°"  0.9040.02°"
X-NC 0.76 £0.03 0.560.03 0.95+0.03 0.5940.04 0.45+0.02 1.1040.04 0.41+0.02

"P<0.01 vs BC group; ““P<0.01 vs X-ray group. BC: Blank control; X-ray: X-ray irradiation group; X-inhibitor: X-ray
irradiation+miRNA-134-5p inhibitor group; X-NC: X-ray irradiation+miRNA-134-5p inhibitor negative control group. BDNF:
Brain-derived neurotrophic factor; p-Akt: Phosphorylated Akt; Akt: Protein kinase B; Bcl2: B-cell lymphoma gene 2; Bax: Bcel2-

associated X; GAPDH: Glyceraldehyde-3-phosphate dehydrogenase; miRNA: MicroRNA.
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