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miR-330-5p P58 Nox4 S5 554K BRI CILEni
$t 1 53 Wi ) 1 B 9
F %, Ry (Pl ARERLC A NER, P9%E 710004 )

i E: BM AT miR-330-5p A4 08 B bR nEve — 4 3 B #F B2 A AL# 4 (nicotinamide adenine dinucleotide phosphate
oxidase 4, Nox4 ) *F#:& / 2 & (hypoxia/reoxygenation, H/R ) K JEFE & WL2m Jo 4045 09 %5 v BT sebuhl . ik F
KR E B S L 2w 8 HOC2 4 A 2 40 (Con) . #2£ A48 (H/R) . H/R+anti-miR-NC 28, H/R+anti-miR-330-5p 48, H/
R+pcDNA3.1 21, H/R+pcDNA3.1-Nox4 8., H/R+anti-miR-330-5p+si-NC #1F= H/R+anti-miR-330-5p+si-Nox4 21, 5% B} %
KEFTRAMEX RS (gRT-PCR ) #1 miR-330-5p /2 H/R i 5 Lza i, b 64 R ik 5 MTT A ik X da fe AR b o e
ROIG I Sy Ao m L T ; Western blot #i] Nox4 & & R B =X %& G [ Al A #Z D1 (Cyclin D1) | B #k & miig -2

(B cell lymphoma/leukemia-2, Bel-2) . Bcl-2 #8% X & & (Bcl-2 associated X, Bax) . P21] & ik; Wb H Bk %
AP % BB E miR-330-5p A= Nox4 #9¥e@ % . R 5 Con ZLrb3k, H/R 4492 F miR-330-5p & ik (1.96+0.20 vs
1.01£0.11), P21 (0.89+£0.07 vs 0.21 £0.03 ) 4= Bax ( 0.80£0.05 vs 0.18 +0.02 ) & & K -F & 2 0. = % ( 26.67% +2.68%
vs 7.22% * 0.68% ) 27t & ( =7.029, 12.591, 12.790, 12.102 ), # Cyclin D1( 0.20 +0.03 vs 0.78 +0.06 )= Bcl-2( 0.11 + 0.02
vs 0.71 £0.06 ) B & /KT B 20 o3 51 & P B 5 K (1=13.671; 11.047; 11.333, 11.485, 12.511), 2 F A H %t F &L ()
P<0.01) . Nox4 2 miR-330-5p #9¥2 A B, miR-330-5p #i##4% Nox4 £ ik, #ph) miR-330-5p & ik 3it & & Nox4 THEit
Cyclin D1 #7 Bel-2 & @ & ik (1=9.664, 7.548) , #7p#4) P21 #= Bax & @ & ik (£=10.184, 10.314) , ¥F3%.&liniog 5h &
A1 (1=6.667~9.126 ) | Fp#l e = (=10341) , £FAA %L FEL (3 P<0.01) . ¥4 Nox4 K ik 4845 & 45 49 4]
miR-330-5p *F H/R S MLm e 3g 7h (1=4.146~7.941 ) F= 8 = (1=6.285~11.358 ) #y%r@ (3 P<0.01) . &t HRFE T
K H s ILm B P miR-330-5p A&k B3R, 494 miR-330-5p 7T Akid it $eé) Nox4 #ph)s lam LB =, s H/R K H & Wlda i
Fits AL B R AP AER
XH21R: /)N RNA-330-5p; MHMERE RIS A IR mR e ALl 4, B4/ S50 OLAEM; JRT
FESES:R-332 XEIRERL: A XEHS: 1671-7414(2024)06-048-07
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Experimental Study on the Effect of miR-330-5p Regulated Nox4 on the
Damage of Fetal Cardiomyocytes in Hypoxic-reoxygenated Rats

HUANG Yi, WANG Conghan ( Department of Cardiovascular Medicine, Xi’an People’s Hospital, Xi’an 710004, China )

Abstract: Objective To study the effect of miR-330-5p on nicotinamide adenine dinucleotide phosphate oxidase 4 ( Nox4 )

on hypoxia/reoxygenation (H/R) effect and possible mechanism of myocardial cell injury in rat embryo. Methods Rat
embryonic cardiomyocytes HOC2 were divided into control group (Con), model group (H/R), H/R+anti-miR-NC group, H/
R+anti-miR-330-5p group, H/R+pcDNA3.1 group, H/R+ PCDNA3.1-NOX4 group, and H/R+anti-miR-330-5p+si -NC group
and H/R+anti-miR-330-5p+si-Nox4 group. Quantitative real time polymerase chain reaction (QRT-PCR) was used to detect the
expression of miR-330-5p in H/ R-induced cardiomyocytes. The proliferation and apoptosis of cardiomyocytes were detected by
MTT and flow cytometry. Western blot was used to detect Nox4 protein and apoptosis-related protein [Cyclin D1 (Cyclin D1),
B cell lymphoma/leukemia-2 (Bcl-2) and Bcl-2 Associated X (Bcl-2 Associated X), P21] expression, and the dual luciferase
reporter gene assay verified the targeting relationship between miR-330-5p and Nox4. Results Compared with Con group, the
expression of miR-330-5p(1.96 + 0.20 vs 1.01 £ 0.11), P21(0.89 £ 0.07 vs 0.21 + 0.03)and Bax(0.80 + 0.05 vs 0.18 + 0.02) protein
levels and cell apoptosis rate(26.67% + 2.68% vs 7.22% + 0.68%) in H/R group were increased (#=7.029, 12.591, 12.790, 12.102),
while Cyclin D1(0.20 + 0.03 vs 0.78 + 0.06 ) and Bcl-2(0.11 £ 0.02 vs 0.71 + 0.06 ) protein levels and cell proliferation activity
were decreased (/=13.671; 11.047; 11.333, 11.485, 12.511 ) , the differences were statistically significant (all P<0.01). Nox4
was a target gene of miR-330-5p, and miR-330-5p negatively regulates Nox4 expression. Inhibition of miR-330-5p expression or

overexpression of Nox4 can promote the expression of Cyclin D1 and Bcl-2 proteins ( 7=9.664, 7.548 ) , inhibit the expression
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of P21 and Bax proteins, enhance the proliferation activity of cardiomyocytes ( 7=10.184, 10.314 ) , enhance the proliferation

activity of myocardial cells (/=6.667~9.126) and inhibit cell apoptosis (#=10.341) , and the differences were statistically

significant (all £<0.01). Inhibition of Nox4 expression can reverse the effects of miR-330-5p on proliferation(r=4.146~7.941, all
P<0.05) and apoptosis of H/R cardiomyocytes (#=6.285~11.358, all P<0.01). Conclusion H/ R-induced expression of miR-330-

5p is up-regulated in rat cardiomyocytes. Inhibition of miR-330-5p may inhibit cardiomyocyte apoptosis through targeting Nox4,

and play a protective role in myocardial cell damage in H/R rats.
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Fl Hank’s #& ( #it 5. 171102, 181401, 180513,
% [ Hyclone 24 #] ) ; anti-miR-NC, miR-NC,
miR-330-5p mimics, anti-miR-330-5p, pcDNA3.1,
pcDNA3.1-Nox4, si-NC, WT-Nox4, si-Nox4, MUT-
Nox4 JFURL LK PCR 5|1 b3 A TAEY) TR F
$E A, Lipofectamine™ 2000 ( it 5. 171123, £ H
Invitrogen A H] ) 3 MTT il &, BCA fllial &,
FTGR & (S 151101, 160224, 170203, EifF

WA RAEYFRHTARAR ) 5 SYBR Green D¢
& (#H5: 161120, 3£ [E Biomiga A F] ); Nox4 i,
Y fifa A W% D1 (Cyclin D1) Hrfk, P21 Hiik, Bk
CLARAYEE -2 (B cell lymphoma/leukemia-2, Bel-2) it
A%, Bel-2 #H9¢ X Z 1 ( Bel-2 associated X, Bax ) HifAs,
GAPDH it {&, 1l i % 1gG ( #it*5: ab109225,
ab16663, ab109520, ab194583, ab9485, ab32503,
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min, fHEASIATTIrPEA Hank” s ¥, F Hank’s
WO A M SRS T ARG IR A BV 2h, T
B BE DMEM K5 78 7E 37 °C, 5% (viv) 1) CO,
BRFRAarh 2 E R 16 he
1.3.2 4o 4 B ik . B HOC2 4H i 43 Sk Xif Bt
20 (Con, ANHATATALER) | BEAIZ] (H/R 4 ) .
T Y4 anti-miR-NC+ ik 48 / &£ & 40 ( H/R+anti-miR-
NC 4 ) . % Y% anti-miR-330-5p+ ik %2 / & A 4
( H/R+anti-miR-330-5p 2 ) . %% Y% pcDNA3.1+
Bt A/ E A 4 (H/R+pcDNA3.1 4 ) . &%
pcDNA3.1-Nox4+ #ft & / & & 41 (H/R+pcDNA3.1-
Nox4 41 ) . FH%4 YL anti-miR-330-5p+si-NC+ it 42 /
S84 (H/R+anti-miR-330-5p+si-NC 20 ) | Fhf
anti-miR-330-5p+si-Noxd+ Ht4, / 2 &4l ( H/R+anti-
miR-330-5p+si-Nox4 2 ) . ¥ XF %% ] HOC2 4l Jif2
PR 2 x 107 FLAEEFN T 6 FLAR, M4MIC A LR
60% B, 2K JH NG 544 5 4L v B i Lipofectamine™
2000 # HRLL 14320 53 50K 5 S Je Wk e 22 HOC2 4
IR
133 SEE & R A 5% X B (qRT-PCR ) £
I miR-330-5p & ik K V. W 4 4% 4 46 i, fifi
TRIzol i 7 $2 B 40 il & RNA, ¥ % & ¢cDNA,
P it PCROIRX G & iF 17 PCR Y73, e b 45 1F
7 95 °C 5min, 95 °C 30s, 60 °C 30s, 72 °C 30s,
I 40 NMEF. BIYIFFIWT . miR-330-5p 5]
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Y 5°-TCTCTGGGCCTGTGTCTTAGGC-3’, T if
51 ¥ 5-GCTATCTCAGGGCTTGTTGCTTCAGTC
CTCCTGGG-3’; W % GAPDH [ i 51 ¥ 5°-GCCC
CAGACGATTCGCT-3’, FiiF5|4 5°-CCACGAAGA
ATTCTCTTGGT-3", FJH 27**“ 144 miR-330-5p ()
AHXF AR

1.3.4  MTT 346 0 40 BE 364 B35 7+ 2 45 20 % 40
HOC2 il Jie 3% 18 1 x 10°/ FLEEF T 96 FLAL, 433l
K9t 24, 48, 72h BRI AEFLAINA 20 w1 A9 MTT 35,
AkSEdi SR 4h, ZObEEFE, WHRFLNRE IR, Bl
A 150 p 1% DMSO, #RIK#HE D 10 min, 4%
b FE TR IS, BRI 490 nm b 4% LAY O
BEME (AfH) .

1.3.5 G4 M A A DU 20 B 08 T SR ER R
V /b sE ( Annexin V /P1) 4TSS . R
PR AN, B TEES AW, K
5% 10° 4/ FLAY AN SE, %18 FITC-Annexin Vs
AL BEH A H Annexin V /PT 4L 4, LI E
15 min, SR AEAX R C AT T 087 -
1.3.6  Western blot £ Il Nox4, Cyclin D1, P21,
Bax il Bel-2 85 Ik R Sy O vE I 1
(RIPA ) ZUfRRAR U AR R, sk iR
(BCA) MLl 2 vk . BERCrIkER T, it s
PVDF i, 0], I B Y Nox4 (1 @ 1000) ,
Cyclin D1 (1 : 500) , P21 (1 1000) , Bax
(1 :500), Bel-2 (1 : 1000) F1 GAPDH (1 :
2500) —9t, 4CHEELM. WHMAZSL (1 : 2
000) ZEiRMFE 1h, fbFLGHBA, M, iF
HHREANREE,

1.3.7 WG B 5 FL A . 32 F Targetscan
AW fE B 2% M3 Chttps://www.targetscan.org/
vert 72/) T il miR-330-5p 5 Nox4 [f] () &5 4 fir
Mo A3 miR-330-5p &5 & L 5 7E N 1Y Nox4
3’-UTR 2GR Wi 15 JE 4K, 5% 2E 7 Nox4

(WT-Nox4) Fll %€ 75 %I Nox4 (MUT-Nox4) Jii ki, F
Lipofectamine 3000 A= BUF1 58 A5 Y Nox4 JiT ki Fl
miR-NC, miR-330-5p H 4% 4t % H9C2 4 i 48 h,
WCAR 2R, A FH ORI 2R il & L P R Gl 5t
RGFEE .
1.4 it o4 KA SPSS 18.0 #7451,
STIER 2 K-S IER AT IR0, BOR %L
+ bRifE2E (x+s) Fon, P FLRER kST AR AR
t KGR EAT AT, 2241 IR FLASR PR R 26 220000,
HE— 25 41 (8] P R L3R SNK-g K56 P<0.05 A
2R HAG R
2 R
2.1 miR-330-5p & H/R s MLLmfAEA 84 £k qRT-
PCR Kl 7%, 5 Con 4HAHIL, H/R A miR-
330-5p FHRFFEA( 1.96 + 0.20 vs 1.01 +0.10 B B 7,
S HAGFE L (=7.029, P<0.01) .
2.2 7 4) miR-330-5p *F H/R #£ & 2m fig, 35 45 49 %
v W1 A 1, qRT-PCR & 7%, 5 Con ZHAH
kb, H/R 420 b miR-330-5p AH % 234 7K - B i@ 7+
f (=6.838, P<0.01) ; 5 HR 41 (5 ) H/R+anti-
miR-NC 414 [, H/R-+anti-miR-330-5p £H 4fl g ' miR-
330-5p AH X &3k W B g R AIG (=4.679, 4.823, ¥ P
<0.01) , BEBIMH] miR-330-5p FE35 M H/R 2 Ak 5
FE . MTT 5. FiaSdiioAR K Western blot 46101
KIL, 5 Con HEVAE, H/R LHAMIESE TG (=11.333,
11485, 12.511 ) KJATAHEHE Cyclin D1 Al Bel-2 7K
- FREAR (=13.671, 11.047) , 40T P21
Al Bax 2 K THR (212,102, 12,591, 12.790) ,
SHEAG#E L (¥ P<001) ; 5 HR 4L,
H/R+anti-miR-330-5p ZHANAIEFE TG (=6.667, 7.951,
9.384 )} Cyclin D1 1 Bel-2 3 1 kA B THE( £=9.664,
7.548) , AT H . P21 Fl Bax 85 (Fik I WFRME
(10341, 10.184, 10314 ) , ZHFHAGIAE L (3
P<001) .

x1 M4 miR-330-5p Xt H/R B RIS FA T AN (x+5)
5iH Con 4 HIR 4 H/R+anti-mR-NC 4l H/R+anti-miR-330-5p 41 Ff P

miR-330-5p mRNA 1.01£0.11 1.96+0.20 1984021 131£0.14 25505 < 0.001
PO (A ) 24h 0.55+0.05 0.21£0.02 0.23£0.03 0.41 +0.04 63347 < 0.001

48h 0.84+0.07 0.32+0.04 0.34+0.03 0.68 +0.07 60427 < 0.001

72h 1.03 £ 0.04 0.39£0.05 0.40 £ 0.04 0.87£0.10 77319 <0001
AT (%) 722068 26.67+2.68 2657+2.61 10.05 + 1.02 84523 < 0.001
Cyelin D1 & [ 0.78 +0.06 0.20£0.03 0.18£0.02 0.61+0.07 99.880 < 0.001
P21 &l 0.21£0.03 0.89 +0.07 0.92+0.08 0.34 £ 0.04 92754 < 0.001
Bax & 0.18 +0.02 0.80£0.05 0.78 £ 0.06 0.30+0.05 87915 < 0.001
Bel-2 & F 0.71 +0.06 0.11£0.02 0.12+0.03 0.52+0.06 60.584 < 0.001
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2.3 miR-330-5p ¥z & i 4 Nox4 % ik 7F £k K
430 7%, miR-330-5p 5 Nox4 7 1E 45 & 3 5
(UL 2A) o B¢ i 2R il 4l 2 55 A DN 43 BT ¢
B, 5 miR-NC 41 & %, miR-330-5p mimics £
(0.33+0.04 vs 1.02+0.10) 41 i ' WT-Nox4 %%
6 & IS PE W E T K (1=4.765, P<0.01) , i
miR-330-5p mimics 2 ) MUT-Nox4 % )t 2 [ 5

PE % miR-NC 41 (1.03+0.10 vs 1.01 £0.10) JG
A
Con H/R
A1 g A0 E
10° EL 10°
E E £
— | ® — |1 :
o E s o Foa
10 * 10t @
1 i I R 1 il el ool o
10° 10" 100 10° 10 10° 10" 10?2 10° 10
. A -
Annexin V-FITC Annexin V-FITC
H/R+anti-miR-NC H/R+anti-miR-330-5p
A0 g A0
w L w L
— | — |1
o E o E
10' 5 10' F
1 i ) SR 1 i i [
10° 10" 102 10° 10 10° 10" 102 10° 10
. A -
Annexin V-FITC Annexin V-FITC

B W A4k (=-0.245, P>0.05) . Hf— Western
blot # | % 77, miR-330-5p ZH 4 itd T Nox4 % [
(023+0.04) 7K F % miR-NC 41 (1.01+0.10
) Bl W K (£=9.553, P<0.01) , anti-miR-
330-5p ZH 40 Jfd h Nox4 & 11 7K F (1.55+0.13)
i anti-miR-NC 41 (1.03+0.10 ) B & F+ & (=
- 8363, P<0.01) , W[ 2B, #iH] miR-330-5p #!
I 17 145 Nox4 7R 117634 .

B
&
& ‘\o\ :,,_,J’Q
\x
<& ¢ Q‘&‘q'
CyclinD1 WD e o -
P21 o W S e
=E) Q——
BCl-2 M e — -
GAPDH s N " s

A A AR A 2 H/R BRI T2 B. Western blot A5 & ZH A1 LI T-AH G AR P13k

B 1

#P#HI miR-330-5p 3F H/R EEVRAT- R EXEBRIZHZI

24 it kA Nox4 3 HR At it e %em UL

A WT-Nox4 3UTR &' CAUUUCAGAUGGGCACCCAGAGA ¥
] [l 3 13 2. qRT-PCR il 7%, 'ﬁH/RéMHHz

miR330-5p ¥ CGGAUUCUGUGUCCGGGUCUCU & H/R+pcDNA3.1-Nox4 £ 4ff fifl ' Nox4 #H X} 3 ik ]

g M4 VR 5 caucioaescusomccs ¥ B IR (1=19.092, P <0.01) , Wi %5 Nox4

L S ) H/R A5 78 40 i 57 i T, MTT 325, 3 =X 41 il

& & & & AR J Western blot & I & 7, 5 H/R 21 AH I, H/

Nort | D e - D o0 R+pcDNA3.1-Nox4 ZH A i &5 5 PR ( 1=9.291, 7.867,

10.720 ) J Cyclin D1, Bel-2 % [ % ik B 8 7t &

| o | " (1=8.963, 13.555) , 7 41} ¥ 1= % % P21, Bax

A TE LR A% B miR-330-5p 5 Noxd4 i 45 4 {7 55 B. miR- B AR BFEE (=7.898, 8.697, 10.153) , 2

330-5p XF Noxd & (HAAHIM . SHAESTEE N (¥ P<0.01) .
B 2 miR-330-5p 5 Nox4 $L[EFIEX RIEIE
*x2 1d3RIE Nox4 3t H/R REVARAFEFATHIRM (x+5)

BiH HR 4 H/R+peDNA3.1 4 H/R+peDNA3.1-Nox4 4 F{f P{H
Nox4 mRNA 0.26 +0.03 0.24£0.02 0.89 £ 0.06 250.959 <0.001
24h 0.21+0.02 0.22£0.03 0.48£0.05 55.500 <0.001
AERE (A H) 48h 0.32+0.04 0.35+0.04 0.60 £ 0.05 37316 <0.001
72h 0.39+0.05 0.41£0.06 0.92+0.07 73.827 <0.001
AT (%) 26.67+2.68 26.64+2.57 1223+ 1.12 41501 <0.001
Cyclin D1 &1 0.20+0.03 0.19+0.04 0.53+0.06 55.230 <0.001
P21 &1 0.89+0.07 0.93 £ 0.06 046 +0.05 55.555 <0.001
Bax & 0.80+0.05 0.79 £ 0.06 0.38 £ 0.04 67.130 <0.001
Bel-2 &1 0.11£0.02 0.10£0.01 0.46+0.05 126.100 <0.001
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2.5 7% Nox4 #E i # 47 %] miR-330-5p *F H/R 4
A m oAty 69 %em UL 3 FIEl 4. qRT-PCR A3l
7%, 5 H/R+anti-miR-330-5p 41 A [t, 4% e

AR Kz Western blot £l % #1, 5 H/R+anti-miR-
330-5p dAH L, AR ULHIG] Nox4 ik 40| 1
2 [ 384 51 5 1 M2 Cyclin D1 H1 Bel-2 2 1 2634,

il Nox4 ik i ek miR-330-5p AN ik, [ PET AT & P21 fl Bax BRI KL, Z2RHEASR
Nox4 FHX}FIRAKF- (¥ P<0.01) o MTT . sl THEE X (¥ P<0.01) .
& N
9 ()
& &
\>‘\q:bf‘ Q\\q.\ﬁo
A H/R+pcDNA3.1 “"R*l':c‘:’""“” B ¥ >
-NOX
At E A r Nox4 == g——
100 L 10° £ i
§ i E Cyclin D1 —
— 10% = — | 1% 5
o F o F P21 oy  o—
10" - 10
10° L1 u’:un] vt voomd 3o 10° _Lu.III.Il_I_LLIl.II.l_u.u.I.I.ILLuEIH Bax — —
10° 10' 10* 10° 10* 10° 10" 10* 10° 10
; ) BC|-2  — d—
Annexin V-FITC Annexin V-FITC
GAPDH «N
AL TSI ARG 2520 H/R AN T ; B. Western blot £l 20 AL i T-AH S Ak .
3 JEFRIE Nox4 Xf H/R ##EVAAUA T REXEBRIEN M
3 M4 Nox4 BEZFEHMH miR-330-5p XF H/R #EEVMAFMEFUAT AR (x=5)
5 H/R+antl- .H/R+ant1- . H/R+am%— . H/R+an.t1— Fiii Pl
miR-NC 4 miR-330-5p 4] miR-330-5p+si-NC 4l miR-330-5p+si-Nox4 4]
miR-330-5p mRNA 1.98 £0.21 131£0.14 1.34+0.12 1.81£0.15° 13.511 <0.001
Nox4 mRNA 0.24 £0.02 0.81 £0.08° 0.79 £ 0.08 0.36 +0.03" 73.021 <0.001
24h 0.23£0.03 041 +£0.04° 0.43£0.05 0.28 +0.03" 19.441 <0.001
A (AH) 48h 0.34+0.03 0.68+0.07 0.70 £ 0.06 039 £0.04" 3893  <0.001
72h 0.40 +0.04 0.87+0.10° 0.90+0.10 0.55+0.06" 28.540 <0.001
TR (%) 26.57 +2.61 10.05 £ 1.02" 10.10+1.03 19.27 £ 2.00° 59.362 <0.001
Cyclin D1 &£H 0.18 £0.02 0.61+0.07 0.63 +0.06 0.27 £0.03° 65.418 <0.001
P21 &H 0.92 +0.08 0.34+0.04 0.32+0.03 0.760.07° 79.159 <0.001
Bax HH 0.78 £ 0.06 0.30+0.05 0.32+0.03 0.73 £0.04° 92.779 <0.001
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