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FE:BE Sl R A TS, 602 40 i B BE TR 5 BORl 2 D) e BB % OC S BER Y, T X ] AR T
BN TR S PRI AR O e K IO B 25 L, B RNA (MicroRNA , miRNA ) 7 il sk 1l 5 2235 3% & &
B AR AR, miR-532-3p 76 i 5 ML 1 9 V5 2 1K AR A Y AR W 2 T8 SO O BT R B A e e 3 e Ak oz DO
fiti NADPH %0 fL 1 2( NADPH oxidase 2, NOX2 ) 3 Tfi 5 W % 58 7~ 388 6 R DL o A B 5 5 T iy 00 SR 2L 00 7 80
M MCAO/R K BREE )2 41 21 i 3 HH A8 Ak 1 35 19 miR-532-3p ML e L35 B NOX2, B 7 WY BT — 3% (19 8 1) 9 42 G
F I HE— 25 BB miR-532-3p-NOX2 J#=RIAE G il M A P S A BRIE T PE T, T3k i R R 3
JVk 4] 2 P E 7 A% A ( middle cerebral artery occlusion and reperfusion, MCAO/R) il i 17 N 24340 I 4 i 2,3, 5-& 1k
ZIRIL DU M (2,3, 5-triphenyltetrazolium chloride, TTC) Y& 248 b5 01 2 e il P HE R 455 76 | Ry FH 336 % S5 S 9 o e
B4 B 4% 3 (reverse transcription quantitative polymerase chain reaction, RT-qPCR) & 2 [ Jii El 7 ( Western blot)
IiF miR-532-3p 55 NOX2 MR IEHIHKVE, B miR-532-3p 5 NOX2 Y45 & 17 £ Hxd A 5 0 Bl 4 57 k| B¢
N2 B4R A5 ST 0 E B A AN R e M EE SH-SYSY 4 & 1Y M # 25/ B E T (oxygen glucose deprivation/
reperfusion, OGD/R)#EEI Il A miR-532-3p AW ( mimic) K 7 il 5] (inhibitor) A1 NOX2 /N F# RNA (small in-
terfering RNA, siRNA) 5 {iF miR—-532-3p %t NOX2 1 1t ] 3% 15 4] 455 B f 44 S e i 534 1 A5 280 o S04k 7 30K 7 (R gE
TohR AW BORLMAOIR S K 0 % T W, S5 R BFST S R WoR  ZE BRI I 20 2 P, miR-532-3p By R Ik KV i 3
K (P<0.05) . %4 FRes 4% 5 iR 0l 3+ 45 & NOX2 mRNA A9 2 i /¥ 51l ( coding sequence, CDS) X, 7 1fij 61 ¥4 2
NOX2 mRNA %Wﬁi‘i%f T PR ML e i - TE A9 OGD/R AL i 323K miR-532-3p il A 2l il NOX2 ) % ik

(P<0.05), X—ABIEHSI 2T — %mﬁb‘j‘tﬁﬁwj:éﬁﬂﬂ@ﬂ@’i%i&ﬁ%?&\ﬁﬂﬁ%ﬂl%(P<0 05) , & BN NAD-
PH/NADP* HS{E(P<0. 05) 5 GSH/GSSG H.E (P<0. 05) F- &5 5 [RI B, 4k 36 T 2 F2 22 34 41, BAA S GPX4 ik i

(P<0.05) , M 401N Fe™ 7K J i i it S Ak 7= 1 K 2 F e ( P<0. 05) , k4T, @zﬁﬁsa i8R &t (P<0.05) ,# &
I A 09 7735 e Tt B 3 R T (P<0.05) , &5 AR R Y], miR-532-3p A BRI & B 45 A I 771 5 NOX2 1Y 3R
Ik, AT 55 NOX2 8K 2y 1% 4040 52 17, 3k — 3 B B — D BR A 1 SR SR Tl B O . B R IR ORI 4
i A R By ol G 2 v T BT S A A 35 T )
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Mediation by NOX2 of the suppressive effect of miR-532-3p on ferroptosis
induced by cerebral ischemia-reperfusion in SH-SYSY cells
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Abstract; Objective After ischemic stroke, ferroptosis of neural cells is a key pathological process leading to neurological impairment.
Early intervention in this reversible death process is of great significance for reducing acute-phose brain injury and improving long-term

prognosis. The expression profile of microRNAs ( miRNAs) changes significantly after cerebral ischemia, but the biological significance
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of the expression changes of miR-532-3p after cerebral ischemia-reperfusion remains unclear. Whether miR-532-3p can affect the
ferroptosis pathway by targeting the key enzyme of oxidative stress, NADPH oxidase 2 (NOX2) , has not been reported. Based on the
research groups previous sequencing data, this study identified the significantly changed miR-532-3p and its potential target gene
NOX2 from the cortical tissues of MCAO/R rats, aimming to clarify the targeted regulatory relationship between them and further deter-
mine the role of the miR-532-3p—-NOX2 regulatory axis in iron death of neural cells in ischemic stroke. Methods A rat model of mid-
dle cerebral artery occlusion and Reperfusion (MCAO/R) was established by the suture method. The ischemia-reperfusion model was
evaluated by behavioral scoring and whole brain 2, 3, 5 - triphenyltetrazolium chloride ( TTC) staining indicators. The correlation
between miR—532-3p and NOX2 expression was verified by Reverse transcription quantitative polymerase chain reaction (RT-qPCR)
and Western Blot. The binding sites of miR-532-3p and NOX2 were predicted and the conservation of related species was compared.
The specificity of the binding sites was verified by dual-luciferase reporter experiments. The Oxygen Glucose Deprivation/Reperfusion
(OGD/R) model of SH-SY5Y cell line was constructed and miR—532-3p mimic and inhibitor and NOX2 small interfering RNA (siR-
NA) were added to verify the negative expression regulation of miR-=532-3p on NOX2 and its effects on oxidative stress levels, ferrop-
tosis markers, mitochondrial status and cell viability in the in vitro ischemia-reperfusion model. Results The results showed that the
expression level of miR—532-3p was significantly decreased in ischemic brain tissue ( P<0.05). This molecule could specifically rec-
ognize and bind to the coding sequence (CDS) region of NOX2 mRNA | thereby inhibiting its expression. In the OGD/R model simula-
ting ischemia-reperfusion in vitro, overexpression of miR—532-3p effectively inhibited the expression of NOX2 ( P<0.05). This regu-
latory effect triggered a series of protective effects: the redox state of cells was significantly improved ( P<0.05), manifested as an
increase in the NADPH/NADP" ratio ( P<0.05) and the GSH/GSSG ratio ( P<0.05) ; at the same time, the ferroptosis process was
inhibited, specifically, the expression of GPX4 was upregulated ( P<0.05), while the intracellular Fe** level and lipid peroxidation
product levels decreased (P<0.05). In addition, mitochondrial damage was alleviated ( P<0.05), and the survival ability of neural
cells was significantly enhanced (P<0.05). Conclusion This study indicates that miR~532~-3p may directly bind to and negatively
regulate the expression of NOX2, thereby weakening the oxidative stress response driven by NOX2. This process may further limit the
activation of the ferroptosis pathway. These findings suggest that this regulatory axis is expected to be a candidate direction for interven-
tion studies in ischemic stroke.
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RNA | i 5o 5% 0§00 5L ) mRNA A9 58 M ol i 3l R
FEHG SR I K R 45 B TR 3R s . A8 2Pk i il 1k A
Hi, ZF miRNA CAIESE S S50 B B Ry,
53 W 7E M R Bh bk A ZE P R A AL (middle cer-
ebral artery occlusion and reperfusion, MCAO/R) f
IR B Y, miR-19a/b-3p ik 5. & L, i #1p
il SIRT1 FE K HE M 2 0 Fox03/SPHK1 {554l , 12 2k
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FERGIAMEFE rh  FRATT 38 A % K g 3 ik P 2E 7
TR VR R RY R BRI Bz )23 20 U AT B S L ) 4 B, R
5 %) BE 4 AH [, MCAO/R 20+ miR-532-3p My
PRAKSF B 2 R SR, % miRNA 7E ik i
I P Ao R v 8 AR TR e SO B AR W 2 T e
A B, BT, AR IS AR B AR WA B e AR
FOVS AR S BE R HEAT R Gk B0, O 38 1 43+ AR A
SN LSS, S 2B 8 T — A8 I I8 455 38 %, miR -
532-3p AL ) # e 40 H) NOX2 3k, 1 o 17 9% 1k
SRR, 25 ol i A A R R AR T AR Y A A

1 MRS

1.1 FE#M#

AW S s W)l 8 ~9 Jl AT Y
250 g () HfEPE B % Hi A% - 2 B ( Sprague-Dawley, SD)
KB, WA T 8 T B 5 o rh oL SRR Eh ol
A K BRI 55 T B i A BB 2 BE 2l 4 0 1) SPF
G5 FE A D IREE SRR AR AR I AR 2142 °C R
FE 60%+10% 12 h B 22 5 6 BDIE 26, O 3 HY 3R R
PR e RS AR K, AR 10 4238 sl 4 S S0 5 1 O
IR A T F K B B 5 — B8 IS B sh 8
PRZE 5 A S IS 5 A2022-037 -
O, T AP HMIEEEERHRER (LR
Yo BEAN A ) 45w ) #E 4T . SE g R B A 293T A
B UM S SH-SYSY A i 25 BE 4 i 9% 40 i R i
AT R BE A B A W Ak S 2t 3 B . MiR-532-
3p BE LM (mimic) . miR - 532 -3p ] # (inhibi-
tor) \NOX2 ] 5] ( si-NOX2) K H: [ 1 %+ B (NC) |
NOX2 By A 1 55 58 A% U 4 4 56 R R iy il o5 1 5
A PR A A R HE AL 40 R 5 e 50 50 T 8 FH Y Li-
pofectamineTM 3 000 # YL 55 1 H Thermo Fisher 2%
H, NOX2 Hifk(19013-1-AP,1:2 000) 5 GPX4 #i
14 (67763-1-1Ig,1:2 000) R H I =& , B—actin
PR (TA-09,1:2 000) AR EFAR IC L EHTK B 186G
(ZB-2307,1:5 000) 5 B fF b ic 1L F B R 16
(ZB-2301,1:5 000) k4 A Jb 5t 2 & B W R
O8], ARSI P A R T (MDA ) A I 5 &
(P Bt AL, A003—1) i ot i A A I ) & (R
5 ,50043S) .CCK-8( A& 1=, CK04-500T) . & W ik
KA (R3S, C0040-100mL) | 28 ki 1A Bt e, o7 46 00
i) & (boxbio, AKOP013-1) .NADPH/NADP " 5 ]
K& (B ZK,S0179) GSH Fl GSSG #a il i 7] &
(K, S0053) DA K W8k 3 7 & = A Tk 57 &

(boxbio, AKICO04M) ,
1.2 FHik
1.2.1 MCAO/R # &

R B R 2 pe i 57 SD KRR MCAO/R £
A fg e RERE SD KL (220~300 o) REGAE AT 12 h,
SRS IR (AR A R AR R E)
(10~12 mg-kg™") FRAE G [ 2 T 37 CHEE T ARG
FURA X B BT, T H0OE P 2 2 MIAE 25 mm A 10]
DI Bl 70 #8517l 2 L5 1 5 - LJLTRD Bt %
TE B DK A 40 4y B BE B K ( common carotid
artery, CCA) . # N 3 lk (internal carotid artery,
ICA) B # #b 8l ik (external carotid artery, ECA) 43
S, E53L ECA Jm 3, sl ik e B ik BT CCA 3T 0 3
S ICA, 7E ECA i CCA 70X 4.0 mm Ab il i 30°4}
DI A bR A R )2 4t [ A% (0.26+0. 02)
mm, JE SR B A R A w U ICA B e
#EZ (18.0+0. 5) mm TR, WA BH 7 545 1R 4 e
FRLL A1 %€ 120 min J5 51 | FREVE . TR
L R4S W AR A 2D TR AL, 7 A% 52 1 A W) 1M 45 5% 62
SHUMARE R, KR 24 h 17 Longa T4, Longa
W 1~3 N ISR
1.2.2 WEFTAZERES

TER R 2 B OF 84T 24 h I VR FFRE U S, X
MCAO/R 8K B 47 3F 43 R Longa 432K
PEAG B RY AT 2Pk o O 1 R B 32 00 O 22, BT AV )
TAEAZ 45 th R S92 56 4079 A FHE B BN B ST 58
., Longa PEArARifE. 0 43 KK H B L T6E
P51 43 KRB L e B X M i R TGV 58 4 A R 2
a3 RBRAEAT S8 I ) T 390 0 82 0 4T 5% 5 3 43 KR
A7 2 N 1] 0 8 00 A 45 5 4 43 KRBT A & AT E L H
FERE R R B B IET,

1.2.3 HREEFRESL
i B R S g R AR LR 1,
%1 siRNA
Table 1 siRNA

P FFH1(5-3")
inhibitor UGCAAGCCUUGGGUGUGGGAGG
mimic CCUCCCACACCCAAGGCUUGCA

NC UUCUCCGAACGUGUCACGUTT
si-NOX2 AUUAUAUUUAGGCUCAUCGTT

YA 7E & 10% iR 4 L7 /Y DMEM 85 38 56,
F 37 C.5% CO, XM TFifrH MR, HIFE
miR—-532-3p F ik, $ 4b F X5 A K 69 SH-SYSY
AL 2x10°/FL I %5 B R 6 FLAR  BE 3R & 70% ~
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80%Fil &5 5 , #II F Lipofectamine 3000 ¥4k 2% & i
) miR-532-3p mimic/inhibitor a8 H: B ¥ %} 18 | 51
TEOLR 1, 5 g A4, % Y )5 i i qRT-PCR 55 iE
HRIKRAZ,
1.2.4 RT-qPCR

di F Trizol 42 HUE RNA i FH NanoDrop f# i
PO RETH(FEER K, SEIE ) RNA a2 558 4, B
RNA JIF e 3 B 42 e S 4L 7 0 e 5% LA K RNA
B H AL 5L, R PrimeScript™ RT reagent Kit with
gDNA Eraser ( Perfect Real Time) iR 7] £ ( Takara,
RRO47A) HEATH e 5, ST 280 E i PCR (qPCR)
* M TB Green® Premix Ex TaqTM 15 & ( Takara,,
RR820A ) #E47 . i M8 Ud W 45 f) 58 WY 3k A7 e o 1 &%
MIBCE o SR 2 8 B R AR X Ak K, 5l
Py (5 BIED R ) TE LR 2,

xk2 351¥MF7
Table 2 Primer sequences

P A (57-3") PR
/nt
miR-532-3p F.GCCTCCCACACCCAAGG 50
R.:AGTGCAGGGTCCGAGGTATT

miR-532- GTCGTATCCAGTGCAGGGTCCGAG- 50
3p-RT GTATTCGCACTGGATACGACTGCAAG

NOX2 mRNA F.GAAACCCTCCTATGACTTGG 146

R:CATCTTGGAACTCCTGCTT
B-actin F.CACCCGCGAGTACAACCTTC 209

R:CCCATACCCACCATCACACC

U6 F:GCCCTGTGCAAGGATGACA 68
R:GAACGCATCAGGAATCTG

1.2.5 2,3,5-SH=FKEMAM (2,3,5-Triphe-
nyltetrazolium chloride, TTC) &

G A R BRUG , T T K i ) O i 4 g 4 4
KHE TR DA 20 C 5% IR
25 min LAEJE . B 57612 VR 6 3R 1, T R M ok iR 10
HEYIEIG & 2 mm EEHALY R, KU R E2E
BT 37 C WIRA 2% TTC YL (‘R 5 ,298-96—
4) HREEIFE R 20 min, L[] 35 A B I 6 ORI 145
G, POZEHE, LRV A 4% 2R
B (RETE,PLHIT) T 4 CEMF T REE 24 h,
A7 [T 5 58 10, XF Il AT A8 . B 40 AT Image )
AR o8 AR B PRI HE AT I R B 4 4 R i a2 kg A58 B
DX Sl A BRI 3 5 LA X 4 i R R A3 e
1.2.6 WRARBHREEERIR

ZAEE B NOX2 mRNA CDS X F31 i &
A B miR-532-3p 454G 0 sl P A A Be (WT)
O % g A AL A AT TG B A R R AR W B

(MUT) , 43 5 5 A GP-miRGLO #AK & 28, 43 5 6
%4 NOX2-WT A& Hl NOX2-MUT #84Kk, B, 78
293T 4L, miR —532-3p L4804y a B M xf 1R
miRNA B (miR-NC) 43 35 i ik #4 2 47 19 2
BRI SR g o8 U YA 48 h e IR
LEMIFEAR B Promega ( T [E ) 2 7] #2 44t /Y ¢ 6
B 5 5 DR A 3 7 & I B R R R i 2
I HEREFR I ( Thermo Fisher Scientific, 35 [H ) Xt 41 ifg
S0 O R B IS M EAT R I
1.2.7 Western blot

20 2 A A AR SR B 2R YRR T 5 96 ( Phenyl-
methylsulfonyl fluoride, PMSF) ) RIPA %4 fif i ( &
3% ,R0010) 477853 244# ,4 °C .12 000 r-min”' &
O 10 min JFUWCEE BV . R B R AL HE SRR Y A 3K
i 3% B 1 AR BBOCR FH 40 R R AR o AR & (B s
K ,C3606) $EHL, ] BCA & H & ik & (R¥E
F,PC0040) I 5 B VR B, G0 — I 4k 2 A ik B 1A
R, W30 pg HOAMAL 5x EFZZ PRIES], 100 C
WK A PEAL B 10 min, 2K A 12% SDS-PAGE
JiE (B 4k IR, G2186 - 50T ) k47 3 1 Jk ( 98 4k /K,
G2081-1L) ,#& FRULH P 1T UKL . 4 400 mA
$E 9 5 8 30 min ( FE4E K, G2028—1L) ¥ B (568
% 0.45 um PVDF B (&35, IPVH00010) I, #%
ENSE MR , PVDF RAE 5 5% MG W5 45 i) TBST 2% s
¥ (20 mmol -+ L™ Tris-HCI, 150 mmol - L™" NaCl,
0.1% Tween—20, pH 7.5) = I 2 h, HHJE
BB IR AT ca) 4 C A4 T 5% 55— L (NOX2
ZTEMEPUAR (1:2 000,19013-1- AP ; Proteintech ) ,
GPX4 Z T BEPLIAR (1:2 000,30388-1-AP; Protein-
tech) , B-actin K B 5 BEHLIA (1:2 000, TA-09;
HREEH))ME LR (12~16 h) ;b) TBST JAK 3 ¥k
(UK 10 min) ;) EIRIFE HRP Aric Bt (HUR B
Fric th 90 KBl IgG (1:5 000, ZB-2307; H 42 4
M) BBUR B b i Ll AP % 1gG(1:5 000,ZB-2301;
HAZ4HE)) (1:5000~1:2000)2 h, —HIHEFL
TBST ) )i 35 ¥k , /8 Al Immobilon Western k2% & %
JEE ) (CHE B, SQ201) HEAT W 5% ) i, Wb 5% 45 S 3 ik
b2 % 6 AR AL ( Bio-rad 23 &, 2 ) R4, R H
Image) #7540 A B 19 2520 KR {8, 52 360 504 1
LR BT B—actin HTARAE K 2 3047 b5 HEAL B OE .
R SLIR M BEE 3 RIS B A,
1.2.8 HitEFE

fii ] SPSS 23. 0 R4 5 56 B4l i 47 48 12 4%
#rJ5 A GraPhpad Prism 9.0 %2 &, $0¥8 7 ¥ 3% 22 1k
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AT R A (SR B R)

T TR DA B AR 1E 25 (mean+SD) KR, 3 41 K LA
ARC T 2R ) A, SR FH B PR R 5 22 43 BT (one-way
ANOVA) , P IAEA (] LR ¢ ke g, % 22
THECFERE Y 41 ) L 45 R BUE 2 30 Mann-Whitney U
JrER s, A Geit 2 E i 4 R UL P<0.05 %oR 22
SAEGIFEE XL,

2 ZER54MH

2.1 XK MCAO/R 2 h/R 24 h # B fJ B§
higsE

WAV IS T MCAO/R A BB B ) #5401 &
PR B . TEZAS 2 b, TTC Yo fo 7w R 20 K LR
0 i 25 A7 A6 K R R AT (18] 1a)  BEPE AR AR 2 ik 4
B ) 40% (P<0.001) ([ 1b) . DhfE b B 41K R
FEILH A D R B, Longa W3 BB F
R ER T (P<0.001) (Bl 1e), ZBAL N 5 2L
ML B 58 B2 4L 7 AT 5 Bl

a

(=2

9 44 %
b c
0.6 ok 4 .
8 2 5
204 S
8 & 2
£0.2 g
g = 1
0.0 —= b
Sham MCAO Sham MCAO

Sham MCAO
a: MCAO/R 2 h/R 24 h KREWGYI A TTC Ze(a & ;b: MCAO/R 2 h/R 24 h

KEMWY) 7 TTC Y AL X 3K B fH ik ;¢ : MCAO 2 h/R 24 h KRR
Longa PEA . A BAEY N x+SD(n=3) ,U K56, === 8 P<0.001,

1 KB MCAO/R 2 h/R 24 h #&/{F {f
Figure 1 Evaluation of the rat MCAO/R 2 h/R 24 h model

2.2 miR-532-3p & H T i NOX2 #
MCAO/R KRN E H KX B H I IE

BT F ) A S AL e AR AR 9 O e
FRik W T A L4 F miR-532-3p (& 2a),
qRT-PCR 25 R E5C, 5BRF R4 AL, MCAO/R £
20 A B 2 J2 o miR-532-3p 19335 7K - B 18 [
ik (P<0.001) , 5 )7 B4 a4 —F (Kl 2b)

C

E Tarbase miRwalk
: ; 2 1.57
_7.51 mo-miR-532-3p'! g ko
E i i 5
g ; 2 1.04 "
> 0l i change >
=5 30 ] °.,’-rl doé;vn = !
=1 ‘lgj‘" stable @
EPT) £ w2 0.5]
0.01 : f & 0.0
4 2 0 2 4 6 &  Sham MCAO miRDB
logFC
¢ F ey em ¢ sy L
A o
2 &
s S 3
= o S o 2.0
5 44 ° ~ 3
0 —ou T 1.54
3 5 < 1.0
= T o
IS
é [B-actin | Se—— 45 kDa Z 0.5
Z 04
0_
Sham MCAO Sham MCAO

a: MCAO/R K BUMG K J2 22 5 2215 miRNA JCIl B, 5 8 0 263K F B RS miRNA 20 €08 2655 TH R A9 miRNA |, K (50 J6 B 35 22 52 8 K B9 miRNA ;

b:MCAO/R K U B2 )2 miR-532-3p Fik#aHc. 3

AT miR-532-3p FUFHEIER ;d: MCAO/R KB )2 NOX2 mRNA Fik#a#,

e:MCAO/R R EUI B2 /= NOX2 R LK@ 5 1 8 e WKIEEFM BT, FrABIRE N 228D (n=3) [ JSLEEAR K156, w0 IR P<0. 001,
2 MCAO/R X R K E miR-532-3p R R E TiEHmM
Figure 2 Expression of miR-532-3p in the cerebral cortex of MCAO/R rats and its downstream prediction

HTRFE T WP EALH, FATHE S )1 Tarbase
(https://dianalab. e-ce. uth. gr/tarbasev9) . miRWalk
( http://mirwalk. umm. uni-heidelberg. de/) LI K&
miRDB (https: //mirdb. org/) 3 MEYE BRI GiE
A L DA TN, 9 25 R SR W NOX2 EE A AT RE
miR-532-3p By AL AR L 5 (] 2¢) o b —2 5K
B30 HE A B, MCAO/R Ak B J5 R BN B2 )22 4 41
NOX2 () mRNA ik 3% i (P<0.001) (K 2d),
Western blot £ 2% 5 [\ £ i 78, NOX2 2K [ F ik K

SEAEBL AL 2 B B T R (P <0.001) (B 2e—2f)
RS L miR-532-3p 5 NOX2 7& i ik ifil 7
VA T 2 B T A DG R AR S B A
SE AT, 42 8 miR -532-3p A] g i o
NOX2 Z 5 @i ifiL J5 #f 28 451 47 1) g B 0E AR
2.3 miR-532-3p EFYFEIRTHARES
NOX2 #R4E A

J T Pt AE miR-532-3p 5 NOX2 il 4%
J TR S A S AT T U T g SR

>N-H R
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N5 R E miR-532-3p 5 NOX2 CDS X iy 45 4 1
AR R B A A R ] R S (BT 3a) o B S YRR
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