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WE BH& OAB/AEEE (MUR) iR FEE M OHEIEEE A RO NES RO EZRRN . R0, HE MR 5
B3 TR AR . A SC S 7EHIE /D RNA-878 (miR-878) Xf MR HRAG S m S Ay FHLl . 3k 7EH9c2 i rp
ST HE/E R (H/R) A, SR CCK-8 WA 4IRS /1. RAERI G FLRR N 6 (LDH) & & . WaC4iER s
HrmIE T /Ko SRAGRBE DR SO R A WA BE T SR AL A . SRR DA R TG PR (mtROS) 7K
o ARG B B K S5 ST miR-878 5 Pim1 Y25 G605 . RNA SPEULiE (RIP) SEEH0UE miR-878 5 Pim1 (1945
HKFR, L HE EPCR (RT-qPCR) FIE (1 EIilL (Western blot) R H i) kK F . &R Hxt AL,
miR-878 7F H/R ALY HOc2 41 At 32 34 i % FH 5 ((1.00+£0.25) vs (9.70+2.63), P<0.01). 7F H/Ri%SAU4Np T, %5 4 miR-
878 1 1 7] FE % 583 14 0 410 M 1% F7 ((46.67+3.00) vs (74.62+4.08), P<0.000 1), Ff-F#{% LDH B ((358.58+41.71) vs
(179.09+15.59), P<0.000 1) KRNI T-3R ((43.4120.72) vs (27.42+4.48), P<0.01), [Ff, N miR-878 FIAREMNSL 20
il DRP1 /S YLk i 73 %4 B mtROS 7771 ((6.60+£0.57) vs (4.3240.91), P<0.000 1). HLEIFFFE BoR, miR-878 AEfLH k]
454 Pim1 mRNA /9 3'-UTR X I IE 0] Pim1 935K . #RSEIGUER, R I8 Pim1 25K B8 I & 00 5% miR-878 # il 7l 47t
HOC2 4HAE G IE I (3 P<0.01), FHBIZkE A B 43 24 K mtROS F=/E B (¥ P<0.05) . 4518 7EH/R &M T, miR-
878 i L HE M ] Pim 1 FiR I HE DRP 1A S b At 4328, IS E800MAn g fifi .

XKW miR-878, Piml, RN AMHCHE ML, OB/ d B
FESES R5424 DOI: 10.16476/j.pibb.2023.0264

Z M0 LA SE  (acute myocardial infarction,
AMI) 2 H i TH S0 N A R e T 3 A s
iz — 2 B AMIEE TS B OCE AT FBOR:
S PR EYRYT B, SR, BEE O LT A
v kAU WU AN o] 3 g5t 4, B0 LA af/ P
#E ¥ (myocardial ischemia/reperfusion, MI/R) i
Y, FI RO HUBESCTR ARG N . 375 & R H AL
DIReRersas o R 4 6= 51X MR #9438 B
atE, IR ARSI MI/R &4 K & 1) Bl
HAHERTEZEX ',

R B 27 MUR 353005 B9 BEAL I ke 5
PAEH . Hod, EShEAMXEEH 1 (dynamin-
related protein 1, DRP1) 7E MI/R 45 45 158 2 H 43 3t
KEEA ., MURZRET, DRP1 M [ Zebifi i

(VAR 5% TR LN U -3 AN TR Nk o =)
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DRP1 ) GTPase ifi 14, MIMiBH#S DRP1IE R A1)
VIRIZhitA, I ZerifAnd B2t . I,
TRAIRFE Piml/DRPITE AL AR S 2405 TR 5 =
B, A B I A IMURE A B 1A HE A4

FEAEWTIE 29, /NRNAs (miRNAs) 7E MI/R
W R E R Rk, JEXRO AR M aris
IHEA wEER > AR, il T
miRNA-34a " | miR-143-3p "' | miR-205 "*" |
miR-423-5p "7 Fik n] SEE AR T RERR AT, BN
O WL 4E M T o i 2k 2 35 miR-19b 7Y | miR-
140 "' miRNA-210 ' | miR-124 2" A Pl 36 28 ki
ke, WA LN TR, SR, £ MR
B, X TS 5L R miIRNAs iF 5
B o AR S b A& M, miR-878 7E
MIR i 0 hAEFE R IA 484k, {HXT T miR-878 [ 1F
FH KA AT HLKIE A RS

AHIF ST U038 1 FE HOC2 20 g Hh 2 37 AR S MI/R $5
Pt RIS miR-878 XeF £ 14 73 244 S0 LA it
AT B, LI MI/R (347 BT A5

1 HRSH%

1.1 USE5iKH

I %% . CO, i 3% # HERAcell VIOS 160i
(ThermoFisher Scientific Inc) . A4 ¥ % 4 5
(ThermoFisher Scientific Inc) . 1 & #H 22 & 5%
(Olympus) . LSM880 Ot R AL L BT (Zeiss) |
b 4% infinite M200PRO (Tecan) . PCR #AFEIF{X
S100 (Bio-Rad) . QuantStudio 5 5 i 2 ot % &
PCR %#%: (Applied Biosystems) . Al 4N n] UL
T (Quawell) .,

i . CCK-8 (cell counting kit-8) i 7 £
(Biosharp) . FLIRM A BHAN & (Lt REFERHL
5 BR 2y 7)) . Lipofectamine 3000 (Invitrogen) .
MitoSOX £L {1 £k ki & i A b ¥ il 51 &
(Invitrogen) . BCA i FH Btk B I e i) & (ALt
FRFRHAATR]) . PVDFE (Millipore) . Pim-1
Rabbit mAb (Cell Signaling Technology) . DRPI
Rabbit mAb  (Cell
Horseradish Peroxidase-conjugated AffiniPure Goat
Anti-Rabbit IgG (H+L)
Phospho-DRP1 (Ser637) Antibody (Cell Signaling
Technology) . Tom20 Rabbit mAb (Cell Signaling
Technology) . Dual-Lumi XUz )t 2% i 1% 15 356 P3G
®AE (EERESREVHEARARAF) . PCRY]

Signaling Technology) .

(Proteintech Group) .

et (BT A TREARRSHRAHR) .
PCRiAM & (LA TAY TR ARNMRS G IRA
F] . ThermoFisher Scientific Inc) . cDNA i /% 5% i,
Fla (WA TAY TR ARRSARAA .
ThermoFisher Scientific Inc) . Piml 45 5 £ shRNA
KPP BTt (i BRI B 2 R e A A7 FR
NTGIDE

1.2 ZRE¥EFR R H/RIEE 2 5T

AN EE 3% . R RUHOC2 O HILAN i 2R I [ e [
SRl B LA R A A 9T Bl B L s ey (b)) o
B 38 T % 10% 4= 1L . 100 U/ml ¥ % & Al
100 mg/L 4% 75 Z 1Y) DMEM ¥5 32 Wi, 1 37°C .
5% CO,fEIR . B FRA 7R, B0
ELHOARAS I E 5%, B 1~2 d 18] 55 % LA o b
TR

Bk /% A (hypoxia/reoxygenation, H/R) 75
UG SR A DRABIZH BE A 5236 5 1 ) 57 H/R
BAL . EBRAE Y BE, 7] HeraCell VIOS 160i 55 7746
TSI A 1% 0,. 5% CO,f194% N, <Mk, 1RE
PR G B A5, R TS 5 A A0 L s
DMEM #5539, #A e AL i W3 he 7R &
B, FAuME TR S SR B E R RS IR RS 6 he
1.3 ZHRaEEE

H9c2 41 Jitl 55 35 & 60%~70% I 4 B J5 #E17 %%
Y f# FH Lipofectamine 300035 , 435K 1 1l 551
A9 B %) BR - (negative control inhibitors, NC inh) |
miR-878 [ 1 # # (miR-878 inihibitors, miR-878
inh) . miR-878 (ALY (miR-878 mimics) ., H54L
Y1 /g B3 PE X} BB (negative control mimics, NC
mimics) . Pim1 i FURLFE Yt HOc2 4A1 i1, il B 37°C
WEE AN 2~4 d, FfJS0HTH Je A mRNA A5
K-

EEYLFHIAN R o NC inh: 5-CAGUACUUUU-
GUGUAGUACAA-3'. miR-878 inh: 5'-UCUACC-
CAGUAUGGUGUCAUGC-3',; NC mimics:
5'-UUCUCCGACGUGUCACGUTT-3'; antisense:
5'-ACGUGACACGUUCGGAGAATT-3';, miR-878
mimics: sense 5'-GCAUGACACCAUACUGGGUA-
GA-3'; antisense: 5-UACCCAGUAUGGUGUCA-
UGCUU-3', shPim1(1): 5'-CCGGCCGCGG-
CGAACTCAAACTCATCTCGAGATGAGTTTGAG-
TTCGCCGCGGTTTTT-3';  shPiml(2):  5-CCG-
GGTTCGAGAGGCCCGATAGTTTCTCGAGAAA-
CTATCGGGCCTCTCGAACTTTTT-3'; shPim1(3):

sense
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5'-CCGGAATCCAGAACCATCCGTGGATCTCGA-
GATCCACGGATGGTTCTGGATTTTTTT-3',
14 CCK-8i%

1 HOc2 21 il BB 96 FLA , TEH5 3746
WIEE K. RS a5, &fLmA
10 pl CCK-8 M, TE37°CHEFANMF A - IR
IHE 450 nm A2 A FLIROERE (4), THR4H MG
7 (%)

1.5 FLERR SEENIE

KRR FE L, B0 % R EL R I A
(lacate dehydrogenase, LDH) il i 7] & 15 B 45
2 LDH{GPE . R B PR AR 450 nm 20 5E 25-fL
WA
1.6 ZHRAT R

% ] Annexin V-FITC/PI i T #6112 771 &5 M 7t
AR AT HOc2 AL P T 1% Ol . HOe2 21 ifd
A PBSPEWR 2K, SRJGTEE A 5 ul Annexin V-FITC
FT10 pl PLAY 100 wl 456 2% vp il h B RGBT, e
15 min )&, 8 =4 A {53 40 M B
1.7 SRR RIREN

HO9c2 4 i 285 Y 5 42 b B HOL IR ARG SR 1L
b, FIR TR 4% 22 B W 1w s s
8 FH Tom20 FLIARLRSENF & 24 h, A GRLEZR N BT
WEOGIFR 2 h, IR ROC IR AR AR TR
MR (63%), i3t Image J A N2 1A () 2% E 245
H1rgeit .

1.8  ZHEFEMEEmROS)AINE

W HOC2 4 i, Jin A PBS ¥E¥& 2 K. A
1 ml MitoSOX Red T /E#, =R FH 30 min )5,
il 2 AR TSI HA IR
1.9 XL REHR HE EE

¥ 7 Pim1 B 4 B ki (pmirGLO-Pim1-WT)
AR AL (pmirGLO-Pim1-MUT), ¥ H9c2 41
fitd 32 7€ 24 L #H P . HH Lipofectamine 3000
pmirGLO-Pim1-WT, pmirGLO-Pim1-MUT %} %] 5
miR-878 mimics AINC mimics HFEYL T Hc2 4ififirr .
48 h i N A R A SRS e ' 2 il 5 T T 1
1.10 RNAfEITE(RIP)LI

W £E HOC2 i, 45 PBS T/ UE)5 I A RIPA ZLfi#
WA A, IR AR . S ng bt Ago2 Hit
R EY 1gG BIPEXT BRBUARMG & RETR . SR HUAN L 24
WS AR PR B P REEBR AL, A4S RIP-Z
R EWUE, JHE A K Z MR RS,
JE i F Trizol i) #E UL UL iE 2 S W I RIP, W H

W SR e i R A WEE XY (reverse transcription
quantitative polymerase chain reaction, RT-qPCR)
VA miR-878 Fll Pim1 (15K

111 RT-qPCR

AR5 G I B HOC2 4 S, 38 3 Trizol ik 77 42
LB RNA, 72 RNA PR BERILEREfS 43l (i
miRNA 76 i PCRIAF & (Yekhik) 7R
SEA B cDNA, K PCR Y #8{Li1T RT-qPCR,
4% 25 20 s RNA 287K -

5% F %) 40 F . miR-878: 5-GCATGACA-
CCATACTGGGTAGA-3'; U6: 5-CTCGCTTCGG-
CAGCACATA-3'; Piml F: 5'-GCTGCTCAAGGA-
CACAGTCTACAC-3', R: 5-CGTGGTAGCGATG-
GTAGCGAATC-3'; B-actin: F: 5-CTGTGTGGAT-
TGGTGGCTCTA-3', R: 5-GAAAGGGTGTAAA-
ACGCAGCT-3',

1.12 FRBJREPiEFE(Western blot)f il

KA 1% PMSF F1 1% B2 EHMHIF1TR A
(1) RIPA 2% it 24 4l , i BCA & 1 il 2
R B R B R ] SDIS 5 A s Tk e ok i
HL7k (SDS-PAGE) (10%~15%) 4y &5, B
JE R PVDF b, FH 5% RS W88 2 4 i3 1
A 2 by A3 AR —BUFE 4°C 44 T A
. SRJIG, ¥ PVDF K5 Ui S0 fL ) il HRP
FricEMaifb1l EHi e 1gG (H+L) —H7EZEE T
W 1 h; FECL Kit kil js b i) 8 1 457 .
Jit %48 FH Universal Hood 11°R4E, Jf-FH Image J i
Tr55 IR BEAE 7317 o
113 Sit=ah

THEGOR AR bR 22 3R o PR A) LU 3R
FVIRSTREAS ek 55 o AR P<0.05 8 22 5 A Se it
B ZEMSET M1k A GraphPad Prism 7.00 4K
AT o

2 g B

2.1 miR-8787EHI2HIH/RIZE AR % LI

FH RT-qPCR 43 4ff miR-878 £ HOc2 41fits (%] 1a)
R RIAA L, R ER, SXI (Cl) i,
H/R % % 7+ 5 T miR-878 3 ik ( (1.00£0.25) vs
(9.70+2.63), P<0.01).

9 5 miR-878 7E MR i 44i tP I VE I, %
miR-878 inh #4173 Fek 52 5% (& 1b) . RT-qPCR
g5 LB, miR-878 inh BEAY i 3 P4 Ik miR-878 %
i5((1.00+0.16) vs (0.41£0.43), P<0.01).
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Fig. 1 miR-878 expression is upregulated in the H/R model

(a) RT-qPCR was used to detect the expression changes of miR-878 in the control group and after H/R-treated group. (b) RT-qPCR was used to detect

the expression changes of miR-878 transfected with NC inhibitor and miR-878 inhibitors. Data are expressed as mean+SD (n=3). “"P<0.01. U6 was

the internal reference.

2.2 T AmiR-8783% i% e 1% 2& fR H/R % 5 1 40 A
w5

i CCK-8 LA M 4% o, Z5 R B (&
2a), H9c2 41 it 2 H/R AL i J5 , 40 3% 1 F %
((100.00+5.77) vs (47.52+4.62), P<0.000 1), %
B H/R 40 S BE RS IR BT, 457 miR-878 inh {3
W% T H/RE SR, ELSH A IC ] B 24
YEH ((46.67+3.00) vs (74.62+4.08), P<0.000 1),

K A LDH Kl HOc2 i it F 1, 45 58 o
([K2b), H9c2 4ififiZ: H/R 4b ¥ )5, LDH Bl i
ZHE0 ((118.26+8.18) vs (352.01£37.25), P<0.0001),
%57 miR-878 inh i # ik /> T H/R /55 LDH i
((358.58+41.71) vs (179.09+15.59), P<0.000 1),

¥ H Annexin V-FITC/PI i 146 M 57 &5 A i
KANEA ST HOc2 4 -, Z5R4n (Kl 2¢),
H/R 4b B J5 4 A 0 7 2R 38 i ( (4.5420.41) vs
(43.55+1.92), P<0.000 1), [fii%; T miR-878 inh 1]
b 3R/ A0 R T 3 ((43.4140.72) vs (27.42+
4.48), P<0.01).
2.3 T iAmiR-8783K % 8B HI HIDRP1 /T S HI &AL
SRR

fift PO I SR AR WG A TR AT 2
iR (Bl3a), 5 CU4AH, H/RIGSHL
BT BB A ((1.00+£0.22) vs (1.39+0.26) , P<
0.01) . JAHK /N (1.00+£0.21) vs (0.72+0.06), P<
0.01) . T AR > ((1.00+0.27) vs (0.51+0.08), P<
0.000 1), T4 T miR-878 inhJ5, ZkiiAitHs
((1.4440.12) vs (1.077+0.19), P<0.001), J&K 4
K ((0.60+0.11) vs (0.82+0.07), P<0.001), [fFHH4

fin ((0.53+0.04) vs (0.73£0.06), P<0.000 1),

5GBS WA mtROS IIZE IR IE, 450
~ (E3b), HSCudit, BRI mtROS
FEAERBEN(1.00£0.05) vs (6.80+£0.32), P<0.000 1),
25 ¥ miR-878 inh i, mtROS 7= 4= il /> ( (6.60+
0.57) vs (4.32+0.91), P<0.0001).

Western blot il p-DRP1 £ FH & ik /K, 45
B (K3c), S5CU4iMitk, H/R4 p-DRPI ik
TR ((1.00£0.01) vs (0.46+0.17), P<0.01), Ti%y
T miR-878 inh A 34 Jil p-DRP1 % ik 7K F ( (0.45+
0.14) vs (0.79+0.06), P<0.05).

2.4 miR-878%E [EPim1iA=DRP1K %7k F

g HE— 2 5K R miR-878 B9 T HiE ML, Al
DIANA tools 4= ¥ 15 .27 B4k 2 Ul miR-878 FY 4
B, R ER (K 4a), miR-878 I] AELE A Piml
Ay 3'-UTR [X.,

¥ # B pmirGLO-Pim1-WT. pmirGLO-
PimI-MUT ( & 4b) 5 miR-878 mimics, NC
mimics 7% 4L 2 A M, W 0 OG R B TE (A
4c), HER IR, miR-878 W] T Pim1 BF AR AU
RIS R TG, A ZERARIFFEX
(1.00£0.06 vs 0.39+0.03, P<0.000 1), X} & Piml
o 745 R TR 240 L Y 2 O R e TS A TS e (P>
0.05) o WG E Bl i 5 L P SL B0 25 5 32 1, miR-
878 Fll Pim1 F7AE EAEAS G ko

RIP SZHG A6 miR-878 Al Pim1 Z (Bl Y4 4, 44
RiR (F4d), S51gG41#, miR-878 FllPim1 )
BEW Ago2 BUIARE A ((1.00+£0.25) vs (94.67+34.41)
F1(1.00£0.29) vs (66.14+20.57), ¥JP<0.01).
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Fig. 2 Down-regulating miR—-878 expression alleviated H/R—induced cell damage

(a) CCK-8 assay was used to detect the viability of H9¢2 cells. (b) LDH level in H9¢2 cells. (c) Apoptosis of H9c2 cells was detected by Annexin

V-FITC/PI double staining. Data are expressed as mean+SD (n=3). “"P<0.01;

% Ff] RT-qPCR 43 7 miR-878 #i1 Pim1 22 [f] £ i
KRR, d5RER (Fde), FEaUiE miR-
878 ¥4 W 3 WS Pim1 1Y R IE K. §% U4 miR-878
mimics J&5 Pim1 & 35 £ B % 2> ( (1.00+£0.13) vs
(0.38+0.03) , P<0.01) , T %% Y* miR-878 inh Ji5
Pim1 &3k 3 FE A ((1.00£0.03) vs (3.19+0.68) ,
P<0.01),

Western blot 25 5 i 7n ([ 4f), 76 H/R %S4
Ja 55, Pim1 ik k2> ((1.00£0.11) vs (0.64+
0.03), P<0.01), fk¥ik miR-878 HEAEZHE fill Pim1 3
KK, 2= 53 Gt L ((0.61£0.01) vs

wkk

P<0.000 1.

(0.92+0.09), P<0.01), #2715 miR-878 &Ml Pim1 3%
KPS,
2.5 Piml4rSmiR-8781% i H/RIG {5 1€ F
43 %) % shPim1(1). shPim1(2). shPiml(3).
NC shRNA Jii 7 2k (R 7% Y« HOc 2 4l iy, 455 Bon
( 5a), 5 NC shRNA Z04H kb, shPimI(1)4H /Y
Pim1 F 3k F M 3 ((1.00£0.18) vs (0.61£0.08),
P<0.05). e shPim1 ()47 5 222 fESE S
CCK-8 LA A i 1, #5 R (K Sh),
H/R+miR-878 inh £H I H/R+NC inh ZHAH ., 4035
F1HEIN ((49.55+3.35) ws (81.61£1.90), P<0.000 1),
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Fig. 3 Down-regulation of miR-878 expression can inhibit DRP1-mediated mitochondrial hyperdivision

(a) Confocal laser microscopy was employed to examine the morphology of mitochondria, and Image] software was utilized to analyze the

mitochondrial network morphology. Red fluorescence indicates the presence of Tom20 antibody labeling, while blue fluorescence signifies DAPI

staining. (b) Fluorescence microscope was used to observe the fluorescence intensity of mtROS. (c) Western blot examined the protein level of DRP1

and p-DRP1. Data are expressed as mean+SD (n=3). "P<0.05; “P<0.01; "*P<0.001; " P<0.000 1. B-Actin was the internal reference.

5 H/R+miR-878 inh+NC shRNA 1 # [, H/R+
miR-878 inh+NC shPiml ZH 19 40 it 3% 71 F &
((80.12+0.92) vs (61.91£3.10), P<0.000 1),

LDH /AKF- Bk & 28 (€] 5¢), H/R+miR-878
inh ZH AT H/R+NC inh A0 L, LDH BE i ik 25 /b
((319.35+119.35) vs (157.25+35.57), P<0.000 1),
5 H/R+miR-878 inh+NC shRNA 41 #H [, H/R+
miR-878 inh-+NC shPim1 £ () LDH B¢ il & @ 2544 i
((153.32+34.15) vs (245.25+81.55), P<0.000 1),

il O EIL R R T ZR AR B 2
i ]} W ox (K 5d), 5 H/R+miR-878 inh+NC
shRNA 20 #H ., H/R+miR-878 inh+shPim1 £H J& K
W/ ((1.0040.16) vs (0.61£0.12) , P<0.001) ., £k
BrATE IS ((1.00£0.21) vs (1.37£0.14), P<0.01),

AR ((1.00£0.09) vs (0.32+0.08), P<0.001).

2 B WUEE L EE mtROS DGR, 455
~ (K 5e), 5 H/R+miR-878 inh+NC shRNA £H #H
., H/R+miR-878 inh+shPim1 21 mtROS 7 4= 3 i1
((1.00+0.12) vs (2.41+0.12), P<0.001).

Western blot ¥l p-DRP1 & [1 & kK-, 257
Wn (& 5f), 5 H/R+miR-878 inh+NC shRNA ZH
AHE, H/R+miR-878 inh+shPiml 4 p-DRP1 %35
[ ((1.00£0.15) vs (0.59+0.06), P<0.05).

ARG LI, T4 miR-878 £k Al s/ 41 iy
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Fig.4 MiR-878 regulates DRP1 expression by targeting Pim1
(a) DIANA tools database predicts the miR-878 combination site in Pim1 and Ago2 protein. (b) The miR-878 sequence and location of the Pim1 wild

and mutant binding sites were cloned to the pmirGLO luciferase report carrier. (c) Dual luciferase reporter assay was used to determine the interaction
sites between miR-878 and Pim1 3'-UTR. (d) RT-qPCR analysis of miR-878 and Pim1 enrichment by Ago2 antibody and IgG antibody in RNA

immunoprecipitation experiments. (e¢) Relative level of Pim1 expression transfected by the mimics and inhibitors of miR-878 and the corresponding

negative control (NC). (f) Western blot examined the protein level of Pim1. Date are expressed as mean+SD (n=3). ns, no significance; "P<0.05;
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Fig.5 Piml mediates miR—-878 to promote H/R injury

(a) RT-qPCR detected the relative level of Pim1 expression in H9¢2 cells. (b) The cell viability of H9c2 cells was detected by CCK-8 assay. (¢) LDH

level in H9¢2 cells. (d) Confocal laser microscopy was used to determine the morphology of mitochondria and to analyze the morphology of

mitochondrial network. red fluorescence indicates Tom 20 antibody dyed; blue fluorescent indicates DAPI staining; (e) Fluorescence microscope was

used to observe the fluorescence intensity of mtROS. (f) Western blot examined the protein level of DRP1 and p-DRP1. Data are expressed as mean+
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Abstract Objective Acute myocardial infarction (AMI) is a highly prevalent and deadly disease globally, with
its incidence continuing to rise in recent years. Timely reperfusion therapy is crucial for improving the prognosis
of AMI patients. However, myocardial reperfusion can lead to irreversible myocardial ischemia/reperfusion (MI/R)
injury, which is associated with adverse cardiovascular outcomes following AMI. Studies have shown that
microRNAs (miRNAs) are abnormally expressed during MI/R injury and play an important role in the fate of
cardiomyocytes. Effective preventive and therapeutic strategies against MI/R injury remain lacking in clinical

practice, necessitating elucidation of the molecular mechanisms underlying MI/R onset and progression. This

* This work was supported by grants from The National Natural Science Foundation of China (82000277, 82060807), the Science and Technology
Program of Gansu Province (21JR1RA100), the Scientific Research Project of Health Industry of Gansu Province (GSWSKY?2020-64), the Science
and Technology Planning Project of Lanzhou City (2020-ZD-72), the Youth Doctoral Fund Project of the Department of Education in Gansu Province
(2022QB-011), the Special Fund for Civil-Military Integration Development of Gansu Province (2060303), and the Foundation for Scientific
Research of the First Hospital of Lanzhou University (Idyyyn2021-115).

## Corresponding author.

Tel: 86-931-8356955, E-mail: 1dyy niuxw@lzu.edu.cn

Received: July 6, 2023  Accepted: October 12, 2023



2024; 51 (4) S, % miR-8785E[EIFIEPIimIEH &AIE S RSO MR E/E 8fih +923-

study investigated the role of microRNA-878 (miR-878) in the regulation of mitochondria-mediated apoptosis in
MI/R injury. Methods The H9c2 cells were flushed with a gas mixture containing 1% O,, 5% CO, and 94% N,
for 3 h. Then the cells were incubated in complete culture medium under 5% CO, and 95% air for 6 h to mimic in
vivo hypoxia/reoxygenation (H/R) injury. Cell viability were detected by CCK-8 assay. The concentrations of
lactate dehydrogenase (LDH) were then measured. The level of apoptosis was analyzed by flow cytometry. The
morphology of mitochondria was analyzed by immunofluorescence and laser confocal microscopy. The levels of
mitochondrial reactive oxygen species (mtROS) were detected by immunofluorescence. Dual luciferase reporter
gene assay was used to study the binding site of miR-878 and Pim1. RNA immunoprecipitation (RIP) assay was
used to verify the binding relationship between miR-878 and Pim1. The gene expression levels were detected by
real-time fluorescent quantitative PCR (RT-qPCR) and Western blot. Results The study found that compared
with the control group, the expression of miR-878 in H/R-treated H9¢c2 cells was significantly increased ((1.00+
0.25) vs (9.7042.63), P<0.01). In H/R-induced cells, transfection of miR-878 inhibitor significantly increased cell
viability ((46.67+3.00) vs (74.62+4.08), P<0.000 1), and decreased LDH release ((358.58+41.71) vs (179.09+
15.59), P<0.000 1) and cell apoptosis rate ((43.41£0.72) vs (27.42+4.48), P<0.01). At the same time,
downregulation of miR-878 expression significantly inhibited DRP1-mediated mitochondrial overdivision and
mtROS production ((6.60+£0.57) vs (4.32+0.91), P<0.000 1). The mechanism study showed that miR-878 could
target and bind Piml and inhibit the expression level of Pim1 ((1.00+0.13) vs (0.38+0.03), P<0.01). Rescue
experiments confirmed that down-regulation of Pim1 expression significantly reversed the anti-injury effect of
miR-878 inhibitor in H9¢2 cells (P<0.01), promoted mitochondrial overdivision and mtROS production ((1.00+
0.12) vs (2.4140.12), P<0.01), and decreased the expression level of p-DRP1 ((1.00£0.15) vs (0.59+0.06), P<
0.05). Conclusion The present study demonstrates that miR-878 expression is upregulated in H9c2
cardiomyocytes subjected to H/R injury. Inhibition of miR-878 expression alleviates H/R-induced cardiomyocyte
damage. Notably, downregulation of miR-878 significantly inhibits DRP1-mediated mitochondrial fission and
mitigates mtROS production. Mechanistically, miR-878 targets and binds to the 3'-UTR of the Pim1 gene, thereby
suppressing Pim1 protein expression. Collectively, these findings suggest that under H/R conditions, miR-878
promotes excessive mitochondrial fragmentation through DRP1 activation by targeting Piml, ultimately
contributing to cardiomyocyte injury. Modulation of the miR-878/Pim1 axis may represent a potential therapeutic

strategy for mitigating MI/R-induced cardiac damage.
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