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[HE] BB  HiTmiR-328-3pXt AL AUILE B N5 8 1 (oxidized low-density lipoprotein, ox-LDL) 755 () 5etk 3 ik
FZ 2 B4 405 ) ORI VE R B RT R AH DG R ME I . 3% FHox-LDLE 5 AR 2l ik N Bz 40 ffd (human coronary artery
endothelial cells, HCAECs), ¥4 4MJf143 5%t B8 (control) 41 (IE #5532 400 ) | ox-LDLA (ox-LDLALH) | ox-LDL+miR-NCZH (5%
YemiR-NC, Fox-LDLALHE) | ox-LDL+miR-328-3pZH (% 44miR-328-3p, FHox-LDLALHE) | ox-LDL+miR-328-3p+pcDNAZH (3
HYmiR-328-3pHlpcDNA, FHox-LDLAFE) | ox-LDL+miR-328-3p+/i# 5 KL K T2 (insulin-like growth factor 2, IGF2)
20 (F55 4 miR-328-3p MIGF2, FHox-LDLAR ) . RT-qPCREZIMImiR-328-3p#ik /K5 MTT LA K =X 4H A KG I 4H A 7
FIHT; Western blotiZ A&l cleaved cas-3. IGF2. Bax. Bcl-2%5 45 12 ; ELISA A6 Atrysd PR FE K F-a(tumor necrosis factor a,
TNF-a) . F4AfiA % (interleukin, IL)-6. IL-1p% & 5 BB R BER LIRS IESF LM E R, 4R Hceontroldl
AHEE, ox-LDLZH A miR-328-3p ik /K- . M PEFAAR (P<0.05), T3, cleaved cas-3. IGF22E 1335, TNF-a, IL-6. IL-
187K FH4 11 (P<0.05) o Hox-LDL+miR-NCZHAH I, ox-LDL+miR-328-3pZH miR-328-3pF ik /K F- . 4HAIE M AN (P<0.05), I
T3, cleaved cas-3, IGF25E H# ik, TNF-a. IL-6, IL-1B7K [ (P<0.05) . IGF2JEmiR-328-3pAYZhAEH AR, S Yox-
LDL+miR-328-3p+pcDNA H#, 34 Y ox-LDL+miR-328-3p+1GF2ZHIGF23K 7K V- 7115 (P<0.05) , 1 i i 1k A%
(P<0.05), MYAT=3, cleaved cas-3%E FH/KFELL KLTNF-a, IL-6, IL-13 & FF 5 (P<0.05) . £5i8  miR-328-3pifiad ¥ a] £ Jdfa
IGF24 il ox-LDLiZ5 3 A5t R Sl ik A1 Bz 240 ML T Fn e M5 A%
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Protective Effect and Mechanism of miR-328-3p on Coronary Artery Endothelial Cell Injury Induced by Oxidized
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[ Abstract] Objective To investigate the protective effect of miR-328-3p on oxidized low-density lipoprotein
(ox-LDL)-induced coronary artery endothelial cell injury and the potentially relevant mechanisms. Methods Human
coronary artery endothelial cells (HCAECs) were induced with ox-LDL, and the cells were divided into a control group
consisting of normal cells, an ox-LDL group receiving ox-LDL treatment, an ox-LDL+miR-NC group transfected with
miR-NC and treated with ox-LDL, an ox-LDL+miR-328-3p group transfected with miR-328-3p and treated with ox-LDL,
and ox-LDL+miR-328-3p+pcDNA group co-transfected miR-328-3p and pcDNA and treated with ox-LDL, and an ox-
LDL+miR-328-3p+insulin-like growth factor 2 (IGF2) group co-transfected miR-328-3p and IGF2 and treated with ox-
LDL. The expression level of miR-328-3p was determined with RT-qPCR. Cell proliferation was determined by MTT. Cell
apoptosis was measured by flow cytometry. Western blot was conducted to examine the protein expression levels of
cleaved cas-3 and IGF2. ELISA was performed to determine the levels of tumor necrosis factor a (TNF-a), interleukin
(IL)-6, and IL-1P. Dual luciferase reporter experiment was performed to verify the targeting relationship between miR-
328-3p and IGF2. Results Compared with those of the control group, miR-328-3p expression level and cell activity were
significantly reduced in the ox-LDL group (P<0.05), while the apoptotic rate, the protein expression levels of cleaved cas-
3, IGF2, Bax, and Bcl-2, and the levels of TNF-q, IL-6, and IL-1P were significantly increased (P<0.05). Compared with
those of the ox-LDL+miR-NC group, miR-328-3p expression level and cell activity significantly increased in the ox-
LDL+miR-328-3p group (P<0.05), while the apoptosis rate, the protein expression levels of cleaved cas-3 and IGF2, and
the levels of TNF-a, IL-6, and IL-1pB were significantly reduced. IGF2 was a functional target of miR-328-3p. Compared
with those of the ox-LDL+miR-328-3p+pcDNA co-transfection group, the IGF2 protein level was significantly increased
(P<0.05) and cell activity was significantly decreased (P<0.05) in the ox-LDL+miR-328-3p+IGF2 co-transfection group,
while the apoptosis rate, cleaved cas-3 protein level, and the levels of TNF-a, IL-6, and IL-1p were significantly elevated
(P<0.05). Conclusion miR-328-3p inhibits ox-LDL-induced apoptosis and inflammatory in coronary artery endothelial
cell injury through targeted negative regulation of IGF2.
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fy K it PR AE AL 2o A5 BRI 8 UL I 2 —, L
SE O IAREAE | Gfe L R 5O 1T A7 S Y i
PRI, WFFERIE B, S AUR S AR 2 F (oxidized low-
density lipoprotein, ox-LDL) 5 gl ikt IR A A6 1) JE 10 2% 1)
FAOC, B T S S IR BE AL A0 AR AL . miRNA
JE B A RN AR AR, AN HAT 9 i 2 1 BT AR g
S AMIETE . P RN BN A G, SRR R B ks A
WAL AP & . A BFFESE R PR, miR-328-3p Y
ox-LDL., Fish ik N BJE [ (carotid intima-media
thickness, cIMT ) 5", ZEox-LDLi5 5 i) A BT &8 ik N 12
41l g (human umbilical vein endothelial cells, HUVEC) #
FEGK T, 13 #AmiR-328-3p A il il ox-LDLIE FHHUVEC
RagH | TR AR R, e REAN MU T A RS A,
B J&XF ox-LDLIE 5 19 A e AR 2l ik 9 K¢ 48l (human
coronary artery endothelial cells, HCAECs) fRFFEHL I i
NiERE R ERA K FF2(insulin-like growth factor 2,
IGF2) 5 B ks ARAE AL 00 A A7 O, 78 3l ko IRAE AL 18
# Mox-LDLI%FAYHUVECH %A Lk, SNHG 123 14 7
FEmiR-218-5p/IGE2lifit #ox-LDLi%E FHYHUVECIH -1
RAE RN, HZ %t ox-LDLIE T I HCAECSHI 52 1 AN
R AT HAEYE B 23 HN 7R miR-328-3p 5 IGF2/F
TEAHE.S5 G005, ST I, AWF5ER fox-LDLE 5 1)
HCAECs, %t miR-328-3p ] i i i I IGF2 X} ox-
LDLi% T HCAECs AR 3 i1 (37 1 FH ALY -

1 #MREEE

1.1 ZpaFnEEiKF

ox-LDLI T g £ FHE 5\ wl; HCAECsHE T 3%
WP\ ] miR-NC, miR-328-3p, pcDNA. IGF2, 5|¥)
Hy b T N WA G iR AR IV . DMEME; SR 3k,
Lipofectamine 2000171 & T3 [F Thermo/A 7); Jb A
B TERNE A BR A AR TrizoliA 7 & . 394 iR & LA
K PCRIRH &5 i3 = KA YR EMT TGN & . BCAIKA
SV AHT A & —Pi(cleaved cas-3, IGF2, Bax. Bcal-
2L K GAPDHBUIA) W4 T3 [E Abcam A 7] ; —Hill FIb e
A2 R EL T VL3R A W 3K I AR -«
(tumor necrosis factor a, TNF-a) , FHZfif 2 (interleukin,
IL)-6LA S IL- 1630 &5 AL RS 5 A Rl At XU R il
A IR 6 A S H Ak 2 A i)
1.2 fEiEFRsrE

T 10%62F L3 A DMEMIS 32 3L N 15 32 HCAECs,

Insulin-like growth factor 2

Oxidized low-density lipoprotein

R4 37 C LA Ke5%CO, (RFRAM 80 o BURHE 19
HCAECs, LA1x10°4>/fL4Rh T24L A, 4l Rl& 2260%
i, % B Lipofectamine 20003 7 £ ¥ B 45K miR-NC .,
miR-328-3p. miR-328-3pFIpcDNA . miR-328-3pHIIGF25%;
Je B AN, k6 hife 4L H 50 mg/L ox-LDLALFE4H
M2, it Mox-LDL+miR-NC4] . ox-LDL+miR-328-3p4 . ox-
LDL+miR-328-3p+pcDNA# . ox-LDL+miR-328-3p+IGF2
45 JiscontrolZ (IE# 15 F- 41 2) Flox-LDLZH (F150 mg/L
ox-LDLACFEAN) . Al FR48 hH T /e 2505 .
1.3 RT-qPCR#&illmiR-328-3pFik7KkF

BB 5 1mL TrizoBR A AT HRBUSRNA, B f5 %%
A NcDNA. LAcDNA MR TIEPCRIL A T4 3G S
FH2 24511 5 miR-328-3p Xt NS Usi ik & .
1.4 MTTHil 4 R 5 i 1

PR BRI A5 ZH AN (2x10°4) 520 uL MTTIRAFIL B
FoefLiriEfLH, IR E 4 b, BLITA 150 uL = HI3ET
IR MTTES , B R 490 nmAh WG EE (A E .
1.5 g

WA AL B (25 LA, BEFR 2R v VA S, R T
#H5 puL Annexin V-FITCHI5 puL PIJLIR W45 & S bR,
WG 15 min, F1 hPARIE T4
1.6 Western blot

P25 LA 20 28 A SR L RS L JH10%
SDS-PAGESF 5, S5 RS 2IPVDERR I, Bl f5 5%

RO EIIAL he 35S, #icleaved cas-3(FiFR1 : 500) ., IGE2

(FB1 = 500) ., Bax(Fiké1 : 500) . Bcl-2(Fiké1 = 500) . LA
N GAPDH(Fifl = 1000)—Hi 504 CTIFF K, Bifs
37 C NI B (FREL - 2500) 5 F 1 ho fJa AL
AR ERT, A B, Image Lab F 3T K BEAH.
1.7 ELISAj%

T B SR A AN Y LTE TR, SRS i R &
VERA S, R A0 N TNF-a., TL-6LA ZIL-1B 635 & .
1.8 KN EEHR & L4 MmiR-328-3p IGF25E[@ X &

miR-328-3p5IGF2 3 UTRIX WA F1EL, 50 o5, FEEIGF2
3'UTRIX S A= AU 52 3R il 2 A A 52 A8 A5G R g A4
(IGF2 WTHIIGF2 MUT) . WiH:HCAECs#F 241Uk, 4%
BE G AR oK IGF2 WTHIIGE2 MUT %3 %] 5 miR-NCEf
miR-328-3p AL YL AT, 48 W I N DGR BT
1.9 ZitFEFHZE

K FHSPSS 19.0%K A% S 3o A5 4l A7 3 H7, TH i 45 2R
PLx+ s32oR, RS54 BB 9 20 1] ek FH A S AR
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PR A=A (B 2D

th5: 56 I i Bonferroni ¥4 #E 1T PIEAZ IE, Z41[A] LR
PARIE 7 225007, PR ELECR FH Dunnett-£% . 2=0.05,

#HR

miR-328-3p#Eox-LDLIF S 5& 1K 3Bk A K2 4 B I R 3%
control#H Fb 4%, ox-LDLZ miR-328-3p 3 A 7K -
it (P<0.05); Sox-LDL+miR-NC414H £, ox-LDL+miR-
328-3pZimiR-328-3pKik KV F i (P<0.05) . WKL,
2.2 _LiAmiR-328-3pXtox-LDLES 51K Bh Bk A R 40 AR
BT RS

ox-LDLZH A% T control ZH 40 H 3 PEFEAIG, M T2
LA B cleaved cas-3. BaxZE (13215 T1 5, Bel-285 9 51k F%{K
(P<0.05); ox-LDL+miR-328-3pH %} . ox-LDL+miR-NCZ{
MG T, RT3 K cleaved cas-3. BaxiE HEIA
K, Bel-24E F13R A THE (P<0.05) . DLIEI2,
2.3 _LiAmiR-328-3p3tox-LDLE S8 Ik Bh Bk A R 40 A
K EFRIZ M

ox-LDLAM PR, % FtcontrolZH, 40/ FF TNF-a, IL-6.
IL-1B# ik 13 (P<0.05); ox-LDL+miR-328-3p41%f [ ox-
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Fig1 miR-328-3p expression in ox-LDL-induced coronary artery
endothelial cells
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Fig 2 Effect of upregulation of miR-328-3p on ox-LDL-induced apoptosis in coronary artery endothelial cells

A, MTT assay performed to evaluate cell viability (n=9); B, apoptosis rate was determined by flow cytometry (n=9); C, flow cytometry; D, relative expression of

cleaved cas-3, Bax,

and Bcl-2 proteins was assessed by Western blot (n=3). * P<0.05, * P<0.05.
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Fig 3 Effect of upregulation of miR-328-3p on ox-LDL-induced inflammatory factors in coronary artery endothelial cells

A, TNF-a level was evaluate by ELISA (n=9); B, IL-6 level was determined by ELISA (n=9); C, IL-1p level was measured by ELISA (n=9). * P<0.05, * P<0.05.

HAMZIF BT . miR-328-3p4 4 T miR-NCH4IGF2
WTHE G BT P A% (P<0.05), miR-328-3p LA &z miR-
NCYIARFEMIGF2 MUTZE R S, W4,
2.5 miR-328-3piAIFIGF2/I K%

controldl 1A%, ox-LDLAHIGF28 /K Ft i, 2 5%
H 4G L (P<0.05); Hox-LDL+miR-NCHIAH I, ox-
LDL+miR-328-3pZHIGF22 /K PRIk (P<0.05) . ULIAI5,
2.6 FRIEXIGF2R L% miR-328-3p L iA%Fox-LDLIF
SRR BhEK R R 40 A T AR E T RIS

Hox-LDL+miR-328-3p+pcDNAZ L4, ox-
LDL+miR-328-3p+IGF241IGF23E (/K- Fhs, 4 i 4 |
Bcl-27E 7K RA, MPH T3 cleaved cas-3F1Bax s 17K
F-LL K TNF-a., IL-6. IL-1B 2 5 FH 5 (P<0.05) . WLIEl6.
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Fig 4 Relationship between miR-328-3p and IGF2
A, Complementary nucleotide sequences exist for miR-328-3p and IGF2; B,
their relationship was validated using the dual luciferase reporter assay (n=9).

*
P<0.05.

IGF2

& 5 miR-328-3piA{EIGF2RI R iX

Fig 5 miR-328-3p regulates the expression of IGF2

The relative expression of IGF2 protein was assessed by Western blot (1=3). * P<0.05, * P<0.05.
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Fig 6 Overexpression of IGF2 reverses the effects of miR-328-3p upregulation on ox-LDL-induced apoptosis and inflammatory factors in coronary

endothelial cells

A, MTT assay was conducted to evaluate cell viability (n=9); B, apoptosis rate was determined by flow cytometry (n=9); C, the relative expression of IGF2, cleaved

cas-3, Bax, and Bcl-2 proteins was assessed by Western blot (n=3); D, TNF-q, IL-6, and IL-1p levels were measured by ELISA (n=9). * P<0.05.

o LGS G, AT TE AR A TERUE AN i 25, 40
BRI RO 1 1 T, JT I AR DGR 14 & A, i
T = AT A 36 03 i AR R 45 SR R, ox-
LDL & ki i F, AT I st SR AR AE Bl kRE I, BT 5 |
SHKORARRE AL ABFSE Hox-LDLFE FHCAECsH: 37 4l
MU AR, 25 R R, AR TR PERE AR, AT cleaved
cas-38 17215 [, RYEFFTINF-a. IL-6, IL-1p7% 14
TN, 7R A0 AR DA AR )

WSS R R, miRNATES K Hhf 4 o2 1A
HH, A4 m s | SR AL AE" ", WimiR-328-3p7E 4
BEFIZFHUVECH 235 T, FimiR-328-3p Al iif% 4
WL 0 B AR . ZHANGE IBFTR 4521
7R, ox-LDLIEFAYHUVECH miR-328-3pFR ik T, i
FikmiR-328-3p Al il i i TRIM 1498 5% ox-LDLiF% T 1Y
HUVECH T-FIR MR . ABFFRER R, ox-LDLYE S
HCAECs/imiR-328-3p#& ik T, [-#miR-328-3pr] 3 il
ox-LDLifF AU HCAECsI LI P, KT 1% | cleaved
cas-3f1Baxih F1 ik, $& 5 Bal-22K Ik, kLR 7
TNF-a. IL-6. IL-1p% £, #2758 I miR-328-3p Al 4% ox-

LDLE S HCAECsH#ifi -

IGF2J/2 [ 5 WM R G, S —F s vE 2 Ak,
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SN RERE AL SR IGF22 34 F i, miR-637i 14 T
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