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Expression of miR-29¢-5p in the peripheral leukocytes of patients with coronary heart

disease and its mechanism underlying the regulation of endothelial injury
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[ ABSTRACT ] Aim  To analyze the expression of miR-29¢-5p in peripheral blood leukocytes of patients with
coronary heart disease (CHD) , and to explore its mechanism in regulating oxidative damage and apoptosis of endothelial
cells induced by high-lipid conditions. Methods The expression levels of miR-29¢-5p were detected in peripheral
blood leukocytes of patients with CHD.  Endothelial cell injury in EA. hy926 cells was induced by exposure to high con-
centrations of the lipid. miR-29¢-5p was overexpressed and silenced respectively in the high-fat-induced model, and the
expression of apoptosis-related proteins, the level of reactive oxygen species (ROS), and the degree of lipid peroxidation
were detected.  Bioinformatics methods were used to predict the potential target genes of miR-29¢-5p, and the dual lucif-
erase reporter assay was performed to verify its regulatory relationship with the target genes. Results Compared with
the control group, the expression level of miR-29¢-5p was decreased in the CHD group and had diagnostic significance for

CHD with an AUC value of 0. 712 (95% CI; 0. 632 ~0.792, P<0.01). In the high-fat-induced model, cell viability was
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decreased and cell apoptosis was increased ( P<0.01) , together with an elevated miR-29¢-5p expression level (P<0.01).
Silencing miR-29¢-5p expression alleviated cell damage, increased cell viability (P<0.01), reduced hight-fat-induced
apoptosis, lowered ROS and lipid peroxidation levels (all P<0.05) ; while overexpressing miR-29¢-5p decreased cell via-
bility (P<0.01), increased high-fat-induced cell apoptosis and raised ROS and lipid peroxidation levels (all P<0.05).

Moreover, bioinformatics analysis prediction and dual luciferase reporter assay confirmed that miR-29¢-5p bound to the 3’

UTR region of the histonedeacetylase 2 (HDAC2) gene, thereby downregulating the mRNA and protein expression levels of

HDAC2 (all P<0.05).

tients with CHD, which may serve as a diagnostic biomarker for this disease.

Conclusion The expression of miR-29¢-5p is decreased in peripheral blood leukocytes of pa-

Inhibition of miR-29¢-5p expression in en-

dothelial cells may alleviate oxidative injury and apoptosis induced by high-fat exposure via upregulating HDAC2.
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MR AEME T T AR I P B 40 ) R R A
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1 #RHEE

1.1 ZHpaskiFE R EEiRF

EA. hy926 40 f6 W & & B & % bt b4 e
HEHA B 44 ( sodium palmitate , SP) # K ( 4k 7E & 7 &
AMBEAERAR) B E(KDFRRE LI A
BB IR A ) ,Eﬁ@ & B 40 48V L . microRNA
KA £ microRNA R # TRk Al & (L4 T 4
My TAE B A IR A ) 5 AxyPrep™ Multisource Total
RNA Miniprep Kit( A1 /1 & B3t £ A FRAF )
HiScript I RT SuperMix for qPCR ( +gDNA wiper)
(AR A R Bt A IR ED ) 5 R A
K 7| LipoFiter™ 3.0 ( L # 3B & 4 B & & R 2
) ;CCK-8 il & (v b £ AR SRt A IR
/Nl ) 3 A = B ( malondialdehyde , MDA ) £ & £ | %
Flea(dmZEZFEARAF);BCA & & REM
ERME FEERN AN &( B REWTHAAR
A8l ), miR-29¢-5p # #| 4 ( miR-29¢-5p inhibitor )
(77| % 5'-GAACACACCAGGAGAAAUCGGUCA-3') |
14| 47 % B (inhibitor NC) ( J¥ %] % 5’-UCUACUCU-
UUCUAGGAGGUUGUGA-3") |, miR-29¢-5p # #1 4
(miR-29¢-5p mimics) ( /¥ #| & 5'-UGACCGAUUU-
CUCCUGGUGUUC-3") fn A ) 4 %+ ¥ (' mimics NC)
(¥ %] & 5'-UCACAACCUCCUAGAAAGAGUAGA-3")
(R & 4 % Bl & IR A F ) 5 eBioscience ™
Annexin V B T4 X F & ( FITC B ) ( L 8 R
KRB A IR A E ), Bax ## Caspase-3 [ N
(RAPEREDEARARAE);Bel-2. A& E % T
Bt {t. B 2 (histonedeacetylase 2, HDAC2) | % % 7 £ 4t
(B PT IUH & 4 B B0F IR 2 B ) ; GAPDH % #
7 A Fr HRP 4730 89 1L ¥ 30 & TG (R X 4R
AW RBCR RN E]) s BRIt R R AR (
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BB AENH AR A ) ; BE ECL X LK R
MWRF & (A EEEPBEARAE),
1.2 #HpatEss

Tt ) 7 A5 7 2 500 mL 8 DMEM # Az A\ 55 mL
e 2 o W o A B 10% , Fm N 1x10° U/L &
B R A100 g/L #%F % KA 70 EA hy926 40 i &
F10em BFHRMFF AN mL EH T2ERE E
37 C 5%CO, FxRfHIEHR, D@L Ek 0% ~
90% it HEAT 40 ML X
1.3 MEHARSERGERNHE

Bt 8 A K 1t EA. hy926 40 M, OBk R
(phosphate , PBS) ¥ % 1 )X J& , B4 4 7 i & F af 3%
I TEAR b ERE AR, AL A
HHBRAAEUEN TG RRGRIE, e Hak
BT 37 CHS%CO, EiRFEHRAG P4k 24 h,
1.4 HRFELERSA

H EA. hy926 400 LA 3L 20 1x10° A 40 f 4 F#
T o AL F, £ 4 o kA ik 60% ~80% B 3t 4T %%
Ze . f# A LipoFiter™ 3.0 flg U # % 3K 7 4 5 #
miR-29¢-5p mimics , mimics NC | miR-29¢-5p inhibitor
#1 inhibitor NC %5 ¢ £ EA. hy926 48 i, # %48 h 7,
A EHATE A M E W E A TR,
1.5 CCK-8 i:t& M4 paiE

K E MR % E 2 R B b B FEAT 4 it
B, AL 5x10° 4 j AT 96 FLAR i R
24h, BHRANET, MABABMBETFE R L4
&4 7B %% % miR-29¢-5p mimics , mimics NC ,miR-
29¢-5p inhibitor X inhibitor NC, % % J& ¥ DL & fg 4
F224 h, M EHIL AN 10 pL CCK-8 R 7, & T
37°C5%CO, FRAFBE 1 h, &5 H#E BTN
T 450 nm KN 2 LA IR AEHE,
1.6 Az BE A 4G T 20 i o - &

WEmpER EE, B A, EREERT
aREFEERAPFRREN EFE-—REL, B
PBS F & 47 },,1 000 r/min &8 3 min, E4 2 K, 5
# PBS, & & fm A\ M B ¥ 8 100 pL 1 x Binding
Buffer,5 wL Annexin V-FITC 1 5 pL PI % #}, % 4%
RATRA], R A EH 15 ~20 min, FALATEZ
#Am 400 L 1xBinding Buffer, 38 4] J& # 47 7% & _E AL
Al
1.7 MDA RFEKMEERITELEE

MDA 4 & 8yl 2 ¥R A & U H 347, KB
HEWT B AAN10 em B F D NEERE —
B EA. hy926, F 40 i & K % 60% ~80% Ja , 727l

4 % miR-29¢-5p mimics ,mimics NC ,miR-29¢-5p in-
hibitor & inhibitor NC, # 4 5 {# H 5 84 ¥ 24 h,
RN, ZERF AR R EFERTECE T,
eV i A AR — (TBA T ) 5 =
(BRX ), B4, 100 °C A 60 min, A #H £ % &
J5,1000 g B 10 min, I & & H A4 532 nm fr
600 nm A& Y HOL A, 5 1S MDA 4 &
1.8 ROS X FI &4 il 40 A i 1 | K F

ROS & & 0y U & 3% i 7| & U6 00 ¥ 384T, KB
T EA hy926 LA L 1x10° A48 i 3 A T
6 FLWF, FI MmN 2 mL EAEEREL, F37 C.5%
CO, BEfRf iR U brE, RFHER
X AT AN E . EFR AN ERAESRY
HeEaEk, BAABAEENSFEIRES
R e R ERERR 240, BFRERESR
A, G ot % FE A 2 55 2544 DCFH-DA % 7 i 7
BES5 umol/L th TR E K BT Wy R4 T
MANEA, R TAEEZAR, ME, BaEWET
37 °C 5% CO, ¥ 74 ¥ L0 F 30 min, % 7 4 &
B, FERT MBI, EH PBS o BTk E A
B3R, UMEERBAARGRES, BHEE WA
300 wL PBS, ar BF #EAT i R 48 B AR A
1.9 #HAEH miRNA K mRNA BIRIEKEHE

% il SanPrep 4% X microRNA 1 #2 3K 7| & 4% B
& Mg 4L 3 By EA. hy926 48 i ' miRNA, 3 xf 48 B iy
miRNA # F| ff & & 4b 2 ot K E it sk AT & 0, Y
miRNA £ RNA>30 pg/L,mRNA & RNA AT 100 pg/L,
RNA ® &>2 pg, 0Dy B & 2.0 ~2.2 Z i,
OD 50,250 HE1.8~2.2 ZEENFTEEF &4,
J miRNA R % R & (K3 im B % ) ¥ miRNA K
3% 4 ¢cDNA, JH AxyPrep™ Multisource Total RNA
Miniprep Kit i 7 & 4% BUE flg 4L 22 1 EA. hy926 41 e
# mRNA, X i HiScript I RT SuperMix for qPCR
(+gDNA wiper) i 7| & ¥ mRNA R % 5 % ¢DNA,
RT-qPCR 4 9| miR-29¢-5p 7& & 0 i 41 K v 4 4 By
RARGEH, ¥R .95 CHAE M 305;95 C
55,60 C 34 s, 2540 MEF M eh & RLE N
95 °C 15 ;60 °C 60 $;95 °C 15 s, K %o iF #4748 B 44
BHET R EEFAERERKEERLE, U
F miR-29¢-5p & & 5 # 4 F HDAC2 &£ B 1F, %
Jl RT-qPCR #2:3 3% JE B F & 28 A~ % 6(interleukin-6,
IL-6) . f# J& 31 36 Bl F o (tumor necrosis factor-alpha,
TNF-a) Bl % #8 3 [ HDAC2 #9 mRNA % 3k K F,
RT-qPCR # 3 2 J7 41 .95 C 1 & ¥ 30 ;95 C
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10 5;60 °C 30 s, 2540 MBI bl th & Bk B N
95 °C 15 ;60 °C 60 ;95 °C 15 s, miRNA W % %
U6, mRNA W % % GAPDH DL F Ankf £ & X J
2 I E A RAE IR L,

% 1. RT-qPCR 3|#15 731
Table 1. Primer sequences for RT-qPCR

P FFHI(5'—3")
miR-29¢-5p GGCCCGATTTCTCCTGGTGTTCAAAA
U6 L i CAGCACATATACTAAAATTGGAACG
U6 T it ACGAATTTGCGTGTCATCC

TNF-a i GCCCATGTTGTAGCAAACCCT
TNF-a T 7 GTTATCTCTCAGCTCCACGC

IL-6 L% CAATGAGGAGACTTGCCTGGTG
IL-6 T i GGTCAGGGGTGGTTATTGCAT
HDAC2 L-iiF CCGCATGACCCATAACTTGCT
HDAC2 i TCATTTCTTCGGCAGTGGCTT
GAPDH Lif  ACCACAGTCCATGCCATCAC
GAPDH Filf  TTCCCGTTCAGCTCAGGGAT

1.10 Western blot #&illFE B &KX

B4 AN SR L, B AR A B R E Y EAL hy926 %
M, kR xR ERTER FHRILT A4
60% ~80% it , £ EA. hy926 i % = it & * miR-
29c-5p FHATEMAIE, AR R ER L, 4 E
2R )G, PBS TRA A 1 0K 1 SR IL P N 4
M ARR G & GBS AR A4, B B
ME I A, B T ok E R A4 15 min AR IE
B H ;M E P12 000 r/min B #3015 min, B L
W, RH BCA R & A RE, #kHl A
Loading Buffer, # & 5 ~7 min # & & £ £, R4 E
HEANSFEANAFEERN 2 HIK, EU80 V
MKEEBRFH SN2 BER, BREEASTZE
120V#HTEAS S, AFEFENLPVDF EE, £
KB A& THLBEHES NE RS E PVDF
P HEERREGRHAE ERERRREE SN
B HBERAMAABHERE, mAN—H, T4CH
BT E R e H TBST %k 3 %k, &K
5min, WNFEFH G, ERBLBEH 1 ~1.5h,
B F TBST ¥k €3 A, %A 5 min, H B &K A K
5 BRAE 1 W] R A T, R B AR R R L
fTR%., KA Image ] X & B FFHATRKE
AT

.11 T B4R EE
3t miRNA #2 F 70l T A miRWalk 5 Tar-
getScan Xt miR-29¢-5p # 4 7E ¥ L H SEAT I 36, £ &
Sk VR B A Tk Bk B R B HDAG2, A 3R 45 %
%,/ % # 1t Western blot \RT-qPCR & X 7% of & B
WERLELRHATHEEIE, KL EBRELE
SE 3 i R X A T B A A IR F R AR MRS
1.12  SitZEsh

& Jf| SPSS 27.0 #1 GraphPad 8.0 # 43 4T 45 it
FREBACEELI N IAYFEL, IHE
TR wxs Ko7, WA RSB RA ¢ 5, P<
0.05 h ZRAGHITFENL,

2 % R

miR-29¢-5p 5@ MR %

BTN 79 BT FRAS, 81 il f e X BR
HbrAs, O R B T PE AR A A XN R EBE B
O A IR fE RO BRZE R 5T PR I FIR XA
BB B f R AR AG: i o I A W5 6 G ) A Ji) It A
ARYTE R BARET RE, 2 E ARG .
RIEZALAT 5B AR YT 58 BURAE, 1A ik
AR5 T RLSE I Ta] N AT B0 20 25 AN, B s S7 B
BT -80 CUKAE P IRAE, LUME S LEH I miRNA, 58
O A TEFRHE R TR Bl Bk i s ks Ay 2 /b — S
SR BK (22 T TR S | Ui S AR Bl k) &
JE EHARREE =50% o HEBRARMECLFE - T J5E R A BH 1
OWUE MO DR D S R T E
R HREAS 4 TR L B B e R O T
SRR A 00 " 0 AR MR . 2R
Y TC RS pirgE s A ELIR) R ST i TP BE AR R
FACHEZR DA (HIEHES . 20160304-25) , [
AN 27 R RARAE DL 2, Horp s I 1l 0% ( fasting
blood glucose, FBG) | Ik % & Jig & 1 H [A] B (low
density lipoprotein cholesterol, LDLC ) , & AH [# g
(total cholesterol, TC) |, H il =g ( triglyceride, TG ) |
1 % g 8 4 BH [ B (high density lipoprotein choles-
terol,HDLC) FH )™ PR A 36 XN R B Be ke 30 F A=
YA A3 A AR I 5 9 2 5 it B Xof R 281 1] 1)
AU K 48 B8 (body mass index, BMI) | & 45 &
('systolic blood pressure, SBP ) | F 5 H ( diastolic
blood pressure, DBP) . FBG , LDLC 7K - 1£ P 2 [] 25
SOC W SR IR AL L, e R 4 TC T
5.6% ,TG Tt & 12.6% (¥ P<0.01), HDLC F&A%
8.73% (P<0.01),

2.1
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%2 FIREIZIERSHARN (1C5,) 2974 300 pmol/L( K1 2A) . 55X I 20 41 g AH

Table 2. Clinical parameters of the CHD patients and controls
AR IR el

i A b e P
Wy % 63.12+5.83 64.82+5.56 —1.885 0.061
BML/ (kg/m*) 23.78+£1.95 23.99+2.24 -0.644 0.521
SBP/ ( mmHg) 136.21+19.26 134.03+20.82 0.689 0.492
DBP/ (mmHg) 79.96+11.98 79.49+12.34 0.247 0.805
FBG/ (mmol/1.) 4.94+0.41 4.69+£0.65 0.112 0.911
TC/ (mmol/L) 4.62+0.57  4.88+0.51 -3.091 0.002
TG/ (mmol/L) 1.11+0.36 1.25+0.31 -2.661 0.009
HDLC/(mmol/L)  1.26+0.26 1.15+0.15 3.277 0.001
LDLC/ (mmol/L)  2.89+0.63 2.85+0.51 -0.616 0.539
RT-qPCR 6 ] £ B %ok 28 R 500 5 20 /0 4 1

40 miR-29¢-5p B IEKF, 455 BIR, Sk
X REALAR L, 560095 £ miR-29¢-5p B AH X 2k 7K
SEAEAIE AL 20 T 1 38. 11% (P<0.01; 8 1A) .
321 TAEHRIE (receiver operating characteristic,
ROC) {1 £k 43 M 41 A 1L P 20 i miR-29¢-5p Xt 76 0 I
IZW A, ROC 11473 M4/, miR-29¢-5p Ay £k
R (area under the curve, AUC) K 0. 712(95% CI ;
0.632 ~0.792,P<0.01) , BB miR-29¢-5p Xf T 5 L
WREA —E 2R L (E 1B)
2.2 HWREHAMEIERGERNEE

CCK-8 VLA R BERRAERR4M (0 ~ 500 ol /L)
SEFREY EA. hy926 RIS 7, A B0 40 i ik 2

A 150 B
g
£ 1001 § 1C4,=319.8 pmollL
S
>
% 50 Leccccasasnnsnensssnsasanansnanansnses N
(&)
0 | L I
1 10 100 1000
SP concentration/( umol/L)
D
10%}-2.24% 6.72% 10%}0.54p% 24.2%
N
9
_ 105} —10°} s
o o ©
a
4 : 4 2
10 10— &
5 0% o o Gt S
of8210% o 9.02% of4gsti 26.8% <
0 108 107 0 100 107
Annexin V Annexin V
Control SP

Relative mRNA expression

S [0} o]
o o o

n
o

Lt , 28 Ik 32 Ak B s Al 4 0 A AR 20 4 L, H AR
A7~ IL-6 F1 TNF-o ) mRNA AHX} 28 35 7K 43 51 T+
1 135 f5%F0 3. 26 1% (4 P<0. 01, & 2B F12C) , AT
RGN 1 — A ¢ BH AR 20 41 i F TR N 55. 3% (1A
2D), UL b g5 Rk R 2R, R B R RE R A 1
300 pmol/L I, e A 2Li% T EA. hy926 4 & 4= %
ST 101473 R A4 L O 1, 3 U R B A A0 A4 A 78 A S g
Iy, #E— A miR-29c-5p 7 25 JE A5 455 455 75 41 1
Xof FECZEL 240 B R ARG 2 3R 7K, K B v BE A A A A 4
(2835 7K - R %k BRZH 1 2. 12 4% ( P<0. 01, 81 2E) .

Ag s =001 B 10p AUC=0.712

S . P<0.01

N

S a4l 08

& .

53k e s o6

S 2 2

22 ¥ 3 04

g L &

5 é 0.2

A I T

>

3 0 1 % 1 | | 1 |
2 Normal CHD 02 04 06 08 1.0

1-Specificity

1. miR-29¢-5p ZERE Mk B SME M B A
RIEFERBREZINE TIESEME
A Jg3eE oo 21 55 Al RS B ZH AN I 1 240 miR-29¢-5p 3R 3K KT
B 24 miR-29¢-5p Wi Lo 932 10 H TARRREZL
Figure 1. Expression of miR-29¢-5p in the peripheral
blood leukocytes of CHD patients and its receiver

operating characteristic curve

c _ P<0.01
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r b 2.5
P<0.01 a
L o 2.0
€
©15
- c
Re]
21.0
L a
05
2
£ 0
Control SP g Control SP

2. NEAMSRERGERNAE
A N CCK-8 RISV AR RRAMAL B EA. hy926 4lIAf 24 h JSANMEIE J1745 1k B F C 43318 RT-qPCR Al EA. hy926 4145 300 pmol/L A
FREMALFE 24 h 5 ,1L-6 Fil TNF-a 1) mRNA A% ERIA T (n=3) ;D R zCaiH SR EA. hy926 212 300 wmol/ L ARHHFREAALIE 24 h J5 1)
FT T XA TS0 (n=3) ;E 4 RT-qPCR K2l EA. hy926 ZiI£: 300 wmol/L AZHEHFRENALHE 24 h J& miR-29¢-5p YA FILE (n=3),
Figure 2. Establishment of a high lipid-induced injury model in endothelial cells
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2.3 TTE miR-29¢-5p RIZBIFALBTHEER  P<0.01) (E3B-E), X2egs FILE IR UTER miR-

KHRIZRESEFSHNEARBRG

TE EA. hy926 2 i 335 miR-29¢-5p H 40 fifg
6 1R %24 28. 38% ; LER miR-29¢-5p )33k H 4l
W% TR 29 19. 44% (2] P<0.01; K 3A) . 1E4E
TR ENISE T EA. hy926 4 (A 78 vh 433l i e ik
miR-29¢-5p ( SP + miR-29¢-5p mimics ) #1772k miR-
29¢-5p( SP+miR-29¢-5p inhibitor) , & Blid F ik 4l
Bel-2 % M 7K F F [ 10.06% (P <0.01), Bax #il
Caspase-3 4 H 19 3 ik /K F- 73 51 = Ft 16.64% FI
5.89% ( P<0.01 1%, P<0.05) ; M5, #ETLERAL T Bel-

29¢-5p FEIRTE = MR 5 5 14 P Bz 40 if v g R o AE 27
AL AT, B0 miR-29¢-5p 635X =5 Mg 6 473 i 9
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Figure 3. Effect of miR-29¢-5p on high-fat-induced endothelial cell apoptosis
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Figure 5. Target genes of miR-29¢-5p
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