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[ ZE] BH A miR-21 B3@EARES DI A-F R A LA (Hey) 5 F ARSI A K 2
(HCAEC) #ifi . Fik 327 HCAEC J£5 4 4 48, 3T 828 A . o ik 33 7k A 4 22 Hey 228 478 1 mmol/L Hey # 3%
FAA A Hey+NC( WM RE) 435 4 NC 35 4 )5 A A 1 mmol/L #9353 A& 2 Hey+miR-221 4144 % miR-221
WG AAA 1 mmol/L #9332 fR AL 22 KA K AEF PCR AN miR-221 #9 £ K K-F, Western blot 44 ) 4@ it &
&G D1 89 A RTF MTS 4 40 L7 71 0D,y . KT, iR K dm AR A 4m 68 B, A 56 K Bl AL ) R e e iE
miR-221 ¥e b @ A & @ D1, &R 5arBarb4R , Hey 41 HCAEC 85 miR-221 &k R -F 408 GO/G1 HA kbl o
RHE A 0D, . KT S B G2/M BRI dmfe B B & & DI A KFU R2HBA&, 5 Hey 2% Hey+NC 4104,
Hey+miR-221 2049 miR-221 & i K F GO/GL #3vb 4] 8 2 MeAK, OD,, .. K F .S B A& G2/M #7312 fo ) ﬁﬂﬁé
D1 RiAKFIARIE A, @AeEHE G DI A B mRNA 3'UTR % 1224-1231 4% miR-221 #9441 %5 miR-221 #
BT AR MPBE B EE DI MR AZTHEREFABAGRAE N, Fi miR-221 £ Hey # 5 HCAEC #4542
R GAKE e A9 miR-221 & A AL 45 M 22 Hey 5599 HCAEC 345, 3ot i 8 1% & D1 & THeed o FHuH
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[ ABSTRACT ] Aim  To investigate the role of miR-221 in homocysteine ( Hey)-induced injury of human coronary
artery endothelial cells (HCAEC) mediated by cyclin DI. Methods HCAECs were cultured and divided into four
groups.  The control group was treated with serum-free medium, Hey group was treated with medium containing 1 mmol/L
Hey, Hey+NC (negative control) group was treated with medium containing 1 mmol/L Hey after transfection with NC in-
hibitor, and Hey+miR-221 group was treated with medium containing 1 mmol/L Hcy after transfection with miR-221 inhibi-
tor.  Fluorescence quantitative PCR was used to detect the expression of miR-221, Western blot was used to detect the ex-
pression of cyclin D1, MTS was used to detect the OD,q, .. level of cell viability, flow cytometry was used to detect cell cy-
cle, and double luciferase reporter gene experiment was used to verify miR-221 targeting cyclin D1. Results Com-
pared with the control group, the expression level of miR-221 and the proportion of GO/G1 phase of HCAEC were signifi-
cantly increased, while the level of OD,y .., the proportion of S phase and G2/M phase and cyclin D1 expression level
were significantly decreased in Hey group.  Compared with Hey group and Hey+NC group, the expression level of miR-
221 and the proportion of GO/G1 phase of HCAEC were significantly decreased, while the level of OD,g, .., the proportion
of S phase and G2/M phase and cyclin D1 expression level were significantly increased in Hey+miR-221 group.  The
1224-1231 base of mRNA 3'UTR of cyclin D1 gene was the binding site of miR-221, and miR-221 reduced the fluores-

cence activity of wild-type cyclin D1 double luciferase reporter gene. Conclusions The expression of miR-221 increa-
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ses during Hey-induced HCAEC injury, and inhibition of miR-221 expression can reduce Hey-induced HCAEC injury.

Targeting cyclin D1 is a possible molecular mechanism.

SeE U SR I PR B DL o I A8 R GE , LA e AR
Bk FEREHIE WL | 8 W B A8 S R AR, AT 5 |k 0 UL
AR O LR il Bl A4, 1A P B 1l Y A
A5 I RE 22 [ 1) o I, LA PN B 400 i IR B R
SE AR | it/ A S5 A i A BE DO, R T AP K el
SKoRAEREAL RO 1Y K i R v SR Bk
DAL R 4 £ A2 B R AT 5 | AR SR B0 K P e 4
Pty PRI 52 2%, He v g ] 82 e 202 (homocysteine,
Hey ) MUAE J2 T 46 4F 52 S Bk B 22 G T 19 N K 4 4
PRE . Hey & B 2 MR R IHOE 24 b 7= A= 1 4 40
FLREPE Y& I 2 R , RE A% 8 1 O 20E P T A
AT A K 75 3 4 S 300 L s 25 T =X 1 o g 45t
B34 AR Hey 51 5884k 3h ik P9 Bz 15 49 1 HIL I i A
+ B

/1N RNA (microRNA , miR) &—2£Z5 5K %
IR SRR AR ARG D RNA, K229 18 ~ 25 nt, 7E
O IUAAT3 | PR 2 68473 468 20 X257 95 9 A O 1 9 LB 7
H, 280 miR KA TR 5 O 20 IR 45 0 B8
BAVE T . — 0056 T N B ) RE R A5 1Y it PR AF
FERM] TEAAAEO LA fE I PR R S IF N B Zh RE
P AE Lot R T, MY Hey % 1 & miR-221
TR RETED HAPFR R, 2 %5 miR-221
REAS (i 9 J 40 M 1 0 7 B AR . DA 1 SRR R
miR-221 AJ BETE ) Hey MLAES | P R P 40 ke E 2L
YER . BT b, A S50 8 DU IR 3l ik 9 Bz 240
(human coronary artery endothelial cell, HCAEC) %}
% BARSM T miR-221 7E Hey 5% HCAEC #if)
IVE ] S

1 #EFTE

1.1 SRIEHR

HCAEC W & - ¥ 500 4 45 8] ,miR-221-5p #1
# 41 (5'-AAATCTACATTGCCAGGT-3") X M £ T P&
(NC:5'-TATGCTACGTAGCTAGCTA-3") ¥ % ¥ i &
FiEEDNF miR RIGR A & —F % miR L4 F
KAl & miRNA %ot % & PCR R Al &1 & # /R E
FEEENE , KBEHEFRNAED[3-(4,5- 2 F &
g 24 ) -5-(3-% W BR 5) -2-(4-# K FE) -2H- 19
(4 %) [ 3-(4, 5-dimethylthiazol-2-yl ) -5-( 3-carboxy-
methoxyphenyl )-2-( 4-sulfophenyl )-2H-tetrazolium,

MTS] 48 fg 78 4 4 M X A &, 40 J Bl 41 & & DI
(cyclin D1) & F 4% # % # 46 E F 5A2 (eukaryotic
translation initiation factor SA2, EIFSA2) — %t 4 &
Abcam /A & , Bt 77 ¥ ( propidium iodide ,PI) & B
W A AR IR F RIPA 2 # 7% X BCA &
HEERMEW A L EARER AT, RKAFK
Bk & A EAN RS B Promega /A7
1.2 HCAEC ¥FHFERHH

HCAEC 4 H 10% fis 4 fLiF oy 5t 2 5 x
T BERE IR AR 40 B4 R R W 80% ~90% Jg
F0.25% & A Bl fba e, 13 Bl RER,
&R G W) HCAEC # M ERE AR N7 04, 7
(1) A B A T v 3 R AL FE 5 (2) Hey
4. 4 A 1 mmol/L Hey By i & 3 Fr 4L 72 (3)
Hey+NC %1 . A Lipofectamine 2000 % % NC & A &
A 1 mmol/L Hey By T fn & 3% #r 240 72 ; (4) Hey +
miR-221 41 . A Lipofectamine 2000 # %¢ miR-221-5p
P 4 Ja F 44 1 mmol/L Hey #9 7 i 7 3 35 #£ 40
B, BMEFHEELS K,
1.3 miR-221 RIEHEHEE PCR &l

HCAEC A& 12 FLE R, % E1.27 1
kA 4 P B 4 24 36 .48 h, %l miR 12 BUIR
Fl AR B M P8 miR, KA — F % miR K% iR
& 4m f P AR UF B B miR R X ¢DNA, &
J& &l miR % % % & PCR X A & ® & PCR & fk
2, TR Bl 45 R B B B miR-221-5p B 4 ¢
Sl fn g & A U6 By 45 4, PCR K B &
B EIR b & FAE B A, DL U6 W&, T K miR-
221 Wy k3£ KF,
1.4 #RAEH oD, 7KFH MTS &5

HCAEC # M % 96 FLIE R 4, 1 B “1.2" 1
7k 4 T B 4 24 36 48 h, X Hl MTS R 7| &
Ao 2 H E Ay A% R B UL A B B AT R R O A R
FRAL_E I Z 490 nm 3 K B9 0D, 1A,
1.5 4R AR AR

HCAEC # 78 60 mm #3535 L, 4% fE 1.2
By 7 A 45 25 B 4 48 h,0. 25% i & A B 1k
EmM, A 70% L8BA 4 CEERE,KHE
FlaE B A Z o BOE MR, B0 3 WEMAS g/L th PI
e 7, K 4 30 min, B 5 A 40 I AR 28
A GO/G1 .S #1 . G2/M Hi Yyt
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1.6 ZRAEHEIE R D1 EIF5A2 RIAR Western blot
i

HCAEC B # 7 12 FLE R A, % B 127 1
Tk 27 4 48 h, K A RIPA 2 ik 24 4
M, aBape Pl E e, kA BCARAERNEA
é'\;fa_ ¥4 20 g & & @ R AR JH T Western blot %E
ToRERBRN-RAGBRERER TR RSB E B
Ja W # % £ — & 1L At fE ( polyvinylidene fluoride,
PVDF) Ji£,5% Jit fls 4 43 % 12 9% & PVDF JE 1 h, %0 /g
JE ¥ & & D1, EIFSA2 5 B-actin — 31 4 C &
PVDF 37, K B #AR T & A 4 B8 A7 10 B9 = 30 0%

B PVDF 1 h, R bR nERAAT REFEE

\9%/m@,ﬂrﬁdﬁa@f%ﬂﬁé%%é’vﬂ;{fﬁﬁﬁémﬂﬂ
JE #1& & D1 EIFSA2 &k ik KT,
1.7 miR-221 $EE A EHZE B D1 B Targetscan
EUIERFED

% Targetscan W 3k o HAT & W1 15 & ¥ 007, fr
AmiR-21-5p e & EFR A F 4 BE & B
D1 # mRNA 3'UTR & 7| £ miR-221-5p ¥ & &

LA,
1.8 miR-221 $EMAMERHER DI XK EEE
RERERFEZLL

Wt A B 4 AL 48 e Bl & & D1 2 mRNA
3'UTR 9 W% K & B 4R 4 3 H , % Targetscan T
) miR-221-5p 5 AL A HATR L, F 2 RE A XK
HEBRELE, BERKLEEBEREHLEE miR-NC
B miR-221-5p 4 # 4 3£ 4% £ 3 N HCAEC,24 h f&

ARKEEBRELELN R S0 450+ & K
HRNRENTE N R EE KRB E N, RE L
t*ﬁkﬂzw‘cﬂﬁé’zé;ﬁ/z&”‘%"é%?ﬂﬁé’vféﬁﬁ
HERHEN

1.9 #FitEH*

K Ji SPSS 20.0 # N AE, 1 & KA s
T4 A CRCR R B E & 7 E AT, T4 AR
KM LR B, P<0.05 N £ 7 H KT ¥

%40 HCAEC 4bBH 24 36 .48 h &, 5% 4L 1
B, Hey 2 miR-221 93 35 /K F B 38 (P <
0.05) ;5 Hey 41 %8, Hey +NC 4 miR-221 (315
KT A2 4k (P>0. 05) ;5 Hey 41 M Hey+NC 41
A8, Hey+miR-221 41 miR-221 F4 3% 3K 7K F B 4 [
K (P<0.05) (£ 1),
2.2 4%l miR-221 3t Hey 55 HCAEC i&H T
Eap=Al

%40 HCAEC 4LFH 24 36 .48 h 5, 5% B4 1
3, Hey 241 OD,y ., 7KW AR (P<0.05) ;5 Hey
ZHH#, Hey +NC 4 0D, ., /K FJCHA 254k (P>
0.05) ;5 Hey 4 M Hey+NC 4 b3, Hey +miR-221
41 0Dy, KB RHIIN(P<0.05) (£ 2),

% 1. 4 A8 miR-221 FixKFER LS

Table 1. Comparison of miR-221 expression levels among four groups

il n 0h 24 h 36 h 48 h

popicticl 5 0.71+0.21 0.77+0. 15 0.84+0.18 0.760. 12
Hey #H 5 0.78+0.22 1.44+0.25° 1.71+0.22° 1.74+0.29"
Hey+NC 4 5 0.73+0.25 1.49+0.21 1.80+0.24 1.75+0.28
Hey+miR-221 41 5 0.72+0. 14 0.69+0.13" 1.02+0.18" 0.98+0.17"

H:a N P<0.05, 5% IBZH L3 ;b i P<0. 05,5 Hey 4 \Hey+NC 40 HL#,

R 2. 4488 OD,,, ,,, /KFERLLE

Table 2. Comparison of OD,,,, .. levels among four groups

il n 24 h 36 h 48 h

X HE 2 5 0.83+0.14 1.04+0.20 1.38+0.18
Hey 41 5 0.59+0.08* 0.71+0.15* 0.93+0.12°
Hey+NC 4 5 0.55+0.07 0.74x0.14 0.90%0.17

Hey+miR-221 41 5 0.77+0.11" 0.98+0.17" 1.24+0.20"

H:a i P<0.05, 5% AL L5 ;b o P<0.05,5 Hey 41 Hey+
NC 4l g,

2.3 M%) miR-221 ¥t Hey S HCAEC 28 B & £
REL it B4 22 Nl

20 HCAEC AbPE 48 h 5, S5 XF B4 L%, Hey
21 HCAEC 1 GO/G1 HA Lk B i ¥, S B9 G2/M
HH ELA B 5 B A1 ( P<0. 05) ;55 Hey 41HER, Hey+NC
2 GO/G1 #1.S 8. G2/M i [ 4] Jc B B 25 4k (P>
0.05) ;5 Hey 20 & Hey+NC 41 %, Hey +miR-221
4 GO/G1 HILL BB mREAS, S 1 .G2/M 1A Le il B i
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HIN(P<0.05) (1 1.53),
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Figure 1. Flow cytometry of cell cycle in four groups

& 3. 4 AREMEEARS HHILLE
Table 3. Comparison of cell cycle distribution among

four groups

bai| n G0/Gl S G2/M

Xof HRZH 5 43.38£6.29 42.27+5.37 14.342.12
Hey 44 5 62.75+8.27" 25.48%5.41" 11.77=1.84"
Hey+NC 21 5 65.27+8.39 24.91+4.48 9.82x1.35
Hey+miR-221 41 5 44.75+5.11" 38.84+3.94" 16.41+1.84"

W a iy P<0.05, 5% BA ;b i P<0.05,5 Hey 41 Hey+
NC 4 &,

2.4 M4l miR-221 3t Hey 55 HCAEC AR5
HEDAELERA DI EIF5A2 RiZHIE200

-4 HCAEC 43 48 h J5 4 4110] EIFSA2 Fik
KR A TG B E PE 22 57 (P>0.05) . SXTRRAL L
32, Hey 4141068 & 91 2 11 D1 Y 2238 /K B (2 B AIG
(P<0.05) ;5 Hey 2H Fbds, Hey +NC 20 40 i J& 3 28
H D1 B2 KT B A1 (P>0.05) ;5 Hey 41

K Hey+NC 4 He%E, Hey +miR-221 2H 41 it J& 51 7% 15
DI AR 7K I B34 (P<0. 05) (Kl 2 .6 4)

AREAMEED D S— —

EIFBAZ commmees comas oo s

T m— o— — —
B % B
< \?gﬁ® X ‘ Q;z;z,\
o &
Y\(’ﬁ
B 2. 4 A FAYE R D1 EIF5A2 ME HEXE
Figure 2. Protein electrophoresis of cyclin D1 and

EIF5A2 in four groups

2.5 miR-221 ¥EMAEMEPER D1 WEWMEESF
S
2% Targetscan W3l E 17 A= A5 B 5 40 B, 4 i



CN 43-1262/R " [E S fikadifb 44 it 2021 455 29 55 5 # 393

JEAE 1 DI K mRNA 3'UTR 45 1224-1231 Bk
& miR-221 MZS S0 (8 3) .

*®4. 4 HEHMEES D1.EIF5A2 K&K FHLER
Table 4. Comparison of cyclin D1 and EIF5A2 expression

levels among four groups

il n AHEEIEE DI EIF5A2

xit B4 5 0.92+0. 17 0.740.19
Hey 41 5 0.42+0.09° 0.710.20
Hey+NC 21 5 0.38=0.08 0.69+0. 16
Hey+miR-221 24 5 0.86+0.18" 0.75+0.22

aly P<0.05, 5% BA ;b i P<0.05,5 Hey 41 Hey+
NC 4 &,

2.6 miR-221 $BEIAMEARER DI B K EEE
A= rans
5 miR-NC 41 %%, miR-221 41 HCAEC HH74:

Position 1224-1231 of CCND1 3’ UTR 5’

hsa-miR-221-5p 5’

T2 JE AR 1 D1 UG 2Rl i 5 L R (28 i
JTH R REAIR(P<0. 05) , 248 B4 i Ji B 25 11 D1 AL
TEHCER il i 45 3 PR A 2O TR o AR (P>
0.05)(5£5),

x5 WAEMMEEAHED DI WAXEHREER
WAFE N R
Table 5. Comparison of fluorescence activity of cyclin D1

double luciferase reporter gene between the two groups

SPAE RIS R A

2 " &1 D1 &1 D1
miR-NC 2H 5 1.03+0.25 1.07+0.22
miR-221 2 5 0.49+0.08 1.02+0.18
t 4. 600 0.393

P 0.002 0.704

Predicted consequential pairing of target region (top)

and miRNA (bottom)

...UUUGCAUUCUCACAU---- UGCCAGGA...

111 [EETET

UUUAGAUGUAACAUACGGUCCA

B 3. MAEHER D1 £E mRNA 3'UTR # miR-221 & S EYEBEST
Figure 3. Bioinformatics analysis of miR-221 binding site in cyclin D1 mRNA 3'UTR

3 9% i

155 Hey IAE J2 30 $6 4F 32 5] 30k 8 22 0C 1 Y 0
MAEBRIRERF R Z —. Hey 3 Z REBE 4107 45 N
Bz AL, (RS 5 2 JE 4 M S5 A N B 5405 SR SRR
T R TR 40 IR 80038 45 B S ok AR BT
FESEE LI I RS R TP, 55 Hey BBAE 5 | R 7tk 2 ik
DAL R 24 6 453 473 I A1 a2 e bR B0 Ik o5 A B e ) O B
Hey 175 556K 3l ik P4 Bz 4t M 463 473 o 4 oAk 2 55 Hey
BTSN S s XU G B B PR AR SR
LI HCAEC Xt i Hey 38 40 g o W0 2 5] 41 ifg
%71 ODyy . 7KV B i B, 3R B Hey RE#S 15 S
HCAEC #i45i , 5 BEAE HABBF 5T Hey 175 5k 3 ik
DAL R A LA £ () 4 — B, (HJE, HET Hey 525
ARSIk PN Bz A 88 493 B ML S o A TR AR
SEBGAHE T O] REIHLHI A TIR AR E

miR SEEBAT Iz AW AR H AR gt /N o+
RNA , RES 1R SR Ja /KR 2 RPN ) ek, 2k i
eI THAE PFW A 2 R G R VR

miR-221 J&— F 7500 145 2R 2 P A 5 Al 4 105 1Y
miR, A 2R HE , 76 AL & UL R 2 05
S0 LY M A5 75 BB R | miR-221 (% 36 1K B i 184
T i miR-221 B K IR BB IS bR g B A = 5
ORI 7 TR ¢ Y1 B o 1 S N A % )
T miR-221 7E Hey 5% HCAEC 45 tp VR, 52
K2k B R W AE Hey AbBR HCAEC J5 , miR-221 93
K BTN W AE Hey A0 R IF4% G miR-221 #1
fil ) i miR-221 #9335 T J5, HCAEC M9 3% /)
0D 450 . AFHIRIGIN, X — 2514878 Hey i 1Y
i miR-221 {9335k 175 5 HCAEC #i45, 5 BE A
AT 7 38 119 3k S Ak S % I 22 4 3 e 3G i miR-221
H R OB E I A .

miR A B AN HA& % & L MR W D s, A &
2 SN MIEEE AT 05 5 A ) BT R A
miR JAFEE AR )27 BR T (AR AR 0T 22 A B B 1Y
o, BETET miR-221 T HERHEALE AT 3
BRI ENE IR, Z A5 HGE miR-221 RS
i A M P 3 O 0TS e A R e AR A, O HL
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H A0 R B 1 DI EIFS A2 2 5 2 A0 56 By I 45
BLRI S FE Hey 5 59 B2 A0 M 8 405 A B2 v, 40
i D B0 5 I A, 2 T A A L) AR S G
WELH . A Hey Ab PG, miR-221 F3K 3800, 40 g
1SEE GO/GL 34 i, A S 1 Je G2/M 1 359 0
LG miR-221 MY S, Hey 51 0 44 il J& 3
AP, DL R 25 R W] Hey BB 38 3 15 m
miR-221 I EIET [ HCAEC 14 4 i J&) 45 s | i
Hey 55 HCAEC #i455 B9MLT 2 —

miR BEE U455 # L mRNA ) 3'UTR,
HEM S mRNA [ A% ol B A mRNA BHE, Sk
JEA R BT B 2 E 52, miR-221 #8 Ji) 38 422 41 i J&)
WIEE 1 D1 EIFSA2 S5 40 J& ) 4 S g A
LY AE Hey 1% S HCAEC S R A 1 iR i
FIATBEAZ 3 miR-221 P& A9 LA, & IR 400 it J&) 30 2
H D1 Y235 PR, EIFSA2 (363K JC A i 28 4k ; i
U miR-221 MY 5, M E W 8 DL RS
AL, EIRS A2 (1R IRTC W B 284k, X — 45 R KW
Hey 3411 miR-221 B3R5 5 3252 0 200 it Jil 49 4
DI #2235, #E 1 & i HCAEC 45145 K 40 Jfd J) 347 452
o AT #E— RN miR-221 X405 14 H D1
A ) 3 1 1 D A 52 56 0 0o AR W A B 2R A B R
PR 20 3 4 1 D1 JE R mRNA 37 UTR 48 1224-
1231 BB miR-221 45 & 0 5 5 38 1 BUE ' 2 il
R i PR 3640 ] 00 . miR-221 REA% (8 2 A 40 it J5 1
19 D1 A mRNA 3'UTR R8O 2 BR 15 52
HIDECTE JIRRAR B 55 1224-1231 BRIE TR SIS ,
miR-221 /N F- 52 M XL 2¢ 5 &R Bl 4 45 JE I g 280k
W71,

25 bR, miR-221 7E Hey 55 HCAEC #ifjj1d
R IRRE I, A miR-221 FIAREHLINEE Hey i
0 HCAEC 51675, $E ) 4 i 5 B & 1 D1 & miR-
21 25 Hey 5% HCAEC #1459 7] 68 4 F LI,
Hey 34 miR-221 13235 J5 1) 417 1) 240 e J) 490 2 1
D1, 3 51 6 240 M ) 00 45 i OF 2t L 2 e B . R
K, miR-221 AT BERL A 5% 55 Hey I0LAE 38 hnco i 45
P9 o IR 1) A5
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