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[ ZE] HE 45 miR-92a-3p_R+1 F= miR-92a-1-5p & BALRAKE E S F & (ox-LDL) i 5 X R oG F & MLm
FL(VSMC) R A #:4tFn3g s P94 AL 5 ERKI/2 5@k e9A0 %M, ik 4 & .35 KA VSMC, ¥4 ox-LDL
(50 mg/L) %% VSMC, & A ERK1/2 45 5% 49 %) 7 U0126 (10 wmol/L) FL ¥ ox-LDL (50 mg/L) i % VSMC #
ERK1/2 125 % , MicroRNA # £ 7 54 VSMC #) miR-92a-3p_R+1 F= miR-92a-1-5p % ik ,CCK-8 i #= Brdu /& X 48
e AR A ) 4 B3 FE 5 e 9F 56 R AR VSMC 4 R R AR & & & SM22a 49 % 4L ; Western blot 47 VSMC 4 ERK1/2
B IEAZ 5 E T JL(ERK p-ERK) & A A7 & & & SM22a., 48 L )8 #1480 % & & (PCNA cyclin D1 p21 . p27) #9 % ik H
N, &R  ox-LDL # % TF,VSMC #J miR-92a-3p_R+1 #= miR-92a-1-5p & £ 84 2 LA, VSMC #J ERK1/2 #fi LK
TR R 3G hm  SM22aw 89 A 4K | ) B 4m fieL B 2948 % & & PCNA .cyclin D1 #& A | p21 . p27 1k &L ; ERK1/2 i@ %-4%F
FHE AP H U0126 FFU6 , ERK1/2 BRER ALK - % 46 , 48 5 49 VSMC miR-92a-3p_R+1 #= miR-92a-1-5p & ik 9] 2
T(P<0.05),VSMC 3% 74 % % F M SM22a % & ik EiA(P<0.05) ,32 & VSMC W& A R 40 Al g5 2 5+ F
B PCNA .cyclin DI #9&iA& | L8 p21 p27 & & 89 &k (P<0.05) , 5L R R AL A8 a8 9 B 2474, £5i8 miR-
92a-3p_R+1 ## miR-92a-1-5p /& ox-LDL # § VSMC A R 454 fedd 78 A2 € RAF A, 5t &5 ERKL/2 15 5@ % %
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[ ABSTRACT ] Aim To investigate the effect of miR-92a-3p_R +1 and miR-92a-1-5p on phenotypic transformation
and proliferation of rat vascular smooth muscle cells (VSMC) induced by oxidized low-density lipoprotein (ox-LDL) in the
ERK 1/2 signaling pathway. Methods VSMC isolated from rats, and ox-LDL (50 mg/L) was used to induce VSMC.
ERK1/2 inhibitors U0126 (10 pwmol/L) was used for intervention. =~ The miRNA microarray profiling was performed using
small RNA sequencing analysis. CCK-8 method and Brdu flow cytometry were used to detect VSMC proliferation.  Im-
munofluorescence assay was performed to detect the expression of SM22a protein in VSMC.  Western blot was used to de-
tect the expression changes of ERK1/2 pathway signal molecules (ERK, p-ERK) , phenotype marker protein SM22a and
proliferation associated proteins such as PCNA | cyclin D1, p21 and p27. Results Under ox-LDL induction, the ex-
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pressions of miR-92a-3p_R +1 and miR-92a-1-5p in VSMC were significantly up-regulated.

After the intervention of

ERK1/2 inhibitors U0126, the phosphorylation level of ERK1/2 was inhibited, the corresponding VSMC miR-92a-3p_R +

1 and miR-92a-1-5p expression significantly lowered (P<0.05).

Therefore, the study speculated that ERK1/2 signaling

pathway may affect the phenotypic transformation and proliferation of VSMC by regulating the expression of miR-92a.

After inhibiting the ERK1/2 signaling pathway, the proliferation of VSMC was significantly reduced, and the expression of

SM22a was up-regulated (P<0.05).
p21 and p27 proteins were up-regulated (P<0.05).

were significantly inhibited.

The expression of PCNA and cyclin D1 was down-regulated and the expression of
This indicated that the phenotypic transformation and proliferation

Conclusion Mir-92a-3p_R +1 and miR-92a-1-5p play important roles in the ERK1/ 2

signaling pathway that ox-LDL induces phenotypic transformation and proliferation of VSMC.

kB FETE AL (atherosclerosis, As ) & B A 2E
it BRE 1Y) T B 22—, A2 ki I A5 5 1) B A
PRI He A8 Ak 3 A 455 P B 40 B T B 3R AL
LRGN A 1) T R 1 LA A A 3 2 il
2 ot ol L S W UL 40 B ( vascular smooth muscle
cells, VSMC ) 7ERANZ 31 A= K R T HI AT, VSMC i
Wl RAVEAL Ry IR BT S G A, ik — 2D
As BEHUE I B B Fp s A 45 ARk,
Bk 2 BT 5T R B, i/ RNA ( microRNAs, miR-
NAs) 5 As e lad B4 UIAHSCT  HE As B B/
A5 50 B R F A R RS
H miRNAs 7545 VSMC 3458 R T4 A 45 07 Tfl A
FEEMEHPY (H5 ERKL/2 15518 5 A A M 4
KW AHGE, A 925 DL ERK1/2 {75 538 % 71 1 7
U0126 + fii %A 1k U AIK 25 1 IR & 11 (oxidized low
density lipoprotein , ox-LDL) i75 5 i K FL VSMC , #1+)
miR-92a-3p_R+1 il miR-92a-1-5p 7£ VSMC Ay 3 &l
FACFIEFA P VR T B S ERKL/2 45538 % 4 AH
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1 #RHTGEE

1.1 ##

DMEM/F12 % 7% 2 ( Hyclone 2 3] ) ; f& 4 fu 9%
(Excell Bio A 3] ) ; ¥ 7& 4 SD #E M K B (B Z & F
KEF o0 4 52 5 & 8 [ ¥ 7 IE 5 SCXK (%] ) 2012-
0001 |) ; ¥ % & B Fn 5k B2 2h %% % i) ( phosphate buff-
ered solution, PBS) (Gibco A7) ; & VA K %
BaA(hE s A A AT );ERKL2 5 53 %
WH A U026 (LEHEEDAKARAE);
TruSeq Small RNA #F & #| % ik 7| & (Illumina, San
Diego, USA) ; Brdu( # & APExBIO /A ) ; 40 il 3 78
Fe 2 o 2 P AR AR ] & (CCK-8) A1 DAB & i 7l
B (4= £ YN 7)) FITC-Brdu 48 8 5 75 4 1 3%
7| & (ICF/FACS %) (9LFE A& 4 2 5] ) 5 SM22a 01K

(Proteintech /A~ & ) ; 20 f Al #] & & PCNA 1K,
cyclin D1 31K p21 01K p27 41K (Cell Signaling
Technology A &] ) ; — 1 = #L#% B & \ECL & £ i 7
G (415 4 4N F )  Western blot ¥, 7k % % ( Bio-
RAD /3] ) 5 48 55 75 45 ( Therom /A ] ) , Bl & & %
4 (Leica A8 )
1.2 VSMC HIIREN S sh s 35

1 R 150 ~180 g A R LAFUAE L B R AT, %
#T 75% 2.8 10 min, 2 8 B 8 £ 30 ik, B T A
9 PBS o % I f 77, B T & 20% M6 4 fn & 0
DMEM/F12 3 2 i #, F| & 4 B Fn 9 5, 37
1 mm® B9 A A 530 N\ A i R B 37 °C 3 7% 46 T
ft 14 h, fm X 5 mL & 20% FBS A 1% X 47 &
DMEM/F12 3 373K, 8 & T 37 C 5% CO, x4
B, A B ER WA LEKBEE T0% ~80%
Bt Al 4 EDTA 8 0.25% B SE AT L E R, &k A
a-SMA FUiR & & 7% Ht % € VSMC,
1.3 U0126 Wl & TR 5 4H

PLIXI0Y/L R TR P HE R 24 h J5,#4
0.1% fa 4 tEF WAV H% 24 h, K@ H 3
A1) = At A4 10% b 4 g 8 DMEM/F12
B R 55,24 h B E 4 A5 (2) ox-LDL 41 ; Jm 50
mg/L ox-LDL T4 10% fiz 4 fu /& 8 DMEM/F12 3%
FRRFE SR, 24 h Ja W aHE; (3) U0126 4L ; Hn 10
pmol/L U0126 (¥ U0126 1 mg % T DMSO # , B #
& 20 g/L BB, BEE A A N DMEM/F12 3 55 3
i) #1 50 mg/L ox-LDL T 4 10% & 4 fn 7 iy
DMEM/F12 ¥k d 24 h W 4 M, G HEH
FH 3K,
1.4 MicroRNA #4PEFI &7

VSMC T 4 & Ja, 48 B & RNA, 5 Il & 4 /)
RNA W JF 4 #F (2018E23pm A21, Lianchuan Bio,
China) #£ 1T miRNA 4 £ 7] 24, /N RNA 3l 5 X &
%] %-1# | TruSeq Small RNA # & 4| & K 7] & 4 |
J& , % Ji Nlumina Hiseq2000,/2500 x4 2 th >C & 3
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AT 0 R332 K #3150 bp,
1.5 CCK-8 #&illl VSMC 154

P Ax10Y/L A/ T 96 JLRFHH 24 h j5,#%
FR#ANEA TR, FH%6 MEI, TH24n
B BT E R R, 7w\ 10 pl CCK-8 7
WIS WA S E 1 h,450 nm T E ROk
JZ 18 (optical density,OD)
1.6 Brdu it NAMAKN VSMC 1854

AR FEF EE E, B VSMC 12 h &, e
N Brdu (#£9%Z 30 pmol/L) ,37 CIEHE 12 h J5,%
133k 4% FITC-Brdu 40 At 38 78 A6 0 X 7] & 3t W 45
B, bk R ORI 488 nm K K K 520 nm K 5t
K,
1.7 SREUWELERN SM22a FIFRIEX

M EEFR 24 h B, AR HUT S BREE,
4% % F BB E £ 15 min,0.3% TritonX-100 5 f& 15
min,5% BSA % & £ F 30 min, 52 % 40 Ao SM22a —
(1 2200 FBE) (A M 240 L PBS R & — 1) 4
CHg & L7, FITC #7130 8 — 41 37 C# K F 45
min; DAPI & J 40 A%, P M e 3 . L BB 1EH
P2 A i PBS Wk 2 K,3 min/k, ERALEHK
B T HALE 5 AN B 40 B Image J AT 30 14 347
FEEA.
1.8 Western blot #ill ERK,p-ERK,SM22a,PCNA
eyclin D1.p21.p27 EBRIX

W ERTHE K a i, im A RIPA 2 # %
vk 2 4% 30 min, 4 °C 14 000 r/min & 3 20 min,
FTRI LV, K BCA RA &4 A A K H K
E ARBERTES min, H20 ug & E U 10% R
FHBL B Rk 2%, £ T 5% BSA # K H M
1 hJa, 254 1 : 1000 f BH ERK SM22a ,PCNA |
cyclinE \p21 .p27 .B-actin #7 1 : 2 000 7 By p-ERK |
cyclinD1 #m N — 37,4 °C 3% K ¥ H i %, TBST it 3
K, MNFE T 25000 7B HRP ARiE o0 — 40, £ 1R 4%
JRIEHE 1 h,TBST ¥ 3 &k, im X ECL B & 7| & 7 %
R SRk
1.9 Sit=4iE

K SPSS 21.0 B 27, iH E KL vxs X
T, B A B AR R B HE = 24, P<0.05 K =
FHETFEXL,

2 & R
2.1 VSMC HIiEFZFS5RERALERE
88 T N g VSMC B RIE, A 214

S M AL A G R AR AR (K 1A)
a-SMA Huges 7 Y o 52 BH M, 5 22 4R 43 A7 7 Jf 5T
W, BEIE AT %55 S VSMC (I 1B)

Bl ERXREBNABEEFZSRERREE AN
el T OBE T AN A2 SRS i IR (100%) 3 B M FEE RAUEE T
a-SMA FHHEFRIX (200%)

Figure 1. Identification of primary cultured rat VSMC

2.2 ox-LDL X} VSMC miR-92a-3p _R+1 # miR-
9Qa-1-5p FiIZMEMEEE ERK1/2 BEAXR
miRNA 451431 ox-LDL %5 VSMC miRNA
F3k , Western blot #:illl VSMC 4 Jfd i) p-ERK/ERK
M5, 7F ox-LDL /53~ VSMC [ ERK B2 fb 34
i, p-ERK 7K 2 7+ #5 ( P<0.05) , miR-92a-3p-R+
1 (miR_seq—TAT TGC ACT TGT CCC GGC CTG T)
123K (P<0.05;3 1) ;00126 (10 wmol/L) 7] L) BH
b BHL BT 1238 B, 5 PR AR p-ERK A9 R IKKF (P<
0.05;& 2), miR-92a-3p_R+1 F£ikW B T (P<
0.01;% 1), [ IR %P ox-LDL i S VSMC ¢
miR-92a-1-5p( miR _seq - AGG TTG GGA TTT GTC
GCA ATG CT) ik b, {H 22 5 JC i 2 P, ERK1/2
JE A ) S BOL R IR N M (P<0.05;38 1),
K H Targetscan 7.2 Wil miR-92a-3p-R+1 Fl miR-
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92a-1-5p RO, R BT S A A E A
WRHF I ( CDKs )  Kruppel ¥ K - ( KLFs ) 2225 Y1 M
K (E 3) ARAHSCHLHIA Fritt— 5%

£ 1. &4 VSMC miR-92a-3p_R+1 #1 miR-92a-1-5p Hj
FRix
Table 1. Comparison of VSMC miR-92a-3p_R+1 and miR-

92a-1-5p expression in each group

o miR-92a-3p_R+1 miR-92a-1-5p
25 X RR AR 4893.00+169. 03 2.00+0. 58
ox-LDL £4 6182. 00+306. 56° 3.3320.84
U0126 41 3326.00+197. 84" 0.67+0.73"

a N P<0.05, 525 AXH R4 HL % ;b o P<0.05,5 ox-LDL #H b4,

SEXEA  oxLDLA

UO1264
2.5F a
K]
¢ o0}
KR b
X
ﬁl g 1 5 ~
Q
LW
.% é 1.0
S
e o5}
FTANRA ox-LDLZA Uo1264
& 2. &40 VSMC R p-ERK KR ixKF a}y P<0.05,5

25 X HRALHHE ;b 2 P<0.05, 5 ox-LDL 41 3R .
Figure 2. Expression of p-ERK in VSMC of each group

2.3 ox-LDL Xf VSMC 5K &M & E 5 ERK1/2
BEERXER

CCK-8 751 Brdu 37t =X 4 i A I e 240 e 184 5 ( &
4 B/ 5), 525 HAX AL, ox-LDL 75 T 1 ¥
VSMC 40 A58 (P<0.05) ,PCNA cyclin D1 75 [
ik L (P<0.05) ,p21 Hl p27 FEHFE IR (P<
0.05) ; ERK1/2 it # FELIET /5 B i 4 i VSMC 40 it 1Y
H4%H , PCNA | cyclin D1 25 11 £ & K (P<0.05),
p21 Fl p27 A EE FIH(P<0.05) 2534 B EHM
(P<0.05;6),
2.4 U0126 Xf VSMC REEAIRIZEH SM22a &
KIS

FH SM22a g 9 G gL (A WB G I & BE,

SM22a i I R IB K8 as A A T (P <
0.05) ;U0126 B ERK 155 18 % 5, SM22«
TR T im (P<0.05, 81 7)

=
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ey

E 3. $UEE N miR-92a-3p_R+1 # miR-9a-1-5p 5
VSMC REFENFNIGIEE X
Figure 3. Target genes of miR-92a-3p_R+1 and miR-92a-1-

5p were found to be related to phenotypic transformation

and cell proliferation through Targetscan 7.2 database
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Figure 4. Proliferation of VSMC was detected by CCK-

8 assay
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Figure 5. Proliferation of VSMC was detected by Brdu flow cytometry
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Figure 6. Expression of proliferation-related protein in VSMC
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R R BRI , VSMC A0 & ey (8 2 40 il K
Y RABIE As &L, X VSMC
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AP 2S5 B R, SRS AT R &
L 50 mg/L ox-LDL BEfE 5 VSMC RAF F i AT
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DAPI SM22
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B 7. VSMC SM22a EHKIFKIE
Figure 7. Expression of SM22« protein in VSMC
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EID) IETES S VSMC g e SR wrsE k
B miRNA-92a /& miR-17 ~92a FEM BB — G, 72
P VSMC 8 T 36 5 45 7 1 A B B AR S
Loyer 20100 B9 ox-LDL 7] | miR-92a f) 3235 i
HEP Bz AU A 451405 , T3] miR-92a A9 3k AT LA i sk
ML PA 2 A DA 08 555 397 A PR TS5 493 1 T e, 22 T
rsh ki reaafl B0k 325 A 98 45 SR 4878 miR-
92a W] 1 # A PTEN f8 3% 2% M 42 28 1l 45 F
T LA AR A 34 58 DL S 7% . miR-92a 7E VSMC #f 1k
WImHEFk ") ox-LDL i% S5 LI miR-92a {2k
P AN TE AL AN As F7E A & SO TR miR-92a I
JHUEHE VSMC [958 . miR-92-1 & miR-92a
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FE FERLE Y ERS P2 4E miR-92a-3p_ R+1 Al
miR-92a-1-5p PIFHAS [A] A9 B2 miRNA>) 75445 40
Jess i A0 R T e AR Y R SR R,
miR-92a-3p AJ 3 ] p21 A 32E 40 144 7 0 40 i A
Wk Liu 7 FIH ox-LDL 1 15 4 J2 40 i,
f8 miR-92a-3p Fik i, A& i A ML FE NG 5E , %6
T miR-92a PYE LA Y)2= 06, e miRNA-92a- 3p
_R+1 Fll miR-92a-1-5p 7E VSMC F) 3 B 46 4k Al b 4t
hEAREEMIEN, ABF5EERAER ox-LDL B i
%5 VSMC 1) miR-92a-3p_ R+1 Fll miR-92a-1-5p i
35, ERK1/2 i #% fH Wi J5 miR-92a-3p _ R+1 Fl
miR-92a-1-5p AYZRIK W] 5 1 4, I 38 3o 408 A A il
I miR-92a-3p_R+1 il miR-92a-1-5p 5K MG L
FUEFEAR G . PNy ERKL/2 15538 B ] g3 1o
P84 miR-92a-3p_R+1 F1 miR-92a-1-5p A5, Xf
VSMC. 114 R AU A FNHETE S5 A= Wi V= A= 5l
SM22a J& VSMC HUFE S bR i 248 11, 7R W4 2
VSMC KR, F 22 5 20 B 420 LR 4
JEAE L BRI, ox-LDL YEF] F VSMC, 25 3 i
7~ SM22a Fik k2, 15 B ox-LDL &4 i#F VSMC
Wi R ) B B A RS T A E 40 K
BP0 3557 miR-17 ~92a #E10 miR-18a ¥, 4
Ji 40 3 PR B L (eyelins ) R4 AR 30 25 114K
o5 I8 410 ] 77 ( eyelin dependent kinase inhibitor,
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CKI) #7120 40 81 31 26 (1 £9.85 PCNA | Cy-
clin D1 %5 5#KH 3 ( cycli-dependent kinase , CDK)
454, 5RIEY Rb SRR 1k, 2 F DNA & A&, 4 M i
G1 B S BAALARI) 1 o M A 4 proliferation
cell nuclear antigen,PCNA) J& DNA & i i) % Bh A
T FEAZFRAC I P EE AR Y R A M A A
BRGNS A R VSMC ) T B bR
A0 CKIT Y 32 P 2 BH v 20 A 30, 2 2w
5 p21 T p27 , 24 55 L3k i ] A1 1F 200 At 1 5 A gy
57 2B FIE AR 5K AR (mitogen activated
protein kinases, MAPK ) X &AL+ ERK1/2. P38,
INK,FEAE KR B B & A B b & 44 2 4R
P HH R AME 5875 8 I (extra celluar
regulated kinase , ERK1/2) {553 % /& 22 #L 1) MAPK
(B9 T A8, T 1z 45 40 Jf A 34 5L 43 Ak R0
7% ERKI1/2 1855 2 Fh 40 i 34 5 55 41 it J&)
WIRITT Y ARHFSELE R SR, ox-LDL fiEE VSMC
) ERK1/2 38 8% (1) #4005 , 75 5 miR-92a-3p_R+1 Al
miR-92a-1- 5p 3k, 118 PCNA  cyclinD1 £ [ 1)
FeIk i p21 ,p27 HFRIE AR VSMC 4 M 5 A
A AL ; ERKL/2 38 [ BH TS , miR-92a-3p_R +
1 Fl miR-92a-1- 5p 2|, VSMC Wi AL, 40
Mo s 2 M, $2 785 ERKL/2 {5 53 #5 miR-92a-
3p_R+1 Fl miR-92a-1- 5p (B YIAK,

2% | R, miR-92a-3p_R+1 1 miR-92a-1-5p 7E
ox-LDL i) VSMC 2 B 5% {1k A58 5t A7 45 5 B4
5 ERK1/2 {5 538 B3 VA G

[ &% 30Hk]
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