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HE . BA KT AAFIRE27ne—miRNA(27nt—miR ) % s s 45 R 1 £ ¥ B F -BB(PDGF-BB) # %
X R e T ML AL (VSMCs ) AR S8 6 B L - FALE . 7735 A 27nt—miR A& A 12 % A 3% 42 32 7 0h
VSMCs, 3L 3t PDGE—BB # 3 49 VSMCs & & # 3 49 % v 5 K 4w JeL o 4 3 B 48 . PDGF-BB # F 41 . 27nt—
miR 41 | 27nt—miR —sponge 28 & 27nt—miR NC 2 (27nt—miR NC #8), & 4 % % (100 nmol/L) 5 MHY—1485
(10 wmol/L) #£ A T 27nt—miR #8 | 27nt—miR —sponge 8 & 27nt—miR NC 21 , VA B 9E 27nc—miR £ & £ 5
mTOR 5 p70S6k il % #9984z, A A4 8 2 TN 27nt—miR 55 mTOR ) $e &) 45 612 .5, Al CCK-8 % 5 EdU
R E VSMCs 7 715 38 750 0L, %) X 3] & VSMCs 3E A5 4 77, 55 B 52 1 R & Bl LR A4 o —SMA |
SM22a % OPN mRNA 4 i& , Western blotting # ] a —SMA . SM22a, OPN, mTOR , p—mTOR . p70S6k 5 p—
p70S6k & & & ik . 5 CCK-8 % % R 7, PDGF-BB # 5 41 4 ftL 3% 75 & 4 iE #4153 (P <0.05) , 27nt—
miR NC 215 PDGF-BB # F 4 b4, 2 F L4+ 5 & L (P >0.05) ; 27nt—miR 20 29 J2 3 78 & 4% 27nt—miR
NC 284& (P <0.05) , 27nt—miR —sponge 1 5 27nt—miR NC 2L} 4% , £ JF L4 5 & L (P >0.05), PDGF-
BB i 40 28 0 it A5 R & xR 40 3 (P <0.05),27nt—miR NC 215 PDGF-BB i F 4 b4k, £ F L5 &
SL(P >0.05) 3 27nt—miR 20 48 it iF 4% 5 45 27nt—miR NC 2B4% (P <0.05) , 27nt—miR —sponge 28 2 fiL if #5 % 55
27nt—miR NC 2B E, £ F £ 43 F & L (P >0.05), EdU & 4 R =, PDGF-BB # 5 41 4m JtL 3 58 5 & %
FE4H 3 (P <0.05),27nt—miR NC 285 PDGF-BB # F 4028 J 38 7 R b4k, 2 F L3 F &L (P >0.05)
27nt—miR 41 48 838 78 A 4% 27ne—miR NC 284& (P <0.05) , 27nt—miR —sponge 28 5 27nt—miR NC 4L }b 4%, £
F R4 FEL(P>0.05), PDGF-BB # $ 41 a —~SMA mRNA #8351 & £ &5 x5 B ALK (P <0.05) , B4
SM22a 5 OPN mRNA 483t & ik F 3k, £ F X483t 5 & L (P >0.05) . 27nt—miR NC 285 PDGF-BB
F28 a—SMA . SM22a . OPN mRNA #4834+ & 12 & e, £ X463+ 5 & 3L (P >0.05) 5 27ne—miR 22 a—SMA |
SM22a mRINA #8%¢ & £ &% 27nt—miR NC 48 % (P <0.05) , OPN mRNA #8%F & i F 4 27nt—miR NC 24K
(P <0.05); 27nt—miR —sponge 21 5 27nt—miR NC 4L a —SMA . SM22a mRNA st Rk TR, ZEFH L
it 5 & 5L (P >0.05) , 27nt—miR—sponge 21 OPN mRNA #8 %t & i & # 27nt—miR NC 41 % (P <0.05) .
PDGF-BB i 41 a —SMA . SM22«a & & #8 51 & & B 48 3¢ BB 28 4% (P <0.05) ; 27nt—miR NC 28 . PDGF-BB #
F 41 OPN % & A8 47 & £ ¥ 5 27nt—miR 48 3 (P <0.05) ; 27nt—miR 21 a —SMA . SM22« % & #8 3T & & &8
27nt—miR NC 48 % (P <0.05) , OPN % & 48 4 & ik & % 27nt—miR NC 2L4& (P <0.05) ; 27nt—miR 41 p70S6k |
p—p70S6k 55 p—mTOR & & #8 5 & & ¥ 42 27nt—miR NC 284& (P <0.05) ; &2 F o F F A2 )5, 27nt—
miR —sponge 28 55 27nt—miR NC 20 &% & 48 R TR, 2 A %ITFENL(P<0.05), 27nt—miR 40
p70S6k . p—p70S6k . mTOR . p—mTOR % & #4834 & X F 4 27nt-miR NC 2L4% (P <0.05) , 27nt—miR —sponge
285 27nt—miR NC £2 p—p70S6k .mTOR .p—mTOR & & A4 A ik 3R, £ F ¥ A 4315 & L (P <0.05),
A4 2% MHY—1485 & # )5 , 27nt—miR 41 p70S6k . p—p70S6k . mTOR | p—mTOR & & 48 4+ % ik & 2% 27nt—
miR NC 284& (P <0.05) ; 27nt—miR —sponge 21 5 27nt—miR NC A & & G Aast R ik Tk, Z Y AR F
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FL(P<0.05), it 27nt—miR T 4k 18 it ¥2. @& mTOR /p70S6k 12 5 i 74 At 38 25 K R fo & P 78 L 2m 3%
&S Y S A A k.
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Effect and mechanism of intron-derived 27-nt microRNA on
phenotypic switch of rat vascular smooth muscle cells*

Zhou Wei-gian', Luo Xue-lan', Wang Guang-yao’, Huang Feng', Ou He-sheng'
(1. Zhuang and Yao Medical Research Laboratory, 2. Department of Cardiovascular Medicine,
International Zhuang Medical Hospital Affiliated to Guangxi University of
Chinese Medicine, Nanning, Guangxi 530201, China)

Abstract: Objective To investigate the effect and mechanism of intron-derived 27-nt microRNA (27nt-
miR) on the phenotypic switch of rat vascular smooth muscle cells (VSMCs) induced by platelet-derived growth
factor-BB (PDGF-BB). Methods VSMCs were transduced with 27nt-miR-expressing lentiviruses and their effects
on phenotypic switch of VSMCs induced by PDGF-BB was observed. The cells were divided into control group,
PDGF-BB induction group, 27nt-miR group, 27nt-miR-sponge group and 27nt-miR negative control (27nt-miR NC)
group. The 27nt-miR group, 27nt-miR-sponge group and 27nt-miR NC group were subjected to rapamycin (100
nmol/L) and MHY 1485 (10 umol/L) to verify the involvement of 27nt-miR in the regulation of mTOR and p70S6k
pathways. The target binding sites of 27nt-miRNA and mTOR were predicted by bioinformatics. The viability and
proliferation of VSMCs were determined by CCK-8 and EdU cell proliferation assays. The migration ability of
VSMCs was determined by the scratch assay. The relative mRNA expressions of a-SMA, SM22a and OPN were
detected by qRT-PCR. The relative protein expressions of a-SMA, SM22a, OPN, mTOR, p-mTOR, p70S6k and p-
p70S6k were detected by Western blotting. Results The CCK-8 assay revealed that the cell proliferation rate in the
PDGF-BB induction group was higher than normal (P < 0.05), while there was no difference in the cell proliferation
rate between the 27nt-miR NC group and the PDGF-BB induction group (P > 0.05). The cell proliferation rate in the
27nt-miR group was lower than that in the 27nt-miR NC group (P < 0.05), while there was no difference in the cell
proliferation rate between the 27nt-miR-sponge group and the 27nt-miR NC group (P > 0.05). The cell migration
rate in the 27nt-miR group was lower than that in the 27nt-miR NC group (P < 0.05), while there was no difference
in the cell migration rate between the 27nt-miR-sponge group and the 27nt-miR NC group (P > 0.05). The EdU cell
proliferation assay demonstrated that the cell proliferation rate in the PDGF-BB induction group was higher than that
in the control group (P < 0.05), while there was no difference in the cell proliferation rate between the 27nt-miR NC
group and the PDGF-BB induction group (P > 0.05). The cell proliferation rate in the 27nt-miR group was lower
than that in the 27nt-miR NC group (P < 0.05), while there was no difference in the cell proliferation rate between
the 27nt-miR-sponge group and the 27nt-miR NC group (P > 0.05). The relative mRNA expression of a-SMA in the
PDGF-BB induction group was lower than that in the control group (P < 0.05), whereas there was no difference in
the relative mRNA expressions of SM22a and OPN between the two groups (P > 0.05). The relative mRNA
expressions of a-SMA, SM22a and OPN were not different between the 27nt-miR NC group and the PDGF-BB
induction group (P > 0.05). The relative mRNA expressions of o.-SMA and SM22a in the 27nt-miR group were
higher than those in the 27nt-miR NC group (P < 0.05), while the relative mRNA expression of OPN in the 27nt-miR
group was lower than that in the 27nt-miR NC group (P < 0.05). There was no difference in the relative mRNA
expressions of a-SMA and SM22a between the 27nt-miR-sponge group and the 27nt-miR NC group (P > 0.05). The
relative mRNA expression of OPN in the 27nt-miR-sponge group was higher than that in the 27nt-miR NC group
(P < 0.05). The relative protein expressions of a-SMA and SM22a in the PDGF-BB induction group were lower than
those in the control group (P < 0.05). The relative protein expression of OPN in the 27nt-miR NC group and the
PDGF-BB induction group was higher than that in the 27nt-miR group (P < 0.05). The relative protein expressions
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of a-SMA and SM22a in the 27nt-miR group were higher than those in the 27nt-miR NC group (P < 0.05). The
relative protein expression of OPN in the 27nt-miR group was lower than that in the 27nt-miR NC group (P < 0.05).
The relative protein expressions of p70S6k, p-p70S6k and p-mTOR in the 27nt-miR group were lower than those in
the 27nt-miR NC group (P < 0.05). After treatment with rapamycin, the relative expressions of all the proteins were
different among the groups (P < 0.05). The relative protein expressions of p70S6k, p-p70S6k, mTOR and p-mTOR
in the 27nt-miR group were lower than those in the 27nt-miR NC group (P < 0.05). There were differences in the
relative protein expressions of p-p70S6k, mTOR and p-mTOR between the 27nt-miR-sponge group and the 27nt-
miR NC group (P < 0.05). After treatment with MHY-1485, the relative protein expressions of p70S6k, p-p70S6k,
mTOR and p-mTOR in the 27nt-miR group were lower than those in the 27nt-miR NC group (P < 0.05). The relative
expressions of all the proteins were different between the 27nt-miR-sponge group and the 27nt-miR NC (P < 0.05).
Conclusion The 27nt-miR may regulate the viability, proliferation, migration and phenotypic switch of rat VSMCs
by targeting the mTOR/p70S6k signaling pathway.

Keywords: 27nt-miRNA; vascular smooth muscle cells; mTOR/p70S6k signaling pathway; phenotype switch
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ML SF W WL4H MY (vascular smooth muscle cells,
VSMCs ) 2 L5 BE v 22 9 32 A0 A i 2 — , 74 3
AR T X R A SRS HEMEM . EW
BRI T, VSMCs A T — B i B R L Y 6T 4 R
IS NS i T - B NV o - | N i - &
(smooth muscle actin «, a =SMA) F1 ¥ #F Al 22«
(transgelin/smooth muscle 22a, SM22«a ) FF g AH . {H
VSMCs 7 32 2 451 45 Rl it e A= R AR Ak i 5 T
VSMCs Wi 4 5 75 9 09 55 K R 35 JF B B M i B
(Osteopontin, OPN) & il 85 F1 4 15 , A DA i 47 3 78 AR
W e BE B G 5 IR 1 AR AL T A0 3R R A e
VSMCs 4 58 F13T % 1 5L Al 20 B8, 5 & K i 22 S i
A A R A s B SR 22 O LA
N ik 5 R A8 Ak ( Atherosclerosis, AS) . & il & 258 & A=
R G HRPEER

AR B /R microRNA (miRNA) J&e— K
2922 nt /N T BB ROME AL IR , A 5 R sh b
PR HLAS B0 100 R 1 J5, (H 2 47 R 428 6 R 7 5 /s ol
PERBW EEAE R, KO RE 2 — 2l 1 X I 3L 3 )
TR E Z WA 4 (mammalian target of rapamycin,
mTOR) {5 5 @ A2 B I 45, 2 5 1L 8 B 20 i 3 5 05
I3 S TE B R R AR R R A S AR 1l mTOR J2: i 4N
AR BRSSO 4 A
TR I K B, A i A A S v v AR R
i 2 HE | /IR R VSMCs R A IR, JG L2 ol
N A U AR K B F (platelet—derived growth factor,
PDGF ) #£ VSMCs 3% 71 B0 28 v 47y 8 06 25 (9 ffy 0, e
PDGF-BB 1A Ay J& VSMC 34 5 AT % e 4 250 1 7
Rz, S N AY 2, A TS 2 A 91 0T 52

BRI, —FIE AN — AR AR 4 N
T2 ERKEEL )T T BN S 7R E
miRNA (i % M 27nt-miRNA ) , % HA A7 5L %35 B
AR R YR O X6 45 RE 41 M (U VSMCs ) B
A= B e 5 0 B e AR A B A O T AR O SR
27nt-miRNA £ 5 ¥ #% PDGF-BB i 5 VSMCs 41l Jifd 184
B T A R AV AG 0 2 L R AR . A SCHR
S8 7 IR AE 27nt-miRNA X VSMCs 45 5 1 35 P 3¢
IR PR A0 e AU B 4 S HE 5 mTOR/70 38 ZR 0 4%
WK ZE 11 S6 8 i (70kDa ribosomal protein S6 kinase,
p70S6k ) {5 = i % i) SCHK

1 RS 7%

i) ok R S ST

R BN R Bl kT LA A CA7eS 48 A ) (2RI
Wi A AR AR A BRA R ) . DMEM 15 57 3k (35 [
Gibco A 7)), 0.25% JPi 48 i -EDTA | 4% R IR &
W (100X) . PMSF . £ [ 8% 2 Wi 410 1] 5518 5 ) . TBST
g ol (db s RS AR A RAFD | a4 i
7N A= BB A BR S 7)), 480005 2 404 ( 1l
DUME A= ) R4 A BR 2 F) ), 5 41 PDGF-BB (Jb 52
Perprotech 24 ®) ) , T WA % R 5 MHY-1485 ( 3 [H
GLPBIO 2 #] ) , CCK-8 i 71 & ( 3£ E MCE 2 A ),
Apollo 567 (EAU ) i &b sl 537 & () I BE A |
S fit p70S6k . SM22ac . OPN 5 GAPDH 2 (#I = &
Al , BBt mTOR 5 p-mTOR (Ser2448 ) ( 5 [® CST
N, BT oo —SMA (387 ABelonal 23 &) ) , St p—
p70S6k (Thr389) (3 EFEER KA ] ), LI A [C —
Pt (& H Affinity 23 7)) , Monzol RNA $ B 7] & | 0

1.1
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B SRR B L R S M A 2 BB M qPCR mix | T
% [ Marker (10 ~ 250 KDa) .Any-KD PAGE Gel S
i 7 & . High sensitive ECL & 52 W ¥ B 27 5 404
W R A RS A RIPA 2% W (b 52 Invent 23
F] ), 5xSDS-PAGE # I I #£ 2% #h ¥ . Quick Block
WB — L F B . Quick Block WB - H1# B . Quick
block PR £} [ i . SDS-PAGE ¢ 3% L 7K 7 . Western
PRSH G IR BCA B 11 ¥ 3 0 7 o (B i R ) 3
W B 3 A R AR B A BR AR .

{5 AH 25 B ( H AR AR ER B A &) ) | 81 28
I 0 B (15 [ Zeiss 23 ] ) , A300 &Y PCR A6 B A (BT
M B SE R 2= AR A R A, SE) 58 6 5 2 PCR Y
(26 [# Roche 22 ) , Bio—Rad HL ¥k A% ( 26 [# Bio—Rad 2
Al ), AR EORE (b 5t =5 S T2 | ) I 40 s 7
# (H AR =¥E/0 A ), Multiskan SkyHigh B Fr % (38
FEER KA A ), Image Quant 800 i#8 5 # 5 I8 AL A% AL
(22 AMERSHAM 23 /), BT 5190 th LA T A9
TR AR A BR A WAR T
12 Fik
121 27nt—miRNARRFHAGHE DNEF
JEME 27nt-miR 751 (5'-GAAGTCTAGACCTGCTGCAG
GGGTGAG-3") 4 7 27nt-miR Aij {4 12 % 15 18 95 75 2
1A, I LLIZ ¥ 91 A8 3 miRNA-sponge &f 4] 18 55 1 4%
A, B X6t B8 i AL 371 A8 2 27nt-miR NC 18 95 75 2%
A o AR A7) & 1 B 5 R PCR AR 4R B H i
R B, o & O 4 4 R DL pHBLV-CMV-
ZsGreen—T2A~Puro 2 H [ A , Z& Xhol/MIUI 3L V]
Ji e e 203T i, e 4 45 2 B AR Tk Ak . R
BIE LS HEROOCEAMERERMEN
18] A 22 98O b B PO AR 2 9 e FE Ik I
WEE 4y i 3% O e 75 B T e vk
122 s Bih Eikom ¥ ATS MR
TE 5 10% JiG 26 I A 19% 5 5B R AR R IR AT &
B DMEM K5 37 36 5 3% 16 37 °C 5% ALk e
WA KA K E80% ~90% S A, LA1:2
BIAEAR o BEPEAL AR BN HLAE K LT 1) VSMC
HEAT NS 5 I e K A0 A L A AL 5 % 10° S /mL 41 i
WA T 6 FLAR T, o 0 M U BE A K ok R AR R
R EE YL S B =10 5L VSMCs, K IR FE L1 4 h
Ja #NE R IR 3L 24 h JE OB S e g R AL . A
2 nmol/L WEE WS 25 2 8 5% YL 241 i 48 ho K 4l L 53

X MR 41 . PDGF-BB 1% 5 41 | 27nt-miR 4 . 27nt-miR-
sponge ZH . P4 X BE 2 (27nt-miR NC 241 ) . XJ BRZH 25
38 55 5% , PDGF-BB 15 3 4 45 T 20 ng/mL PDGF-
BB Zb 3 VSMCs 24 h, J 4 2% 20 40 i 3% 5 i Y A 1 12
5 7 AR S , T4 T PDGF-BB AL P40 i 24 h, 7
A, 27nt-miR 4 | 27nt-miR—-sponge 2 Fll 27nt-miR NC
Y FE 4 T PDGF-BB 4b HL 41 i 24 h J5 43 51 ffi
100 nmol/L, 75 1 B 2 (mTOR #F 5 ¥ 10 il 7] ) 0
10 wmol/L MHY -1485 (mTOR 4 S35 i 3 55
AR 24 b, A1 /A 3 T A
123  CCK-8:#&#Mm VSMCs 2a i3g 75 41 i LA
B £L 5 x 10> /mL 40 g 5% B2 4270 T 96 fLAR H L 5 54
AL, R AV BE IS £ FH CCK-8 771 &, i R i s
T Y U B AT VSMCs 38 4 A I, it JH 7 s 430 00
450 nm AL (4 W O BEAE o 40 O3 5 R (%) = (S5 4
A450 i -8 Z2 2H A450 18 )/ (X} BB 2 A450 {H -8 &40
A45018) x 100% .
124  EdUZE# 0 VSMCs fnie3gsa  # Bk 5 &
UL HEAT #AE ] EdU 8 AL PF Al VSMCs 3§ 5, it
FH Apollo 567 {4 4b p 15 1357 £ K I DNA & 1. #%
DNA | Hoechst 33342 Jz 44 4, 45 & b i (4 9¢ 06 .
EdU FHPE UG 286 BB R4 B8 R N4 o
K458 4 (% )= EdU FHME%0/#% DNA % 40 x 100% .
125  XIJEKIA N VSMCs aa it 4 ff I RIE
TR0 7 4 A RS BE T L K A M LA B AL 1 x 10° -4l
J % B 4 Fh T 6 FLAR P . REFRANBE =@ AR S
WSk A LRI — A B R PBS TR 1 ~ 2K K
TR I35 55 37 55 (1% FBS) . 5% — B ALk 35 35 46
S 24 he 20 50T 0,24 h 7R S T LS4 i iT
MBI . TR (%)=(0 h %K TEE -24 h QI T8
JE) /0 h IR FEE x 100% -
1.2.6 F AR KRR % & B 4% BB (quantitative
real—time polymerase chain reaction, qRT—PCR) # |
a —SMA . SM22a OPN mRNA k& ¥ 40} L) 4% fL
5 x 104~ /mL 4t {0 %5 B2 #2076 L AR, 1o 40 i 0l 1
Ji ¢ I RNA £ B3 7] & U0 BH A5 $2 4% 41 VSMCs i
RNA , I #4700 %% 5% 1 QRT-PCR K31 . mRNA 33k
W 72 LA GAPDH S N 2 . ] i 5 : 95 °C Tl A2
10 min, 95 C 75 ¥ 10 s, 60 °CiB & I 4 f 30 s, It
40 NGRS . Al A S BN R S R S s it 26, B s
Lk N o R 274 T B mRNA A X £ Gk &
SIFEI WA,
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%1 qRT-PCR3E|#F%!
K pE/
FEA] 519551
bp

1E A : 5'-TTGAGAAGAGTTACGAGTTG-3' 20
a—SMA

Jz 7] : 5'-AGGACATTGTTAGCATAGAG-3" 20

1E1A] . 5'-ACCCACCCTCCATGGTCTTC-3' 20
SM22a

JZIi]: 5'-CTTATGCTCCTGCGCTTTCT-3" 20

1EI] s 5'-GACGATGATGACGACGACGATGAC-3' 24
OPN

JZ1i]: 5'-GTGTGCTGGCAGTGAAGGACTC-3 22

1E1]: 5'-GATGACATCAAGAAGGTGGTGA-3' 22
GAPDH

JZ 1] 5'-ACCCTGTTGCTGTAGCCATATTC-3" 23
1.2.7  Western blotting 4 & & & & W

6 FLA i 25 ZHL 41 I, i ACTE & PMSF K 28 11 % 1% il
PO R A 240 W T K 24 30 mine L4 °C L
8 500 r/min &.L> 10 min, B 1, 1 FH BCA 310 52
B R E IR RGO E S L A LR v
100 CA W 5 min ZB8PE . 73 UK 4 30 pg 1 i
FE AT SDS-PAGE H1 7K . PVDF %% i, PR 5 A W 34
P41 15 min , 53 510 ACKH B — B0 B (1:1 000) ,4 <C
BEE . % TBST 28 vk vk 2 ¥X, 7 min/IK .
A ZH0(1:5000) , = EHEH 1 h, TBST 28 o
WPE 2,7 min/¥K . UL GAPDH h N2, 8 R A5k
JBE LA AL 53 BT B 1R UK Al K R, 45 A8
Image J UGS BT A o B B 1 9 3R ik 4k
128 A EFES I mRNA KT 5T 4
i XoF 5 U 55 B g A7 ) feE ] RNAhybrid 2.2 #1007 XF
27nt-miR 5 mTOR mRNA 3'=UTR 3E B P% X 347 [
e 4 A UEAT 0 # , KBl mTOR £ mRNA 3'-UTR J3 %]
ﬂ%ﬁﬂ:Target Scan ZE % o
1.3 Sit=rFHiE

EHE 73 BT K HH GraphPad Prism 8.0 G2 it/ 1t
ORI AR + hr i 25 (xx5) o, LA PR &
J7 22530, 9 LA LSD—t K 1y . P <0.05 g 25 5+
EENES-9'&

#HR

23R F CCK-8 ik #a illl i) £ B 185 5 R b 4%
CCK-8 7L 45 HL R, Xf 41 . PDGF-BB /5 T 41 .
27nt-miR 2 | 27nt-miR-sponge 2 | 27nt-miR NC 2H 4
it 438 8 %43 51 R (1000 +11.2)% . (123.6 £5.8)%
(82.1+9.6)% . (110.3+2.1)% . (110.4+19.6)% , £

2

2.1

PRI 200, ZR A L (F=8483,P=
0.000) . PDGF-BB i 5 41 41 Jitd 3% 4 5 %5 1 {8 &
(P <0.05),27nt-miR NC 215 PDGF-BB if5 S 41 [L 3%,
ZR TG X (P >0.05) , 7R 18 6 15 5% e X 41
JHL 38 B 05 7 TG 5 ) B e G5 27nt-miR 20 41 i 3
B R K 27nt-miR NC 4 X (P <0.05) , 27nt-miR-
sponge 2 5 27nt-miR NC 4 3, Z /TG it m X
(P>0.05) , &7~ 27nt-miR i F 5% PDGF-BB 5 5 1
VSMCs I J7 b A7 1o 2 4 il A .
22 FBAMMTEBERILE

Xt HEZH PDGF-BB 5 5 4H . 27nt-miR 41 | 27nt-
miR—sponge ZH . 27nt-miR NC ZH 40 itd i %% K 5 51 4
(220+5.0)%.(309+1.6)% . (11.4+1.3)% . (27.7 =
12)% . (349 £2.1)% , R E 5 25007, ZERA G
P12 % X (F =35.610, P =0.000) . PDGF-BB i §: 41
Y0 it 1 #5504 R (P <0.05) , 27nt-miR NC 41
5 PDGF-BBifi AL L4, 2 R LG ITH2# 8B L (P>
0.05 ) , 45 7~ 8 5 75 5% Yo o 41 Bt 3 7% RE 1 J6 5% i w5
i) £ 4 5 27nt-miR 20 20 i iF F% F2 45 27nt-miR NC 41
i (P <0.05) , 27nt-miR—sponge #1 4 it iT % K 5
27nt-miR NC 4 63, 22 R I Ge 1122 5 L (P >0.05) ,
278 27nt-miR 3 % Ik A B 90 6 PDGF-BB i &
VSMCs P4 AEIERERE 1. WA 1,
2.3 H4HX A EJU ER N R 20 Ae S 78 2 L

EdU 325 578, %R 2 . PDGF-BB /5 F: 41 . 27nt-
miR 2 |, 27nt-miR-sponge 4 . 27nt-miR NC 41 41 fitg 3%
B R4y 5 R (16.9+7.1)% . (29.5+89)% ., (10.4 +
1.4)% .(29.5+1.3)% . (32.1£2.6)% , Z [N K I %
g, ZRA G E X (F=9.667, P =0.002) .
PDGF-BB 175 5 2H 24 Jif 38 5 2% 45 %oF JE4H 48 Jf v (P <
0.05) , 27nt-miR NC 4 5 PDGF-BB i/ 5 41 41 Jifg 3% 4
R, 25 TSI FE X (P>0.05) , #7518 5 5
e L3 20 b 14 B i ) TG 52 ) 5852 M EL 1 5 27nt-miR
ZH 41 Jifd 38 5 R 55 27nt-miR NC 2015 (P <0.05) , 27nt—
miR-sponge 2l 5 27nt-miR NC 41 lb 8, 22 7 L 4 it
5 X (P>0.05) , #2785 27nt-miR 3 36 15 BE 8 W &
1  PDGF-BB % 5 VSMCs B9 40 ity 3% 54 A€ 77 .
LI 2,
2.4 HE¥E BFWIE 27nt-miRE mRNA

27nt-miR 7E K Bl VSMCs H AT $ [t 06§ 3L 35 ) 5
A% 2 H A T mRNA 19 3'JE B X . miRNA J¥51 5!
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PDGF-BBifS4H

Oh

241 [

1

X FEZH PDGF-BBi#S4H

Hoechst
33342

EdU

Merge

27nt-miR 24

27nt-miR 24

27nt-miR—-sponge ZH 27nt-miR NC £

B AMMA E A E SRR R

27nt-miR-sponge 2 27nt-miR NC £

B2 #&%HHoechst 33342 EdU. Merge & E

Ui 55 2 ~ 8 fof R AP F X T A, LUK IR SChR i o f
/N R BB - 3 S NS A U SR/ F T BE
A XHE> 20, FRAG ) 445 40 0 LA {6 e (o i
RN 58 R SObR ), 23 I AE 3'-UTR (1955 24 Bl 58 26
A22 Tl HE 5 558 Bl HE 5 607 BRI B, H At fE )
5 A =30.3 keal/mol . =30.3 keal/mol , =29.7 keal/mol |
-26.7 keal/mol . WK 3,
2.5 &4Ha-SMA.SM22a.OPN mRNA Bt 5%
=i

2 a—SMA ,SM22a ,OPN mRNA #H % ik & L
B, 229 WA 28 L (P<0.05) . PDGF-BBi% S
ZH a—SMA mRNA AH X} & ik 5t 50 B2 I (P <0.05) ,
P2 SM22a ,OPN mRNA FH X 3R 3k & L3, 25 7 TE 4
25 X (P>0.05), 27nt-miR NC #415 PDGF-BB %
FAH L, Z R TG EE L (P>0.05), /R 185
B YL X VSMCs 3% U A i 256 PR 28 3K JC 5% i 552 i)

. 27nt-miR 4 o —SMA . SM22a mRNA #f X} % 35
4 27nt-miR NC 4175 (P <0.05) , OPN mRNA i Xf %
ik & 8 27nt-miR NC 21 % (P <0.05) , 27nt-miR-
sponge 2l 5 27nt-miR NC 2 a—SMA ,SM22a mRNA #H
XPFRIB R, ZERW TG E L (P>0.05),
27nt-miR-sponge 41 OPN mRNA FH X R IR B4 27nt-
miR NC 21 /5 (P <0.05) , 755 27nt-miR 1 RIK GRS 1
2 % PDGF-BB 5 5 VSMCs 19 41l Jitd 3 AU b 3s 5k
FEIR IR J0 ] D& 4 2 8 ) 2 R ) B 4
W2,
26 & 4 o -SMA, SM22a, OPN, p70S6k. p-
p70S6k.mTOR.p-mTOREH MM RILE LI

% 4 o —-SMA , SM22a . OPN | p70S6k . p—p70S6k
mTOR . p-mTOR & FAH X ik & L, Z R WA 5
i1 2% B X (P <0.05) . PDGF-BB i 5 41 o -SMA |
SM22c 8 1 AH X 28 35 36 IR IE (P <0.05) , $&7m
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#

Gene source: NOS3

Gene ID: 4846

miRNA sequence: 5'- GAAGTCTAGACCTGCTGCAGGGGTGAG -3'

Seed regions: 3'-TAGACTT-5'

Mammalian target of rapamycin [Rattus norvegicus (Norway rat)]

Gene ID: 56718, NM_019906.2

ccaaggcctggcaaagaaaatcatetecteegatgettttgtacettggtetgtgettccagtggactgaaaccatggtcataaagtt
ggactttgttaatattttgaaatgtatatgaaaagaactactgtatattcaaagttggcttatgccaacctectagetgetgttgaaaag
acactgtcagaaacacaaggcttgattcagttcccaggacagtgaaacacagtaatcctacagaaaccaagectttgattttggga

atctagttgatcctctcaacca,
g gtggcaacawﬂ

gaacagaagatgagtaactgactaagaaatacgggttttgacttaacttacagaagaactcatcatacgcatttgctgaccgaata
cttcaacagcaaggacacagatgtcagcactccaccatcctgttac“
caccgtgtgtgtaagaagatctgtcticcacctgatcccatgatgetgaacctcac

gtcectg

agagccggccttccaggaaggacgtttgetcagacgeetggecaccgaggatgageaggtgtgccaggalcteagtgcaggg

tectgtgticagteiiie

tce g,

tgttgtgtitgcagcagggactcagaacacaaatgettttgtggaa

gtgctgatctcagagggacactagegeaggtigtgaattaagagcaaagtaaatatccaactaaacacaaagtataagtgaage
cacatctagacaccattgtatctgagtaatttttgtgccaataaatgacatcagaattttaaaagta

dataset: 1
dataset: 1 Target: mtor
Target: mtor length: B4l
length: 241 MiRNA: 27mt
NiRNA: Zint length: 27
length: 27
mfe: -30.3 keal/mol
mfe: -30.3 keal/mol p-value: undefined
p-value: undefined
Position: 422
Fosition: 24 target 5 C GUCCCUGGA GUGGCAACAUCT A c 3
target 5 U GA  UUUD  CoUl u G CUCAOCC UGCA GCAGG  UGGGC
CUC CUCC UGC  GUA  GGUCUG GCUUC . GAGUGGC ACGU GUee. AUCwe
GAG GGGG ACG  CGU  CCAGAU UGAAG miRNA 3 ¢ W MG E
mifNA 3 U u c 5
dataset: 1 dataset: 1
Target: umtor Target: mor
length: 841 length: 841
MiRNA: Z7me NiRNA: Z7mt
length: 27 length: 27
mfe: -29.7 keal/mol mfe: -26.7 kcal/mol
p-value: undefined p-value: undefined
Position: 558 FPosition: 607
target 5 C G A GAG AUG GGch € AT target 5 A UGG U UGUGUUCAGUG  GA s 7
CUGCC CC G AGCAGGU U GGAU UC GGC - COCUGE 6C 4G6  UGGAU
GA UGG GG C UCGUCCA &4  UCHG AG . GUE  GGGACG CC Uee  ACUG ,
mifNA T [ L © [ A 5 miRNA 37 GA u AG ARG 5

3 £¥WEEZESHT27nt-miRNA S5 BRI mRNA 3'-JEFIiFRBEEEER

*R2 &%Ha-SMA.SM220,OPN mRNA#BXRIEE

Eb# (xxs)

215 a-SMA SM22« OPN
okl 1.00£0.02  1.00+0.08 1.00 +0.03
PDGF-BB iS4 0.62+0.02  0.78+0.05 1.16 £ 0.31
27nt-miR £ 254+028  1.42+0.54 0.90 = 0.07
27nt-miR-sponge 2l 0.59£0.03  0.66 = 0.00 2.06+0.19
27nt-miR NC 41 0.68£0.01  0.68 £0.04 1.82+0.11
F{H 134.700 4.932 27.490
P 0.000 0.019 0.000

PDGF-BB RE % fit #k VSMCs [ 32 7 %% # ; 27nt-miR
NC 21 5 PDGF-BB i & 40 OPN & (A X KL B
27nt-miR 41 & (P <0.05) ; 27nt-miR 20 o —-SMA .

42

SM22« 25 1 A X 36 35 & 58 27nt-miR NC 4 & (P <
0.05) , OPN £ 11 AH Xf 3 ik fif # 27nt-miR NC 4 1%
(P <0.05) , #2 7% 27nt-miR i 36 ik fig % W 3% 0 4%
VSMCs H PDGF-BB 15 5 & A5 ) 6 B 5% 46 ; 27nt-miR
4 p70S6k . p—p70S6k 5 p-mTOR & [ 40 % & ik 5%
27nt-miR NC £ ik (P <0.05) , 42 7% it £ 1K 27nt-miR
X MHY-1485 fi£ ¥ mTOR/p70S6k 15 5 18 % 7% 1k A
il VE 27nt-miR-sponge 21 5 27nt-miR NC 4 %% &
FIAHXT RB LR, ZR AR E X (P<
0.05). WEK3IME4,
2.7 3T % i%x 27nt-miR 7 ¥ PDGF-BB i &
VSMCs B mTOR/p70S6k if 2% & B A3t R iL K
27nt-miR 41 | 27nt-miR-sponge 2 . 27nt-miR NC
2N R A S, 45 4] p70S6k |, p-p70S6k |



5% 14 1) JAWE, A5 & TR 27nt-microRNA X BRI A5V LA A 2R 280 A 46 i s min B HLHLTRIAIT 5
# 3 £&4Ha-SMA,.SM22a,OPN.p70S6k.p-p70S6k .mTOR.p-mTOREBEHITRIZELLE (x+s)
21 5] a-SMA SM22a OPN p70S6k p—p70S6k mTOR p-mTOR
pogitstcl 1.00 £ 0.01 1.00 £ 0.01 1.00 £ 0.01 1.00 £ 0.02 1.00 £ 0.01 1.00 £ 0.03 1.00 £ 0.01
PDGF-BB i/ 341 0.86 +0.01 0.86 £ 0.01 0.93 +0.00 1.18 £ 0.02 1.18 £0.02 1.04 £ 0.03 1.08 £ 0.01
27nt-miR 2H 1.09 £ 0.02 1.05 +0.01 0.88 £ 0.01 1.02 £0.02 1.01 £0.01 1.04 £ 0.03 1.00 £ 0.01
27nt-miR—-sponge 21 1.00 £ 0.03 1.20 £ 0.01 0.81 +0.01 1.06 = 0.02 1.05 £0.02 0.83 £0.03 1.03 £0.01
27nt-miR NC 21 0.89 +0.02 0.85+0.01 1.17 £ 0.00 1.16 £ 0.02 1.15+0.02 1.10 £ 0.04 1.07 £0.01
F{E 81.460 835.000 848.800 46.730 83.390 34.200 33.530
Pl 0.000 0.000 0.000 0.000 0.000 0.000 0.000
1 2 3 4 5 x4 BAZLEMWEZELEFpr70S6k.p-p70S6k.mTOR.
rox i G @ e G oo p-mTOREHMEMRIEELE (x=s)
- 205 p70S6k  p-p70S6k  mTOR  p-mTOR
p-mTOR S S S S S 289kD
27nt-miR ZH 0.77 £0.07 0.81 +0.01 0.73+0.03 0.81 +0.02

70 kD

056 | -

s
o W . - - -

csin G

70 kD
60 kD
42 kD
22 kD

36 kD

L XA 2: PDGF-BB 5541 ; 3: 27nt-miR 41 ; 4:27nt-miR—
sponge 2l ; 5:27nt-miR NC 4.
4 &4 a-SMA,SM22a,0PN,p70S6k,p—p70S6K.
mTOR.p-mTOR E A&

mTOR , p-mTOR 2 FH A X F ik & i, 2 5386 4
P12 X (P <0.05) . 27nt-miR 21 %Z 27nt-miR NC 4]
fit (P <0.05) , 27nt-miR—sponge 41 5 27nt-miR NC 41
p—p70S6k .mTOR . p-mTOR £ FH A1 Xf 15 & i, 2
S Gt L (P <0.05) , #2718 i % 3K 27nt-miR
A E— 25 (i 1 T 0 B 6 mTOR/p70S6k 15 538 % 1
MHIVER . W& 4FE S,

27nt-miR 4 | 27nt-miR-sponge 2 . 27nt-miR NC
ZH 2 MHY-1485 Ab B J5 , 4% 2 p70S6k . p—p70S6k |
mTOR . p-mTOR 2 4 AH X ik & LA, 2 R ¥ A 4
P12F 3 L (P <0.05) . 27nt-miR £ %5 27nt-miR NC £
ik (P <0.05) , #7551 #35 27nt-miR 7] BH 1| MHY-1485
X mTOR/p70S6k 15 5 i # 1Y A2 #E A 1 5 27nt-miR-
sponge 415 27nt-miR NC 4145 85 [ AH XS 38 1 A,

27nt-miR-sponge 21 0.96 + 0.04 1.06 +0.02 0.82+0.04 1.07 +0.02
27nt-miR NC 41
F{H
P{H

1.00 £0.05 1.00+0.03 1.00 +0.04 1.00 +0.02

17.030 109.200 40.260 115.600

0.003 0.000 0.000 0.000

ERIAG B X (P<0.05), WFESHK G,

1 2 3

mTOR (M R o | |
p-mTOR - S o O D

| — e o——
PTONN e o— c— "
- —— N—

p—p70S6k

1:27nt-miR 4 ; 2:27nt-miR-sponge 2 ; 3:27nt-miR NC ZH .
El5 &AZFMBEZAIERP70S6k.p—p70S6k.mTOR,
p-mTOREH&H

70 kD

x5 HKHEZMHY-1485 425 p70S6k.p—p70S6K.

mTOR.p-mTOREHMEIFIZELE (v=s)
4151 p7086k  p-p7086k  mTOR  p-mTOR
27nt-miR 41 0.76 +0.03 0.60 +0.08 0.82=0.01 0.86 +0.03

27nt-miR-sponge £ 0.81 £0.03 0.81 +0.08 0.87 £ 0.01 0.84 +0.02
27nt-miR NC 44
FAH
PAH

1.00 £0.04 1.00+0.04 1.00+0.01 1.00+0.03

36.430 25.450 512.600 26.440

0.000 0.001 0.000 0.001
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1:27nt-miR4H; 2: 27nt-miR-sponge 2H; 3:27nt-miR NC 4,
6 %A% MHY—1485 425 p70S6k.p-p70S6kK.
mTOR.p-mTOR & A&

289 kD
289 kD
70 kD

70 kD

3 iip

AWFREERIR, W& F B 270t-miR g 4% 7
¥ PDGF-BB i 5 VSMCs 41 i /1 . 3458 5 1T #% 45
RAVER IR ) F A, AR AT BE B9 AH G o 7 ML 32
FA . 27nt-miR il PDGF-BB i 5 ) VSMCs 24 Jifd
W, WS TR SRR 27n-miR ) Hl
PDGF-BB i 5 Y VSMCs H' OPN mRNA f %23k, [Al
AF K52 a—SMA 5 SM22a #9335 5 27nt-miR 38 & 51
Ii] mTOR/p70S6K {5 5 3 4% 4 1 >k ) ] PDGF-BB i
T VSMC A5 07 . M5 SR R AV, AR
WS B AR TE N & 1 I 27nt-miR 18 1 #2 [7] mTOR/
p70S6k 15 53 [ 2 5 I % PDGF-BB i/ § A VSMCs
FAVEG I R . TEARDE AR SN 5250 vh R FH PDGF-
BB 1 Ry {2 #F VSMCs 3 58 5 128 1915 5 74, I8¢ 2] 78
PDGF-BB &b 3 VSMCs J& 21 M 3 48 5 i 8 % W 3
Tt ; qRT-PCR Fl Western blotting £ 1l 4% 575 , VSMCs
1 o —SMA 5 SM22a mRNA 5 2 [ 35 B & F ¥ i
OPN mRNA 5 2 (1 AHXF 5 K F & T+ & . 3R B
PDGF-BB H.A3 it #F VSMCs R i VEH , 1T 5 S
VSMCs Y 3E 58 AT #5

HWFGE &M, miRNA FER N IH TIEH 2 5
VSMCs 4 it 38 5 i 8% S 3% 7 50 A8 AH e 99 kB &
JE Y3 A, 4 miR-181h £ miR—-204 # %& B Al 3 1 1)
il B-~ARR2/p-ERK1/2 {5 7 i [t FH 1F. VSMCs 4l Jid 38
BE TR KA SR RE SR 0 AR K, DA AS (95
P JR s HUA B89 miR—145 7] #7] PI3K/Akt/mTOR {5
538 %, AT BHL B[R] 28U b 20 R 175 & VSMC 35 3T
B 5 R e AR R A A A A SR S
{51 2 I8 1 27nt-miR BB 8 {2 #E VSMCs &7 4 % AU FF 7

P 2 H SM22« 1Y 3 3k, JF 0 i i PDGF-BB 75 &
VSMCs 4 g i 71 BB 5 R AV, AL
/N, 27nt-miR 41 VSMCs 14 58 5 15 58 2R 1 & B A%, 4H
Jif o —SMA 5 SM22« 25 1 3R 35 K 7 g F 42 T, i
OPN i H R Ik KF W F R . #F— PR, 27nt-
miR 7] LU ] VSMCs 41 it 3 58 | 3F B8 55 36 R A 4 (1Y
K, BLULH IR FH AT BE S 27nt-miR 521 & A bR 25
HEHRBA K.

TP — 45 2, 27nt-miR #1# PDGF-BB
V519 VSMCs Tif 7 34 58 I 3T 8% 45 26 AU 56 e 10 46
SEAE B AR R ST IR 7 XA B T R N
miRNA X HL A4 200 6 i) 8 15 BIL R, DA SR B A5 2500 Jr i
TBIT O L PR . AR 5T N R R 2 1 AR B S
U S X (kIR N IR b (O SR e W
Ji Az i 1 Bl Wb AN ] D IR 22— 5 25 AN R o
22 V) 118 3 R T A G ) A 5 B A T 8% 2 49 Y
O e T A R R LB oy = R NI
ok P45 R 9 4 AR 1 p70S6k {5 538 % 71 VSMCs 2 ]
H9FE T h R R AE T 5 15 p70S6k M J& mTOR
LI U AR 1 B R AL SRS S TR B A
200 6 ) 300 R AN B RS 45 A0 i TG sh S AR R
AT 78 &% B8R, 27nt-miR 7] DL 5§28 5] 98 #5 mTOR
HEHEL, FEREET-EA BaX\Caspase—3,ijﬂ%
PP T2 8 1 Bel-2 2 3K /K 7 5 X1 VSMCs 8 T 3
PR 5 3K 27nt-miR 1 BE #1 ] PI3K/Akt/mTOR 3
PR A2 E A 1 W 5| A VSMCs i BE R AR . 7E
15 11 75 A 25 2 Ab FE 4% 2H VSMCs i, EAU 34 51 S5
CCK-8 5216 Fl R 52 46 45 L 3R B, 3 235 27nt-miR
e % vk — 104 PDGF-BB 5 5 (1) VSMCs 20 0 7% /7
WA AMERE T . ENEZENE, GRT-PCR 5
Western blotting K4t B R, 5 263K 27nt-miR 7] i —
S AR BT I 2 X mTOR/p70S6k {553 % 04410 1l £
FH, a=SMA ,SM22a mRNA 55 25 4 AH %) 2 1A i il 2 T
=, OPNmRNA 5 & [ A1 %) &1k & W b, 55—
J7 1A, 4% 21 A6 fd B MHY-1485 kb B S |+ 3235 27nt-
miR {7 HK 2% fE 4% 311 il mTOR/p70S6k 15 = 1 45 (1)
WK EREER R, i 3K 27nt-miR X PDGF-
BB i 5 VSMCs & # 5 o v] g8 il of & 5
mTOR/p70S6k 15 7 i % ZFEVER A9 . BLAbh, XF 27nt-
miR 5 K Bl mTOR 3'-UTR #4515 [ i G 1) 45 5 5
MrdsdEse 7 — Wi, WP RHAY S , 78 Western
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IR, S I IR 27nt-microRNA X R SRSV JULAR I3 B e g 2 B HCHLAR DS

blotting £ I 2% 5 1 | 27nt-miR-sponge 2H #% & H A5 X
F kK V5 27nt-miR NC 4 H 45, 22 3 A G it o
O, {H7E AR 40 A 3 AL S 56 25 SR b 27nt-miR-
sponge 5 27nt-miR NCAL &, 2R RGiT#E X,
25 M B 2 R Y 5 IR AT BB 2 27nt-miR-
sponge ZH A 7E 1) [ A S BRPE . LS8 miRNA sponge 5
JSCRETT TR AT [RIRE A A 2808, BB LS 3 T 4
AMEE R B T HAARBRA Y & FEESIES
FoA 43 A8 5 M BAE AT R 23 0 0 45 A
mRNA S8 3R MO0 . X AR AR S BAE W
Qe HC A R F R B R, 0 T 2R 27nt-miR X
mTOR/p70S6k {55 %5 % 4 Jifg 3= 7 iy P 54 H , A
PRALTI A FF i — P8R8 . 341, 27nt-miR-sponge X
20 B N 27nt-miR 119 W B o DL e W Y i ) 25 52 i
XoF 38 5% A IR A L AL B R AZ BR T R AKE i T8k
HIERE

25 ik A B 5 WS B & - JR P 27nt-miR
AEfL M PDGF-BB i 5 VSMCs 3451 i #% 5 % M5
el KB IR G T TR S FALET, 5 mTOR/
p70S6k 15 53 [ AH & o AW 5 78 1ii BAAF 5% 11 JL il
b i — 25 B4 27nt-miR X PDGF-BB % 5 ) VSMCs
a5 TR R AR A AR R oy L, A S
Sz 1) R L Ath o0 1 A8 05 1 9 B 43 T B D AR L R
JA7R o
5 £ X W
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