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microRNA-133b R VI HiF S ME KN K
2 Ren &2 Mo 10 25 3 i AL 4 B v 5E T B9 16 A

Lk, T ¥, @ m, ¥ K, FHH
(L sgiti ke Bl R, J1 2 BRSO, il 200240)

WE: BW G550 N K40 (endothelial cells, ECs ) B2 /8Z YN 7 RIS 36288 1 5% 32 28 K K F-1 (insulin-
like growth factor-1,IGF-1) 520 Ifil 4 3 ¥ WL 4H it ( vascular smooth muscle cells, VSMCs ) 3458 13X — 35 #2 7 microRNAs
(miRs) WIE . ik AT MR SIE RS XT ECs Wi 1.5 Pa 1E % Y15 /7 (normal shear stress, NSS) £10.5 Pa
{8 77 (low shear stress, LowSS) , Real-time PCR #5il] VSMCs [¥] miRs 254k . F miRs Fi [ 35 70 miR-133b #E3
KI5, Western blotting # M AZ M A% R 45 & 25 1 1 ( polypyrimidine tract binding protein 1, Ptbpl) I N-myc | JiF i
FHEEAN 1 (N-myc downstream regulated 1,Ndrgl ) i 47K FE25 4k, EdU i 2K miR-133b X VSMCs 458 i) 52 1 .
R IGF-1 MG, VSMCs 1) miR-133b Fil miR-378a #6315 FF, LowSS 2544, VSMCs [ miR-133b ik B 3
F, miR-378a ik LW AL, T VSMCs i miR-133b # ik, Ptbpl . Ndrgl (% mRNA 7K E 3 & 2 F 55, A
VSMCs (] miR-133b (535, Pthpl \Ndrgl A mRNA 1% [k F 8 35 %A%, 3F H B Z {2k VSMCs 5, it &
LowSS 41'F ECs 43 IGF-1 7] fE38 1 43556 & 35 3% VSMCs Y miR-133b FI¥E 5L [H Pthpl F1 Ndrgl {237 VSMCs
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The role of microRNA-133b in proliferation of vascular smooth
muscle cells induced by endothelial cells under low shear stress

MA Ying-ying, WANG Lu, BAO Han, HAN Yue, QI Ying-xin(Institute of Mechanobiology &
Medical Engineering, School of Life Sciences and Biotechnology, Shanghai Jiao Tong University, Shanghai
200240, China)

Abstract: Objective To investigate the role of microRNAs (miRs) in the proliferation of vascular smooth muscle
cells (VSMCs) induced by endothelial insulin-like growth factor-1 (IGF-1) under low shear stress (LowSS).
Methods Endothelial cells (ECs) and VSMCs were co-cultured and exposed to normal shear stress ( NSS,
1.5 Pa) and LowSS (0.5 Pa) for 12 h with parallel plate flow chamber system, respectively. Real-time PCR was
used to examine the expression levels of miRs. The target genes of miR-133b were predicted by multiple algo-
rithms. The expression of polypyrimidine tract binding protein 1 ( Ptbpl) and N-myc downstream regulated 1
(Ndrgl) in VSMCs was detected by Western blotting. The VSMC proliferation was detected by EdU flow cytome-
try assay. Results After treated with recombinant IGF-1, the expression of both miR-133b and miR-378a in
VSMCs was increased. Compared with NSS, LowSS significantly induced the expression of miR-133b in the co-
cultured VSMCs, but had no obvious effect on miR-378a. In VSMCs, the protein and mRNA levels of Ptbpl and
Ndrgl were down-regulated by miR-133b mimics. miR-133b inhibitor up-regulated the mRNA levels of Ptbpl and
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Ndrgl. miR-133b overexpression promoted the proliferation of VSMCs significantly. Conclusions 1GF-1 secreted
by ECs in response to LowSS can upregulate the expression of miR-133b in the co-cultured VSMCs, which sub-
sequently depresses the expression of Ptbpl and Ndrgl, and induces the proliferation of VSMCs eventually. The
research findings provide a potential new target for cardiovascular disease therapy.

Key words: Shear stress;
growth factor-1 (1GF-1) ; Proliferation

158 N F2 4 ( endothelial cells, ECs) T Ifi 4
JEE Y BE LR A TR R HES ), B 5 0 0 A
AFE 5 A, o2 ALV L OO0 0L A8 = 2 AH LK AR 1 B I
FERAY, BFFER W, ECs 20 M0 B | 7778 £ Fh AL
i AR YIS ARk . ECs A2 Ay
FIEUE ECs R IANAN IS & R IR 72 B 14 n i
AR RN I T Ui B B A 5 B, A T R 4 A
W AR G BE PRI 2 3k, 2028 ECs 19 4544 A1 )
Ael® I 45 S WS UL 40 g ( vascular smooth muscle
ceus,VSMcsMﬁDml BEE, — A EIF AN E
Fe AR I 7 0 A8 A (B ED R ) 4508 ECs 4341
G50, AR R 7 20 M R 55 0] LG 2o 55 43
AT VSMCs, 7 | 41 i D fil 2R A8 4k
VSMCs 3458 7346 AT #% 45 D g 1Y 202 76 148 8 4
A EE R

microRNAs(miRs) J&—28 K 25 22 nt @4 N B 1
BRI G /N3 T RNA, B 1 BA4E AT IR RNA fin T
Mk, fEfg 5 5 H B AN 70 B AN mRNA (1)
37 UTRA S E B IX 455, (T4 mRNA [A sl il
et B BRI B, miRs 2500 1 AN gh
TKHRERTAL, 5 0 R AR & & SRR T
e miRs X 1M 4 40 i 14 2 e AT T R 43
0 miR-34a 2 510 J1 75 T 1 N AL AL [A]) ECs 3
M B AR YD J1 % S i VSMCs 3 5, miR-145
it ERK1/245 530 gt HLR AR hipy) VSMCs KA
AEAE miR-663 25 5535 B ) S35 S A BRI A
R0 M &R BB ST, KR R A KN T
(insulin-like growth factors,IGFs) 2&—2S g 40 w4
K BAT SRR AT SO ALY X 7, £435 IGF-1
FIGF-2 W Fh, & AT 5 B 5 R 5 A m B[R] I8 7

UM IGF {5538 i LU I 15 36 {7530 i o 1 0t

FEH AN 3G 58 O TR oAk, AS PR AT IR SY
FW] TEARN J) 5508 F , 5 VSMCs BE5 3557 ECs i
i IGF-1 3550 s I 342 VSMCs Thig ' 4k,

Endothelial cells ( ECs) ;

Vascular smooth muscle cells ( VSMCs ) ; Insulin-like
FEX—it B, miRs 2752 5 511 2 1 i A0
)
rE o

AHIESE I 3 TPA FRpE F 52 IGF-1 44 iy
miRs, 74585+ miR-133b £ IGF-1 52 VSMCs 33 5§
X R VR, by itk — 20 i B Sl Jok o A el 1 25
O ML AE P Y A s BIL AR LA K 34 B A7 38y 7 e
Bt Ty~ R 2 0 SRR

1 #R5FE

1.1 fApERIEFRSEE

TETCHE 2585, B 200 ~ 250 g #fEME Sprague-
Dawley (SD ) K B B 32 3l ik , SR FH s I BT Ak vk 1
FIFAC ECs ' fg i AT T, 90 4l
ARSI, 0. 2% 1 T AU Jit S fiff ( Worthington
vl 32 E) THAL ECs J5, iNA ECs K537 ( Lonza />
AL B ) o ZJE K25 N R 0 I RCE T 10%
/NG (Gibeo 243 A, 36 [F ) DMEM #5355 # ( Gibeo
Nl SEED) e TR IR LN 8RR 4, DL A4
Heyk B 3% JEAS VSMCs™ ' o o B B 9% Ui T
37 °C 5% CO, 3EFfah . 545 2 d HoprfE s 572, Jf
TELVE M 2 d 4 1 K. ECs 7E 3 ~5 d K1 IFAE
8 ~10 d AR ; VSMCs 7E 3 ~5 d N i
ZICH IHAE 6 ~8 d K =GRS, vl 7 H1%

vWF Fll a-actin 43 51|42 ECs F1 VSMCs £33
ARUBRA, W FH B0 5L A 5 ¢ S K 0 AT X 240 A 2 A7 48
SE AN KT 95% AT TR S50
1.2 ECs 5 VSMCs Bt &1z 55 Rim ] 5z 5 in#k
1.2.1 ECs 5 VSMCs B&A-32 7%l BEG R IR0
(Falcon A %], £ H ) S2 ¥ VSMCs 5 ECs B BE & 5%
FEO1 e A BEAME R 2 ~ 4 R0 ECs 4
MO A0 B TR, LA 1.2 x 10° A/ L35 B Fp T BE
BRI AMITE . 6 ~8 h J5Ks B FR AR Bl
E?A ECs FEFRM A 7S FLAR | DLIRIRE 0 5% B 2 b

553 ~7 LY VSMCs, A TBR G 3555
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1.2.2 ik ik KRG FRA L ECs F
VSMCs ¥ % 80% il &t , 70 i & A 1% iz 4 i
1% (Gibeo 23 7], 26 [ ) M199 & A 1% /N4 11
DMEM 532G AT R 2646 12 h, ffi 20 ff ik 5 [a] — 4=
KA, PR B B AR T AT AR B AR 45E
it ECs A0t 3 A B 2 H71% o 2 A 4 5
1.5 Pa 1E % YW /7 ( normal shear stress, NSS) Fl
0.5 Paflk¥1 7 11 (low shear stress, LowSS) , il z%n [a]
YR 12 by JNEEE AT 53 B OB R AR PO 4
T IR 8525
1.3 IGF-1 EAEARMIR

A 3 ~7 X VSMCs T ALJi5 T8, L 2 x 1074~/
FLEE R TS fUARh R ML 2 50% ~ 80% Fifl &
ARASEE, SR FH I 375 9L 2 %o 40 B 12 47 W) 26 4k 12 b
ARG RS, SEERZE A 25 e/ L AR BE R IGF-1
FL I (Abcam A ], B &) JAL, X BRI A 45
RFRTCR K 12 b J5 OB A i o
1.4 4RHasEs

H] lipofectemine™ 2000 ( Life technologies 7% ],
E ) # 47 miR-133b KA (mimics ) F1 40 ] 51
(inhibitor) % 4% | SC 86 /3 #H & mimics NC ., mimics |
inhibitor NC .inhibitor, 5% 4%} Bt ( I ¥ 75 ¥ 4= Hy kil 24
AN PAIE R IR 1o LRI S wL #5
B 250 L opti-MEM ( Life technologies 2y H] , 3€
) HIRAT (mix] W) ;HLS L lipofectemine 2000 i1
A 250 pL opti-MEM 3R 2] (mix2 %) ; B250 ulL
mix 1 ¥ ¥ 5 250 wL mix2 3% W5 52 1R 20 (mix3 %
W), EEE 5 ming BfLATA 500 wL mix3 E# ,
500 WLDMEM K& fili 55 72 W, ZAR TN 1 mL; 55 9y

#1 X miR-133b Y mimics #0 inhibitor 51| L & % 88 A B
Tab.1 Sequence of rno-miR-133b mimics, inhibitor and their NC

fragment

FB 527
IE X4 5 -UUCUCCGAACGUGUCACGUTT-3’

mimics NC
X4k 5 -ACGUGACACGUUCGGAGAATT-3’
mo-miR-133b 1EX4%% 5’ -UUUGGUCCCCUUCAACCAGCUA-3’
mimics & M4 57 -GCUGGUUGAAGGGGACCAAAUU-3’
inhibitor NC 5’ -CAGUACUUUUGUGUAGUACAA-3’
rno-miR-133b
5’ -UAGCUGGUUGAAGGGGACCAAA-3’

inhibitor

6 ~8 hjm AMINZE ARG IR, S YLmiTa] Jy 24 h,

1.5 A3 E= PCR(Real-time PCR)

1.5.1 @i ¥ RNA 332 R TRIzol ¥, H 4t
ORI R B RNA & &, OD A260/A280 {H 7F
1.7 ~2.0 Z[d],

1.5.2 miRNA i# # 5% 5 Real-time PCR R ¥
miRNAs RT-PCR 30 & LRI 45 ( L ife 5 B A=y il 24
ARD#AT, U6 FERNZ, @ Wik, 20 L
MAKZ 5 x IV ZE ik 4 pL,dNTP (10 mmol/L)
0.75 pL, miRNA/U6 ¥ %% % 51 %) (1 pmol/L)
1.2 pL,RNA Fg4p#05) (40 U/uL) 0.25 wL, MMLV
TG SRR (200 U/wL) 0.2 L, RNA £ifg 1 ~3 ug,hn
JC RNA fiff 7K & 20 pl, Sz W F:25 C .30 min;
42 °C 30 min;85 °C \5 min, 2 Real-time PCR, 20 pL
R & . 2 x Real-time PCR & & # 10 pL,
miRNA/U6KE F M54 (10 wmol/L) 0.4 uL, Taq
DNA AT (5 U/pl) 0.2 wL, miRNA/U6 j¥i# 5%
P2 L, R RKE 20 pL. R EIE95 C
3 min, 1 PMEH;95 C 12 5;62 C 40 5,40 PMEH,
1.2.3 mRNA i# 2 % 5 Real-time PCR Q) #i%%
o 20 pL AR Z: RNA 54z 0.1 ~5 pg, Oligo
(dT) s 514¥ 1 wL, inJC RNA Fi7k 2= 12 pl, RIS
65 C .5 min, U B T 0K b, A S x [y 2% vl
4 L, dNTP (10 mmol/L) 2 pL, RNA i #1[1 #i 5
(20 U/pl) 1 uL, MMLV ¥ %% % B (200 U/pl)
1 who 52 B #2 . 42 €, 60 min; 70 C .5 min,
@ Real-time PCR, 5I¥F 515 WK 2 (AT AEY
TAARAF G o 519 KRR YE Tm (B X
Eo 20 pL WA 2 . SYBR Premix Ex Taq 10 pL,
HIZ1#70.4 uL, J551470.4 pL, mRNA 3% 5% 5% 7 4
2 WL IFERKE 20 wl, AR 95 C 3 min,
1 PMEFH;95 °C .30 s;62 °C 45 5,40 PMEFR,

%2 X Ptbpl Ndrgl #1 GAPDH 3|45 5!

Tab.2 Sequences of primers for rat Ptbpl, Ndrgl and GAPDH

K 195

NYe 3 5’ -GACTACACACGCCCTGACCT-3’
rot X A 5’ -GCATACGGAGAGGCTGACAT-3’
N 5’ -TGTGAATCCCTGTGCTGAAG-3’
Nl S 5’ -TGCTGTGTATCTCCTCCTTGC-3’
1F S 5’ -CAAGTTCAACGGCACAGTCAA-3’
GAPDH

B A 57 -CGCCAGTAGACTCCACGACA-3’
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1.6 ZFEH%ZEENE( Western blotting )

2 x 8 A2 v B AN A R
JKE 10 min; BL i 10% SDS VIR BERGBERE , 1+,
100 V 18 [ # HL Uk o — HT i B 4] 2 - Pbpl (1
1 000, Proteintech 2\ &), 2€ [ ) , Ndrgl (1: 500, Cell
Signaling Technology 2\ ], 35 ) , GAPDH (1: 1 000,
Santa Cruz Biotechnology /A ], £ H) ,4 CIEF i
A BB B (AP) Fric i — 40 (dbatrh 2429
FRAF],1:1000) , ZIRIFFE 2 ho I AH i e i1 i)
NBT/BCIP 1 a3k (KPL 24w, 36 ) | kot 6 4
fili 5 A Quantity One 547 B BE J3#T
1.7 EdU =i 28 fe g 5E

Mg Click-iT® Plus EAU 41 fifd 3 5 37 20 53 H1 i
7 &1 - (Life Technologies 2\ ], 35 ) #E1T, #%
e VSMCs 24 h J&, 7E Hi 3R W I EdU (& i
10 pmol/L) 95 3 h, Z5RJ5, IHALANZE EP 4,
A 100 pL Click-iT® [ & Bt E IR E 15 min,
100 wL 1 x Click-iT® 3% f& FVE Ve & 15 min; 4%
HRUEHA 43 BC ) Click-iT® Plus [ IR G 9, A
500 p,L/?L Click-iT® Plus [z W IRES Y & EP 4, kit
JCEIRIET 30 min; i Jq WA, A
1.8 miRs ¥EHH

i 1+ miRanda, miRDB, miRWalk ., PITA I
TargetScan ) 38 54 7 #E 5E A T
1.9 HESHH

B SEge 2/ A 3 IR 454 A SERR U
DIIE + 22 iIE R0 o P AIE TR) ) 22 5ok
M e K55, P<0.05 K253 HA BEME, P <0.01
FoREFAAREDENE,

2 #HR

2.1 EBHLEMET IGF-1 ## VSMCs /5 miR-133b
0 miR-378a FTiET4L,

;T TPA BR300 5 IGF-1 AHOCHY miRs, I ik
PO RESZ IGF-1 JE#: (% miR-133b fl miR-378a 17
WL WL 1(a) |o BT IGF-1 Hl VSMCs
12 h J5, Real-time PCR ;i VSMCs (1) miR-133b F0
miR-378a KL 1b, R BIR, #AFKM T IGF-1
38 VSMCs 12 h J5, H miR-133b F1 miR-378a [ 32
K5 TF e 158 miR-133b 1 miR-378a J&3% IGF-1
PR T miRs[ WK 1(b) ],

I
I
i
Yy ¥
IGF1

g

=

|

ol

= \
=
T

(a) TPA 37783195 IGF-1 AHJEY miRs

3.0r O control M IGF-112h

25F ok

Relative expression
N
T

miR-133b miR-378a

(b) IGF-1 fgi#t VSMCs () miR-133b il miR-378a ik

N

1 IGF-1 3f VSMCs Ky miR-133b #1 miR-378a % iX By %
(*"P<0.05,™P<0.01)

Fig.1 Influence of IGF-1 on expression of miR-133b and miR-378a
in VSMCs (a) IGF-1 related-miRs by IPA analysis, (b) IGF

i

promoted the expression of miR miR-133b and miR-378a in
VSMCs

2.2 LowSS £ 4 T Bx & 1% 7r B9 miR-133b #1
miR-378aFk A T4k,

T RAE miR-133b Fl miR-378a & 7555 f12
T ECs Xt VSMCs Tifig 84, i A7 A i
BERGX 5 VSMCs Bk 151 ECs it in i t4 4]
% 77,43 h NSS 2 1 LowSS 41, gkt [l ¥4k 12 h,
SRJ5 , Real-time PCR #&  Bx & 1% 37 1) VSMCs (7
miR-133b fl miR-378a FiAA Mk, 45K B/, 5 NSS
ZHAH L, LowSS 2H VSMCs ) miR-133b 323k @ & F+
5, miR-378a ik T I E ARk, ] miR-133b &5
LowSS 5 5 1) IGF-1 X%f VSMCs I fig 19 i 45 ( UL,
Kl2),
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25MONSS W LowSS 2.4 miR-133b $EE E gy

20 T i #f miRanda, miRDB, miRWalk , PITA #fI
ks . TargetScanZs 5 > miRs Fi i %4 , il rno-miR-133b
g 15p BRI o PR S ANl A 1Y 50 AR SE A

> = . N \ L LT v e
§ Lok AT 0BT, A5 31 5 41 i3 5 R OC 1) SCHER i 820 B
if HEZSERTEY 5 AT L L X, A1 45 Pibpl (& 1 B R
0.5F fif 2 fE bW 3L o [A] T.[f# ( protein phosphatase 2, cata-
. Iytic subunit, alpha isozyme , Ppp2ca) . Ifil & '& 5k ik JR.
miR-133b miR-378a (angiotensinogen, Agt ) . Ndrgl 17 % B BL 44 #2 lif 4

2 gen, Ag g

B2 LowSS 3B & 353 VSMCs B miR-133b #1 miR-378a KX K
M(*P<0.05, ™ P<0.01)
Influence of LowSS on expression of miR-133b and

miR-378a in co-cultured VSMCs

2.3 miR-133b 3t VSMCs HE3E ) %1

JT 5T miR-133b 2 & & 5f 8 VSMCs 1
B AERRS AT, ] miR-133b mimics S HX R
By VSMCs 24 h 5, EAU 35 2820 B K VSMCs
WEIERE T 2R WLIET 3 (a) | ZEAR R, SR A
F L, H Y miR-133b mimics 20 1Y) VSMCs 3% 78 fiEg
BETHE, U] miR-133b GEGEAE i VSMCs 13 58
[ULIE 3 (b) ] o

200

Fig. 2

10° 10! 10? 10° 104
Fluorescence intensity
(a) WA (i € NC 41, 55 mimics 41)
201

*
1.5F
1.0F

0.5F

Proliferation(fold)

0 ]
NC mimics

(b) miR-133b mimics fiE¥E VSMCs 3454
B3 #3 miR-133b mimics Xt VSMCs ¥R #M0( * P <0.05)
Fig.3 Influence of miR-133b mimics on proliferation of the co-
cultured VSMCs (a) Flow chart, (b) miR-133b promoted
proliferation of VSMCs

(fucosyltransferase 4, Fut4 ) #f7F— W55 (LK 4) .

rno- Dhrsg

33

EEEEEEEEEEER

no-miR-133b

rno-miR-133b

R

rno-miR-133b Gapsl
Ppp!
1

rno-miR-133b

4 miRanda, miRDB, miRWalk, PITA #1 TargetScan [ i 31 il
5 miR-133b HX I EE
Fig.4 Target genes of miR-133b predicted by miRanda, miRDB,
miRWalk, PITA and TargetScan.

2.5 miR-133b TN ¥R E F HII8E

FH miR-133b mimics Al inhibitor % 4% [ 1 % #8
BB % gy VSMCs 24 h J5, Real-time PCR # Jiil
VSMCs ) Ptbpl ,Ppp2ca ., Agt Ndrgl 1 Futd 3 K B
Fik b, 45 R BN, Y miR-133b mimics |4
miR-133b 1355, Ptbpl il Ndrgl Y5235 183 T %,
Ppp2ca Agt FikTCH] i AE 1k, Fud 335 B 3 LTt
[ 5 (a)]; ¥ 4% miR-133b inhibitor T 7
miR-133bf#j 315, Ptbpl ,Ppp2ca Ndrgl il Futd 13
KRB E LT, Agt AL B WWE 5(b) ], i
BIAR 4l miRs 55 8 3L PR 67 00 45 19 ¢ &R, Pibpl FlI
Ndrgl 7] &4 miR-133b AR LA
2.6 miR-133b mimics %} Ptbpl 1 Ndrgl EH &

e bl

T HE— 4 B ik Pthp | fI Ndrg 1 42 75 W

miR-133b L, F1) ] miR-133b mimics Az Hx B
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20 r s, +
ONC ® mimics 3 'LTJ' 'L/[»:

—
W
*

%

K

o
h
T

Relative expression
o
T

S

Ptbpl Ppp2ca Agt Ndrgl Fut4

(a) %Yt miR-133b mimics

0
W

ONC W inhibitor

— — o

o W o

T T T
*

*

Relative expression

<
W
T

S

Ptbpl Ppp2ca Agt Ndrgl Fut4

(b) ¥ miR-133b inhibitor
5 %3 miR-133b mimics F inhibitor X3 7 ilI#8 2 E mRNA #%;
fi( * P<0.05,* P<0.01)
Fig.5 Influence of miR-133b mimics and inhibitor transfection on
the expression of putative targets (a) miR-133b mimics

transfection, (b) Inhibitor transfection

Fr Bei% g VSMCs 24 h J5 , Western blotting 5l Ptbp1
Al Ndrgl 19 25 1 R G5 21k, 45 R WoR, 3
miR-133b mimics | J& miR-133b [k, [R5, Pthpl
I Ndrgl (1928 387K 7 B AL, 3] Pbpl FI
Ndrgl 5 miR-133b FERERE (LE6)

NC mimics
Ptbpl
Ndrgl
GAPDH

35
3.0
2.5
2.0F
1.5F

1.0} T
0.5F
0

Ptbpl Ndrgl

| ONC ® mimics

Relative expression

6 F&: miR-133b mimics #[#] VSMCs g Ptbpl #1 Ndrgl &%
("P<0.05)
Fig.6 miR-133b mimics depressed the expression of Ptbpl and
Ndrgl in VSMCs

I 378 8 772 P2 AR i A RS 5 S
AR Bh kooR AR AL R A B K, ECs Al
VSMCs 2 IfiL 5 BE Y 3 24 A e, 7E D RE AR B 52
M), AZERF A 25 R A DI RE AR . ECs ATRILN T2
K5 VSMCs Z a1 (1 i 22— Bl 124 R 5 i ek
A% ECs 1 VSMCs 2 [H] 4 AH B A 2 A0 1 i 22 A,
T ) 1L A5 R R 285K RN BE , e R 8Um A

A FT 0T 5T & B, ECs RS2V J1 784k,
P55 5 2 A M N (E 5, LowSS 25K ECs J&
% LowSS Hil3%, 43 i PDGF-BB  TGF-B1 2 K- A
T YETAEHE ECs VSMCs 5 fiiT#2 ' . ECs &%
3% LowSS Iy , 3 IGF-1 23k 1 3 5 T NSS &A%,
ECs & & 15 1 IGF-1 fi #f T B¢ & 85 3% VSMCs 3
FEU . X SEF S K, E I AL ECs 5
VSMCs Z [a] ££ 7E {5 2. 38 Ui, ECs M i LowSS (1% 3]
R AE KA T, B S W R E R T
VSMCs, £ 175 | 40 A T R A0 e 48 K i 4 E g, IGF
A 5 T M4 AE 5 ECs F1 VSMCs (1 ZhBE it
BRI EEMIER . dhlk VSMCs /£ R IGF
(LSS B AE(E S 2 IGF 21K, 76832 1IGF I35
BERGILTE 22 PP A I P 15 5 5 S T fE i ag
it 2534k VSMCs, IGF i i) 5 B2 1A 45 & Ja
SIEHAG LA, 254 — F 515 Ras BE HHC
(RFE 4, Ras B 306 J5 28 17 LA B 2 1k 19 5 X300
MAPK/ERK 155 538 i, 5 B4 i s s fnad w0
IGF i 7] DL i PI3K/ Akt 5538 B PTG 9 K — 4
LA AT (eNOS) (& M, fff NO A= Bl in, NO il
MAEEF T, BRI /MR EESE , i 0/ ECs kb TR, IF
Ml VSMCs A= K, 2 2] Bt 3l ik o #F 8 1L 1 1
FH2 BRI PI3K {55538 B, AT LA 4% IGF i) #%
(1) ECs iL#% , (ERHWr MAPK {55 38 8% 21 35 A 3k Fhak
S22 BRI TGF-1 A g — Fh 2L 4 2 i 17 (5
25 LowSS X 4 {5 2. 28 Uit S 4 M T e i o 42 , I
VEFMLEIHA T2

AR SCHFFE T ECs JE&3Z LowSS Hilii 5 , HIGF-1
FIR I E T NSS LR 7E miRs 21 i — A5
T LowSS &4 F IGF-1 Xt 40 i oh BE (9 52 i, 3 1
IPA T T 5% IGF-1 ¥ i miRs, JF & 1E T
miR-133bH1 miR-378a, miR-133b 7& % 4 P 1Y 8 ¥
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