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[ ZE] B WLEEYE miR-155 5 XM %K% [ (angiotensin II | Ang 11 ) i S/ B 3 Ik i 45 5 3 WLZ0 IS (vascular
smooth muscle cell, VSMC ) 20 fifd J1 5 5% # (9 5% Wi 3 - LR L 7753 < JRAR 35 9%/ LU VSMC, Y 1107 mol/L Ang I fE ] T VSMC

48 h J& , R 5L/} 5 96 22 it PCR (quantitative real-time PCR , q-RT-PCR) & 25 (1 %] B4 & Ang I 41 miR-155 FiE K-, i q-RT-
PCR % Western blot £ il 43 51 % 4% miR-155 Je [ PEXS MR J5 & 4 Ang I 1 %Y 3Z 1A (angiotensin Il type 1 receptor, AT1R) ) mRNA
KB A FRIR KT H Western blot K 4% %4 miR-155 mimic K B X5 B8 J5 %5 AT1IR R % 240 B A5 5 V8 39 3§ 1/2 (extracellular
signal-regulated kinase 1/2,ERK1/2) AZ#EREE (1 S6 i (P70S6K 1) i #1952 1 , 43 54 5% ¢ miR-155 mimic K i F i & 55 ik
A2 AR BE A A 45 7> 3 mTOR 38 #% 41 11 700 5 A s 38 ERK1/2 #0415 U0126 X 48 it A 1 R D1(Cyclin D1) #2355 0, 34 ] 3t
22 A 43 17 A 00 48 ] 4018 Ak 3R miR-155 X 20 i e 0T Ay s o e HEBL ] . 5 SR - Ang I W] 1 35 AR miR-155 Y3535, miR-155
A mRNA K25 HACEI S ATIR ik, FEH Ang T2 ATIR B WA/EM . %% miR-155 mimic J& 1 i 3 W04 Ang I £
ERK1/2 P70S6K1 i # % I VE T o 5% % miR-155 mimic (il ISV 30 IR R U126 il Ang [l 2 Cyclin D1 RIEWAEH], IF
7 20 B JE 391 LV 72 GO/G1 ) . 4518 : miR-155 P st 0 ik] ATIR (R4 1 Ang Il f2 iF ERK1/2 . P70S6K1 38 ##1% & Cyclin D1 &
KPR ) Ang IT 2 2t 200 J] 300 4 5 (9 4 0
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Inhibition of miR-155 on Ang Il -stimulated cell cycle progression of vascular smooth mus-

cle cells
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[Abstract] Objective: To investigate the effect of miR-155 on cell cycle progression of mice vascular smooth muscle cells under
treatment of Ang Il , and explore the detailed mechanism. Methods: The vascular smooth muscle cells(VSMCs) derived from C57
mice were cultured by the adherent method (1x107 mol/L. Ang Il for 48 h). Quantitative real-time PCR (q-RT-PCR) was performed
to detect the miR-155 expression levels of the blank control group and the Ang II group. q-RT-PCR and Western blot assay were
performed to detect the mRNA and protein levels of angiotensin I type 1 receptor(ATIR) in the transfected miR-155 group and the
negative control group; Western blot assay was performed to detect the effect of transfected miR-155 mimics and negative control
group on extracellular signal-regulated kinase 1/2 (ERK1/2) of ATIR downstream and ribosomal protein S6 kinase (P70S6K1) sig-
naling pathway. The expression of cyclin D1(Cyclin D1) was examined by transfection of miR-155 mimics, angiotensin receptor block-
er valsartan,mTOR pathway inhibitor rapamycin,and ERK1/2 inhibitor U0126. In the end,we used flow cytometer to analyze the
change of cell cycle to investigate the effect of miR-155 on cell cycle and its mechanism. Results: Ang Il significantly decreased the
expression of miR-155. miR-155 mimics remarkably attenuated ATIR expression from mRNA and protein levels,inhibited the AngII -
activated ERK1/2 and P70S6K signaling pathway,and decreased the Ang Il -enforced expression of Cyclin D1. Transfection of miR-
155, valsartan,, rapamycin and U0126 suppressed the Ang Il -induced G1-to S-phase progression of VSMC. Conclusion: MiR-155 can
inhibit the expression of Ang Il -induced ERK1/2,activation of P70S6K1 signaling pathway,and Cyclin D1 by blocking ATIR,and
thereby inhibit the function of Ang Il -induced cell cycle transition.
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MEEKZE N (angiotensin Il ,Angll ) 1EH'E
2R I I AR — TR T ) 2R 5 1 o A 01 TE R A
A0z, W e i B L ai AE sk A, (E
HAE Dy —Fh Az K 10 D RE IR BOR 52 3 AL, &
] 3E o 50 S LA (vascular smooth muscle
cell, VSMC) M s b 48 E ik 2 11 1 B 57 4K (an-
giotensin [I type 1 receptor,ATlR)?ﬁfﬁ B 4 o
FEAG SR BTN, (2Dt VSMC 41 3 GO/
G1 I10] S 45 | DT #4239 FE A 0, 008 0l A8 2%
A=A S Sl K o AR BE AL | I PR AR S K AR Y
KHEHNRZ—2,

{7 RNA (micro RNA ,miRNA) J& —2 2 7
TE (Y| A R 458 5 R PR 33k 1) DR A g 5 BB RN A
73 ¥ ,miRNA JULF-Z 5 T A i 40 A= 2 Dhse ™
Z I 5E B8 miRNA A 2 55600 |5 LK O 5
S5 M7 PR Y AR R e I AT AR Sy o LA SRR 1Y)
LW K FUS FIB bR S, N — T Z I E miRNA
miR-155 38 i A HIA [R] 838 D] 5 b 98 0E | A W 55
KAFHY)® A5 B miR-155 7] 38 i /F 0
ATIR 5.0 M8 950 14 4 A2 6 SR> T ATIR
T U i E UL A T R G A I AME S R T R 172
(extracellular signal-regulated kinase 1/2,ERK1/2) }&
A R M OB A S6 A (mTOR/
P70SO6K1) X2 55 20 g 39 5 X JAl 1 4 fhe - IR LR AR
miR-155 A fEE i JH97 ATIR £i52 5 Ang 1 5%
(R 240 ] 00 A o R A B OB SR TN B R AR
VSMC R WF5E % G, % U 40 o A 5% ¢ miR-
155 %F Ang I1i75 51 VSMC 2 it J& 301 5 46 iy 5 o, -
PRI

1 #EFFE

1.1 A

C57 /I BUH B B B B R 2 S 50 sl g v B 48
DMEM = 585353 | R4 s .0.25%EDTA i 8 1
ity |t 20 AR IR A & . TRIzol 357 300 %5 s ik 1 &
PVDF &  Lipofectamine 2000 (Invitrogen 2\ #l , 3
F), & PCR i & .miR-155 mimic K B Xt 8
(negative control,NC) .miR-155 inhibitor & NC Z%f}
1 miRNA-155 5 s A7) & ( B A A, B
YUK ATIR Fiik (Abcam A #], £ H ), p-ERK1/2
ERK1/2 .p-P70S6K1 T4 (CST 28 7], 92 [ ) ,P70S6K1
Cycllin D1 #4& (proteintech A H], FE), Angll |
mTOR 38 & 410 1 77 57 07155 R (Sigma 2 7], 6 [ | 1fiL
BRI RZIRMMm RS IH (KEEXESAA),

ERK1/2 #1451 U0126(Promega 25 , £ H ),
1.2 Fix
1.2.1 VSMC B3z 5HR

JCHR 2 T B €57 /ANER = sh ik, 25 B A1 I K
DA, B TR R 2% o b 3 B R I BT B2 1 mm?
KNI LI AL T 25 em? SRS 3500, N A &
TR MBEE R S 10% 84 M55 0 = 8 40 i 5
IR 3~5 ml, i HoR AR FR W, O 37°CHE IR AR 15
F%,5~7 d JE vl LA Ie ) R EE AR R R
TRt A i ) 4 B AR, H A T SR R 96 FLBE IR
M TEICERS 3 AR ML R AT T A8 2 M S e A A 2 56
4~8 A T 5L 5
122 #3%

% H Lipofectamin2000 ¥ 53 %/ # miR-155 mimic
K NC.miR-155 inhibitor &% NC % 4 VSMC, ffi /i
qRT-PCR £ I % YL %0 %% mimic & inhibitor /Y fix 2
Bk B2 43 5124 80 .50 nmol/LL,
1.2.3 ZeFEE 2 PCR

Trizol I HRILE RNA, O R B R[] B[]
Ang I1 40 H 20 40 g 5 RNA 500 ng M#iAR, 56k
JE 4 D (260 nm)/D (280 nm) 4 1.8~2.0, ¥ %%
& cDNA #4175 &8 PCR, 51 #7540 F : ATIR L iif
5’ -AACAGCTTGGTGGTGATCGTC-3", T iif 5'-
CATAGCGGTATAGACAGCCCA-3' ;B-actin -7 5'-
CATCCGTAAAGACCTCTATGCCAAC-3" , F i 5'-
ATGGAGCCACCGATCCACA-3' ;mmu-miR-155 |- ¥i7
5'-ACGCTCAGTTAATGCTAATTGTGAT-3", Fiif 5'-
TATGGTTTTGACGACTGTGTGAT-3' ;U6 I {if 5’ -
ATTGGAACGATACAGAGAAGATT-3" , F {if 5 -
GGAACGCTTCACGAATTTG-3', & WAL 25 ulL,
KP4 — 4 95%C 10 min; 55 — 4 95C 15 s,
60°C 60 s,40 MG, B E 3 NE AL, V45 E
N B R 2k, FH 4 DataAssist™ v3.0 Software
(ABL) LA 2788 e o) 25 B iE AT 40
1.2.4 Western blot 4| & & & ik

W 45 Ah 33 i AT UL A B Ak, TR
PBS %t 3 ¥, MAGE B RIPA 24/, VKA 30 min;
4°C. 12 000 r/min &> 5 min; B, A BCA 3%
ERHWE A G40 pg T 10% SDS-
PAGE 1740 F K, 5% T PVDF B I, 5% i i
Wl = B A, —Pt 12 500~1 1 1000 Hi
P ACHFE R 2 KB —Hi 11 5000 ks, <= 100
B Lh, EYE B ECL A5, ¥ BT Bio-Rad
o2 BT, NS B ECL &K Ci s, 70
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RSB, I, S, 45, miR-155 0] Ang 11 355 (% 32 3 Jik i 451 30 UL 200 60 0 300 % 46 ).

., KM Quantity One X TH A 4K EAE S
B-actin B HUAH , 78 Tt 43 BT 86 LR IR KF
1.2.5 GRX ik

S AL PSS RIS, AT RS A
>, PBS Wk il A MBI, AT 70% £ B, 4°C
[EE 1~4 h, B0 KBREZ W, 11 mL 1iié® PBS &
YA, A 100 wL PLJ T2 B2 R 100 pg/ml,
REEYL A 30 min, b3 240 MY (Par-Tece) 46 1 |, 43
BT 20 B i A AR Ak
13 %itss*

JH SPSS 17.0 #4751 34, 118 8L L4 $e
TR (x£Sx) Fm , 2 41 8] LR B one way-ANOVA
Jr 2500, AL P LR B Tukey 5, P<0.05
ZERAGIFEE L,

2 7 R

2.1 R RAK VSMC #9572

8] B A 25 W BBR T WD 2% AR B 3R B R R
VSMC, 4 j i BE ALK BB Z W KR M F 5,
W ZEATHESAE K % VSMC R S a-
actin PURTEAT s AL 55 5, 85 F vl DL o 9 A
Pt B R T B R FE A (T 1)

3
i. &
4

1 MRER VSMC a-actin &AL LEE (x100)

Figure 1 Immunohistochemistry for «-actin of mouse

VSMC(x100)

2.2 Angll F#4& VSMC W miR-1558) & ik

H 1x107° mol/L. Ang Il £ H F VSMC 48 h 7,
K q-RT-PCR K2l miR-155 5K FHIAEfL , 2%
R 5 X A L, Ang IT AT B IR miR-155 ik K
L EFA G E L (P<0.01,K 2),
2.3 miR-1554% % & ik 4o

FH q-RT-PCR 43 51146 Wl % 4% miR-155 mimic .in-
hibitor K BAPEXT BEZHJ5 miR-155 F ik 7K B BCAE | 25
FEG R AR T A5 LA F M B R U, % U miR-

B RS E 2 4 ( AR B AR ) ,2017,37(3) - 281-286,334 - 283 -
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Figure 2 Effect of Ang Il on miR-155 expression

155 mimic J& % 3 ¥ miR-155 235K, 1 4% Y
miR-155 inhibitor J& W {2 3 F& X miR-155 & ik /K F
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B 3 %% miR-155mimic.inhibitor % BA 1% 33 B8 5 miR-155
B RILE R
Figure 3 Expression of miR-155 in each group was de-
tected using q-RT-PCR

2.4 miR-155 #74) ATIR &k

XML, Y miR-155 mimic & ] 7E
mRNA KEHJZmE E/ ATIR %35, 254 8%
PE, i Y miR-155 inhibitor 5 W AT 4 ATIR 55
ik, H 1x10° mol/L. Ang Il fE I F VSMC 48 h J5 1l
WERI ATIR K5, M % miR-155 mimic 5 7]
55 Ang [ 2 ATIR & HRIKAIEH, H2E5 T8
5 2 L (P>0.05) , A 52 5% 4 miR-155 inhibitor J&
W] E— 25 38 5% Ang I £ JEATIR 8 H £k 1E H
(P<0.05,18 4),
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2.5 miR-155 ##) ATIR T % ERK1/2.P70S6K1 i#
PR E

JH 1x107° mol/L. Ang Il /] 7° VSMC 48 h, 7] I,
ATIR i ERK1/2 .P70S6K1 #& 4 i B2 1k 7K F- 5 &
HE M EE Ang I1 2155 5% Gy [ 04 X BE A, 4% 4 miR-
155 A & 2 3 /> ERK1/2 . P70S6K1 #5 H W iz 1k 7K

S, ] Ang IT 42 #F ERK1/2 P70S6K1 18 % 175 1k (1)
EHI(5).,
A
s 4] ##
% i
X ]
Z
= ## £
Hninr=Ininininng
N NIRIniNINIRININE, 5
& L & < W& O
& S TS =
NN yé‘%
%
S

A:q-RT-PCR K AR [FAEFEZH ATTR mRNA A 158 ;B : Western blot ¥l & 52
"P<0.001;5 Ang I 41 L% ,*P<0.05,%P<0.001 (n=3)

5 ,'P<0.05,"P<0.01,"™

2.6 miR-155. #i#3 . & waE F U0126 474
Cyclin D1 #9 %A

5 Ang Il Bph 4b FREHAH L , 5% %% miR-155 mimic
i FH &5 7 5 (20 wmol/L) .mTOR 38 #0551 5 1A 25
7 (100 nmol/L.) ERK1/2 3 B 4i| 5] U0126(10 pmol/L)
AT Ang 11 £2 35 40 i 4 81 25 1 Cyelin D1 3R
KPVER], 22 A geit e L (#l6) .

B
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4 miR-155 #M#l ATIR Rix
Figure 4 Negative regulation of AT1R by miR-155
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Figure 5 Expression of p-ERK1/2,ERK1/2,p-P70S6K1 and P70S6K1 protein in different groups by Western blot
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B-actin e . ‘. .- - w42 kDa
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523 I B HEE,"P<0.001 ;5 Ang IT 40 g%, P<0.001 (n=3) ,
E 6 Western blot ¥ il % ZE £ 4 #7 A~ [F] & ¥ 28 Cyclin D1
EBRIZEBER
Figure 6 Expression and quantification of CyclinD1 pro-
tein by Western blot in different groups
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2.7 miR-155. 413 & o & 4% U0126 FLik 28 e
JEECEE=

5 Ang Il 41 %2 Ang Il +mimic NC ZHAH Fb, 5 4
miR-155 mimic, @ AP H % K U0126 0]
il Ang IT A2 28 40 & 30 N GO/G 1 3 1] S HI 55 e 11y
YER, TS T GO/G 3 b e, S S 0] e sl /b | 25 =
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it
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3 4
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Figure 7 Flow cytometry was used to quantitatively detect the cell-cycle distribution of each group
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TR 58 3IE 55 Ang I AE T 1A 40 85 32 9 VSMC B, 7]
fEHE VSMC M GO/G1 11 S 1546, Bk /D> GO/G 1 34
EL A, R30S 1A 40 Ll 71, DA T £ 22 200 it 38 B
Z 58 Rl AW R ALK,

miRNA 2 —FhIEgifS /N RNA, ThiRe 43z,
B LG5 2 A ] mRNA 58 4 80N 58 4 45
G, JEE T R AT O R DN T R 2 A AR 2
BN, miRNA 8 I 75 B AR B0 A b e+ 0 8
FIIEEEH . BRTE A 258 HIE T 27 miRNA
Z 5 AR 4, a0 miR-221/222 38 a1
T Skp2 0] 40 it 4 4 5 45 miR-138 Al o A
T2 91 % D3 (Cyelin D3 ) BE 7 40 i 7 010 1 N
— M Z )i miRNA, A 015 78 miR-155 & —F {2
PR K 58 0E A DG miRNA | 4 18 miR-155 7J
AEIE L A ATIR FRIAAKF, TS 5.0 1008 5%
FIHERR 2 Ang I 5 ATIR 454 J5 T 300G T Ui A4
Kl # ERK1/2 5 mTOR/P70S6K1 il %, —# ¥ %
50 M B 5 A A R AR T 4 R I Y
P16l fir AR AT HEDN miR-155 A GEE i 40 Hl ATIR
#ik, M #E—2 6 ERK1/2 5 mTOR/P70S6K 1
WG, 2 5 VSMC 400 8 01 A0 8 . A AR
K Ang IFEH T VSMC J&, ] & 2 B miR-155
B 2R AT IR HE ATIR A9 FRIL, #2278 miR-155 1]
AETE Ang Il fi2 ATIR FEmyrpRIER/EH . @AY
5 BERG I AR A ZH 7F microRNA I 3 PR 74 i) [
i microRNA.org F Il ] mmu-miR-155 5 AGTR1
(ATIR) FI REAFAE 45 A 0 1 o il 3 R 4% 44 miR-155
mimic & inhibitor i1 % 35 miR-155 24 #] miR-155
Fik, ARBFFTIEE T miR-155 AT 7 ) 8 % ATIR
mRNA K, Hid ik miR-155 5 ] 1 ] Ang Il
£ ATIR Rk /ER (K 4), RIS LI id Rk
miR-155 J& nJ 0 46] ATIR 7 U5 UL 2538 5% , mTOR/
P70S6K1 5 ERK1/2 B9#iE (&l S5), iXi#t—Eukss
miR-155 X} Ang 1 A5 9 2 55007 (940 6 4 FH J2 38 2o #0
il ATIR RSEHLAY . ASHIF ST A A BLAE FH i 7 55K 3=
2 VR BEL UK 790 45 v0 20 mTOR 38 410 ol 751 55 A 2 28 M
ERK1/2 3 #3075 U0126 ¥ 1l ik 55 Ang IT {12 F 41
JfL JE 1 26 11 Cyelin D1 35 94E (11 6) , I 41 i
FHFZE GO/G1 #,S B Wi (| 7)., %4 miR-
155 J& ol B A3 0 /0 Cyelin D1 3% 35 K BH ¥ 41 i J&]
WIR9/E R . BB miR-155 Al 3 #04 ATIR g — 4
FH ¥ mTOR 18 % 5 ERK1/2 i #% , o & 4% H B i
Ang 1 {2 VSMC 20 it Ji 4 4% 4 g /5

AWE5E &I Ang I 7] G 2 PRI miR-155 F&ik

KA EIE ATIR FRA A RFEHA W #2800 i ik
miR-155 A 4 ATIR 255, #E—PAIHERK2 |
mTOR/P70S6K1 i i iy % , A Hl Ang I 4
VSMC 4t ffg J& 1 e e /R, AT 4% ) VSMC 19 5
B GE |, SR BB O AR 1 A R SRR TR Y
BIT I,

(&% k]
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G AR IE HRR X Al Wk B BT v R
APk 380 T A R ARG S AR W i 5 (H 2013 4R A FH
PEZR 3K 77.08% , AN HEBR R BEARAS (175 L[] 3, 55
—EAR IR S5 R I SR BRI A i R B R
PERHAE . ARUFFEA LR SR AR 5 E N B
A S5 R A BR A 5 32 779 3 I K5 57 19 9.45% IH 14 %
FHECIEAAR S I L AMIF 92 7 il 3% 5% PR 26 1
10%~15% 22 [817), B It ] D 1 1% 3% B A g 2 3t
TR SN S 1 S N B4 3 2 € Y
ARG B AR R LG U TP BOPR M T K S ik 2 Ak
FHTIUAE 33X 5 AR YL A B DL B AR A 3R
ME 2y B2 B G OC U H R T e T iR R bR A By 26
AU X6} ] — SR YL A R 1, B SRR AR A,
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