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ABSTRACT Objective: To investigate the effect of microRNA-152 (miR-152)-targeted angiotensin receptor (AT1R) on angiotensin
IT (AnglD)-induced rat cardiac fibroblast proliferation and collagen synthesis. Methods: Rat cardiac fibroblasts were cultured in vitro and
stimulated with 1 wmol/L Angll. The proliferation of fibroblast was detected by MTT assay, the expression of collagen I (Collagen I),
collagen I (Collagen III) and AT1R protein in the fibroblasts were detected by western blotting, real-time quantitative polymerase chain
reaction (QRT-PCR) was performed to detect the expression of miR-152 and AT1R mRNA in the fibroblasts. MiR-152 mimic and mimic
control, AT1R siRNA and siRNA control were transfected and co-transfected with miR-152 mimic and ATIR overexpression vectors in
Angll-induced cardiac fibroblasts, respectively, the cell proliferation and collagen synthesis were detected in the same manner. The dual
luciferase reporter gene assay was used to detect the targeted binding relationship of miR-152 and ATIR. Results: AnglI stimulation can
promote the proliferation of cardiac fibroblasts, up-regulate the expression of collagen Collagen I and Collagen Il in the fibroblasts, and
inhibit the expression of miR-152 and promote the expression of ATIR mRNA and protein. Overexpression of miR-152 or silencing
ATIR in Angll-induced cardiac fibroblasts can upregulate cell proliferation and promote collagen synthesis. The results of the dual
luciferase reporter gene assay showed that AT1R is a miR-152 target gene, and miR-152 can negatively regulate the expression of AT1R.
Simultaneous overexpression of miR-152 and AT1R in Angll-induced cardiac fibroblasts can reverse the inhibition of cell proliferation
induced by overexpression of miR-152 alone, and up-regulate the inhibition of collagen Collagen I and Collagen III synthesis.
Conclusion: miR-152 can inhibit the proliferation and collagen synthesis of cardiac fibroblasts induced by Angll, and its mechanism may
be related to target the expression of AT1R.
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P[] b 4 miR-152 mimic), si-ATIR 20 (O IR EF 4L 41 i 44
1 wmol/L Ang II ZhFH [} %% 44 ATIR siRNA),si-NC 41 (.0 WUAT
AL T 1 wmol/L Ang IT 4b 3R] i #5 ¢ siRNA control),
miR-152 inhibitor 1 (U EF4EAN 4T 1| pmol/L Ang II 4b
JH[E] B} % miR-152 inhibitor), inhibitor NC 41 (.U JULET 4k 41
Ml 45 7 1 umol/L Ang II 4b B [A] i %% %% inhibitor control),
miR-152+ATIR 4 (UAURLF4EANIIZ T 1 wmol/L Ang IT 4b B
[7] i} %% 2% miR-152 mimic il ATIR 3 ¢35 %% {&), miR-152+
Vector ZH (AU EF 4E4R 845 T 1 wmol/L Ang IT 4b B[] A% Y
miR-152 mimic FI%5 %), Ains% YL 3 Lipofectamine 2000 %
YR RA Tl TR
1.4 ZRmIETEAE S146
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AR EER ZE T, 4 307E 0,24 .48 .72 h J5 7E ¥ FLANA H 7%
T B 5 mg/mL Y MTT #5¥% 20 pL, BRI P ARSI g
4h, 5% FIEWR P LA RS I 150 pL —H RN, TR
WAL L FE 4y 10 min,  FHREFHR{CAE 490 nm A 2 0 6
(OD &), LLIF5A4 OD {27 4115 fE 7
1.5 qRT-PCR #ifll

ONUR LT AN b B RNA £ Trizol i HRERAS, HRIE
F G SRR G U A5 & A cDNA, SR FH SEA 96 5 PCR i
FIEEATH 34, 4347 PCR ¥ 25 501538 CefH, RH 22+ T %
Pl B-actin NS, XHMAEH miR-152 ATIR AN E 7.
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FiBg, ATIR —47 1:1000 F R, AR i A AL W bR IC i — 40 1.
3000 R,
1.7 W HREREEFE LR

XA A I A 0 JUL T A 240 L B R T 24 FLAH M85 3R AR
B, R R Sx 10Y L, B 3TCES RS W
miR-152 mimic F1 % A% .miR-152 inhibitor FI X} fE 5
3'-UTR-Wild Typy 5% 3’ -UTR-Mutant %% 44 33k .05 JIL AL £F 45 40
JHL, SR T AR S EE 37 48, WACHE 45 4 A0 M AR VA ' Tl R
REEE, LVE R BRHE M /  CRETEPE LUEROR AT R
i3 e
1.8 Git=oHh

RIS SPSS 210 HEATAMT, HREVORMT aes

7, Z2 Y10 HEE LA R 2R D 22 00 A, PRI HE 4 L SNK-q £6;
5, VL P<0.05s R ZESHAG I E L.

2 BR

2.1 Ang I 330 AILRK 41 4 40 i 1 58 % B R 2 B & R R =2 Ml

DU 42 Ang 1T RSR[5, Gk MTT 32
Foril A MG AR IR 00, 25 53R 1 7R . 5 NC 41k, Ang 1T ZH 48
Jfi7E 24 .48 .72 h it} OD (L B # T, ZRA G X (=13
168,t=10.717,t=28.823, P<0.05) , #& 7/~ Ang Il REWE . & e FE .0
WUREF A4 58 . 75 Ang IURIELC WUSET4EZ0HT 48 b J5
A Western blot #6301 4 i = it 525 14 Collagen I Fil Collagen I
BYRIE, B R NER 2 FIEL 1 s, 5 NC 4k, Ang LA 4t ffa
Collagen I 1 Collagen III (YK Fi, Z2RAEFRITHEX
(t=82.338,1,=25.137,P<0.05) . &/~ Ang I fBWE1%5 T 0 WUBLET 4
MR A AR [ Collagen I 11 Collagen 111,

F 1 Ang 11 30 ALK £ 4 40 R SE A B (vts)
Table 1 Effect of AngllI on the proliferation of cardiac fibroblasts (xzs)

Groups Oh 24h 48h 72 h
NC 0.10+ 0.02 0.20+ 0.02 0.40+ 0.04 0.72+ 0.03
Angll 0.10+ 0.01 0.37+ 0.01* 0.75% 0.04* 1.32+ 0.02*

iE: 5 NC 4Lt,*P<0.05,
Note: Compared with the NC group, *P<0.05.

NC Angll
| — L —
Collagen [1] s  S——

& 1 Western blot 42|l F Collagen I #0 Collagen 11l & B K%K FE
Fig. 1 Western blot analysis of Collagen I and Collagen III protein

Collagen |

B-actin

expression levels in cells

F 2 AngllHFS OB F4E 4R Collagen 1 #0 Collagen Il & QR IX
(xxs)
Table 2 Angll induced Collagen I and Collagen III protein expression in

cardiac fibroblasts (x+s)

Groups Collagen I protein Collagen III protein
NC 1.00£ 0.02 1.00+ 0.03
Angll 3.56% 0.05* 2.24+ 0.08*

iE: 5 NC 4@tt,*P<0.05,
Note: Compared with the NC group, *P<0.05.

2.2 Ang I Xt s BILER SF 4E4A B miR-152 F1 ATIR ik HI 220
K Ang 11T IUSEF4E4 48 h, 435 Lh qRT-PCR

1 Western blot #; Il 21 g  miR-152 1 ATIR (315, L3 3

FE 2, 5 NC 4, Ang IO IUSEF 40 miR-152 mRNA

ik B E FH(:=56.338, P<0.05), ATIR mRNA Fl14E [ %34 B
B _EiH(6=18.210,t=34.457, P<0.05), $& /% Ang IT FHi.0 AL
AN ML BB AL I ] miR-152 ARk, fEiF ATIR mRNA FI&
MRS,

NC Ang Il
AT1R | m— e—
Bactin S W

B 2 Western blot 8 UL AL PR ATIR FHKE
Fig.2 Western blot analysis of AT1R protein levels in cardiac fibroblasts

% 3 Ang 1 3hO AU EF 4E4RAE AR miR-152 #0 ATIR BUFRIERI RN (cs)
Table 3 Effect of Angll on the expression of miR-152 and ATIR in cardiac
fibroblasts (x-s)

Groups miR-152 mRNA  AT1R mRNA ATIR protein
NC 0.99+ 0.01 1.00+ 0.04 1.00+ 0.03
Angll 0.53+ 0.01* 243+ 0.13* 2.16x 0.05*

iE: 5 NC 4tt, *P<0.05,
Note: Compared with the NC group, *P<0.05.

2.3 3Rk miR-152 Xt Ang 11 3% 590 LA £ 4 20 B rh 38 58
REREAE KA

T O WU 2T 4 40 i b %% 44 miR-152 mimic 48 h )5,
qRT-PCR 4 A miR-152 AYFRAKF, 54036 4 Bom .
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5 miR-NC 4 Lt , miR-152 ZH 4 i ' miR-152 {7k T B fb FH-5
(t=18.046, P<0.05), #&/R % Y& miR-152 mimic fgM8 D) 1.0
JUURE£F 4 40 g miR-152 [ ik . W3k 5 fian, 1 %Kik
miR-152 FEME I Ang 1135 S A9 ILBCET 2 40 B34 7% 17
% miR-NC 20 . % b J#(t,=10.410,t,=7.141,t,=32.533, P<0.05).,
e 6 118 3 iz, 5 miR-NC 4 [, miR-152 ZH 4 jifi Collagen
I.Collagen I A1 ATIR ZE [ 32 ik /K F 5. 25 F& % (t,=17.644,
t,~17.368,4,=15.935, P<0.05).

% 4 34 miR-152 mimic &85 RO ALAL 4Rt miR-152 g%k
& (xts)
Table 4 Transfection of miR-152 mimic can up-regulate the expression of

miR-152 in cardiac fibroblasts (xzs)

Groups miR-152 mRNA
miR-NC 1.01+ 0.04
miR-152 1.85+ 0.07*

i :5 miR-NC 48t ,*P<0.05,
Note: Compared with the miR-NC group, *P<0.05.

5 i RIE miR-152 BEASHD SO ALK £F 420 B I FE T 71 (ves)

Table 5 Overexpression of miR-152 inhibits the proliferation of cardiac fibroblasts (xzs)

Groups Oh 24h 48h 72h
miR-NC 0.11% 0.02 0.37+ 0.02 0.72+ 0.04 1.29+ 0.01
miR-152 0.10+ 0.02 0.20+ 0.02* 0.55+ 0.01* 0.87+ 0.02*

% : 5 miR-NC ALk, *P<0.05,
Note: Compared with the miR-NC group, *P<0.05.

& &
Collagen | s s—
Collagen [Il " s—
B-actin WG S
3 Western blot #&iUl:Cs BILER £ 4 40 A & Collagen 1, Collagen 11T F0
ATIR EHKFE

Fig.3 Western blot analysis of Collagen I, Collagen III and ATIR protein

levels in cardiac fibroblasts

2.4 JLEK ATIR Xt Ang 11155 5500 BILE £ 48 20 B o 15 58 T2 B
EEANRIXNZIG

TEC WU EF 440 rh/% s ATIR siRNA 48 h 5 ,qRT-PCR
T A AR ATIR BERIBACE, 452583 7 iR, 5 si-NC 4
It ,si-ATIR 20 4t ffl 1 ATIR mRNA 4 7K 5 W] & [ A% (t=21.
301,P<0.05), &R 55 4 ATIR siRNA BEAE R ITER O N UIET 4
#fifiH ATIR mRNA K5k W3k 8 iz, 5 si-NC 41 1L, ik
ATIR R I Ang 11475 5 19 .00 WL 5K £ 445 200 1t i) 34 5 3%
(t,=12.394,t=6.971,t,=26.332, P<0.05), %% 9 FE 4 fim, 5
si-NC 41 ., si-AT1R 20 4 i Collagen I, Collagen III fil ATIR
T A FEBKT B RAR(1=13.164,,=22.098,, P<0.05).

F 74 ATIR siRNA BEBTTBLO AL AT AR A ATIR HIFRIE (ves)
Table 7 Transfection of AT1R siRNA can silence the expression of ATIR

in cardiac fibroblasts (x+s)

Groups ATIR mRNA
si-NC 1.01+ 0.04
si-ATIR 0.46% 0.02*

iE: 5 si-NC dLk,*P<0.05,
Note: Compared with the si-NC group, *P<0.05.

% 6 1 FRIE miR-152 Xt Ang [ FS B AL LT 4ERa - Collagen I,
Collagen 1T #1 ATIR 3 7K F BI85 M0 (xxs)
Table 6 Effect of overexpression of miR-152 on Collagen I, Collagen IIT
and ATIR protein levels in Angll-induced cardiac fibroblasts (x=s)

Collagen I Collagen III .
Groups ATIR protein
protein protein
miR-NC 0.99+ 0.04 0.99% 0.05 1.00%+ 0.04
miR-152 0.57+ 0.01%* 0.45+ 0.02%* 0.54+ 0.03*
#E:5 miR-NC Atk *P<0.05.
Note: Compared with the miR-NC group, *P<0.05,
si-NC si-AT1R
Collagen | s csm—"
Collagen [l = c—
B-actin  EEEG—_—
& 4 Western blot #&ilis ALK F4E 4R Collagen I
#1 Collagen Il & {7k F

Fig. 4 Western blot analysis of Collagen I and Collagen III protein levels

in cardiac fibroblasts

2.5 WA EEREE R LIIIE ATIR F1 miR-152 ¥R 45
EESER

IRATAE 5 A= 4= B 224 E mircode T miR-152 Fil ATIR
TEES AN, S5RULE 5 Fim . 20 UBET 44 i i
ATI1R 3’-UTR ¥4 % F1 miR-152 mimic 1 mimic control L) }%
miR-152 inhibitor F1 inhibitor control i+, %% %% miR-152 mimic
A mimic control [ #H X} 56 % FE B & M T (P<0.05); ¥4k
miR-152 inhibitor % inhibitor control FJAH R3¢ 56 2 i P b
(P<0.05)s J0UBET 4 AL s% 4 ATIR 3°-UTR S84SRI,
H 5% A X IR LAY 2 R BIE HE E SR i 2R (P>
0.05), W.3% 10, Western blot it — 55 1E miR-152 4% G 17 4
£ ATIR BYRIE, W3 10 FilE 6,
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3 8 LB ATIR BERSHNHN O BLAL ST 44 AR AL TETE 1 (vts)
Table 8 Silencing AT1R can inhibit the proliferation of cardiac fibroblasts (x=s)

Groups Oh 24h 48h 72h
si-NC 0.11+ 0.02 0.36% 0.02 0.72+ 0.04 1.30% 0.02
si-ATIR 0.10+ 0.02 0.20+ 0.01* 0.54% 0.02* 0.87+ 0.02*

i*: 5 si-NC 4Lk, *P<0.05,
Note: Compared with the si-NC group, *P<0.05.

R 9 Bk ATIR 3F Ang 1S HLOHLA 4 Collagen 1 F0 Collagen 111 2 H 7K AR (vs)
Table 9 Effect of silencing AT1R on Collagen I and Collagen III protein levels in Angll-induced cardiac fibroblasts (xzs)

Groups Collagen I protein Collagen III protein
si-NC 1.00% 0.03 1.01£ 0.02
si-ATIR 0.62+ 0.04* 0.55+ 0.03*
iE: 5 si-NC 4Lk, *P<0.05,
Note: Compared with the si-NC group, *P<0.05. é
RNY
O
o &
5 AR
RN A
AT1R 3'-UTR-WT  5'...CUUGUAAAGGUGCUGCACUGG...3' : Q ’(\\ \Q.
S & & ¢
iR- 152 3'...GGUUCAAGACAGUACGUGACU...5'
m ATIR S s S
AT1R 3'-UTR-MUT 5'...CUUGUAAAGGUGCUCGUGACG...3' B-actin WS S - [

& 5 mircode Z{FFill miR-152 #1 ATIR $B[E@LEE ==
Fig. 5 Schematic diagram of mircode software predicting miR-152 and
ATIR targeting

6 Western blot #& /(ALK ST 4E4HAEH ATIR EHKE
Fig. 6 Western blot analysis of AT1R protein levels in cardiac fibroblasts

% 10 miR-152 #8[5 ATIR 3°-UTR XI5 HiF R ATIR BIE B RIKIKF (vxs)
Table 10 miR-152 targets AT1R 3'-UTR region fluorescence activity and ATIR protein expression level (v+s)

Groups ATIR(WT) ATIR(MUT) ATIR protein
miR-NC 0.99+ 0.10 0.97+ 0.02 0.99+ 0.11
miR-152 0.36+ 0.03* 0.99+ 0.07 0.33+ 0.03*
inhibitor NC 1.01+ 0.03 1.00+ 0.05 1.01+ 0.03
miR-152 inhibitor 220+ 0.21%* 1.02+ 0.02 2.19+ 0.22%*
F 126.755 0.634 115.416
P 0.000 0.614 0.000

iE: 5 si-NC @Lk, *P<0.05,
Note: Compared with the si-NC group, *P<0.05.

2.6 miR-152 ¥E)i#E ATIR 00 Ang 1l 555690 B S 4 20
FtEsE R B[R QA K

1O U ET 4 40 g h 24 ¢ miR-152 mimic F1 ATIR i3
FIREAAR, MTT LIRS RN 11 iR, 5 miR-NC 41,
miR-152 20 40 i 484 5 15 7 W B F&A% (P<0.05), 5 miR-152+
Vector ZH I, , miR-152+AT1R 21 4 Jg 84 58 7% 7 0 W T & (P<
0.05), #&Rid ik ATIR BEMS B H I 35A miR-152 55 1)
0 A B4 B I RIAE T . R 12 s ME T s, 5
miR-NC 2 [{,, miR-152 ZH 4 ifg /i Collagen I FI Collagen III £
F 32 35 7K B B &K (P<0.05), 5 miR-152+Vector 4 LY.,
miR-152+ATIR 414 g Collagen I Fil Collagen IIT 25 [ FE ik
KBRS TR (P<0.05), $E7R 1 e ik ATIR GBS0 55 B i 36

75 miR-152 S B4 e Collagen 1 1 Collagen I 4 4235
AIMIVE . 5 miR-NC 41 [t miR-152 440l ATIR mRNA
FIR 11 B 5 RIS (P<0.05),, 5 miR-152+Vector 41 Lt , miR-152+
ATIR ZH 40 )ifi / ATIR mRNA F1ZE [ A9 2 3k K - 1 B T 5
(P<0.05), U I 855t —4 R B miR-152 et 6 [n] 45 ATIR
mRNA FIE [k,

3 ¥
O VLT 2 Al S 58 30 A O LI 2T 44 40 1 LA 5 4 i
JAE A TR T R 4 (OB, B St 50 O
O VBV BE R ™ 5 &0, BEAEBFFE 250 Ang 1T

5
P
T Ao 200 S AR o LS ET 8 A0 i ) A R R A P AR B 2
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Table 11 Effect of co-transfection on proliferation of myocardial fibroblasts induced by AnglI (xs)

Groups Oh 24h 48h 72h
miR-NC 0.11%+ 0.02 0.39+ 0.01 0.72+ 0.03 1.30% 0.13
miR-152 0.10%+ 0.02 0.20+ 0.02* 0.55+ 0.01* 0.88+ 0.08*
miR-152+Vector 0.10£ 0.02 0.20+ 0.03 0.54+ 0.02 0.87+ 0.08
miR-152+ATI1R 0.11£ 0.03 0.26+ 0.01& 0.63+ 0.02& 1.11£ 0.11&

F 0.191 64.200 46.667 12.153

P 0.900 0.000 0.000 0.002

7E:5 miR-NC 4Lk, *P<0.05; 5 miR-152+Vector ALk, &P<0.05,
Note: Compared with the miR-NC group, *P<0.05; Compared with the miR-152+Vector group, &P<0.05.

£ 12 HEELIT Angl1ESHOALBL EF4E2R AR Collagen 1 1 Collagen 111 & B R iA B2 M (v+s)
Table 12 Effect of co-transfection on the expression of Collagen I and Collagen I1I proteins in Angll-induced cardiac fibroblasts (xs)

Groups Collagen I protein Collagen III protein
miR-NC 0.99+ 0.10 1.00+ 0.04
miR-152 0.53+ 0.05* 0.45+ 0.03*
miR-152+Vector 0.55+ 0.06 0.47+ 0.02
miR-152+ ATIR 0.87+ 0.09* 0.74+ 0.01%
F 26.364 269.467
P 0.000 0.000

7 :5 miR-NC 8Lk, *P<0.05; 5 miR-152+Vector 4L, “P<0.05,

Note: Compared with the miR-NC group, *P<0.05; Compared with the miR-152+Vector group, “P<0.05.
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B-actin

[& 7 Western blot #&ill:0s (LA £F ZE 4l A Fh Collagen I, Collagen I1T
fnATIR EHKF
Fig.7 Western blot analysis of Collagen I, Collagen III

and AT1R protein levels in cardiac fibroblasts

ek 20 WL I8 S TR, ASCH3iE Ang 1T 1
L WU F M 5 B WO 0 b 5 71, el
i 1 Collagen I 1 Collagen 11 &35k V-1 i 138, 152 i
RS

miRNA |47 2 5. 0L 4 % LR i miR-133009,
miR-20309 miR-21071 miR-29b87E Py (1 JL A miRNA 38 i 45
A RIS AT AR AR B 5 5B 5 5.0
MESPARILIA 15 . ZTFIEA0) V) ATIR REASBLE-L LT 45
AR A L LA At SV A, (eI
miR-152 75 1 Ang 1 5 1.0 WLZF e fL 4250 o 8 35
ATIR mRNA AVE 17635 B3 E8. Wb e Ang Il B0
WUREFAEABNr i 2k miR-152 5SS ANIRTHT 1 WA

13 ELIT Ang ILESHO B4 ATIR mRNA F1IEBK
FHIFNE (vs)
Table 13 Effect of co-transfection on the mRNA and protein levels of
ATIR induced by Angll in cardiac fibroblasts (x+s)

Groups ATIR mRNA ATIR protein
miR-NC 1.00+ 0.05 1.02+ 0.01
miR-152 0.49+ 0.03* 0.53% 0.01*
miR-152+Vector 0.54% 0.02 0.54% 0.02
miR-152+ ATIR 1.11% 0.07& 1.08+ 0.06*
F 137.425 254.357
P 0.000 0.000

7 : 5 miR-NC 4Lk, *P<0.05; 5 miR-152+Vector ZHEEL ,4P<0.05,
Note: Compared with the miR-NC group, *P<(0.05; Compared with the
miR-152+Vector group, 4P<0.05.
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