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Role of MicroRNA-21 on proliferation of vascular smooth muscle
cells in pulmonary hypertension

Xiang Wu', Shu-wei Zhuo', Cai-ling Zheng', GeGao’
(1. Clinical Laboratory, Hainan Provincial Hospital of Chinese Medicine, Haikou, Hainan 570203, China;
2. Department of Laboratory Medicine, Central South University, Changsha, Hunan 410013, China)

Abstract: Objective To study the role of MicroRNA-21 on proliferation of pulmonary vascular smooth
muscle cells in pulmonary hypertension and potential mechanisms. Methods Rat model of monocrotaline-induced
pulmonary hypertension (PH) was established. Primary pulmonary artery smooth muscle cells were isolated
and treated with various insults. Western blot and Real-time fluorescent quantitative PCR were performed for
determination of expression of B-catenin, Cyclin D1 and antagonist of DDK1. Results The level of B-catenin and
Cyclin D1 was increased while DDK1 was decreased significantly when exogenous MicroRNA-21 was inhibited.
However, upregulation of exogenous MicroRNA-21 induced decreased levels of B-catenin and Cyclin D1 increased
levels of antagonist of DDK1. Conclusions Early intervention of MicroRNA-21 participates in pulmonary
remodeling in PH model through regulating Wnt/B-catenin signaling pathway.
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SEFH, 55 . MicroRNA-21 X i iy He i /2571 T LA AR 5T 04 52 0

catenin {5 il FEAIFEPTR], TTLARRS S Wit (1952 4K
g5 W] S 5 1915 5 P MicroRNA( miRNA )
JE—FEIT 18 ~ 23 nt KAYAESRES RNA, C4fEZL
Fh EAZ A8 PRI S miRNA k2K T . ik
KA PR O S 55 . miRNA-21 7E5H
RRN R Rk ai ", AT A . R2E
FPET-MER, HEMFREAKT-5 40 73 FE A
XK, RS R BETE " ATFFIE T Wnt 38 1
FEHUH DKK1 4557 miRNA-21 7618 WILAR I A8 i F
RS-V LA Ay 18 P A FH o

1 #MEERE

st

DMEM 41 il 1% 37 5 . OPTI-MEM 4 Jifl % Y 5 7%
3 (Gibeo ). 40 B gui 5] Lipofectamine ™2000, AL
ff 2¢Ot % ft PCR X 7| & . miRNA-21 51 %), W&
( Ambion ), FHFEHUKIY H Abcam 237, K EHlMAE
AR AR ).
1.2 ZHREIEFREREE

BFE G0 T I SRR B ] PH sh iy, B
RIS KA ZUBT A AL, HRERT IR, FRASAH R KRR
PASMCs"”, T 10% Jf2F 1174 9 DMEM 5¢ 4 15 37 3
1 37°C. 5% AR CO, S5 T EESR, 1 2 RIRIE,
3~ 4d R IR

miRNA-21 mimics 1 Xf ¥ 5] [ 17 & i1 5%
A TAY TR B (RG)ARAA G . 5%
43 3 241 : miRNA-21 #11 il 20, miRNA-21 IF % 41
Al miRNA-21 3 # 15 41, miRNA-21 5| ¥ 751 . 1E
] 5'~AGGCTGTGAAGCTCTCCCCACT=3', 2 [f] 5'-G
CCACACTGCTGCCTTTTAGTCCC-3', GADPH #% 4l J+
H . iF 1] 5'~ACGCCTCTGGCCGTACCACT=3', JZ [f]
5'-TGGTGAAGCTGTAGCCGCGC-3', HEAT it it 5 e,
YHMLAENE 2 <50%
1.3 ZHWHEE PCR

Fie BR300 2 S R0 & U0 BT 45 K B RNA 33 5% R
cDNA, FEARBE A 20 CORFIRIRAAF . IR E i
PCR R GBI 3T PCR KUV o
1.3.1  miRNA-21 &k KP4 PH K B
R PASMCs Wi i} %% % miRNA-21 inhabits #l overpress
mimics 48 h J&5 , SEHF9ERE & PCR 43I0 3 220 g
1 miRNA-21 £AKF,
132 B —catenin, Cyclin D1 #= DDK1 4% 8 & i K

1.1

Pl AMIEYE miRNA-21 T4t PH K RS R
PASMCs Ji7, SEHIZEGRE fE PCR VA4 B4 3 20 241 iy
Wnt i #§ 7 B —catenin Cyclin D1 Fl1 DDK1 OIS
KK,
1.4  Western blot # ill B —catenin, Cyclin D1,
DKK1 ZA XA

—HHEEE 1 ¢ 1000, B —actin: —HiHE 1 : 1000,
WCAEBERT AR 0L fS 72 h AR, FREUS A . SDS-PAGE
SEERART, . SREN, —Pr 4°CRMEIRR, B
B, “HUEIRIFE 1 h, PERE, MR ARG RN
K, X R B,

SNEE miRNA-21 T3 PH BUBLALF AR PASMCs
J5i, Western blot 1 43 51 %6 ] 3 29 41 g Wnt 18 %
B —catenin, Cyclin D1 Fll DKK1 Y [ A K, BH
AT Gel pro4.0 MREERSO'CH BT ik - A 7 04T
MHBFDEEE (integrated optical density, 10D ) 2%
i, H & EREM B —catenin, Cyclin D1 8% DKKI1
HCH A / B —action WHEMH TR, HE 6 K, Gt
4
1.5 Sit=rHiE
BAEA TR SPSS 21.0 Soit g, 11 gk
B = bR (xxs) Fon, ZREARBSVECR
220007, PIPTHLRER T LSD—1 K53, P <0.05 N2E5A
Giiter L

2 #R
21 JER KR PASMCs BBt # 4 fF miRNA-21

miRNA-21 () % ik, miRNA-21 I % 4 K
(0.000 407 +0.000 184 ), miRNA-21 I #l 4 N
(0.000 038 +0.000 013 ), miRNA-21 i #* ik 4 N
(0.041 4+£0.001 2), SLPHR 25007, ERASIT
28 (F=68.32, P=0.000), HH, 5 miRNA-21 IE
B LR, miRNA-21 #5721 A K BL PASMCs
miRNA-21 35 FfE (P <0.05), 1 miRNA-21 iF ik
ZH AR B PASMCs ' miRNA-21 F8353 25( P <0.05 ),
22  4d iE 1% miRNA-21 Xf Wnt 18 B & B-
catenin, Cyclin D1 1 DDK1 mRNA Fix#0H

BN B —atenin . Cyclin D1 F1 DDK1 mRNA
Fik, BRHNER T 2500, ERAGITHEEL (¥ P<
0.05), HAESMETE miRNA-21 g4 19 g, PH
KB A AL PASMCs ' B —catenin, Cyclin D1 #
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mRNA FikKFEHEE (¥ P <0.05), DDKI ) miRNA
FIRAOEREAR (P <0.05) 5 MESMEM: miRNA-21 3
FKIB TP g, AL B —catenin, Cyclin D1 1%
mRNA FEACEMFEAL (3 P <0.05), DDKI mRNA
FRIKFHEE (P <0.05), W1,
2.3 SMNEME mIRNA-21 3F Wnt i@ 88/ B —catenin,
Cyclin D1 #1 DDK1 EBHRIZRI I

KA B —catenin, Cyclin D1 #1 DDK1 #5155

=1

SMNETE miIRNA-21 XF B —catenin, Cyclin D1 #1 DDK1 mRNA %A #2201

ik, GRHEFEFEST, ERARIFFEL (BP<
0.05), Hr, 7EANEME miRNA-21 @M (i, PH
KB A JE AL PASMCs ' B —catenin, Cyclin D1 f
A FIAKE R (3 P <0.05), DDKI (& H# ik
KRS (P <0.05) 5 MiZESMEME miRNA-21 3 %3k
TR EEE, 40 B —catenin, Cyclin D1 (Y& 3R
KA REAK (P <0.05), DDKI1 B [ 235K 714 &
(P<0.05), 5EHEIL 3, WHERMZE 2,

(n=6, x+s)

miRNA-21 TE %41 0.000 867 = 0.000 256 0.003 469 + 0.001 022 0.000 813 7 + 0.000 368 6
miRNA-21 Il 2] 0.002 769 + 0.000 879" 0.011 08 +0.003 517" 0.000 075 5 +0.000 022 6
miRNA-21 1 Fik4H 0.000 200 9 + 0.000 078" 0.000 401 7 + 0.000 156" 0.010 37 +0.003 057'
F1ii 37.867 40.464 62.627
P 0.000 0.000 0.000
Wt 5 miRNA-21 4 [b4E, P <0.05
£ 2 SMEHME microRNA-21 XF B —catenin, cyclin D1 #1 DDK1 EARIEMZNI  (n=3, Xx=s)

miRNA-21 [EH 41 0.4181+0.017 42

miRNA-21 2 0.860 9 +0.090 11

0.3203 £0.019 25 0.300 3 +0.0307

0.717 2 £0.045 32 0.190 3 +0.032 64

miRNA-21 1T k4] 0.220 5 + 0.030 04' 0.176 6 +0.253 5' 0.769 8 + 0.090 19"
FH 103.818 230.183 84.055
P 0.000 0.000 0.000
T 75 miRNA-21 IEF AL, P<0.05
B —catenin 90 kD 3 Mg
B actin . TG FROIN vg B P~ A B PR 2R ALY miRNA AL
KNGS ZER I A Py e, o8 S 2L 2T RE BT
Grefin 1 D % SR TUR AL TN . BT miRNA B
B ~actin 424D PEES, EMEAEGAEAR RIORRA T, SR
DDK1 28kD Wi R 23 AT L Xl RFFE R0 AR 0 s 0 o BRAR AT (R
B —actin 2kD miRNA-21 PART 2408 1T AR . miRNA-21

1: miRNA-21 IE#4H; 2: miRNA-21 #4H; 3. miRNA-21
puESn:i|
M SR miRNA-21 3¢ B —catenin, Cyclin D1
#n DDK1 EAFRZEMEME (n=3)

IHEE RS G, AT (R
FOFEFT ", TiAE PH B AIRHLEI T, Bl A es . il
i A% 3 R0 AL D7 AR B S PHL . B R
(4 3 A~ BB B A LA, G 32 S B AE A i ot
A, FERIN PASMCs 5, U A5 v
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SR, A MiIRNA=21 Seb i 5 R I 45 P 200 o 8 B e 52 i

&, AW AE IUL, BT k2 A A AN S5 A
2% ™, PASMCs 345 2 Jiti 1 45 82 90 1 ST T, R
R BEL L A0 A i o P AR R 10 SRR T A, ARSI,
miRNA-21 78 PH 348 38 3o %o il 20 ok ~F- 18 AL 200 e 34
FRZI , 2 5 i i A 1Y) S 9

AN ) Wt {5 5484, DKK {URE 5 b5
M 25 H Wt {5 58 %, X5 T Wnot/PCP i #% & Wnt/
Ca™ i % TGP B YEH . 7 DKK K%+, DKKI1 fE
Sk Wnt 38 % A 300 ) O A AR B 8 1Y DKK1 1
9 Wnt/ B —catenin {5538 B AFEHUR, T LURE R LS
Wt 1) % 1 Z — LRP5/6 454, Mifi T4 LRP5/6 5
Wnt-Frizzled & &Y 4G, TR IEE 5 1% S,
UAER A A S A K B PH BB Fr e P DKKT B A
Ji T BARCT-V ILAR B B4 o 3 ¢ Bl A BT Wnt 38
BEAFEHTR] DKK1 X7 LA A A A g - L
YRR A IG AR AT R L

ARSLHGEERAUESE, fEAMEE miRNA-21 T4 PH
K AR EAL PASMCs Ji, PH K FUREY 4T PASMCs
i1 B —catenin. Cyclin D1 FI DDK1 )33k K F-pifi 2 2k
A5 o FEAMIEME miRNA-21 8% 301 il (4 i {5, PASMCs
B —catenin, Cyclin D1 F&ik/K 345, DDK1 Fk L,
FEPUEIRE 5 MiZE/MEPE miRNA-21 & Fak T iy
%, PASMCs 7 B —catenin, Cyeclin D1 FIR KR
ik, DDK1 FKiksim, HEPufEHMR. rLIEH NN
miRNA-21 fY L1 950 AT 38 28 98 4% Wnt 38 #% 1) DKK1
YE F 5 Wnt/ B —catenin E5 K, Wnt/ B —catenin 15
3 A IS UL B ) 0y e A T L2
SR E AR, Wnt 88 58 24 LRPS/6
W frizzed (Fz) 455 MBI E GV SEABENGE
S EEIEAL, WS 1 Z KR T A B 4 L
{475 Dishevelled I Axin #5542 FIHALAE |, S5
Axin—-APC-GSK3 3 BEYWIN, T2 B —catenin M
XA A R TR R TR AR P AR R . M
AL B —catenin KM VEA LA S LEF/TCF 254%
SR TFEEE, BOE T IR A 5%, DI AR 2 il 45
SEE LA LG5 . miRNA-21 A5 22 %y B3 K6 PH
PR A o

& £ X #:

[1] PAULIK L B, SMITH B W, BERGMANN A J, et al. Passive

samplers accurately predict PAH levels in resident crayfish[J]. Sci

Total Environ, 2016, 544(15): 782-791.

CUI C, ZHANG H, GUO L N, et al. Inhibitory effect of NBL1 on

PDGEF-BB-induced human PASMC proliferation through blockade

of PDGF B-p38 MAPK pathway[J]. Biosci Rep, 2016, 36(4): 361-

370.

[3] YOUNG K A, IVESTER C, WEST J, et al. BMP signaling controls
PASMCKYV channel expression in vitro and in vivo[J]. Am J
Physiol Lung Cell Mol Physiol, 2006, 290(5): L841-848.

PIVA M B R, JAKUBZIG B, BENDAS G. Integrin activation

(2]

(4]
contributes to lower cisplatin sensitivity in MV3 melanoma cells
by inducing the Wnt signaling pathway[J].Cancers (Basel), 2017,
9(9): 1-16.

KNOBLOCH J, SHAUGHNESSY JD J R, RUTHER U.
Thalidomide induces limb deformities by perturbing the Bmp/
Dkk1/Wnt signaling pathway[J]. FASEB J, 2007, 21(7): 1410-
1421.

HORNSTEIN E, MANSFIELD J H, YEKTA S, et al. The
microRNA miR-196 acts upstream of Hoxb8 and Shh in limb
development[J]. Nature, 2005, 43(8): 671-674.

DU RIEU M C, TORRISANI J, SELVES J, et al. MicroRNA-21

[6

—_

(7]
is induced early in pancreatic ductal adenocarcinoma precursor
lesions[J].Clin Chem, 2010, 56(4): 603-612.

GIOVANNETTI E, FUNEL N, PETERS G J, et al. MicroRNA-21

in pancreatic cancer: correlation with clinical outcome and

(8]

pharmacologic aspects underlying its Role in the modulation of

gemcitabine activity[J]. Cancer Res, 2010, 70(11): 4528-4538.

ERR WL A AR SR TR S X il Bl JiT 36

LA AR A KA AN TR I RRIESE (0], Hpg R - B

iz .2014, 37(4): 390-399.

[10] BORTOLOMEAZZI M, GAFFO E, BORTOLUZZI S. A survey
of software tools for microRNA discovery and characterization
using RNA-seq[J]. Brief Bioinform, 2017, 11(6): 1093-1148.

[11] FU D, DONG J, LI P, et al. MiRNA-21 has effects to protect

9]

kidney injury induced by sepsis[J]. Biomed Pharmacother, 2017,
94(10): 1138-1144.

[12] FANG H, XIE J, ZHANG M, et al. miRNA-21promotes
proliferation and invasion of triple-negative breast cancer cells
through targeting PTEN[J]. Am J Transl Res, 2017, 9(3): 953-961.

[13] MARKOU A, ZAVRIDOU M, LIANIDOU ES. miRNA-21as a
novel therapeutic target in lung cancer[J]. Lung Cancer (Auckl),
20167(5): 19-27.

(EH5

i)

.31.



