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Role of TGF-B1/Smads Pathway in Regulation of Endothelial-Mesenchymal

Transition in Hypoxia-Hypercapnia Pulmonary Hypertension
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Abstract This article aims to investigate the relationship between transforming growth factor 1 (TGF-
B1)/Smads pathway and hypoxia-hypercapnia pulmonary hypertension and endoelial-mesenchymal transition
(EndoMT). Rat pulmonary artery endothelial cells were identified by CD31 and a-SMA immunofluorescence
double labeling. Cell viability was detected by CCK-8 assay. Cell migration was detected by Transwell chamber
assay. mRNA and protein expression levels of CD31, a-SMA, TGF-B1 and Smad2/3 were detected by reverse
transcription-PCR and Western blot, respectively. The results showed that the expression levels of a-SMA4, TGF-f1

e H 11: 2019-04-08 e HI: 2019-07-25

WA B 25 U R EHE 52 2018ZZ018) M T o J2 N A G H AR =k B B 0 H (LA 52 2016-07) Rt oH 17 518300 H (HEHE 5 - 604090355/033) %
BiRE

LR

*EIEE . Tel: 0577-86689817, E-mail: wwt@wmu.edu.cn

Received: April 8,2019 Accepted: July 25,2019

This work was supported by Zhejiang Key Research Program of Traditional Chinese Medicine (Grant No.2018ZZ018), the Key Funding Projects of Innovative Technology
for High-Level Talents of Wenzhou (Grant No.2016-07) and Wenzhou Intellectual Introduction Project (Grant No.604090355/033)

“These authors contributed equally to this paper

*Corresponding author. Tel: +86-577-86689817, E-mail: wwt@wmu.edu.cn

X 2% HH i) [R): 2019-11-12 12:25:50 URL: http://kns.cnki.net/kems/detail/31.2035.Q.20191112.1013.002.html



5K i i 55 : TGF-B1/Smadsiii it 255 Py B[] 5 i S AR AR e s — S B i i Ak v s 180 i 4 1949

and Smad2/3 mRNA were up-regulated, and expression levels of a-SMA, TGF-1 and p-Smad2/3 protein were up-

regulated, while the expression levels of CD31 mRNA and protein were down-regulated, and the cell viability was

decreased while cell migration level was increased under hypoxia-hypercapnia environment. It also showed that the

use of thTGF-B1 promoted the above effects in a hypoxia-hypercapnia environment, whereas the use of SB-431542

reversed the effects of thTGF-B1 in a hypoxia-hypercapnia environment. The results suggested that hypoxia-

hypercapnia can promote the occurrence of EndoMT in RPAECs. And inhibition of TGF-B1/Smads pathway can

inhibit EndoMT and alleviate hypoxia-hypercapnia pulmonary hypertension.
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Jiti ) ik =1 & (pulmonary hypertension, PH)&—
Tofr e o fil 2 9 51 R 1) LT B2 A B AIE . 51 S PH
(9 L D ] 22— 2 1 14 BHL 2 14 Jifi % 995 (chronic ob-
structive pulmonary disease, COPD), [l LIl R X 2
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PH[1)4F mi a2 R IE a-~F i UUVLEN & E (a-smooth
muscle actin, a-SMA) 11 WU 20 i K 0 AR 78 i
hfkEEH, 5] I M) (pulmonary vessel struc-
tural remodeling, PVSR), 525 & (1 it 2 ik 1f. &
BH A ANAT Lo 3235 BT A B2 [ 57 #% 73 4K (endothelial-
mesenchymal transition, EndoMT) &t fifi & & 4%
AR, BRI R A Ak D) o 4 i AR T B
JTHF I R B EndoMT, J84F K BRI N B2 41 B (en-
dothelial cells, ECs)F LA A o-SMAE HE 1L 3 5 141,
A EndoM T2 15 2 541K 4 v — A8l A i Ve it 20 ik v s
PVSRIHAEHE -

Ak 4 K X7 -B1(transforming growth factor-B1,
TGF-B1) S H i 1) Smad2/3 1) i 1115 518 6 /& Endo-
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e, DA NPHIP VAT $R AL 78 7 BB 0 J Al o

1 #RlAEE
1.1 EFEKF
KRR B ik 9 Rz 40 B e B g FE 1 AR R

hypoxia-hypercapnia; endothelial-mesenchymal transition; TGF-B1/Smads pathway;

AIRAF; a4 fiE e 5 % [E Gibco A 7 ; DMEM 5
B 97 W 1 35 [H Gibeo A 7 ; TGF-BA2 Ak i3 771
thTGF-B14 [ 3 [ peprotech /A &) ; TGF-B5Z 44471
7 SB-43154201 | 3% il MedChemExpress A @ ; %3t
KB Smad2/3 M1 5 51 K B p-Smad2/3— il H 3%
CSTA A ; ffi ki o-SMAFI BT A R TGF-B1—#i
It H g2 [E Abcam A A 5 /NPT ER CD31—Hil 5 9
Abcam’A F] ; 50 bp DNA Marker 5 _FifgHEEG 4
VI TREBRAT ; W3 -PCRE| Y H L iR E
Y TR IR A 5 AT H 2 TaKaRaE ARG PR A ;
TRITCHRC L 2EH T R PRI FITCHRC 1L 2E 5/ Pt
I B gz AR A R A CCK-8 &
T H H AR A AR AT T 5 3005 sfaakon & H 56
ThermoA 7] ; BCAH I & 177 &0 H 52 [ Thermo
22 ) TRIzol™ 71 H 55 [ Ambion A 7] .
1.2 4HREEESE

1 FH 2 10%Jif 2 1fL 77 (fetal bovine serum, FBS)
I8 1% /48 75 2 1 DMEM i bl 85 77 5L 52 55 K BRUIH
Bk N 5 41 Al (rat pulmonary artery endothelial cells,
RPAECs), # ¥l & T 885728+ (5% COa 21%
0, 37 °OVRGF7 . firdl JL 3 FE 2909 75% ) B w] i3k AT
S IR
1.3 AP R 25T

HRPAECSFEAL /N 64 : & X (NC)4H . ik
Ao AR (HH)4L. TGFE-B3Z AR %77 thTGF-
BI(HH+rhTGE-B1)4l. TGF-B 52141l 75 SB-
431542(HH+SB431542+rhTGF-B1)4H . 7k 16 12
(HH-+citric acid)ZH 1% 71 DMSO(HH+DMSO+citric
acid)ZH . AN SEEG 225 HAh 38 A 7L S ORI T SL 48
&8 SR 2 Jti B Kk v 1 4 B ASE 2R 5 FLA 58 200K B

¥ RPAECS % FE 21N 75%Ih) , #5-¢H 4145 F 1. FBS
) DMEM i #1577 3L AL BE 24 he [ )5, NC4LAT HH
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2H # FH 3r 6cf [¥ DMEM =y #5572 5 ; HH+rhTGF-B1
¥4 10 ng/mL rthTGF-B1(¥) DMEM i # £ 9%
Ft ; HH+SB431542+rthTGF-B1 204 {4 10 umol/L SB-
4315421110 ng/mL rhTGF-B1 (] DMEM =4 5% 97 3 ;
HH-+citric acidZH 4 FH & 745 1R [T DMEM (= 5 35 77 5k
(LR E/INT0.05%, H 5H@hi 2R E —20);
HH+DMSO+citric acidZH#t FH & DMSOFIF7 5 2 1)
DMEM = B 45 77 3 (B Tl 751 2K FE 35 /N T 0.05%,
H SRR E 50 K NCHE T # A8
FRAAT SR 24 h, HAS A FIRE S A B s 97
F(1% 0, 6% CO,. 37 °C)H1H59724 h.
1.4 CD31f0-SMA 5 & R WAR % £ E K R Ab
BBk A R 20 AR

FANE & 3 i & A R, FFRPAECS % 5
L H075%, BEAT MRS . ERGWR G, £4 °C
T, H4%Z% K HEEE 30 min, 0.1% Tritonf &
20 minfT L, 5% BSAWHES 130 min. f11% BSA
TRACH] 1 —PU( bR Ra-SMA—HL RN RFTK
FRCD31—#t, #ikk EL 2] 91:100), 55 B — 5Kk 40 i Ie
A INMPBSTEAE N Z FAXTIR, 4 cCIE K. 5
FOKEBE R B, 7ERE = BRI P& TRITCHRE L 2E
PURPUARRIFITCHRC L 2P0/ RPUi, Rt L Elsih
1:100), iR & 30 min, JEIMDAPIZL S 445 min.
T INBG 7 KT A B oRE f, fEIEE R
B SR A, 0 HEORAF
1.5 CCK-8EHMARTE 7

1] 4% 41 i %55 5104y /mL I RPAECs & i -
1200 pL/fL 1 L 7296 L AR H 42 FIRPAECs & 1K,
FRH 6N E L. KF96FLIR B T F 55 75 46 1E 7 5

7%, FFRPAECS™: J& £175%I, 3F 47 4 B A5 7Y ] % .
WL, 7RI, Win220 pL& CCK-81
Te M35 75 95 5520 L CCK-8), B T4 5% 5540
I 24 E], BRSO 2492 nmAb RO E . B4
BRI 6 A H M 2 B KAE 5 B /ME, Tl R4S
BAEHAT R T o
1.6 Transwell/\Z AN 20T

FJC FBS ) DMEM 1= % 35 577 5 1] 2% 41 i 2 B
1x10°™ /mL{] RPAECs#& 7] - 1E Transwell/NE 1) N %
HIA10% FBSHIANFI L 51 B 75 B 254 (55135500 pL),
7 EZE 200 uL FIARPAECsE K, B TR MW
AR (IS AT AR LR D B . 20~24 hJE EUH N, 37
ZIHRE A . AT RNIMERERE EENIRIA
2 B 40 i, PBSTE R BEVR, 4%4H i 2H 2R [ 5 1k [
E ZF RN E30 mine PBSYE3ME S, B T HHAR
155 mine FH 45 ff 58 4L 4% (430 min, PBSVA TRIA
WHOR, ZiR T EHRKT. AFERIEE LEi1%
F| N Transwel/NE i, B T8I b, & EHI A
1 55 9% Py 0 2 — BB B F O AT S5 3 o 1E
ST G I oL G N i G MO O S S Y
=3
1.7 % F-PCRIMRPAECsHCD31. a-SMA.
TGF-B1F1Smad2/3 mRNAZRIEIKF

Y H A% 5 BE ) RPAECs, I\ TRIzolifk7], 123877
YL T B RNATFEHL . USEE S RNAYTHE, JIA20 L
DEPC/K##, 3 MAEH T pLkT S RNAR EIE, 4%
R S iR G U B P e S 5 B cDNAL.- CD31514)
1 H A TaKaRaA 8] & %, HaR59H FilgdEsn A4 1.
FEHBAF G, 51PN 1. PCRY 1 %1

*=1 5|YF7
Table 1 Primer sequences

R TR SR HI(5'—3") PR /N op
Gene name Primer sequence (5'—3') Product size /bp
CD31 Left: CTC CCA GAA CAT GGA TGT GGA GTA 112

Right: GTG CAT CTG CCT TGG CTG TC
a-SMA Left: GAG TGA TGG TTG GAA TGG 106

Right: GTG ATG ATG CCG TGT TCT
TGF-p1 Left: ATT CCT GGC GTTACC TTG 118

Right: CCC TGT ATT CCG TCT CCT
Smad2/3 Left: CAT CTT GCC ATT CAC TCC 118

Right: TTC ACACCACTT TTC TTC CT
GAPDH Left: TCT CTG CTC CTC CCT GTT C 87

Right: ACACCGACCTTCACCATCT
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94 °CTiAE P43 min; 94 °CAE 30 s; 64.5 °C(CD31)/54 °C(o-
SMA)/52 °C(TGF-B1)/54 °C(Smad2/3)/60 °C(GAPDH)
30 sGE K, 32/MEH); 72 °CHEAHIT min; 72 °CZ& || FEfH
5min. 7EME/E 100 V&LE T, #3815 cDNAHTH
UK, BFAIA30~40 min, FAEENS pl. KSR SR
FAR . FH Imaged 51 A4 &2 rik 2% s, L H I ZEA
5 GAPDHAEER K EH 2 L3R H MR R IRk K,
SIS E H 3K
1.8 Western bloti M RPAECsCD31. a-SMA.
TGF-p1. Smad2/3. p-Smad2/3%E B RFILKFE

HLidE A5 52 BE 1) RPAECs I\ 2 PMSF [ RAPIZ
fiE I (PMSF:RAPI=1:100), FFI 41 i %1 78 23 W BE 41 i o
12 000 r/min2s 0220 min, 4 °CE 05 dE LI, 128
Ut B A5 7772 F BCA SR F R BE ) o 3K 7] Al s 2 1
WL . ] RIPAZ R AN LSS (b 0K & (A FE W F
FER 2 pg/mL, 100 °C7K%5 10 min. Fi#il SDS-PAGE
B HEAT FBK , B R B LR 2 PVDFAR, 10%)05E
HE Wby iR R B 1.5 ho BURRE G I — LR BIR
% PVDFJi (CD31. a-SMA. p-Smad2/3. Smad2/3.
TGF-B1. GAPDHFF: LI A 1:1 000), 4 °CK
M EE®. a-SMA. p-Smad2/3. Smad2/3.
TGF-B1. GAPDHZE H H BRI ALY (HRP) bR
WL FEP R =R E PVDFE 1 h, CD314&
FIH HRPERCHI L 22 B/ R P = IR & PVDFE
1 h, AT PR L4 1:10 000, ESH G, &
TR A, BT I ECLAL 2 & 6k 7 (B A
W B=1:1), BEOUIFORAE 25T . H ImageJ 51437
2717 , p-Smad2/3 5 Smad2/3 55 K LA 2 EL F R p-
Smad2/3FE AMEXEKF, EAEAHAEMNEAS
GAPDH K {2 bR om B I A RIE KT,
L EE 3K
1.9 Ziit4iE

K HISPSS 17.0% {1 %of £ 2H S 56 285 AT 43 #r,
BIdAT IEAS YRR IS, R 45 5 FH 35 Bt 1 22 (xts)
Fone ZHFEAAIN LI BOR H 5 K 28 5 22 i
(One-Way ANOVA)ZE, Jef i 5 7255V, 4577 2255
P LE R FILSDYE, #5777 2 A 5% 48 A Dunnett’3
R4, LAP<0.05 M G55 .

2 4R
2.1 &LAMAEECD31Fo-SMA R E R HEFRIC
CD31JE T W s b &Y, a-SMA

JE& T 18] JoiT 40 o S PR AR B . AR SR Hh 9% RO
HbRIL CD3 1R M R4, brid a-SMAT 2R
JRAE, RNmERREHREREE ). 4%
IR, NCH1LH] JLRPAECs I CD3 1% 650 FE &, 1
a-SMAJLF %K. 5 NCAAML, HHA 40
CD3 1753 IR 59 (P<0.01), o-SMA % 55 5 44 il
(P<0.01). 5HHAALL, #5740 HH+citric acidZH A1
HH+DMSO+citric acidZH [ CD31%% Y6 5% % Jo iH . 22
5 (P>0.05), a-SMAD 5 5 thTE 2 5] (P>0.05). 5
HHZALAH L, HH+rh TGF-B14140 s CD31%% 650 I
§5(P<0.05), a-SMAZ 5 B R34 hn (P<0.01). 5
HH+rhTGF-B14HAH Lt , HH+SB431542+rhTGF-B14H
YN CD3 175 68 BE 3 h1 (P<0.01), a-SMADE
RIH(P<0.01).
2.2 EZAMATESINE

ARSI EERE 258, 5NCAHA L, HHZAH 41
W 19859 (P<0.01). 5 HHZAAA L, HH+citric acid
ZH A1 HH+DMSO+-citric acidZH 4l finis /1 E R T g1t
2R N (P>0.05). 5 HHALM L, HH+rhTGF-B141
Yl L% 71955 (P<0.01). 5 HH+rhTGF-B14HAH
HH+SB431542+rhTGF-B1 2040 3% 11558 (P<0.01).
23 FHAITHBMEE

ARSI EE R E3EoR, 5NCAE R4 EH LL,
HH41T # 40 f #0532 (P<0.01). 5 HH41AH
tt, HH+citric acidZH FTHH+DMSO+citric acid4LiF#%
YA 2= R TE G B L (P>0.05). 5 HHZAH
tt., HH+rhTGF-B14LIT# 4 E0E 2 (P<0.05). 5
HH+rhTGF-B14HAH L, HH+SB431542+rhTGF-B14H
T A R A 8> (P<0.01).
24 RLAMPEACD31. a-SMA. TGF-BIF1Smad2/3
mRNAZRIAER

A g RIE 45 7R, 5 NCALLEL, HHA4 CD31
mRNA F LK FFEAK (P<0.01), a-SMA. TGF-B1F1
Smad2/3 mRNAFRL/KF-TH 5 (P<0.0584 P<0.01). 5
HHA L, HH+citric acidZ4 A1 HH+DMSO+itric acidZH
CD31. o-SMA. TGF-BIFSmad2/3 mRNAZ % /K-
BITE B2 10(P>0.05). 5 HHA L, HH+hTGF-B14
CD31 mRNAEIA/KF K (P<0.01), a-SMA. TGF-p1
F1Smad2/3 mRNAZRIL K- F+ i (P<0.058% P<0.01).
5 HH+hTGF-B14HAH L, HH+SB431542++thTGF-B14H
CD31 mRNAJK T+ (P<0.01), a-SMA. TGF-B1F1
Smad2/3 mRNATKF-FE(K(P<0.01).
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Fig.1 Changes of immunofluorescence in rat pulmonary artery endothelial cells in each group
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*#P<(.01 vs NC group; *P<0.01 vs HH group; “*P<0.01 vs HH+ rhTGF-B1 group.
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Fig.2 Changes of rat pulmonary artery endothelial cells viability in each group
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Fig.3 Changes of migration number of rat pulmonary artery endothelial cells in each group
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Al p-Smad2/3 & it KA /K F B & F+ & (P<0.05).
5 HH4 L , HH+citric acidZ1 #fl HH+DMSO+citric
acidZl CD31. a-SMA. TGF-B1#lp-Smad2/3%&
R R IA K B B A4 (P>0.05). 5 HHA
tt, HH+rhTGF-B14L CD3 14K [ i £ ik /K 7 A%
(P<0.01), T a-SMA. TGF-B141p-Smad2/3 & A Jii
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(1R s 0

F A, CLF K BB 76 S ms e LU VA PH, e 1 2
J5R DRI PHR AE LA o 55 4 BT . i I A ECsH4 B b5
VTS, AR AR AR A 0 BSOS PHR TS 1
FRIGFR 0, R, YR ABFFCECS T fE, Xt B 6 PHAT
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A: the expression and relative levels of CD3/ mRNA in each group; B: the expression and relative levels of a-SMA mRNA in each group; C: the expres-
sion and relative levels of TGF-f1 mRNA in each group; D: the expression and relative levels of Smad2/3 mRNA in each group. *P<0.05, **P<0.01 vs
NC group; “P<0.05, #P<0.01 vs HH group; “*P<0.01 vs HH+rhTGF-B1 group.
B4 ZEKXBIKANEAMCDI1, a-SMA, TGF-BIF1Smad2/3 mRNAZFIET,
Fig.4 The changes of CD31, a-SMA, TGF-f1 and Smad2/3 mRNA expression of rat pulmonary

artery endothelial cells in each group
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pulmonary artery endothelial cells in each group
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