. 594 - SR FARAFALE 20134 §22% Holl J REG ANAT OPER SURG, 2013, Vol. 22, No.6

16C L% S 50 Rk 19 52 208 B 53 A MO 9 46 L 3 B 5

MR, ZERF BRER, L WK BRI (8 S A R T B B R ANRL IR BT ML A AR, T 400042)

( E] B8 WEUREEE IR TSk B A G S S AL R KT B (TGF-B1) Xk A B 40 i 4 43 49 4 I BL AR
ik TGO RE A B 3R 04 i S0 K P R A, 43 BITE AR (% 21% 0, 5% €O, 74% N, TR &S FURE (7% 1% 0, 5%
CO, 94% N, A SM) AF TR 1 4.7 d, K 4TS R BV A TGF-B1 FikkF. A[A TGF-B1 s HHNHIF| SD-208 #il#fifi
FHITK P A0 K I T2 FUL R A T 1] oW IULIDLEN 6 11 (SMA ) B33 , S T I 30 Jk 74 B2 0 M A0 AL i 0 . 5 88 fIR4R 8
T B AT RE I B A B AR I0IZ A5 1) o-SMA 233K £ M T 2N B i 2s , HL TCF-B1 323k /K - B S 3 25 . TGF-B1 HE MM 20 Jik 1 K¢
T B o-SMA KRR, SD-208 WA IRMO o Eve RS T A IR S J A 7 40 - 08 FOLRE 40 4 434k s TGF-BL 7
B R A T AR

[ 3R ] Misliks IR 5 B2 A0 s 20 S Ak A K L - B

[HESZES] R543.2 [ XHEKFRIRAE] A [ XEHS | 1672-5042(2013)06-0594-03

Pulmonary arterial endothelial-to-mesenchymal transition induced by hypoxia
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Abstract: Objective To observe hypoxia-induced pulmonary arterial endothelial-to-mesenchymal transition and investigate the role of
transforming growth factor B1 (TGF-B1) in the process. Methods Pulmonary arterial cells improved by adherence method were cultured in
normoxia ( containing 21% 0, ,5% CO, and 74% N, ) or hypoxia ( containing 1% O, ,5% CO, and 94% N, ) for 1,4 ,or 7 days,respectively.
Endothelial-to-mesenchymal transition was confirmed with morphological observation and expression of o-smooth muscle actin (a-SMA) by
immunocytochemistry. Expression of TGF-B1 was evaluated by RT-PCR and Western blot,and a-SMA by Western blot. Results Hypoxia-
induced paving-stone-like pulmonary arterial endothelial cells transdifferentiating to polygonal cells with high-expression of a-SMA. TGF-B1
expression was increased significantly after 7 days of hypoxia. TGF-B1 stimulating alone increased a-SMA expression of pulmonary arterial en-
dothelial cells;while,SD-208 , inhibitor of TGF-B1,abolished the above effect. Conclusion Hypoxia can induce endothelial-to-mesenchymal
transition. And TGF-B1 plays an important role in the process.

Keywords: pulmonary arterial hypertension ;endothelial-to-mesenchymal transition ; transforming growth factor 31

Ak R B ok e 1) S B B AR AR Iy ek
o W W32 E ( o-Smooth muscle actin, o-SMA ) 2fff
JH A4 R ) LA R AR (H DG T I Se A i i) ok
TR A B R B HE R AL o R e WA L A IR ST AR
P 5 a5 3 o A S L0 M 2 43 5 B
AN BT AR MR 34k 5 RS T i A s o
TGN 3 A, PHIHGX SR TR o-SMA R B 1
JULET 24 40 i BA o S 00 e B, HOR IR T BE SR 20 2
REST 5 a3k th  B FH RII  24 37 RO R AR A EE
JEPR o I AERAT HRIE A TE B IR LT 4R AL O LT 4k
TE R HAEAE AR A L 1 - i FUAE 240 M 8 s LT 44 248
5 367 ST P B2 0 Y 431 5 2 i 30 ik

doi;10. 11659/ jjssx. 1672-5042. 201306005

[(E&THE] B =FEREH RS R I H (2010XQN35)

[EIMEE ] &haiie, i1k . (023)68757821 , E-mail ; zhonggianjin@ qq.
com

[WFsEHEA] 20130726  [{&E HHEA] 20130807

o A R il 0 K B R A AL 2 — g7 DA IS
VAR SR MM Bl ok g s by LAY 200 i 7K P A S 5
TRl Bf ik N B AR B AR AR e TGF-B1 7 M 72 v i
YEIEEAT TR

1 #R5TE

L1 b bk MR 20 808 R AR

filtFE 6 JAl Zc A7 SPF £ SD R F (45 = % = R 24 K % g Y
ARSI 8l 5 ) , B2 T TE S B B 2 B 70 me/kg R
BRI 2 5 R B MR o 90T T IR IR IS, 0T IE P R
JE TR 28 009 () I T O M J M s, % 8 1O P 4 41
BT AR O iy, BT = Sl bk VI BR oM, 2 8% 320 sl ok R 7 A i
Bkt WS k5 16, )R i UR I A A, R T e 2
F8 DR B i 3l KO T T S A5 03 A sl ok P9 o K PBS 3 Bk 19 1
Bl s bk A, B4 U s/ A o A 30 ik P BB I D R B
T 10% i1 (Hyclone 23w, SE[H) ISR £ BR 7] MRA
50 wl(Mpbio 24 ®], 3£ H) ) DMEM/F12 §:323, F 5% CO, .
37 CRIFRFPIET o 48 ~72 h 5, KBRIME A HF4kSe b or A%



AMFARAFRE 20134 H22% Holl

J REG ANAT OPER SURG, 2013, Vol. 22, No.6 . 595 .

o BEHEE 3 ~ 4 PRI A Mt 3h ik 9 Bz 4 e 4k 22 ) B85
1.2 Bhsh Bk W & ta i 9 AR B3 7o i S 510

BOGT B A A TR0 I 30 Jik P4 B2 20 M, S BT o 4 2 e
A T %o B8 S0 A A T TR AR AR R A (B 1% 0, 5%
CO, 94% N, IRASUAK) 37 CHEIRIFE . &M K4 4,
FJEEMRERESR 1 d 4 4.7 d BRI A, 55 A5G 55 1 20
ML, RERETR T d 453005 , ANMIC A 4% v B i 1 2
Ja 4 CARAE# T o WOBUHY 5885 37 R 4855 35 14 i 3l Jok 7 Bz 448
M, il A mRNA RO AT i - 80 CPRAF#5 . B
2 B 4 Me B, PBS ¥k 3 ¥k, 3 0. 1% Triton 3@ 3% 15 min, B
PBS 3 3 I, anti-a-SMA JiF & 13 1% , PBS ¥k 3 IR J5 FIiE & % R —
$i1 h,PBS 23 Y5 DAB .44 3 min, ] PBS 3:2: DAB J5
PER e d o BT I 25 B .

1.3 TGF-B1 A 344 A8 T 25010 =56 4040

K BRIk P AR 5 U5 3 N R FIHEE TGF-B1 R
R ) R R4S 4H o-SMA Rk 22 5, BON B2k K4
2 MR BRIE -, 3 T 90 A 0 o 4 T 0. R0 72 h )
e R EOAREA IR - 80 CIRFFA . TGF-B1 HlF 4 : DIF
HXT B @1 ng/mL TGF-B1; @5 ng/mL TGF-B1; @10 ng/mL
TGF-B1;(3)50 ng/ml TGF-B1, 7£ ik Ak TGF-B1 #l 38 Hk Ji 5L il
I, B TGF-B1/SD-208 Hill 43 4 : AR E L 30 24 5 @3 48 4 5
3)SD-208 0.5 WM HlliE 4 ; @SD-208 0.5 pM + ffEHk B TGF-
BL HlF A ; ©FcHEHRE TGF-B1 HF
1.4 TGF-B1 mRNA & & & ik f= a-SMA & & K-

FH Trizol — B3R BUE RNA, SRR 2 ug & RNA,
## RT-PCR 43#7 TGF-B1 mRNA (#7KF, TGF-B1 ¢DNA 5]
Y. 814 5° -GCCCCTACATTTGGAGCCTG-3 |, FiiEs |4 5 -
CAGGAGCGCACGATCATGT-3" , N2 B-actin 5|9 Jy: 1 W75
¥ 5’ -ACCCCGTGCTGCTGACCGAG-3 |, F g5 ¥ 5° -TCCCG-
GCCAGCCAGGTCCA-3" , BCA A6 M7 Mk, 10% SDS-
PAGE Lk , F % NC B, 353 P71 )5 il anti-TGF-B1 Hi{A5X anti-
o-SMA JNF I Y — 4 Ho 9 B A i TGF-B1 5% o-SMA 25 1 Y
ik,

2 HR

2.1 AREJRRIEIRIH IR N B 2 R AL o1 T T ILAE G
it 3y ik PR iz 240 2 s e A R A% AR5 37 0 S P B2 4
MRSl AR AR (B 1) o BEE (RSB 55 1 0] A S 4% 4l it
ATRE N B AN A 7] 22 61 T8 AN AR o G 40 T2 o (6 ]
U, o-SMA 755 223K 11971 VR 4 i s 28 (TR 2)
2.2 TGF-B *tAh3h bk MK 2m e 4% 540 69 % 7@
&SR 7 d 4 TGF-B1 mRNA Sk /K- FIHE IRk K
S T IEE AR A (B 3) . B TGF-B1 HIBEE
N, AN 35 «-SMA 7K -2 4 3 i (& 4A) , 10 ng/mL
TGF-B1 JIFL AT W o-SMA 45 i BH 8., PR e ke ok Je 4 5
B de NSO B2 . B4l 10 ng/mL TGF-B1 HJ3# 5 A% 40 BT £
1Y a-SMA JKSF-3EAnAR A, ; 76F L TGEF-B1 ik ) SD-208 Ji5 , af
T a-SMA 3B AP JUFAREIE R ; Bl Y SD-208 X o-SMA

*

o

B2 REHFF7 dEMHIIKARABEST LS o-SMA BR
BRI TR AR ( x40 &)

W AR

TGF-B1

B-actin P |

A B

A: £ % TGF-B1 PCR ¥k ; & A M % B-actin( 1.4 47 & Marker
DL 2000;2 .5 /& 5835 Fx 2033 .6 £ 37 20) ; B: Western blot #
n TCF-l & & kit AT
B3 JREEF7 dEHME TGF-Bl Rix/KFEFFFEFEA
1 2 3 4 5

a—SMA == = = — —
A
Boaclin D G - W w—
1 2 3 4 5
0-SMA ey o= Sy e -—
B
B-actin — — - —— —

AR R TGF-BL A1#E(1:9 ;211 ng/mL TGF-B1;3:5 ng/
mL TGF-B1;4:10 ng/mL TGF-B1;5:50 ng/mL TGF-B1) ;B: $-44
10 ng/mL TGF-B1 #| % fhm SD-208 /& (1: 4% 5.2 % &.;3:SD-
208;4:SD —208 + 10 10 ng/mL TGF-B1;5:10 ng/mL TGF-B1)

4 REHIEE XA 3 Ak N R 40 B o-SMA 3Rk B9 2200



. 506 - ABRFAZRE

2013 4F 522 el

J REG ANAT OPER SURG, 2013, Vol. 22, No.6

3 itig

Fii 50 ok e s T O LA 2H 2R 20 SR DR AL )
SR, 456 AV ONE BB N
R A% S AL I AR A I S8 IE S s BE 355 75 1) il
K R A AR A IR 25 L e 1) 7 1 LA 4 it
oAk ; H TGF-B1 7EAR A5 T 19 i 3l ik TN e 4 Jfa 5%
At R A B S

e 55T M Bl Ik P B 20 e o L oAb B Y
A, BRIk P B A M A3 B B AR, A R A
2 ORI B AL WL IR 4 B i L AU RE B R
ASLER T AU RED: AT 22 Rk 2% NG RE Sl
P ATREA A PN B A0 AR X 4lifk , AR5 3 ~ 4 B3RS
4l 224 98% , R S RS e T R AIL T IE A

T AR A B 22 )T 2 7 B A I P R 200 i
TR ARG . TR IS KT BT, b E 48 X
N EZ 2 L3R 8 ( CD31) (1.0 P B4 if 328 25 434k A (1) iz
20 ML P O P SRR P R A P B A B A Ak B 4
IO LT A4k B I 27 2 Al 3o 0 2 o ot B 9
ZPLH Z —. 7E Cre-lox FERFRIC A /N B0 WLEF4E 1k
WERIHP IR 27% ~ 33% 1) 12T 24 20 A R V1 4 Bz 4
Jat . AEZ AR LEAL B R R I 30% ~ 50% K,
21 2 240 it [W) B 2R 35 N R A SR Y CD31 R F 4 57
L o-SMA 5 1 R F PN B 20 it 3R 7 B R Gk S8 9 2
ARMRE AL o A B R vP k4 T A B R AT
A2, HR PR AT B 55 P Rz 4R I A A A AR 55
ASSZIGE ST B Ik P9 B 4 AR AR AR B R T d e Al
AFEA ARSI IK Y B2 4 M 0] 2 M) a-SMA 5 3Rk
(T WURE 40 A% oAb o 3PP PN B 400 b2 o3 AR SR 5 1Y
24 i T R 0L R T A T LR — o

TGF-B1 FENUAR M 1B & R AE I 2 2L 2 4
AR M5 TE S R R B E A . R MFSEIIE
S TGF-B1 FELIE B JIE 55 Z2 Fh 20 4L N 52 40 i 5 4
i A AR . ARSI SR A R A
TGF-B1 [FiE7KF-5 1M TGF-B1 g 3 it 2 ik 19 Kz 41
JH 1)~ B LA 200 1 e 434k, ] TGF-B1 B val 2 i
Sk B A0 B 5 434k o SCHE ARG S0 T ) ik v T
BCAIHLE R TGF-B1 {5538 P& LB . 7EHAth Ay
R A oA R vh e B TGEF-B1 A] e i Z AL il
SEIEL Al O ILER ZEfE B |, miR-125b BB R AIG
p33 kK F, il TCF-BL 4 T 1Y N B 40 it %% 73
AR5 Bk miR-21 (14 5t 32 3k AT LA P B 400 e )
Sk, TUTER miR21 0] RURAR O LR 4E4L . thBMP
A LIS TCF-BL, Wt D LT 4L o FEAR A Mt 3h

ks s rh TGER-B1 38 35 i s Jik P e 200 i 5% 73 AR A ML )
1) it SR AR ST LA B
FRATTHIITFE Ay 105 20 Jk vy s e o o o 265 B R L AATL

iR BE T ST , 0 1l PR By V6 Ml 3l bk s e 4@ 44k 1

o B TGF-B1 FE Sl Ik A Bz 40N o fhad i g 4

L 232 2% 30 Fr dE— L OB A RE AT T ]

[ &%k ]

[1] Humbert M, Morrell NW, Archer SL, et al. Cellular and molecular patho-
biology of pulmonary arterial hypertension[ J]. J Am Coll Cardiol ,2004 ,
43(12 Suppl S) :13S -24S.

[2] Jalali S, Ramanathan GK, Parthasarathy PT,et al. Mir-206 regulates pul-
monary artery smooth muscle cell proliferation and differentiation[ J].
PloS one,2012,7(10) :e46808.

[3] Stenmark KR, Davie N, Frid M, et al. Role of the adventitia in pulmona-
ry vascular remodeling [ J ]. Physiology ( Bethesda),2006,21:134 -
145.

[4] Stenmark KR, Frid MG, Yeager M, et al. Targeting the adventitial micro-
environment in pulmonary hypertension: A potential approach to therapy
that considers epigenetic change[ J]. Pulm Circ,2012,2(1) .3 - 14.

[5] Frid MG, Dempsey EC, Durmowicz AG et al. Smooth muscle cell hetero-
geneity in pulmonary and systemic vessels. Importance in vascular dis-
ease[ J]. Arterioscler Thromb Vasc Biol ,1997,17(7) ;1203 - 1209.

[6] LiJ,Qu X, Bertram JF. Endothelial-myofibroblast transition contributes

[

to the early development of diabetic renal interstitial fibrosis in strepto-
zotocin-induced diabetic mice[ J]. Am J Pathol ,2009,175(4) ;1380 —
1388.

[7] Zeisberg EM, Tamavski O, Zeisberg M, et al. Endothelial-to-mesenchy-

[

mal transition contributes to cardiac fibrosis [ J ]. Nat Med, 2007, 13
(8):952 -961.
[8] Liebner S, Cattelino A,Gallini R, et al. Beta-catenin is required for en-
dothelial-mesenchymal transformation during heart cushion development
in the mouse[ J].J Cell Biol ,2004,166(3) :359 - 367.
Zeisberg EM , Potenta SE, Sugimoto H, et al. Fibroblasts in kidney fibro-

—
=)
[

sis emerge via endothelial-to-mesenchymal transition [ J ]. ] Am Soc
Nephrol ,2008 ,19(12) :2282 —2287.

[10] Zeisberg EM,Potenta S, Xie L, et al. Discovery of endothelial to mesen-
chymal transition as a source for carcinoma-associated fibroblasts[ J].
Cancer Res,2007,67(21) :10123 - 10128.

[11] Piera-Velazquez S,Li Z,Jimenez SA. Role of endothelial-mesenchymal
transition ( EndoMT) in the pathogenesis of fibrotic disorders[ J]. Am
J Pathol ,2011,179(3) :1074 - 1080.

[12] Ghosh AK,Nagpal V, Covington JW, et al. Molecular basis of cardiac
endothelial-to-mesenchymal transition ( EndMT ) ; differential expres-
sion of microRNAs during EndMT[ J]. Cell Signal ,2012,24(5) :1031
-1036.

[13] Kumarswamy R, Volkmann I, Jazbutyte V, et al. Transforming growth
factor-B-induced endothelial-to-mesenchymal transition is partly medi-
ated by microRNA-21[ J]. Arterioscler Thromb Vasc Biol,2012,32
(2):361 -369.

(kB )



