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[(WZE] BH HWIMURESEZE (PTX) XEHAVER T B1 (TGF-B1 ) fff K B 20 k7 ¥ WLm At
( PASMCs M ORI E L B LA ik JRARERFR K BR PASMCs I3 2 UG IRAH BERIZH AT TR ZH( n=3 ).
25 P IR ZH S AT AT A B, RS2 ZH i AN 494 5 S0 10 ng/mL 1Y TGF-P1, T TR ZH AR A5 5 2H BE Rl b i 22 vk Ji2 Sl
100 nmol/L [ PTX s MTT Bt (o kA6 0 40 M S A B 07 5 SR 95t 5t PCR LA T BURe )it (coL 1) . T
J7 (COL M ) mRNA AAX} 33k 4; ELISA 3463 COL 1 . COL M4 A OD {f; Western blot 4G COL T |
COL MM, LK TGF-B1/Smad3 {558 % KCHEE 11 Smad3 . p-Smad3 AR FAKF, SR SRR
B, BRI ARG sERaE )y . COL T . COL T mRNA KHAE [ | p-Smad3 & FIAHX A KT B34 & (P<0.05) ;
T IR FEAR AR AT BT R, R4 TS PR IRLL (P<0.05) 5 4540 Smad3 2 FIMIXT RSB AKF L2
SEHG 2 L (P>0.05) o 858 M PTX X TGF-B1 L PASMCs AMIE A B BAT B BAmEIfE, %
Ve AT BE 0 i V495 Smad3 5 (1B RR AL R 230 [ PESRILRIZE, 2019, 21 (9) : 924-929]
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Effect of low-concentration paclitaxel on collagen deposition outside rat pulmonary
artery smooth muscle cells and related mechanism

LUO Yan, XIE Liang, LIU Han-Min, LIU Bin. Department of Pediatrics, Affiliated Hospital of Southwest Medical
University, Luzhou, Sichuan 646000, China (Liu B, Email: [blyfy@126.com)

Abstract: Objective To study the effect of low-concentration paclitaxel (PTX) on transforming growth factor-f1
(TGF-B1)-induced collagen deposition outside rat pulmonary artery smooth muscle cells (PASMCs) and related
mechanism. Methods Primary rat PASMCs were divided into a blank control group (n=3), a model group (n=3), and
a drug intervention group (n=3). No treatment was given for the blank control group. The model group was treated
with TGF-B1 with a final concentration of 10 ng/mL. The drug intervention group was treated with PTX with a final
concentration of 100 nmol/L in addition to the treatment in the model group. MTT colorimetry was used to measure cell
proliferation. Quantitative real-time PCR was used to measure the relative mRNA expression of collagen type I (COL-I)
and collagen type III (COL-III). ELISA was used to measure the OD value of COL-I and COL-III proteins. Western
blot was used to measure the relative protein expression of COL-I, COL-III, and the key proteins of the TGF-1/Smad3
signaling pathway (Smad3 and p-Smad3). Results Compared with the blank control group, the model group had
significant increases in proliferation ability, relative mRNA and protein expression of COL-I and COL-III, and relative
protein expression of p-Smad3 (P<0.05). Compared with the model group, the drug intervention group had significant
reductions in the above indicators, but which were still higher than those in the blank control group (P<0.05). There was
no significant difference in the relative protein expression of Smad3 among the three groups (£>0.05). Conclusions
Low-concentration PTX exerts a marked inhibitory effect on TGF-B1-induced collagen deposition outside PASMCs,
possibly by regulating the phosphorylation of Smad3 protein. [Chin J Contemp Pediatr, 2019, 21(9): 924-929]
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PAESR, REWTIE W, il i 48 5 2 il

g Bk & JE (pulmonary artery hypertension, PAH )
AT 3 R B A BRARR AR, HC b o T i i
Hh 22 %) 1 T UL L A e Y o B T AR A
BRI, R, fe] 3 4 il 3 Jik T L2
( pulmonary artery smooth muscle cells, PASMCs ) #p
WS GTRRSCAG YT PAH (G s 2 — . e fbA:
£ A+ B1 (transforming growth factor-p1, TGF-B1)
& H T A 27 de ALV il e i 2R A7, H
AT PASMCs Az 2 BB 48 1 5t 188 73 0 4 Jf 411
B, F=sro D MAEKEER (COL T,
COL M) , sSIdlizh kb B Z g5, M2 T
i i FE A . Smad3 85 1S TGF-B1 T i 22
fF5nFZ—, Y TGF-B1 HHEMAE &5/ T
Smad3 IR, PEHE AR Sk R G SR e
PSR R A Y, A2 EE (paclitaxel, PTX)
S FMEGARIT 25, B2 SRS B B I B,
AE 0% 108 1 (2 TR SR A I 00 i) JHC e 2R DA ik 3] ¢
IR AN MG FEAE T, B2 TR R
i 98 45 2 Pl B R ) Ak 2E TR YT M ARk BE PTX
RIS 40 it 2 4 300 1) PTX, T 4R SR A 2 2 A
WEE PTX HI T IR OUR s (Anfirer4efe . B
] Fef dede . IBEF4eqb s ) Aadtserh, 452R%EM
R EZ PTX A 188 3 101 J2 Dot 6 TR 38 7 2T 4 A
HERR 7, ARSI R SR VR BE PTX Xt TGF-B1 75
SRS K B PASMCs J5 S T AR A (8 4 ] K B
PRBIL .

1 RS

1.1 HAF S5
[t . 7 /AEREZ . DMEM SRR RIE . Rt
s (FBS, ZE[E Hyclone /A H] ) 5 TGF-B1 ( [
Pepro Tech A7) ) 5 PTX (YRYIME L Z 20\ BeAn AT
FRAW ) 3 KELCOL 1 & COL I al 5§ ELISA i
Mg (RDUEEEY TRARAR ) ; COL T
COL I % B-actin 596G A ( LA T AW TR
IERRAT ) 5 10" SYBR® Green Supermix i3] £
( Z£[E Bio-Rad AH] ) ;5 LK B-actin, COL I
HoygkEhUA, NEBORE COL T HrepEhiifk (L[
Abcam A F] ) 5 RBTKE Smad3. p-Smad3 g%
ik (L CST AR 5 IFEHTHR IeG . IIFEdT/N

B LG BRAR I AL W (S5 KPL 23 H] ) o 25t
S PCR AN ( 22 Bio-Rad A F] ); CO, 4HMIEEFE4 |
2 H Y (3 Thermo A ] ) o
1.2 ERKAR PASMCs HiiE%. ¥ERSA

{d B¢ M 1k Sprague-Dawley (SD) K, 1K &H
150~180 g, H1ACHERBMISL G Sh)A B FI At R
F PASMCs JARH: 355 %0 Iy ik 2 JSCHk ™), 3oiE
W AN FEAg R R B, TCRFREE i 2 th K Ul
SR EZE, 7EFA PBS LS, BN 1 mm’
LA, TR TR R, BT
2 hJF AT 20%FBS B354, # T 37°C | 5%CO0, .
MR FRA T, ARG S 10%FBS 355+
S S ROk T R A e A, R DT
WURE SRS o PR DUILEEE (a-SMA ) XF5
TARHHAIHE TR . S AR SR L 3~6 fRAH LIRS T
SEHG SIS A A AN BRZH (R RRb B ) | ASERIZE (i
A TGF-B1, &M H 10ng/ml) . T (finA
TGF-B1 #1 PTX, TGF-B1 & ¥ Jy 10 ng/mL, PTX
LU E R 100 nmol/L ) o A% J5 35 M TGF-B1 5| i
S22 30k MY, PTX G 2% w10 S 58 446 SR B S
ik P IR 24 h S T LA T SERR AR, s ]
T A 1 PP 2 2 S TS B 45 S B Sk
1.3 MTT ;£#&i] PASMCs 1857k

&4 PASMCs %5 Ky 3 x 10*/mL 570 T 96 fL
M, FfL 100 L, BT 37°C. 5%C0,. i HEE
W h R R, MUUE 5 MR AL R
K3 70% B WS T AN B, 24 h ][5 555 MTT i
FRVEULRH, TEREAR L LA 490 nm Ab £ FEAFLIY
WOLEE (OD) {H. SEEArER 5 K.
1.4 ELISAZ#&M COL | X COL IB&=

b akEeRp | BigE L A EE PASMCs 24 h )5,
WA A H A MRS SR W, T 4°C. 4000 r/min 2 >
15 min, HOH FiEREITE., SR coL 1
K COL M ELISA i G FHERAE UL, IR b
A 2 450 nm ZRF I £ AEASFLAY OD 8, il
151 OD (AT AR IG TR P e R R 1 & i, 58
AT A 3 IR,
1.5 FXEAILKRREHEEEZ PCR EHK N PASMCs H
COL | . COL Il mRNA B3t &Rz =

iz JH NCBI 4 A 804l e i i KB COL T
COL I, B-actin 514 (F£ 1) . % PASMCs %,
FEMPAMLT 6 fLAR, 555, A 24 h 5, IR
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ER ML, R TRIzol ¥ HEHUAN A 2 RNA J5 1
FH3 8 SR 300 £ A % cDNA . B cDNA #7520 3¢
g PCR (qRT-PCR ) OB, SOWARZR (20 ul.) -
9 MIX AR R (2x, 2¢ )6 MIX & £ Taq .
ANTP, Mg™ () buffer ZZ ¥ ) 10 pL, F. FiiE5]
) (10 pmol/L ) %% 0.8 uL., ddH,0 6.4 uL, cDNA (Fi
Fe3 M%) 2 ul, WA 95°C 3 ming 95°C 10s,
58°C 30s, 72°C 30 s, fEFR 40 K, LIS IEA B-actin
YERZ M, COL 1. COL Il mRNA FYAH X 2235 5
WA 27 SO LI T . SRS A 3 UK

=1 s5l9FE3

[ 514 (5 — 3" BB (bp)

COL I EJ#: GGATCGACCCTAACCAAGGC 210
FF: GATCGGAACCTTCGCTTCCA

COL I EJ#: CGGAGGAATGGGTGGCTATC 268
FiF: ACCAGCTGGGCCTTTGATAC

B-actin  F¥f: GTAGCCATCCAGGCTGTGTT 236
T ATGTCACGCACGATTTCCCT

1.6 Western blot i% #& il PASMCs & COL | .
COL lll. Smad3. p-Smad3 &R FRIX

P PASMCs %1%, #EMAIMT 6 LAk, 3%
Fe. Syl AbEE 24 h s, RIS E . FIH
BCA #5138 I 7] Al 4% 21 2 vk . AR
s BB E DAL, FRESINA EREAL
PEATHLDK . HLUKZE ARG FE IS . B0, A Y 2R
FH—Pt (B-actin 1:1000 FikE, COL T 1:500 Fiks,
COL I 1:500 F#i%¥, Smad3 1:1000 #FE, p-Smad3
1:500 Fis k¢ ), IEAE ACUKFPIR T ik, TR
TERER FIFE 40 (7 1:10000 Fiks ) 2 h, PRI,
FAW KA T 5 6 . W Quantity One #01F
AR AT 0T, Z5R U4 HINE S B-actin
MRS FR . SEmsr AR 3 IR,
1.7 SitESH

K HH SPSS 17.0 Gt 4 e A 748 1240y
Bro THE BRI « brifE2E (Rxs) T, £
2 [B) L3R LR R Ty 22 0, AL R 7 O L e filt
FH SNK-q ¥, P<0.05 NEFAGIFE L,

2 HR
2.1 R PASMCs ¥ NEREE

JEARRESEEE 4 K, (8] A 22 e T T DL
BE 1 2H 2V H i 25 ANMTE H 2R 3457 Pk B0 (520 e
HERIE, 7655 6 REBIAIN “If - R 4K
IR — AR BE R S e AT A 0-SMA Y ZR3K
8BRS T U4 o S BAR e (B a-SMA PH
YRR ), HA KRS K A7 HES 1) 22
R CANBEATEL) |, AR Rk dn i, 25 P
HIE95% i b, WHE/RH K PASMCs., WL 1,

K R PASMCs R Rz 5%
KM sh AL ( x40) , W BE % 4L 215 J8] [ A 40 i i

B: RSN ( x100) , RRKBEAK: C: o-SMA HE
ALY (% 200) , WiEE Tl WL PASMCs I i Ki a-SMA

E 1 A JAREEIREE 4 R

FHPERIL (PHPERIE R E) 5 D: o-SMA St (L e
(x400) , EHEET AW ES PASMCs [ANAREATHES 9 224K
Y (MBS .

2.2 MTT %M 4H PASMCs 185155

2SN HR A BRI AT AL OD A e =
S Gt L (F=65.340, P<0.001) ., 5251
X HEZH OD {H (0.444 +0.033) #H L, A4 OD
i (0.642 +0.031 ) AT OD{H (0.516 +0.017 )
IR (P<0.05) 5 SRR L, Tl
OD {H B B F#AIK (P<0.05) o #/8 TGF-B1 fit . &
{253 PASMCs 345, i PTX fedid TGF-p1 {214
FEAEH]
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2.3 ELISA i% #& il & 44 PASMCs # COL | .
COL iIMm=ErE&E

R = D A 25 N I T
COL I . cOL MEHFHEW B L (P<0.05) ;

(P<0.05) . W53,

£33 HLHACOL |, COL Il mRNA FE¥tFRiEKF LB

(x+s, n=3)

SRIRIAH i, T4 coL . coL M&=A4 AT 5 COL T mRNA COL T mRNA
TF (P<0.05) » W32, 25 %R 0.93 + 0.06 1.000 + 0.024
A2 1.98 +0.08" 1.801 + 0.082"
. i 1.14 + 0.04™ 1.217 £ 0.052*"
%2 ®ECOL | . Col I BESEILE: i
— F1{E 255.740 154.154
(x+s, ng/mL, n=3)
P{H <0.001 <0.001

2051 COL 1 COL N
Al W aRmSa AN BA AL, P<0.05; b S,
2= HR IR 1.59+0.11 1.46 +0.06 P<0.05.
PRI L] 3.60 £0.10° 3.27+0.12"
T 2.56 £0.13"" 2.44 £0.14™
N A S £ 4
FE 11 B 2.5 Western blot & # il & %H PASMCs
P <0.001 <0.001 COL | . COL ll. Smad3. p-Smad3 & H 18 ¢

M an 525 X IREAR L, P<0.05; b/ SHRETIZHAH L,
P<0.05,

2.4 qRT-PCR i&#&il& 4 PASMCs # COL |
COL Il mRNA #8343i%

52z IR IR LA, REANLE AN Fi4] PASMCs
H1 COL 1. COL Il mRNA 3 ik 7K % B & 3% 5
(P<0.05) ; 5841 AH b, + il 4l PASMCs
1 COL 1. COL Il mRNA % ik 7K F B & F& fi%

RirKF

52 IR IR L, REARULE RN T4l PASMCs
1 COL 1. COL . p-Smad3 7K 1A% 285K 7K -
P B E (P<0.05) 5 SHEAIY e, Tl
PASMCs H1 COL I . COL I, p-Smad3 4K 4 #H %
F kK1 B EFEAR (P<0.05) o 454 [H] Smad3
EAHFRBKE R 2ZER TG TR X (P>0.05) .
Wk 4, K2,

R4 HAHCOL |, COLII., Smad3, p-Smad3 EEHEIMRIAKTELLE (x=zs, n=3)
215 COL 1 COL I Smad3 p-Smad3
25 A R 0.125 + 0.070 0.11 0.03 0.43 +0.03 0.051 £0.015
TRETZH 0.598 +0.010" 0.56 + 0.06" 0.44 +0.04 0.336 + 0.054"
T 0.356 + 0.052"" 0.27 + 0.06™" 0.43 =+ 0.03 0.185 +0.021*"
F1{§ 65.677 55.149 0.057 51.981
P{H <0.001 <0.001 0.945 <0.001

TE: an 52 IR, P<0.05; bR SHERILAELL, P<0.05.

SRR RURAL TR 3 itig

COL 1 130 kDa

P i 5 A ) T B B R i Bl A BE
HABRJZ R BE SN, MU RECR R SZ B, i)
JreRR R, sl B SRR TR Hoh

COL I 138 kDa

Smad3 52 kDa

pSmad? kD A 2 L P AT 2 py P S LT 5 2 B 4
Practin 37kDa W ot B U RS ) S 1 4O R

2 Western blot i% # il &% 22 COL | . COL Ill..
Smad3. p-Smad3 EEHEXMRIELHE

PASMCs 9 34540 e AR (B] 9% 3240, % PASMCs
FAE YR EEAVEH, (BN i A
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A2l PASMCs B8FE T, b— A0 e i 45 4%
P, A M A S R DURLTE PAH Y&
AL KRR RE TP A W L A e, R A
LA BT AR 28 U G2 il L i % PAH H7 2
PR EE B . ARPTRAT, A AN L AR
435& COL I, COL N, M CcOL 1 2 54ek¢hiizh
ik BE B P K Besk 71, COL 25 4k 35 oy ik
ERERRAE , BRI RE SRR R BB I R
A PRI REAERS TR EEAEM, B2 COL T,
COL T A3 5 2% 42 i Jig It A ik M B I e o i A5 &
Yefb, FEUMEMEIL EREEE | EREAE L I
PETRE™, BLRIMF I 2EM02% , JEAL PAH, I,
1870 COL I . COL 7 A= i ok 900 6 240 e A/ o
VUL, B7iA PAH FSCHERTTE

TGF-B1 & {2 1 240 Jit 344 58 I A 1 e I 2 1 45
YN L S A A R -, LA AR SR A 2T 4R fR AR
AU, Y TCR-BI 5 H AN Z K25 &, T T i
%) Smads £ 1 W] & £ B R 1L 5 85 B AT AL,
IR AL 2R, 51 ERZ R
P o ST R PAH (I IR L4 BE IR ST
R DA 1, A e Y S E A A SRR
B PAH AL, 55 SR R BSR4 425 0T IR A
TGF-B1. p-Smads & %Kik & B, 47 TGFBL/
Smads {5 FE AT RES 5 T IR AE A AL T DT
o Ht Smad2, 3 2K 1 7E TGF-B1/Smads i % H
Je R, S TGF-B1 {5 5158 5] Smads 8 [ 126
—H o 5 Smad2 A EE, X M TR S 41 A0 Y
P FEAK R Smad3. ASHFIE K 10 ng/mL TGF-B1
ib BRR B PASMCs 24 h & B, PASMCs 4 4 &
COL 1. COL I 7E mRNA FIE [ £ 5K FH 0]
W, p-Smad3 FE AR LI, ZERAMRIAA
S B R HE K Bl PASMCs A1 i B IT AR AR R
1 LA M A 7K SEIE 52 TGF-1B/Smad3 {5518 B 7E
PR P R AR A, DA AR A SR T LA
WM, TGF-B1/Smad3 3 % v 7 il if 5 5 98 5 &
ke T R FER, i T3 TGF-B1/Smad3 15
S D B JEDORL, X TAYT PAH B ITERY
e R o FH A EL

PTX fig 5 FE40 M N TS e SR 25 L R EI
EEARGIF AR, T 25%,
NG AN 87 N = =1 R P2 VA3 e i L1k 2B

Y7 1R — S S AR P A B AT oY L T A R R
K L2 SCHRHRAE, IRV BE PTX REAS BH BT TGF-B1/
Smads {57 iH %, FEIURIE mRNA FIE AR,
ATt 22 o fig SRR 5 8 ke B AR 4 7 8 0
AFTRVAL, A0 HE R 2 RS A B T 45 285 5
AT AR, P A S AE TGR-B1 {558
AT AR PR HEAEM, Smads EEFNEN S
TGF-B1 {5 515 S ERAF AN PR R a1 . /D
FlHE PTX 170 TGF-P1/Smads 15538 B4 i ELAAHLHI
AIREA : PTX fE #0082 I SR AR I e T
W21 Smads 5 40 & 2ICE I, WIF Smads &
M5 TGF-B1 AZ AR, FHWT T TGF-B1 {5538 %
AL G P2 F g 46 P PIX TS & &
VA K B EF e AL, 25 5 i R K R 240 21
COL I . COL ik gtim/b, KB PTX G it
DB JE ORI BEL L I £F AR T B, B8R PTX Bl 3%
WA BUEF LA F e I S G 5 Y
F R B AR P, F IR S AR S RIRTE R B
[i] J5T 2T 4 Ak PO £ 4 Ak BT A5 e B AR v 15 )
UESE, (BICTE PAH I A58 RE I S ok B DU i /R
A WARIE . AWF5E /N PTX (100 nmol/L )
+ il TGF-B1 5 T (1) K Bl PASMCs # i J5 i B A
A, g BB OR, R4 PASMCs 3 5E K -,
COL I . COL Il mRNA & H:4E F AN 638 7K,
p-Smad3 25 (A #F A m A HeAs (AT BRI LR, fi
Smad3 K IAEICH W SUE . B IHE TGF-B1
G T TGF-B1/Smad3 {5 53 %, 18 T Smad3
H AR AT, EAMEE S X Z, (2t
40 B3 5 K COL 1. COL I mRNA K M H %
ik, PTX T il 4H h PASMCs 3% 7Kk S, COL 1 .
COL Il mRNA J H: 4 H 35K F, p-Smad3
FR PRI B2 N, 1T Smad3 8 H Rk
SEORTCHA B Ol IR B PTX AT AR
TGF-B1/Smad3 {55 s, T Smad3 & 1 #E#2{k
K, AL AMIAZAT S AR XTI 2b, 400 200 B 338 g 2%
COL I . COL Il mRNA M HEMHKIL,

g b, ARWEIY 45 R 1R s IRk B PTX 1] X
TGF-B1 {2 PASMCs #Mig Jiiad BT B 3 1
PHIVER, ZAE o7 A8 i A ¥ Smad3 A Y
BERR ALK S
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