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G (ERK)RK W ¥Hrh, ik WMERD R AEFH M (ASMCs) H 44 7 4.2 9 1Ba PAI-1
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20, AN 3T°CHEF AR 5 A 3555 12,24 #= 48 h, £ A CCK-8 #om] ASMCs %9 A8, #3658 % AR % 58
F WL 69 R EAe AR R BT RI4E A PAI-L ER RER B REH AR, #—F 564 :.AM (ZOxK);B4A
(PAI-120 pg/L);C 28(PAI-1 40 wg/L);D A (PAI-1 80 wg/L);E £A(PAI-1 100 pg/L);F 28 (PAI-1 &
K +ERK ii# #74) 7] PD98059 10 wmol/L), A CCK-8 #-ml ASMCs #9374, Western blot - ERK & &
W E R, BT AT SR AR B AN ERK mMRNA # &%, 458 5~100 wg/L PAI-1 48 ASMCs 12,
24 Fa 48N B g R AR B, EMBIRE T, KRR B A & 200038, 2 F A 4t 5 & X (P<0.05), A 48 h &
ASMCs 34 75 5 % 3 ; £ABR B 8] T, RERE & LA AR, £ A 40t 5 & L(P<0.05),80 wg/L PAI-1#) ASMCs
Y 7h F R B HGAI 48 h S RIEAE A 1), 80 o/l A REERFHAITE S ERI . BRSO ME R R A ,B.C.
D.E 4149 ERK # B LK -FF» ERK mMRNA #9483t ik 25 A 4148, £ 7 A %35 & X (P<0.05),B.C.D.
E4%%;B.C.D.EAHHILELERI R, BAS E MIkE, £F L%+ F &L (P>0.05)4, LA K AH 5
AR, £ A %t F &L (P<0.05), % PAI-1 & E %3 T 20~80 wg/L & ,ERK B LK -Ff= ERK mRNA
HAx; AR FROGRE ST B W5, >80 wo/L B MR B3 & e\ PDO8059 49 F 405 D Aikdk, 2 FA KITFE
SL(P<0.05),ERK Bt K-FFo ERK MRNA Fik Ak, 4518 MR M PAI-1 T vt 23 ERK i@ %49 &
ik, d ARt ASMCs #3854,
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Effect of PAI-1 on proliferation of airway smooth muscle cells
and expression of extracellular regulated protein Kkinase

Liang Wang, Shu-yang Zhu, Chen-xi Yu, Wen-jing Liu, Jie-chen Zhu
(Department of Respiratory Medicine, the Affiliated Hospital of Xuzhou Medical University,
Xuzhou, Jiangsu 221006, China)

Abstract: Objective To investigate the regulation of plasminogen activator inhibitor-1 (PAI-1) on the
proliferation of airway smooth muscle cells (ASMCs) and its effect on extracellular regulated protein kinase
(ERK). Methods The ASMCs of mice cultured in vitro were divided into 7 groups: control group, PAI-1
5 pg/L group, PAI-1 10 pg/L group, PAI-1 20 pg/L group, PAI-1 40 pg/L group, PAI-1 80 wg/L group and
PAI-1 100 pg/L group. All groups were cultured respectively for 12, 24 and 48 h in a 37°C incubator. The
absorbance values were tested by CCK-8, and the proliferation rates were calculated. The concentration and
intervention time of the experimental group with the highest proliferation rate were taken as the optimal
concentration and time of PAI-1 action. Then the subjects were further divided into 6 groups: group A
(blank control), group B (PAI-1 20 pg/L), group C (PAI-1 40 pg/L), group D (PAI-1 80 wg/L), group E (PAI-1
100 pg/L) and group F (the optimal concentration of PAl-1+the inhibitor of ERK PD98059 10 wmol/L). The
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proliferation of ASMCs was detected by CCK-8. The expression of ERK protein was detected by Western blot.
And the expression of ERK mRNA was detected by gqRT-PCR. Results After 5-100 wg/L PAI-1 acted upon
ASMCs for 12, 24 and 48 h, the proliferation rates of each test group at different time points were statistically
different (P < 0.05), and the proliferation rates reached the maximal levels at the 48th h; at the same time
point the proliferation rates of the test groups with different concentrations were statistically different (P< 0.05),
and the proliferation rates of ASMCs reached the peak at the concentration of 80 wg/L. Therefore, 80 wg/L of
PAI-1 was chosen to be the optimum concentration, and 48 hours was set to be the optimal intervention
period for the subsequent experiments. In the subsequent experiments, the results showed that compared to the
group A, ERK phosphorylation levels and the expressions of ERK mRNA in the groups B, C, D and E were
significantly increased (P < 0.05); in the pairwise comparison of the groups B, C, D and E, the ERK
phosphorylation levels and the expressions of ERK mRNA in the ASMCs were statistically different only
between the groups B and E (P < 0.05). When PAI-1 concentration varied from 20 to 80 pg/L, ERK
phosphorylation level and the expression of ERK mRNA increased with the concentration; when the
concentration went up over 80 wg/L, the phosphorylation level of ERK no longer increased. Compared with the
group D, the ERK phosphorylation level and the expression of ERK mRNA were decreased in the group F

(added with PD98059)
through ERK' pathway.
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cle cells; asthma
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ot RN I R R AERT IR S GE I, S BN AT
A2 BR S AR S AR e S S A R Ok ALk
B IR AN IR BRSO RYE RAE Z A, PE R 1 5
—AN IR BN ) I RO A
1 L4 Bt (airway smooth muscle cell, ASMCs) 42 1
He bR AL A PRAR A AL AR | R IS RS
JE G A AR, Horh, ASMCs it 3 iR E
IR B R 2R T2 5% i pLS
ASMCs 3451 JER KT R, 2 v il S s 4 41 1
#-1(plasminogen activator inhibitor-1,PAI-1)J& %2
FARR AR B ) R A 2 — , & R B 2 7%
il S TR T ) R 2 2R B T I il D ) Y A
IR o A 2m A I PAL-1 55 57 /KA AR Ak J H:
TE 2 L P 0 AR SR 200 T 285 i A 5 | 4 5 L )
PIRGREE 20 B 5 A5 5 e 5 MO R A E A &
TR YN, CA GRS S % B, PAI-1 7E
W i A S I B I v R AR B AR IR, AR
TEAEE PAI-1 /NG ASMCs HH 4 it &0 iR 35 2 14 38 il
(extracellular regulated protein kinases, ERK )iffi [ H¢)
THUER, ARG F /K058 PAL-1 XA SR 3: 5%
197N E ASMCs A5 5210 o

1 #MHERE

1.1 SCie#red
TE I MEYE BALB/c /MR 11 H fAKH 20 ~24 ¢

(P < 0.05). Conclusions Exogenous PAI-1 may promote the proliferation of ASMCs

plasminogen activator inhibitor-1; extracellular regulated protein kinase; airway smooth mus-—

(B BB s sh o 4t ) PAI-1(CRIE £ &
HEYHEARAIRATFD, o - FHHULEIEF (o -smooth
muscle actin, o ~SMA) (EIU -4 4) TREA FRA
H) ), 1% 40350 (cell counting kit-8,CCK-8)1x
R & (LR KAV AR, b H e -

3- WMl A B (glyceraldehyde-3-phosphate dehy-
drogenase, GAPDH ) (B Bt 2= A WA R F)) , bt
ERK (I = A8 R A BRAF), 4T p-ERK
([ CST A7), ERK i il 7% PD98059 (3 [
Sigma-Aldrich A ), BR A LY BEbRIC 1 1L 3
Yoo PRI T RG], Trizol 244
W (A S A YR A R A\ ), dNTP Mixture
(b RARAB B AR A F ), 2 x All-in-one™
gPCR Mix (3E[E Vazvme /A F]),Ex Tag.DL2000 DNA
Marke( H A< TaKaRa /A 7] ).

1.2 FHi&

1.2.1 ASMCs #9357 2 %8 KR E/NRAE
S LA S, SR F I RE 35 57 s X, ASMCs® 5 HH e iy
THAL A TAAR I A AR 2liAb®, S2aG AR 4 Fn 5 18
Fi 3R ASMCs SR JH A e H 28U “# 5K o -SMA
IR, IR T4

122 CCK-87& MR EAKI A, M
159164 i35 e R A% IR 35 525 (dulbecco's modi-
fied eagle medium,DMEM ), W54 itg 2 B 4 1) 1 x

10° A4~ Iml, 270 T 96 FLAL, 100 w1/ £L, 7 & 1 im A
100 p | TR BEMRER S A . B59% 24 h 5 e
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I35 B DMEM X557 24 h, (444 R T Go #i.
HRAEAS AL R 7 RN A o R 7 4 25 O R A
PAI-1 5 pg/L 20 .PAI-1 10 wg/L 20 .PAI-1 20 pg/L
2 .PAI-1 40 wg/L ZH .PAI-1 80 pg/L 4H .PAI-1
100 wo/L 4, BHEE 7 K, JEA 37°CH IR 79
K537 12,24 F1 48 h, R IREALIG TR BRI 10%
JMA CCK-8 ¥k, 4KZEWFdE 4 h, FHEEFR G &
450 nm Kb W SGEEE AR HE A T TS HE 5 58, 3 5
R =(A LRI A BIPEXTBEZE -1) x 100%. FRAR ¥
DL b 7 AN SO0 A A B R A5 S, DAY A e e 9 58
5 20 e B FNAE I RIS PAL-1 A FH B ik vk B
FRc s A ], #E—20 43 6 i 7 e 2ek i, Bk
SPEHANTT A (25 FIXHIRZL ) ;B 4H(PAI-1 20 wg/L);
C Z1(PAI-1 40 pg/L);D ZH(PAI-1 80 pg/L);E 241
(PAI-1 100 pg/L);F 41 (PAI-1 Fafidk)E +ERK i
TE 7 PD98059 10w mol/L ).

1.2.3  Western blot #m  ASMCs #% iR A.B.C 3
T HUG , B IR, VR AN 3 I, A TEZE
IR TVE SRR RN R B LR SRR A, B T UK 1
3¢ 30 min, HI TN 2 1.5 ml B8, 4°C.
12 000 r/min 5.0> 5 min, B3, BEIE NG R IE
THEELIE B TR . B 40 g FESMVEE AT RN
I IO e B FC FLTK , R I W 2 0 6 8 2 SR Al R L 0 P
1 B 5% BRI A = 32 H LA S W B 2% v
W (tris buffered saline and tween 20, TBST)(F}4]
W) R RMIR O, S|PEREA 2h, A
GAPDH —#T (1 :1000).ERK —#T (1 :5000),
p-ERK —#1(1 : 2 000),4°CIF & i %, TBST ¥Ef 5
5 6 I, 5 min/ Y, AR i S AL W s 10 1Y) ST
HHi(1:5000),37°CHIRMEE 2 h, B VLR, i#
T g A2 & 6RR B8 B AE , H Band Scan
ST R IR BEAA

1.2.4  SEF R 2 R A B4 2 (quantitative re—
al-time polymerase chain reaction,gQRT-PCR) i
LA LANNL, SR Trizol PLER AN E. RNA, ¥ 4% 5%
3 cDNA, T -20°CIKFF @R AE. LA B -actin EH
WS EL A, gRT-PCR ] ERK mRNA (1) FH X} ik
i, B -actin 1E[7]5]4):5'-CCCATCTATGAGGGTTA
CGC-3', JZ 5[4 : 5'~-TTTAATGTCACGCACGATTT
C-3';ERK IE[[]5]%):5'-GGCTTTCTGACCGAGTATG
TG-3', i 514 : 5'-TTTAGGTCCTCTTGGGATGG-
3 MENRR 20 wl, EE RN A 95°CHiAS
10 min, 95°C A8 30 s,60°CiE %k 30's, #t 40 MEHF

Ja AT RIS ATIN . A RN A N D[R 5 ik
S 1 B B BT 28 05 A B SR C Al B3 Xf
SRR % 3 AN EE B CHEICE
YIE, B H RS B Ct SRR 22 X6 AR AR 1) Y
SILN CtFME, B ACt, RIEAR Act=(Ct
HAFEH -Ct WS LR A ACt=( ACt #F5¢ 4 -
ACtXFHRAL) , e LA 27229 474040 -
1.3 FitFEFE

B/ BT % 1 SPSS 20.0 #1 Graph Pad 5.1 4t
AT THE ORISR + Frifi2s (x £ 5) Fm , B4
Fb 5 FH S PR 2R 22 43 A ki AR T i 1 1Y O 22 49
My, 25 L] LSD-t 4, P<0.05 K25 5E

HER
2 #HR

2.1 ASMCs W¥XE

B B A OISR, JE R /Nl ASMCs it
WY, ACRHES |, 40 16l (8] AH B 32 4l 52 04 25 Bk (I 1A
1A) . PEAN AL 2RI & 3R, o ~-SMA 2 BH: , HoH
T AT DLAT 60 58 5, UE S 5 35 B9 240 i ASMCs (L
K 1B),
2.2 CCK-8iZKM%ER
221 R F & JE PAI-1 3+ ASMCs ¥ 74 49 % &
CCK-8 324 36 12 .24 F1 48 h i} 45+2H ASMCs Y
AMH, T AN AR . 45530 ,80 o/l PAI-11E
FH 48 h B, ASMCs 3 5H % 2 (46.64 + 0.830)%, 4 fix
FE . AEIREE PAI-1 RSN ASMCs 12,24 FlI
48 h JE HHETH R LA, R B Z S B H  22508T
BRI I A5 R 22 7 RG24 8 L (P=0.210), 1A
R 22 RN e 45 B A) JO AR DG | R FH AR 17 2547
Mro &5 7R : OR[RIET ] ASMCs AUIEAR Ui, 25
SR G L(F=3826.486, P=0.000), /E/H] 48 h
B, ASMCs 119 1 5 36 8 K s AN [R Wk B PAI-1 3%
T ASMCs MUBGFEA LR, R A St B L (F =

A B
A EFRANNERYIE S (FE 22 WA x 100) ;B 552 ALY o -SMA
FiIK (RSO LA e x 200)
1 /MER ASMCs

.20 -



%526

T2, 55 PAI-1 XA TEF- 1 LT AN ERK 3K 15210

1 825.566, P=0.000),PAI-1 80 pg/L il F ASMCs
(R HE BRI R s QAN [RIHR B PAI-1 i34~ ASMCs 1)
MR AR, ZRARITFEX(F =
289.290,P=0.000). VLRHFANA 2,

2.2.2 Rl AeA PD98059 #= PAI-1 % ASMCs %4 ¥
e S AEEE, RN E T E0, 25
H Gt X (F=142.980, P=0.000), i#F—4[H]
W LA, 28 LSD-1 #3586 ,B.C.D \E 415 A 4l bz,
LR Gt X (1=8.218.17.177.22.817 #i1 8.930,
¥ P=0.000),B.C.D.E4lmT A4, #RRKIKRE

PAI-1 ¥yn] 5[5 ASMCs 3458 ; F ZH(PAI-1 80 wg/L+
PD98059 80 wo/lL)5 A 4L, 2R A5 E X
(1=3.874,P=0.002) ,F 41T A 41, % ERK #
1] PD98059 #4411 il PAI-1 5| ) ASMCs 3 74 ;
FA5 DA, 2R A8t 7E X (1=18.943, P=
0.000),F 4K T D 4, #&7 PAI-1 fir5 |2 ASMCs
HgE, T RE S ERK EIEA (WA 3).
2.3 PAI-1Xt/MGR ASMCs B ERK B AR LRI
-4 ERK #E 1 .p-ERK % 1%k K ERK WifiR
K LA, R TR Ty 220007, =2 A g B X

MR AEIRE PAI-1 {5k ASMCs & EIE A [EFNIEFE R LR

DAl Smum A 153, x£5) HETER (%, X + S)
12h 24h 48h 12h 24h 48h
0 pol 3 0.630 + 0.028 1.089 + 0.032 1.416 = 0.022 - - -
5 polL 3 0.639 + 0.024 1124+ 0.027 1.491 + 0.018 0.900 +0.173 3.200 + 0.608 5.333 + 1.988
10 polL 3 0.646 + 0.026 1.168 + 0.030 1.548 + 0.028 2.033 = 0.586 7.233+0.416 9.133+0.651
20 pglL 3 0.649 + 0.025 1.284 +0.034 1.765+ 0.034 30670815  17.933+0.874  24.633+0.666
40 polL 3 0.661 + 0.029 1.388 +0.031 1.924 +0.034 5033+0.153  27.433+0.902  35.900 +0.529
80 po/L 3 0.675+ 0.025 1.526 +0.034 2.076 +0.027 7233:0710  40.167+0.945  46.633+0.815
100 p g/l 3 0.670 +0.023 1.339 + 0.030 1.792 + 0.025 64671172  22.967+0.874  26.567 + 0.666
7« 12n - 1)2)3)
w0] - igﬂ 201 2 1)3)4)
g 2)3)4)
E 30 1 15 1
201 % 1.0
101 0.5
05 10 20 40 80 100 0

PAI-1 % /(wo/l)

2 A[ERE PAI-1 {&5MHIE ASMCs
ZBTEAIEE R

(F=72.294 .87.809 #1 27.946 3 P=0.000), D44
ERK £ [ #AKFHeAs, 245 LSD-+ 4% ,B.C.D .E 4
BTA4,DUAmTBCEH.CHBETBEY,D
HEmT F41(P<0.05);B 45 E 4l H%:, 25 4%
TR L (P>0.05); Q454 p-ERK & 1R iAKF- L
3,4 LSD-t K% ,B.C.D.E4H =T A4, DAET
B.C.EE4,C4ET B.E4,DAHRT F4(P<0.05);
B 415 E Ab#k, 22 R G iT# 2 L (P>0.05); %%
2 ERK BRI /KK b4, 28 LSD-1 K356 ,B.C D .E 4
BT AL RS IR PAI-1 YT ek ERK1/2 B2

AZ4l B# C#4H DA

D5 A4 E, P<0.05;2)5 B 41 H#, P<0.05;3)5 C 4 b%s,
P<0.05;4)5 D 4 H#, P<0.05
3 ASMCs {EM 48 h R4AHR A ELLEE

1D =T B.C.E4L,CAmT B.E 41(P<0.05),B
M5 E 27 oG24 L (P>0.05), %14
PAI-1 ¥ EE % 5h T 20 ~ 80 o/l i ,ERK1/2 Wiz fk
IR R e 5 T v T4 5, >80 g/l , ERK1/2 W R ik
JKFE AT & 5D 4 F F 44(1=8.612, P=0.000),
% PAI-1 515 ERKL/2 B R £k 14 = (19 B8 % 1l 4%
PD98059 il . VLIl 4,
2.4 PAI-1 3f/hER ASMCs 4l Bl ERK mRNA £
e b A

%41 ERK mRNA K- HES, 28 A R 7 22530,
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Z R H G E X (F=229.035, 2=0.000), ##—#
HA B E LE, 45 LSD-t K3 ,B.C.D.E4ET
A4 DAETB.CEY.CHSFTBEA.DAR

A#H B4 CH DH EH FAH

p-ERK1/2

ERK1/2

GAPDH

T F4(P<0.05);B4l 5 E 4l Wi E R LG+
X(P>0.05), WK 5,

0.8

Eﬂ@ 1)2)3)
g 0.6 1
0.2 1 N

AZ4l B4 C#4H DH EH F4A

1)5 A4, P<0.05;2)5 B #4H L4k, P<0.05;3)5 C ZH k4%, P<0.05;4)5 D ZH 14, P<0.05

4 %% ASMCs I ERK BEERIXKTE

1)2)3)
T

S

1)3)4)

ERK mRNA
N

BH C4H DH EH

FA

15 A R, P<0.05;2)5 B 41H#%, P<0.05;3)5 C 4l H4%, P<
0.05;4)5 D 41 L%, P<0.05
5 #&ZHASMCs i) ERK mRNA FRikKFELLE

3 it

AT T W RN P ity 2 S R A AR ] 4 I i 1
TG RIIEAL , Hoh ASMCs At g & H R IR 22
—00, WOODRUFF S5 | XETA 14 22 i £ 5 1E
# AL, ASMCs (9514 /i (50 ~ 80)% , iX — 4
FE WU A EAE RS, JAMES 402
TiFF 5% 3% B 76 BOBE I 02 s ( = 2 T R I )RR
SAEFHENZEER SRR TR b NVEW
ASMCs ¥4/ 5 Joie 2 B0 1 sl JE 000 1 2 i
ASMCs It K3k AETE RSB . 1 BEE 5 ) ASMCs
SIRAES A, Al Z R, H ASMCs 3458
23 U Ry SO, A X AR I R R U T A
T WA T R E B R E 2R AR R
HOFE IS ) ASMCs Fh W4 8 1) 34 5 1 A R A 1R,
SRR AL R -2 5 N R S AE SO, A AT —
AR GEER I, S ECEHIEIA . AT WL ASMCs
H A T S E R A SCREER AT, ] ASMCs 1

B AT BE A TR XA T R ) — S EE AN

PAI-1 BB ARG T EENREY R Z —, H
FEAEHZIH u-PA FIl t-PA. ZEIE® BT,
PAI-1 7 ML 3% () % 2 S AR AR (0 ~ 60 ng/ml), K
43 LAV AE 36 MO0 XA AE T i/ Al (200 ~
300 ng/ml)tsel, 7E — SO HAL RN, Qs XL
L WUEEZE R PRI JIEJRESE UL IALRE 1 E 55, PAI-1
T T8, S 1) PAI-1 KA M 7R R P A7
ELA W IEIIESE, PAI-1 7 B0 E 12 i F 35 3 2 1 i
A P R B 22 1K0, H PAI-1 1Y 4G S50 35 R g %
W25 imH b PAI-1 By E R IA R G, A 27 i Y A0
BEG) TR RS E A T, Wil 85 T
() PAI=1 Il 2% 7K -1, 55 98020 19 FH g il 4% 2 A G0,
WAz F I, PAI-1 W] 3E i 2 o S 4 . R
T A R O, R Mg s ML 4 1 E A
{6823 ER, 5T PAI- X < GE AT 5T
FEAETFT I, B PAI-1 @ 06 275 1 MMP-9
(R AL , A2 PR LT 24 28 RN 40 i AR R DU RRE 2 PAL-1
LN VEGF (IS AL I8 145 42 B2, (HJEPAI-1
X ASMCs 385 (1) 52 Wi [ N Sl DA 5T o AR 445
iR, PAI-1 REfEHFIASE = ASMCs 34758, I —
FE RIS ) AT AR o PAI=1 76 45 ) 347 i 3 384
ASMCs [{355 , BRs [A] ZE 4, S e s 7R 45500 B
M5 g/l % 80 g/l , B 5 2% W FH 25, >80 g/l
J& , YEHH R AN

ERK J& EAPKs KIGH ) — 01, FEALHE 2 Fp 7
FytAk ERKL #1 ERK2 , ERK1/2 A] (4= K A 7 38 i
Ras-Raf-MEK 3 i i iR Ak M , 55 4o |
AL R A3 A AR B MAPKR2 A5 BiF5E B, TGF- B,
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Al S ERK 1R SRR e #F ASMCs [y 1451 , %
LI F R BRI LR ARe®, XIE SIS 0
ERK1/2 {551 B{7E P2 Wi K B ASMCs Hi L4 284 ) 1%
A | A A R R OCHEEE ] . YAO BRI
W, A E RENZ I I ERKL2 {55 42 B34
M6 ASMCs (#3558 . CHEN SERfF 57 & 3,
PAI-1 A HEfE#E ERK (3R 1E i, DI 5 850 4 F
VB LA A 8 58 L ASRIEST 45 5 B, PAL-1 AT DAfIE i
KEL ASMCs 3875 , 5 ERK {5538 A ¢, iU
TEAE— B (R BEAR A ; PDO8059 R LA IZ 58
{ERREMK &2 2 X R K S, B ERK 38 #% ] fig A 2
PAI-1 5|52 EL ASMCs S5 1 ik — 407 38 4 o

25 LR  AE RSN L s AMIEYE PAI-1 AT LLE
AR UE ERK IE I B RR AL , AR 2E ASMCs 1S FE .
M0 PAL-1 A A ] ERK 38 i i B iR 16 mT
I/ ASMCs S FE , M T AT REIR 5% 1% Mg <38 F 9 11
KA.
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