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[(FWE] B HIEZHE(LPS) BT8R BN N L A (RPMVEC) &M /NS B -1(Cav-1)
FITERALE . ik BERIMEIRA RPMVEC, 43 5IHEAT LPS B 06 AR P A (PKA )@ 5T HSC 5 .
OFREEES : L 10 we/mL LPS 43318 0.1.3.6.12 .24 h J #EA7 40 i 20 258 3 Pk (B SC S - A )
Cav-1 25 1 #%35 (B BT B 55 ( Western blotting ) JAGHI ; 3£ LPS 413 0.10.30.60.90 120 min 4530 21
i mR /NS 2B 1 —1 (p—Cav—1) 35 (Western blotting) s @ T FIZH - A 10 pumol/L 25 1135 A 5 5240 461 71
(PKI)Y RPMVEC #il# % 30 min J5 A 10 we/mL LPS ZK£EHEE , 30 min JEH p—Cav—1 32354, 3 h J5 #6040
M 2N K Cav—1 B BEAMIFLLLA LPS of, PKT Sl Ax) g, 258 OLPS Jl# RPMVEC
J& 1 h Cav—1 & 1263k (B4 A (B BIFFUE | FH(2.97 £0.07),3 h iKIE(E (3.77 £ 0.37) , Z G W I BE 24 h
BF(1.45 + 0.18) 3 B 75T LPS HI#L 0 h iF(1.12 +0.08) , 21 i) HL #5022 7 45 i X (F=178.047, P=0.000);
LPS f] LRI (01,3 .6.12.24 h)3EhI RPMVEC 3@ (A {5, 2k 5 Cav—1 B AR E—E, 2051
A (99.67 £4.32)% . (118.17 +2.32)% ., (159.00 +2.61)% . (141.17 £2.64)% . (120.17 +2.79)% . (108.83 +
2.04)%, 1 10) LA 25 S A Be 2578 X (F=345.869, P=0.000), LPS 75 ] £ i [ 44 4 P48 i Cav—1 BERRAL -
10 min [ p-Cav—1 & 126K (B4 A 1) BIVIFEAT15(2.41 £0.11),30 min 35 14(2.83 + 0.10), SR J5 B #7 FIE,
120 min A (1.04 + 0.04 )R &2 FIFERE K- (1.03 +0.04) , 4 0] [ 4525 7 A e it 5 L (F=519.417, P=0.000) .
@PKI 5 LPS HUlE & 0 i Cav—1 323k (FR4> A :5.07 £0.22 It 3.81 £0.23, P<0.01) & p-Cav—1 FEik (F143
AfH:3.93£0.23 [1 2.77 £ 0.10, P<0.01 )$% LPS HIFLLH E—25380m , IR RPMVEC BfBEDBE, fff RPMVEC il
BEPERS N (184.17 £5.49)% 1 (151.50 £ 3.08)% ,P<0.01), %51 Cav—1 N HBRILE XSS LPS S
RPMVEC Jit [dbifs , PKA {5518 Bl 4% Cav—1 85 H MIL#EIR L3RI S 5 LPS X RPMVEC FY B -
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Role of caveolin—1 in pulmonary microvascular endothelial cells injury induced by lipopolysaccharide in rat
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[Abstract]  Objective To investigate the role of caveolin—1 (Cav—1) in the modulation of rat pulmonary
microvascular endothelial cells (RPMVEC ) injury induced by lipopolysaccharide (LPS ). Methods ~Cultured RPMVEC
were randomly divided into time—dependent injury group induced by LPS and intervention group in which cells were
pretreated by protein kinase A inhibitor (PKI). In the time—dependent injury group, monolayers of cells were
constructed to determine permeability changes after 10 wg/mL LPS challenge for 0, 1, 3, 6, 12 and 24 hours with the
method of Evans blue-labeled albumin flux across the monolayer (Pd). Western blotting was used to determine the
Cav—1 expression after LPS stimulation and the phosphorylation—-Cav—1 (p-Cav—1) expression after LPS challenge for
0, 10, 30, 60, 90, 120 minutes. In the intervention group, after pre—treatment with 10 pmol/L. PKI for 30 minutes,
RPMVECs were challenged with 10 wg/mL LPS, and the expression of p—Cav—1 was determined 30 minutes after LPS
challenge, the permeability and the Cav—1 protein expression were assessed by Pd and Western blotting, respectively.
Non-stimulation group and single PKI simulation group served as controls. Results =~ Western blotting revealed that the
expression of Cav—1 protein was elevated at 1 hour (2.97 +0.07), peaking at 3 hours (3.77 £0.37), then it lowered
eradually, but it was still higher at 24 hours (1.45 +0.18) when compared with 0 hour group (1.12 +0.08) with
significant differences (F=178.047, P=0.000). After RPMVEC monolayers were challenged by LPS for different
periods (0, 1, 3, 6, 12 and 24 hours), there were significant increases in a time—dependent manner in Cav-1
expression in the permeability as measured by Pd ((99.67 +4.32)%, (118.17 +2.32)%, (159.00 +2.61)% ,
(141.17 £2.64)%, (120.17 £2.79)% and  (108.83 +2.04)%, F=345.869, P=0.000] which was similar to the

changes in Cav-1 expression. LPS also increased Cav—1 phosphorylation in a time—dependent manner occurring at
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10 minutes  (2.41 +£0.11), peaking at 30 minutes (2.83 +0.10), and then it decreased gradually, finally returned to
basal levels (1.03 +0.04) at 120 minutes (1.04 +0.04) after LPS treatment with significant difference (F=519.417,
P=0.000). When PKI was pre—treated with RPMVEC the expression of Cav—1 was significantly increased (5.07 + 0.22
vs. 3.81 £0.23, P<0.01), and p—Cav—1 (3.93 £0.23 vs. 2.77 £0.10, P<0.01 ), and RPMVEC monolayers
permeability was enhanced [(184.17 £5.49)% vs. (151.50 +3.08)%, P<<0.01] after being challenged. Conclusion
Up-regulated expression of Cav—1 and phosphorylation—-Cav—1 that may be modulated by protein kinase A signal

< 707 -

pathway plays an important role in RPMVEC permeability injury as induced by LPS.

[Key words] Caveolin—1;
permeability;  Protein kinase A;  Rat

IS R4 1ML 465 P 2 40 S ( PMIVE C) e BT 1L 455 1 55
T, VB A W VAR R B i sl i s A B e, 78 ik 1k
T i Sl R N 7k, SR BRI RE A2 A, i
PRSI, PE T K MK B AN S 0, 7 B A T B
PERPIR A LR G AE(ARDS) Y, /NEE BT -1(Cav-1)
AR T/ NS 5 R R RN, HA R
RS N FAEA NS LU AN 5 2
Jitie, 5 ARDS EJwtLfil 2 VIAH ', #E ARDS 1)
PMVEC # 1 #2H, Cav-1 FA L BB/ S 5 H K
S ML 1 A DL o AR ST I ST IR 224 (LPS)
SRR BRI 54 1007 P B2 20 B (RPMIVEC) #5345 A, ifF
SN B AR S Cav—1 Feik i BRI 22 1] 1)
KF BT Cav—1 7E ARDS &IwHLEI T HIMER
1 MH5hHZE
L1 U0 AR : DMEM /B RE 723 03 A iR 4 1
7 (3 Hyclone 23 A ), BPL Cav—1 £ FEREHLIA
(Z90) APt RBERR LN -1 (p-Cav-1)Z41L
(3£ Abcam 2~ F]) , BUR i E ALY (HRP)ARIE 1T
Fhib TG (FRDUH 7Y TRA PR/ ), RIPA
2 (AL B ERHCA IR AR, ks Rt
(ECL)JEY)iki0 & (3£ [E Pierce A H) ), HAEH (EH
Sigma 2y ] ), 85 I EE A (PKA) 48 55 404 5% (PKI,
FEH Promega ONE) ), Transwell /NZE (EH Corning N
] ) 5 HeAx i hy [ = oAl
1.2 RPMVEC ;3555 550 {@fE SPF Stk
SD KB, R 100 ~ 120 g, 4 [ 22808 5256 3h )
HUL (AR : SCXK(#E)2011-002]) . S HEAASIE
TR, A5 B IR R RPMVECE Y, 454 i
TR T Bl AR HES ) BRI A5~ RR i LA R VI
FAHKHUE N SRR DO R AMC Y AL e R R
551 BAPE 1T RPMVEC %7€ .
1.3 SEER S H AR HAr B 55 2 /8 RPMVEC
A3 AT LPS AT SCSC 0 A PKA 38 % T 105050
131 WFRES2E . Lh 10 we/ml LPS 43551 ] 36 4 it
0.1.3.6.12 F1 24 h J5 UE4 720 i 5230 i 4 Fl Cav—-1
TR SRR 5 L 10 we/mL LPS HIEL4HH 0.10.30.

Lipopolysaccharide; ~ Pulmonary microvascular endothelial cell;

Cell monolayer

60.90 Fl1 120 min J5i#17 p-Cav-1 £l

1.3.2  FHiSL5 .10 pmol/L PKI 5 RPMVEC i §%
7 30 min J5 /A 10 pg/mL LPS K405 5 , 30 min J&
Kl p—Cav—1,3 h J K 0 200 Jfd 50 230 385 14 J2 Cav—1
B AT A LPS 5 PKT B4 R %ot
1.4 RPMVEC B2 38 5 PEAG I - 2 BESCHk [4 104
P SO — AR R GG RPMVEC 3375
PR, B £h 22 v (PBS) 3843 T v & RPMVEC
PAJZAY Transwell /N 3 K, FEIMAE 4% HE AR
ZURER 0.67 mg/mL SR - T 100 pL, T
FEhNA 4% A& A 600 wl,37 °C .5%C0, B4
MEE 1 h, WFERIES, H4 A shEbs R
620 nm P RALRIEEE (A LAl A {H-5 40N #
JUIRZS A (ERY HEE x 100%PE4E RPMVEC 58351
1.5 RPMVEC & IR « >R B8R 10T e 2 B i s
(Western blotting ) Il 41 ffd 85 FH #3k . R RIPA 24
IR L% RPMVEC J5,12 000 x g.4 “CES.L> 10 min,
FEL 5 o 2 8 BCA K &k s H T &2
2 mg/mLo LA 129%43 25 A 5% F2 #1728 1
KA RER AR R S kR 20 YBEIR
ERZ% Wi (PBS-T ¥R £, bt Bl Cav—1 (i Bk
JE 1 :1000).p—Cav—1 ZHL(FBEHKEE 1 : 500)4 C
B E A, HRP FRid B EPToe 1eG I (FRBER B2
1:20000)% 5 1 h,ECL % B 52, AT H#
17 4%, Bio—Rad Quantity One 244387, LLNE HAY
HE I H NS =R Hm i =5 (GAPDH) i F43
A A o A B 2 1 AN A 1

1.6  SEil=#Abs. KA SPSS 13.0 #Fik 40 it 24
M TR OR IR + ARt 2E (R £ )30 IR R
Ji 225y M 241728 s e b, PR EL R o K
5, P<0.05 hESHAGIE L.

2 7 R

2.1 AFRESIE

2.1.1 LPS H3# % RPMVEC i@ & MER M (£ 1)
201 it B2 3 A MG I & B, LIPS AT 5L S ) 44 A
Hehn RPMVEC il i1, R0k LPS JI# 1 h [FIF R



- 708 - A G TR AR EE S 2013 4F 12 45 25 %455 12 ] Chin Crit Care Med, December 2013, Vol.25,No.12

a3 h iKW, Z S5 2 TR, £ 24 h 4 5
PEAT B = F 0 h B, gl A2 S A Gt #E X
(F=345.869, P=0.000),

F® 1 LPS HRHCAR[FIF ] 55 RPMVEC 5z 58 5 1
Ji Cav—1 HEHFRIBREA (3 £ 5)

g1 RS PASE S Cav-1#EH
(%, A1H) (B AME)
LPS §il3# 0 h 2 6 99.67 +4.32 1.12 £ 0.08
LPS Il 1 h 41 6 118.17 +2.32° 2.97 +0.07*
LPS Fili#% 3 h 41 6 159.00 + 2.61" 3.77 +0.37"
LPS #ili# 6 h 24 6 141.17 £ 2.64™ 3.00+0.12%
LPS il 12h4l 6 120.17 + 2.79® 2.46 +0.09"
LPS il 24hl 6 108.83 + 2.04™ 1.45+0.18%
F1H 345.869 178.047
P1H 0.000 0.000

1 LPS WAL M, RPMVEC Ak BUII UM P 2 4, Cav—1 4
INESEE I —1;5 LPS §ili# 0 h 4 H#E,*P<0.05; 5 LPS Hilj# 3 h 41 e
#%,"P<0.05

2.1.2 LPS % RPMVEC ik Cav—-1(F 1; & 1):
LPS K il if RPMVEC Bk %3k Cav-1 1,
LPS #il3# 1 h Cav—1 FKIAHE =, 3 h ik IEE(H , bl 5 2
TFE,24 h Cav—1 FIkACEASA G =5 T 0 h B, 2]
W23 G245 L (F=178.047,P=0.000)

10 pg/mL LPS
0h 1h 3h 6h 12h 24h

Cav—1

GAPDH
LPS MIEZHE, RPMVEC bk B 4 2 4i i,
Cav—1 H/NEEER [ -1, GAPDH g =B R H- il e it & i
B 1 2 AR BT (Western blotting ) #6
LPS FIRSCA ] 1] &5 RPMVEC [ Cav—1 25 13235

2.1.3 LPS %S RPMVEC £ik p—Cav—1(18 2,58 2):
LPS A 52 i [A) AR Hb 38 i Cav—1 28 L0055 14 7
Tk R IR AL, 2PN LPS JIJS 10 min p-Cav—-1
FEIRRIEA T, 30 min IA g, SRIG BT NI, 2
120 min AR 28 Bl /K7 (P=0.806) , 41 [A] [ 4 2=
A G L (F =519.417, P=0.000)

10 pg/mL LPS

Omin 10min 30min 60 min 90 min 120 min

LPS g Z 4, RPMVEC S K BUI LA P9 S 4IHE , p—Cav—1 2
WERRIL/INESHEE 11 -1, GAPDH = B H M I S il
B2 e El el (Western blotting ) Kl
LPS BB E] 55 RPMVEC [ p-Cav—1 ik

%2 LPS IR AT ] £ RPMVEC p—Cav-1

HARIBE (3£ 5)

4151 FEAEL p-Cav-1 Z [ (B0 A (H)
LPS 313 0 min £ 6 1.03 +0.04
LPS 3134 10 min 21 6 241+0.11°
LPS 3% 30 min £ 6 2.83 £0.10"
LPS i 60 min 41 6 1.51£0.12%
LPS 13 90 min £ 6 1.28 + 0.04"
LPS #1i# 120 min 41 6 1.04 + 0.04"
F1H 519.417
PlE 0.000

1 LPS AR 245, RPMVEC S A UM I A P J 41, p—Cav—1
AR/ INE R -1; 5 LPS M 0 min 41 L4, °P<0.05; 5 LPS
3 30 min 41, "P<0.05

22 TS

2.2.1 PKI Xf LPS 55 RPMVEC i & P 2 Cav-1
FEIRM R (8] 3536 3): LPSEY PKI S i) 2 Ak
55 RPMVEC il E K Cav—1 FEIkEHA0, B2 0
WAL A 22 AT it B (¥ P<<0.01) 3% PKI
5 LPS ] %1 3 g W @ #2 = RPMVEC 3 1% 1 A
Cav-1 ik, 5 LPS JIHA b2 R HA ST
222 X (¥ P<0.01),

E el LPS4 PKI4L
PKI Sy &k G A S5 5 0%, LPS S fis 24, RPMVEC
KRR P9 4B, Cav—1 /NS R -1,
GAPDH >y =R H- 1 1 Ul

B3 By E RS (Western blotting )& PKI X
LPS /55 RPMVEC ik Cav-1 HY54IH

LPSH+PKIZ.
Cav—1

GAPDH

%3 PKIX LPS Hi% RPMVEC B2 1851 |
Cav—1 % p—Cav-1 25 IR (X + 5)

- FEAR BAREEN  Cav-14ET  p-Cav—1 &
o (%, AEH) (B AlE) (B AE)
ARl 6 98.67+2.16 1.11+0.04 1.02 +0.03
LPS #il#4en 6 151.50 £3.08" 3.81+023"  2.77+0.10°
PKI Hill#2H 6 13433 450" 3.11x0.56"  2.40+0.08"
LPS+PKI #1141 6 184.17 =549 5.07+0.22"  3.93:0.23"
F1E 471.173 158.640 326.772
PAi 0.000 0.000 0.000

HPKICHER P13 A RSl 3, LPS g 20, RPMVEC Jy kK
FRUI LA P9 B2 G, Cav—1 R/ NES B -1, p—Cav—1 NBEIRIL/INES
B -1 SRR LS, P<0.01; 5 LPS Hilli#4 ks, PP<0.01

2.2.2  PKI X} LPS % 5 RPMVEC p—Cav—1 £ ik A9
R (3 3; K 4). LPS 5f PKI 8 iy i 5
RPMVEC p-Cav-1 FRiEHINN, 5 AR s =
WA Gt X (34 P<0.01) ;4% PKI 5 LPS [
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FEBE B B 42 B RPMVEC (1) p-Cav—1 FikH, 5
LPS JlieH e 22 7 HA G245 L (P<0.01),

KA LPS# PKIZ  LPS+PKI4

GAPDH
PKI W26 PTG A R 56150, LPS SR Z 0%, RPMVEC
BRI/ PR B 2, p—Cav—1 MERRAL NS -1,
GAPDH 2k —WhER H- At U
4 FE AR EN G (Western blotting ) K& PKT i
LPS ##553 RPMVEC %35 p-Cav-1 Y520

3 it i

Cav AR /NS I TFRED, T2k
IKTFAH b R A0M . PN R AR A L. RS
R (= E M LPS i S 0 2t il 45 CALD K BRU
A2 Cav—1 F2ik B RFLEMIl /500 Cav—1 IR,
a2 At 2 0 i 4 4 R PR i k£ | B
BRI B2 A / P9 B AR T, DR SRR A v 45
A I At A5 P9 R 5 B A A0 B i K B R JEE 100, Cav—1
1 EERGR AR T AU 1 e A0 M B S i 57,
PTG AN NS S5 Sl L 0 R KON AN LPS 75
SRR, A, Cav—1 B HAH A5 5 M pRAE
HUBGE S R I FRA S 5 T A LR S i 495 114 &
AP T2 B A 1 A EATLARE <A RS ) B, il
HEY Cav—1 FRACFR AR, F680 0 e Ja
i, RIS Cav—1 12k XTI HLAH S fiti 63
il —E R E R, IS UAHGE A ) 2 41 i
FliZHEZR Cav—1 FE3Ki7 & AN i1 2345005 i nl
U, Cav—1 A3 ZFLHI 2 5 ARDS Kid .

M5 N KB BE D RE R ALRIZEAIF ST ARDS I}
52 RUE, PMVEC 3 i#& VIS hE ARDS & 4 1Yk
PRAEFRELRE . HFSEIESE, LPS Al5S PMVEC &M
O B g g m e /N TP RNA R 5 b
Cav—1 A LR 0] LPS FFE0 PMVEC 18 32 1 i 1%
Jinssel {0 PMVEC BEBEIIRESSiH Cav—1 27518
WA H A B S 5 LRSI ARG . ARSLE A&
B LPS SRR 3G Cav—-1 ik, 5 LPS i
F RPMVEC 38325 PEH i (%) i [B] a3 S A — B, $27R
Cav—1 25 LPS £ PMVEC %4455, HIFE W
K5 PMVEC &M% DIFHC

WFFEIESE : p—Cav—1 S 5 A IV S80I 1M %
25 4T RO 25 1 R 4 e 5730 5 1 %) 36 [R5
BLI 1T, #E PMVEC % P45 T, LPS fig 5 4 i
Cav-1 EFRALIE? AWFFE LI, LPS ] S} AR
Ha Cav—1 BEfRAL , LPS H¥ 10 min 5 p-Cav—-1 FF

G FHE 30 min IR, SRS 2218 B I, 120 min £ 2
AR, 5 Sun S PIWFTR A5 R — 2, #2278 p-Cav-1
FIRHANATHES S LPS 2 PMVEC #MEHi4i

PRWE R IR (cAMP ) —PKA 3 % J2 2 Jifd P o 22
FIfE S5 M, RENSH SR AME 5T A5 PN K B BE )
fig, 7F LPS £ PMVEC B Fii s rh i 2 A4 41E FH 20
WG PKA 3 i (6 F B/ INeg Ak, Cav—-1 38 2
5 PKA AL W HEAH BAE 25 cAMP-PKA {554
20 H PKA 3 B2 Al PR Cav-1 FLBERR fk
Z: 5N K AR 5 R DR VR i AR IR B . A9
KIL,PKI A] B2 b9 LPS i 519 RPMVEC i & P
BN Cav—1 . p—Cav—1 FEIRIG NN, LA PKA 15
538 % B A PR R AT e R E e A LPS 1
JH RPMVEC 331k Cav—-1 M p-Cav—-1 1558,

zi b, AR, LPS 55 RPMVEC g %3k
Cav-1 5 RPMVEC 5 e dit 73 % VIAH G , itk — 25
WESESCHRIE T Cav—1 1 25 15 IR A i 2z I 428 0l
BNERETERULA, U] PKA i %45 PMVEC
ik Cav-1 LHBEMRILATBES 5 T PMVEC %P
i1, Cav-1 7EE LPS 2 PMVEC 18 3 £ 14 i o
A EAARSE S AL A B8 , A SRR A T TR
S 3k
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& o A R R L TR S T A TR A 1l ) SR S 4 B

A E R

E 5 20 R B 6% 530 LR B e, A 2 T R I e e
JE NN = 1= GO 17 = o ) PR =01 (W ¥ e - (AT e e
At 2013 4F 2 AARHIGE 1 FIRIE A IR &k i IR A g 4%
AR AR, UL B ) 1 2R S g iR an .
1 IEERZER

BE BN, 65 5 LM BRSO DA
Be, WEAA SRS 20 47, RMERYT, B AR IR
170/100 mm Hg(1 mm Hg=0.133 kPa) , 0> 90 ¥X /min, 5%,
SLRPE RIS T R Pk R ik Ga k) PLsEaT. A
Bt S KR MR A R A, AT RIS 5 + SRR ATRIT R
(PCL), TR BOR AR B A 2 OB, AR =
190/110 mm Hg, [RIBS PT84 1 AR, SRS 25 5 &
MRFEEA | KA R T8 5 MERE EIEH ;. A5 e
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2 AREPEMEEEN
2.1 DRFFITIRIE T - da e B RSk 150~ 300, S i ST
W B S , W A, Wb B S R TSV -
2.2 TR R A SCERARE, S BT AR RT3 d
KB I S B e, B G L AR AN N SR O
PR, PR EA R AR, 57 B8 15 0 2
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£ @ PCLIAYT AT i AL AR5 , 5 PR 2 o a7 L
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2.4 FERHES MU HRITE 2 R E I Tk
BT BeJn T RE BRI 00 ; 45 TR AR R, LIVE
R A AREE AR AR R 3 PR R 1 5
AT , PR FFA RO , 18 S HEAT R T 3, AT R 2%
JNBHRAED . RO A SRR N R, 2 E L.

S 30k
(1] RE-E. RE-FWIRAMELE. Jbat: AR LA H A, 2005
1689-1690.

(2] FlR,BHSF, 25505, 8 6] SARS A [ IH AL il 8 2 (il
RS RO, RIS R 2R R, 2004, 16: 595,
(3] SAR—. @& iR 2UE——Fr A S I PRI . v [l e ds 2 KL
[E24,2003,15:516-518.
[4] Jemec GB,Martins L, Claessens I, et al. Assessing peristomal skin
changes in ostomy patients: validation of the Ostomy Skin Tool.
Br J Dermatol , 2011, 164:330-335.
(5] BmomN, EhieE. B Pk s il v B HEIE 3 70 (O AF o it g v
] T PR £ ORI RS, 2008, 15: 190-192.
(e H #1:2013-10-18)
(AR SC Gty ZRARF)



