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[ ABSTRACT] Aim To ivestigate the signal transduction of neutrophils adhesion to human umbilical vein endothelial cells

(hUVEC, ECV304) induced by hypoxia/ reoxygenation.
The adhesion rate of neutrophils to ECV304 was determined by color matching.

Methods The adhesion model was reproduced by hypoxia/ reoxy-
genation. The expression of endothelial cell ad-
hesion molecules of Erselectin and intercellular adhesion molecule 1 (ICAM-1) was measured with flow cytometry. The expres-
sion of cyclophilin A and the activation of extracellular signal regulated kinase ( ERK1/2) and p70 ribosomal S6 kinase ( p70 S6K)
were compared among experimental groups by western blot. Results  After stimulation with 1 h hypoxia/4 h reoxygenation,
ECV304 showed an enhanced neutrophil adhensivity in the association with an increased surface expression of F-selectin and
ICAM-1.
was accompanied with an increased activation of ERK1/2 and p70 S6K.
cyclophilin A antisense oligodeoxynucleotides significantly inhibited the activation of ERK1/2 and p70 S6K and decreased the adhe
sion of mneutrophils to ECV304.
ECV304. The specific ERK1/2 inhibitor PD98059 showed inhibition to neutrophils adhesion to hypoxia/ reoxygenatiorr stimulated
ECV304. Conclusions Cyclophilin A-ERK1/2-p70 S6K pathway is involved in the adhesion of neutrophils to ECV304 in-

duced by hypoxia/ reoxygenation.

Furthermore, the expression of cyclophilin A increased significantly following 1 h hypoxia/4 h reoxygenation, which
Treatment with cyclophilin A inhibitor cyclosporin A and

p70 S6K antagonist rapamycin also significantly decreased the adhesion of neutrophils to
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L1 #&

AJ 8 fk A 2 B AR ECV304 o P A R
E¥RRa eEALm kERELRE. DMEM
¥ 3% 2 70 Lipofectamine " ( Gibeo) ; 37 4 4 i & ( 41 M
W Z F )\ E); Bk B, PD98059 1 prnitrophenokN-
acetyl B D- glucoseaminide( Sigma) ; Polymorphprep'* 4~ &
F(AXIS-SHIELD Poc AS); EWMEZ A HEF A
(Calbiochem) ; R 4T A E # # £-FITC(1Q A 7); K
FUA 20 AE 8] K5 4 F 1( intercellular adhesion mole-
cule-1, ICAM-1)-FITC(BD A &]); RILAFEFE A £
7 [% $1MR ( Affinity Bioreagents) ; % 9T A # B2 {4 p70
S6K % # [& 4 & ( Cell signaling); B 1 A % % 1
ERK1/2 2wtk R A & ERK1/2 2 B Hifk
o B A K p70 S6K % 7 [ #14& (Santa Cruz) ; HRP
FRIDH 40 R 82 2 B iR Fn HRP AR 108 ¥4 & &
FEFER(A R F LAY A E]); 5% CO, F195% N,
(KUPEMR ). EARAANTELNL,

1.2 ABFERBkAIR Rtk s s 5 948

ECV304 4l W R A E AL xR, LRy
K 8H: TEAMNEBAFRTHRAE, CHha—4
EHBHE 1 hE4E4h WFRAEZE AL H/R A 30
min PAFEEF A, LK E X 100 nmol/L;  FA
EXHAHRIE0Omn MAEFWMEER, ZKEH 10
nmol/L;  PD98059 £ H/R # 30 min /7 A\ PD98059,
HIRE K 20 Pmol/L; ERFARNEBRETRA
(antisense oligodeoxynucleotide, AS-ODN) H/R ® 24 h
AN [E 5| & AS-ODN, ASODN &L Z 451 4 0. 1.
0.3, 1.3 & 10 Umol/L; @E ¥ % A X FEHEFRA
(nonsense oligodeoxynucleotide, NS-ODN) H/R &l 24 h
A [E 5| & NS-ODN, NS-ODN 43k Z 451 4 0. 1.
0.3.1.3 & 10 Pmol/L; (bffs Fi k= £ 4 H/R & 24 h
NS R BB R AR
1.3 FEFEABREBRWRT . AR5ES

AS-ODN J5 7| A 5 -CATGGCTAATAGTACACGGT-
3,855 HEHE A mRNA F 4 AUG 24T & i
20 MZHF B . % F 535 A Blast 2 5" % GenBank
BEEHATRBEMES R, L ZFIEALERE
W B4 — . NSODN /¥ 7| %: 5-TGGATAGCTA-
AGITCAGACG-3 » ERHBMH#T AR ABER LS
W, E EEET AN IRNE A K. AHRELSH
6 R 4 e 0 BR 45 BEAT .

1.4 ECV304 4HfshE — S SERMET

SR [4) B S H I A K2 EH ECVIM
GRET —FRAEEF, £37TCTHEUAE 5% CO,
F195%N, B A AR, BAEE N 1 L/min, FE 1
h, AEBHE T 37C.5%CO, 54+ £ 4 4 h,
MNEBAMKE—HET CO, BAAF, A4 T HR
BMATRE R E .

1.5 SMEmMAp R AER TS

B 5 mL Polymorphprep = 2 B & 0 T % 0 & J&
W HEER Sl FTERELERMAE LT, T18C
~ 22°C.450~ 500 g B % 30~ 35 min, BLH B L F, 7
NAEaw. LR EZEM, T B R T
M, AREEBERE TEFHAHM, N\ B AR
0.45%NaCl ER K Z %% . F PBS ¥4k 3 Kk, B
(400 .10 min 18 C~ 22°C), AE B F T4 10% #
A4 i EH DMEM 355 & &, Jree A .

1.6 hMRMAS ECV304 LHBEHREHIHNE

¥ ECV304 2 BB AT 96 FLAR, & 7L 1 x 10°/L,
24 h J5 FHE A, PBS % 1R, &3 Av A\ 100 WL
VERCZE B (1 x 10°/L), R 25 4w N 7 B IR B 25 4,
37C30 min E# AT H/R A, B:E 1h £4 4h
J&, F 100 ML PBS % 3 %k, UMk = RKEM A . &
FLAr A 7.5 mmol/L prnitrophenol-N-acetylB-D-glucose-
aminide( % T 0. 1 mol/L #7 # B buffer, pH 5. 00) 60
W, B 37C.5%CO, ¥xf+F. 2h EHILMA 90
UL, H &8 buffer( H &8 50 mmol/L.EDTA 5 mmol/L,
pH 10. 4) & 1E K 57, 405 nm WUt ZE A H. KM FE
(%)= (K:FMt2E A8 A - ECV304 4048 A ) ~/m A
RAHE A E *x 100% o
1.7 A AREN ECV304 4/ E kIFZRA
FaEIAEFT 4> T 1 BUFRIE

AR A BT ECV304 4 f e 4 1% 3744
& ¥ DMEM & & &, & 10% # 4 4 & o
DMEM ¥ 75, $t4 1h Z4 4 h J5 &R B H 1, PBS ¥
BHM, B E LW, N\ FITC AFICH E £ £ fo
ICAM-1 ¥ 5% & 41 fK 4 5 UL, 30 min /&, PBS & & 41
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1.8 Western blot # ECV304 AREEIRE A 4
IMES T HEBERR p70 1ZHEA S6 BEEERRIRIX

e %l 10% SDS-PAGE 4% fix f1 5% 2 IR, & AL
N 40 Ve EEHRE, EHERZFRFT,60V Bk
30 min, FFA¥ & NS B R E, 120 V 3K E BT F B
. ¥&E%NEPVDF B, A 5% R H T8
HW 2 h, 25w —F( N Bk IR B L ERK1/2. &
ERK1/2 B m k. REFEENF A £ R EHIR,
BEEL L p70 SE6K Fu & p70 S6K % HHEHA),4 CHEF
W®, K H TBST #£ /8 3 5K, K 5min, HFin_H
(HRP AR I F R A FH A 1G) Z/TFH 1 h, X
KA E 6 min, Bot, B E R, Kit, &R A Lab
work % i B 15 - AT 512 2 B R 3 I R ORI A
RBAE, H#TRGLE,
L9 ZITZAHE

a4 R « s &ox, A SPSS 11. 0 R # AT
FitF AR, Mwﬁfs FEFELNE, XA EE

&, WA g

EHEMNMBTEFEEMERLR, P<0.05 H£F

HEEH.

2 g R

2.1 RYBNRERMBEMEENEFRZAELAER
A

£ AS-ODN( 3 Hmol/L) Zb#E 24 h ] ECV304 4l fiig
FIHER A EARETYYBACT X A, 2998
63. 8%, T NS-ODN (3 Hmol/L) &b ¥ J5 J¢ 1 B 28 (
1, Figure 1) . 4 H/R &¥J5, ECV304 4IHISEH % A
B ARSI & T, ASODN( 3 Hmol/L) & &
H H/R % SHER R A Rid LA, mEHE R
FEIRER A BIFRIE A WL S HI7EF (B 2, Figure 2)

. . "ELDH
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B 1. RXFENEZEERI ECV304 @MFEREZ A EAR
BRI A DR, B R LB RR(3 tmol/L) 4, C N
B UE R (3 Pmol/L) 4.
Figure 1. Effect of cyclophilin A AS OND and NS OND on the
expression of cyclophilin A

2. RE SR . RXEZHBREERE R ECV304 4
FIRRABAREHEME A HIBAL BOEE —2 A4,
C AR UCERFRE(3 Bmol/L) 41, D HFAER4L.

Figure 2. Effect of cyclophilin A AS OND or rapamycin on the
expression of cyclophilin A

2.2 RXBGHEER . FBRERA REWEERI p70
PR S6 BBEIE MR R2

B —5 % (H/R) 485 R 1k p70 S6K ( p-p70
S6K) & R IA B & T X EZH, AS-ODN(3 Hmol/L)
KA R A B8 EHH H/R 55 S0 pp70 S6K &
ik B, FIRE RS pp70 S6K K A Rk 13 H 4

FIE NG E . 4R p70 S6K 2 [ # ik £ WL &
A8 (A 3, Figure 3) o
- W . AL oo
—h--
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ECV304 4R p70 #% 8 So BRSNS A IR
B A —H A4, CHRLFMTTER(3 Ymol/L) 41, D NHHEH R
AA, ENEMERA.

Figure 3. Effect of cyclophilin A AS OND or cyclosporin A or
rapamycin on the expression of p-p70 S6K and total p70 SOK
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% A-p70 AR S6 MEE S BEPHIER

s —2 %(H/R) 4% L X ERK1/2( p- ERK1/2)
FEHREERIEE X BA B BN, ASODN (3
Hmol/L) M i R A ¥R fH Ik H/R 51 & W pr
ERK1/2 ik b, 75 0H% &= X pERK1/2 & ik oW
SR, JALA S ERK1/2 FEHFRELHE S (H
4, Figure 4) .
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ECV304 ZHiffi%% 4 AS-ODN J&, L6 1 h 5454
h AbEE, ECV304 21 i 5 Hh R0 40 B 0K R 75 2 3%
B#AIK, T NS-ODN K Jig Ji fA =4 8 EiRfER . 3
MR A TP EZIE] ECV304 40 -5 rb ks 40 i
KB (3£ 1, Table 1) .

44kDa (p-ERK
.-H‘I‘d-.b.i“l'hgu:mw

B 44k a ERK
o eEEEE - =

4. RE SR . RUEZHR . FBRERANBHERI
ECV304 {AREZAMESME SET MBS E M A xR
41, BREA —RE4l, CARNFFZTTRR(3 Hmol/L) 41, D M3l
HFRAL, ERATMERL,

Figure 4. Effect of cyclophilin A AS OND or cyclosporin A or
rapamycin on the expression of pr ERK1/2 and total ERK1/2

F1. RY-BYEZEHBRMTAER A MRE —ES55
FCV304 4R 5 KT R BAE B EO S2M (x £s, n= 3)

Table 1. Effect of AS ODN, NS ODN and cyclosporin A on ad
hesion rate of neutrophil with ECV304 induced by hypoxia/

reoxygenation
4 K
Xof FE A 7.8% *1.5%

BE —REH

HumR A4

19.9% *3.1%*

10. 6% *1.9%°

RYFEEH R
0. 1 Hmol/L, 21.3% %3.2%
0. 3 Hmol/L. 20.7% 2. 9%
1 Umol/L 14.9% *2.1%"
3 Umol/L 9.8% *1.5%°
10 Hmol/LL 10.4% £2.19%¢
B R
0. 1 Hmol/L, 22.5% %3.8%
0. 3 Hmol/LL 21.8% *4.8%
1 Umol/L 22. 1% £3.3%
3 Bmol/LL 21.3% 4. 1%
10 Hmol/ L. 21.7% %3.9%
g B 2 4R 21.6% *3.5%

a: P< 0.01, 5xfMR4ILE; b: P< 0.05, ¢: P< 0.01, 5E4E —8

A A L.

2.5 YHRASMESIBTIRER AT p70 A% BER So BERIE
M3 ECV304 2HAE-5 o4 1 40 Bkt B 0 220

LU 1 h B4 4 h AF S, ECV304 485
PR 20 B kS BT 2R B 1 L, H/R 4400 20. 8% 2.
5%, W HRH N 8.3% T1.4%, AL Z R 8%
(P< 0.01); T PD98059 K &5 H & & Jo, Tk
P4 B4 11, 3% 2. 1% 1 12. 1% £2.3%, 5
H/R AR EABEMEEZR (P< 0.01),
2.6 ERZ A RERHAEIMES BT HESH p70
FHEIR S6 BBEIEMEXT E 1K 1F Z 40 E) RS M4 F
| RIEHIF N

LA 1 h B8 4 h AFLJS, ECV304 4110 E ik
BRA ICAM-1 RIAHE L. ASODN. A fIE &K
A.PD98059 & B A E 2 5 B34 MR H/R SIS I E &
PEZ AN ICAM-1 [FJ3RIE(FK 2, Table 2) »

F2. RXEZEE . FMER A.PDIS0SY K EIEE R
£ —ERIFST ECV304 40k £ EFRMMAEREM D F 1 R
EHEM (x Ts, n=3)

Table 2. Effect of cyclophilin A antisense oligodeoxynucleotide
or cyclosporin A or PD98059 or rapamycin on the expression of
E selectin and ICAMF1 in ECV304 induced by hypoxia/ reoxy-

genation
9 A E#EHH 4 B TRDRE B 27 1
X 2R 5.2% £0.9% 20.3% £2.2%

R —E A
RCEERATIR(3 bmol/L) 2 7.9% £1.2%"  27.4% £3.1%"

HEmERAA

29.5% £5.2%" 84.1% £10.8%*

8.3% *1.5%"  36.9% *5.7%"
PD98059 41 9.7% *1.7%"  37.8% *6.3%"
EilisEESvi

a: P< 0.01, SXHRALE; b: P<0.01, 5HE —SAHLE.

10.5% £2.1%"  41.0% %9.4%"

3 118

O JUL S L - R 52 4 0 TR 52 2, 3R AR WL O
K2 RhR 2. Forh, dr ok 40 i 5 0 Py R 40 B ks
B 51 S A4 28 RE S B 5500 AL B I - 88 VA 5 4% 2% D) AR
Ko T I I S L R R T 0 AR 40 (R L AR, X
I3 P 57 40 B 3R AT A — S b 3, PT DAREHBLR If
FEVEVE BT 5 5 (0 I 2 AR . AR SEE6 R ECV304 4
JHEHATERA 1 h H4 4 h J5, E EFE A ICAM-1 1)
TR B, PRI S ECV304 41 R Y
B0, iX 5 Hiroshi Ichikawa 257 (4R — 5.

1 i S B A Vi A B SR TR B MAPK 3 % 1) 2 222
55 . H/R BT ROS M7= 4, 5] 40 M Atk B
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Bt . ROS AU 51 R AR it i 4k 2 A, T
HZE5HMRESH T BHE A NERRRIEL
RZ—, RABMERACHMRAN L -2 HRE
H, B Kl & R 7 14 5§ ( peptidylproline cis-trans-
isomerase, PPlase) WY Em A TR S B A%
M, J PPlase WG PESZ I R A #Hl. W FIE
B, AR BB R R, SRR R A IR N 4 WA 1
T, FEAT B4R AR P S A B Ak, AT 1 S 0
ERK1/2 3% . AN, PPlase W& 1E S 53R & A XF
YHHE ERK1/2 (3% b. ABFF &L, ECV304 404
B 1 h B5 4h )5, ROS BOEZ, SR &R A R
IS I, ERK1/2 &35k, R ECV304 411
2 H/R 2B )5, BB E ROS, (R TR E A
(I A 43 Wk, 33T EGE ERK1/2.

MAPK % 4t & 20 f AME 5 ) A% 5% 3 1) 3 20k
1&. WP MAPK ] i B0E p70 S6K A4 & 1 #Y
B ARSeng h S F, H/R BB 0% ERK1/2 K
H WSS9 T p70 S6K, — & IR RE 4k /K 1 B i 4
Ho p70 S6K & — M 22 IR/ 7 A IR B 1 U, B AE
1k 408 FZFER R H S6 = E R AL, (R EAS
B. HHIEER B, H/R @I 0% ERK1/2 LA K p70 S6K,
MITTAE R BE /K3 B2 3E 40 MRS Bt 4> 7 E B &R
J ICAM-1 & RAE L A Hr PRI 4H il 5 ECV304 4H
FRLRS B 386

ASEIG N p70 S6K 1 il] 551 5 A 5% % T Ak R
ECV304 20 i, & P08 1A 5 2 B 40 1] H/R 51 &2 (1)
p70 S6K ¥4, 12X ERK1/2 (3% 1L 76 B B e 48, H
N EIEH H/R 51/ E EBE R ICAM-1 ik,
ERK1/2 {5 5 it #% %5 57 14 BE 7 771) PD98059 7 . % I
/b ECV304 25 A 1 b 40 B O RG Bt . A HIF L 25 R
$&7R. ERK1/2 F1 p70 S6K 1E MR E A B TN iE 5
I3, 7E H/R 55 ECV304 41 g 55 v P00 40 o kG I
(1) [ B A 4% 18 R Ak T v 4k« 24 ERK1/2 1 p70 S6K
R AL 52 B0 B, H/R 01X — 2 B2 45 Bl — 2
3% B, % B ERK1/2. p70 S6K #£ H/R % § 1
ECV304 4 i -5 14k 20 Bk B i #2 Fh g B 2R .

S UCEAG T R A MR Y A A SR it
5 HPR¥E I8 ALY 57 ( DNA 5% RNA) $F 2 B 40 A%
HER A, T 3 PSRN SE L R (1) 3Rk, R A4t g
SHIFMNARTFE. ALK RHAERR A R UF

ARG HFRIA T, LA AR MER A M558
HE A B PPlase V& P, KL= 35 35 0] B 3 0] H/R
52 ERK1/2 F1 p70 S6K B4iF, 1] ECV304 40
SR B RG Bf. REASKRIA R A ZRFE M
| LR IA 3% M R 3% PSS, ERK1/2.p70 S6K 7
PR MR AR 1L, T HIX— 245 H/R 51
ECV304 41 i 55 A P4 % 40 MRS B A 3 TR 3% 10 8 &
PREIER A BT HUE ERKY/2 BLE RIS 52
+ p70 S6K, VAT A MRS I 73 T RIE, /3 H/R 51
[ ECV 304 4 H 55 o Mk 40 BRURS B

BiRs G 45 B R, p70 S6K %1k & H/R 5
ECV304 4 A 5 A 447 40 Mo kG B 1) 25 22 R 3R, Cyclor
philin A-ERK1/2-p70 S6K 15 5@ ¥ 75 3L K % T &
B FH, 31X A [ B 5 o P vE SR A PP SR AR T —
ZoH B .
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