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WFZER R OMEEE (Fnsr) - RVEMiBE S O i BB MR A o 7= 8 | vasodilator-stimulated phosphoprotein
(VASP) 6 X TF heat shock protein (HSP) HLRIAEAEMIZEI UEEE MG 2 FVVERES L 7o, 4 1 ER
& AEEEORS, MK F-actin 3N 223, £ O% O ML NHSPTORI AN £V F-actin
WP LTS PIRIERN R DB T X 72, £72 VASPY VE{b A 12# 3 % hydroxyethyl
starch (HES) #Li& (ZHSP70P#IHKI TH 5 quercetin AiLE THIHI Sz, A EX Y, HSP #t
RIEVEFBE T IXVASP ) BRLARIE 0 EIRICALET 2 2 & NI Sz,

MFFERR R OMEEE (330) : The transendothelial migration of neutrophils is a critical step in acute
inflammation. In the present study, to estimate the role of heat shock protein (HSP), a transwell chamber
migration assay system incorporating endothelial monolayer was used to examine the numbers of
migrating neutrophils. The expression of endothelial vasodilator-stimulated phosphoprotein (VASP), a
protein responsible for controlling the geometry of actin-filament, was also estimated at selected times
during the neutrophil migration, in vitro. The results showed that pretreating endothelial cells with
hydroxyethyl starch (HES) significantly diminished neutrophil migration, quercetin (HSP70 inhibitor)
inhibited the effect of HES on neutrophil transendothelial migration, and VASP phosphorylation
normally associated with the inhibition of neutrophil transendothelial migration. These data suggest
that endothelial VASP regulate transendothelial neutrophil migration by modulating the cytoskeletal
events that associated with upstream HSP70 signal transduction mechanisms.
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1. MR LY & DIRVEBTH Y | OTFREY] & IEHRIER
FUMAE 72 EIZHEHE 9% acute respiratory HITBBETH D, EFE IS OIFERITY A b
distress syndrome (ARDS) % H.l» & L7=2E A 7 ERIEEE DRH IR L DR

filif%3  (acute lung injury: ALI) (3SR =R PERIENRZ DORIKRTH DHENH LI/ -
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adhesion, transmigration & - 72iBFEANFAE
THM, D) BLRIERILD critical step &
VN R D I K .45 A48 2E (transmigration) (2
B L CIdgesken & BT R ERBERE & 0T
REtsCE=, Lo LilE N EGHIIEAN
signal @ second messenger T# % calcium
ion &% L — N5 & aF BRI A S IEE D
fil S5 2 & 23 S 4 [Huang AJ, et al. J.
Cell. Biol. 120:1371-80, 1993], LA% fif Hh BR 1. %
S FE T HE ST LA PN B HIE R o i e [T BR
HAZ DU TR A N I S 2 L
7o HEBIROBERE J L OSHIRR B AS 2 L 3 H &
ncuna,

Fex1E invitro DRz > TR K D 4F
HHER D L A1 A IR 0 L PN B2 Ml i e
et L TR0 | ek A& SNEET DRI
1L PN B2 e O M A% A AR 9™ % myosin
light chain (MLC) 3V »@{bIi, 2D U v
M2/t %17 9 myosin light chain kinase (MLCK)
D HNHIFA C i PN BRI & BT AL E 3 D & A
HERD M SMEED ISl S o FE2@E L
72 [Saito H, et al. J. Immunol. 161:1533-40,
1998], = 7= Rho kinase inhibitor CIfiL4 PN FZ
MR 2 BITALTE 9~ 5 & 4 Bk il A2 S8 26 23 40
il S5 FHERD, MAEWNEHMIEAN MLC Y
VERIZ 5] E e X 2 B 4 BRI A Al E
\ZB8 L T Calcium-calmoduline MLCK
dependent pathway DfL{Z Rho pathway % key
pathway TH D LW IHFERESE, WE L
[Saito H, et al. J Leukoc Biol. 72:829-36, 2002],

& AT IO RMERIEIZNE D 4R ER I
BAMIEEET LTI, x OFFTRERB IO
% < OFa LB b 4P ER I E FMIEE I TR IE
PG 30 47 & B —27 & L CLAMA MRS 2
A HE SN TWD, 2T H 0
negative regulator & L C homeostasis % &2
EERBOSHEE LTS b0 & Bbivd s,
DA T =R LT OWTITRIZMH ST
WU, TR, AN MR barrier
function (2B L T Protein kinase A (PKA) @
downstream signal T& % vasodilator-
stimulated phosphoprotein (VASP) (ZBJ L
negative regulator & L CO#HEN E
[Laurence DW, et al. Am J Physiol Cell Physiol
282:C1235-C45,2002] . VASP 7% actin
filament {ZB45- L tight junction protein T
% Zonula occludents (ZO-1) & 73 & 349
HZ L&D, MENKHRIO actin-based
barrier function ->'F U I PN KR ZE
PN BE L T2 AIREMEDS RIZ S 41TV
Do —Ji. TOEHEFIIRHLZ DD
homeostasis Z kD v <1 &R L LT
heat shock protein (HSP) 70 (T | X JIE I 1. 45 %5
WHETTEOISEIER 2 % 2 & 3HiE S
[Suganuma T, et al. J Pharmacol Exp Ther

303:656-63,2002], X 5 IZHIUT glutamine (2
I3 HSP70 35 & s < AN cAMP B
I &0 MiEEREERR S D Z & B3t
S #1[Singleton KD, et al. Crit Care Med.
33:1206-13, 2005], HSP (233 1F 5 I 48 PN Rzl
Jie 25 i TCHE D IHIE R IZ351T 5 signal
transduction OFEANER SN TE T\ 5,

2. WIgEDHI

b & For OPFFERER LD . FITk
I SOS 2 TUEE LT 72 45 PN R Al i 2538
238, L Cu < negative regulator & LT
OPRIEVER A 1 = X L O ZIT 9 <,
key mediator & LT HSP70 & VASP U »
fefbicE B LU T ORGLASNL Tz, DFE Y

“UFHRER DN MAESNEEZT O BR, AN
AN RIS ZERNEE SN D, L TE
DR MLCK dependent pathway 35 1O
MLCK independent pathway (Rho kinase
pathway) 23EME(L v, AIAE IS s
2 5] e = 28 U 5 i 48 N R R e PR A a5
¥ZL (actin-myosin interaction) (Z & ¥ I %
PN BRI OO ISR A3 S & | A HRER oD if 8 443 A
ZHilfE L TV % (F-actin stress fiber Hi &, 35
FJOSHRL kD O I E IR ~D 53, €
DIIE RN L PN B HEFE A heat shock
factor 1 (HSF-1) 23U »f&{k L. HSP70 2%
W ZHICE D cAMP O E&- L5 & i<
cAMP-dependent PKA pathway & 4EALIZ XLV
VASP U > lgfl 23 ER I A Al AE & 0 B
FELCHEFR L, bind LTV % profilin X°
Cdc42 %41 LT actin redistribution (baseline
T D F-actin OMAAJEDIAG) % K.,
actin BH# tight junction protein T& % ZO-1
WAEH UAIREAE O tension ZfKF S, ifl
BHBWMEEZIRT 2 (HMRBEE2RH T %),
FERLE LT B — 27 Zmh - i ERI
EAMBEAE DI L TS E WO RGER A N T
ENEFERT 5 72 ORISR 2 51l L 7=,
AHFFEIT LV HSPT70 35 LU VASP V) Uit
DIJAERF O 4 FRER I & S8 lE A D negative
regulator & L CED A I =X LNRH LML
724UE. HSP70 3538 35 KLUV VASP U U1k
ZMRETHZLICX  RIEICEI VUL
M08 PN B2 MBI ds 1 1 2 Bl 9= 2 P2 e E A
RS D LB DI, FRRAYIC ALL DR
BWICHTFETH2FNARRICR D EEbh s,
ARWFFRITBLR D TR < H DAL TV % HSPT0
PUOIENE N 2 8 N B PY VASP U 12
{RICERT 2 BRI e 6 E L, &6
121X ALL {BEIRBIRICHE N2 A =X A
MRHIICREIET D Z L2 HEL LTS,

3. WDk

HSP70 FE & VASP U U kiz i A1
BN AR A T = X LiEA & B
&L, ek SNEAERIC IS D mEWN



F AR B R 2R & Tl & L7 o
TFMCE L CHiE Lz,

SF Bkt

s e MR ERIRIM & 0 £ L 72 k&
6% dextran, 3 X TN Ficoll-Paque (Pharmacia
Biotech, Upsala, Sweden) (Z & 5 & FE A fidie
DEIZ X0 4f P ERZ S7EEL . PMN buffer
(PBS with 5mM glucose, pH 7.4) % > 10’
PMN/ml & L7z,

Human umbilical vein endothelial cells
(HUVEC) %%

HUVEC (Dainippon Pharmaceutical Company,
Osaka, Japan) (L type I collagen (Sigma) T
coating 4172 25cm’ plastic culture flasks

Z RV, BEEIRIE M199 (Life Technologies,
Grand Island, NY) (Z#2E 10% FCS,
100U/ml penicillin G, 100mg/ml

streptomycin, 2mg/ml amphotericin B & 72 %
Loz, 37C, 5% CO,, 95% air TEFFE L
7. Confluent & 7272 HUVEC IZ 0.05%
trypsin/SmM EDTA (Life Technologies) Tl
AL 12mm L <IE 30mm transwell
culture chamber ~£5#% 95, Fv L /\—%
= 2 J8i2431F % polycarbonate membrane
(0.4pum pore size, Coster, Bedford, MA) %

1% gelatin (/PBS) T 37°C. 30 47 i incubate
D14, 0.5% glutaraldehyde (/PBS) T 25 4y
[ & S 41, PBS T 3 [AI¥e#F, 0.1M glycin T
incubate, & 5|2 PBS C 3 [HIFE4, M199
BRI C 1 M E CIRIEFTRETH 5,
collagen matrix gel b HUVEC %, #7 1
HRIE E T confluent & 72V EBRIZHWS
ZENHREL 2D,

mEsNEEET NV

HUVEC %552 L7-Rif o BT 2 &5
NieF v o "—0 EZRIZEe MEEk
(10" PMN/ml) % ¥&I L (PMN-to-EC ratio
10:1), FE=IZEMERF & LT IMLP
(10°M) %5 L CaFhER I 4 il A %
Z 7 (transmigration assay, Figure 1), It
K T#, F ¥ /3—IXPBS T3 [EIBEH LB
# b L <13 migration L T 72U\l & PG
WL L. 2.5% glutaraldehyde (/PBS, pH 7.3)
T 16 BB EE, gelatin & 7 EEES SREL L
INT T 4 ~FEH 4mm D cross section
AERL LA 21T 5, 8Nl
T2 B i ER(migration), 3 X O LJE
(adhesion) ZELEFRIZ L DT & L 5B
THY Y MLEHE L7, 7 BERMIC
inhibitor & L Tl quercetin (HSP 70
inhibitor:1-100uM, Extrasynthese), F 72157
D DR LV hydroxyethyl starch (HES:
10mg/ml)Z FijALE L VASP U L R{b<o40
fu G E I B URET LTz,

Figure 1. Transmigration assay
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Glutaraldehyde cross-linked polycarbonate menbrane
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medium

HUVEC ® F-actin 3 ik L OVER

&S lE A T /W IZ 1 D HUVEC O
F-actin %3 4fi < Rhodamine-Phalloidin 4% {4 Tk
AL, ETMAENEEET VO T LI
=T 3=pbIRV L, PBS TUH&. 2%
formaldehyde (pH6.5) T 60 43 [E &, Fi-Yeta
I rhodamine-phalloidin (10 U/ml)/0.1% Triton
X-100/1% BSA (2T 120 53N CTfTo7=,
Z D% PBS TYEH. 90% glycerol/10% PBS,
0.1 M n-propylgallate TH A, B/ —FFAT
PAC. JLfEA L — —BiEE (LSM 410,
Zeiss, Germany) C#1%2L7-, ¥7-. F-actin &
IZ Fluorescence plate reader T{T>72,

HUVEC Zr#E3s X Y Western blotting
I ER transmigration assays #& T 4.
HUVEC 1% PBS C 3 [FIJa 41, 0.25%
trypsin/S mM EDTA T 10 B[ « 3 7], F£7=
/MHBSS T3[R LT D, BEEShT
HUVEC & 4FH1ERk1T Histopaque density
gradients (Sigma) T/ 5, £7 15ml
polypropylene centrifuge tube (Z Histopaque-
1119 3ml, % L C Histopaque-1077 3ml % &
@425, ZD% 6ml O T EEE LiE
iL» (700g. 304y, 4°C) 9% & HUVEC 1%
Histopaque-1077 @ _LJ&, #FHERIE
Histopaque-1077 & Histopaque-1119 D3
FUZSyBE S, HUVEC Z[alX, Sml HBSS
TYEHT D=L 200g, 10 4y, purity: 95%
LI E), HUVEC (& 400 pl lysis buffer (25 mM
Tris-HCI pH 7.9, 250 mM NacCl, 100 mM
Na,P,05, 75 mM NaF, 0.5% sodium
deoxycolate, 1% NP-40, 5 mM EGTA, 5 mM
EDTA, 0.2 uM phenylmethyonylsulfonyl
fluoride (PMSF), 10 pug/ml leupeptin) TIK E
30 4y incubate L SDS-page (Zf1T. PVDF
membrane (Immobilon-P, Millipore) (ZH5E:,
10% skim milk/TBS/0.2% Tween 20 T 1 KFfH]
TryX 7 VASP U UEEICBI LT
Sug/ml polyclonal rabbit anti-phospho-
vasodilator-stimulated phosphoprotein-157
(Phospho-VASP Ser 157, Cell Signaling
Technology, Berverly, MA)C incubate, 0.2%
Tween 20-TBS THE{##% . HRP conjugated



goat anti-rabbit pAb (DAKO) T 1 FRFf]
incubate, 0.2% Tween 20-TBS T4+, ECL
(Amersham, Buckinghamshire, UK) % FHV iR
L7,

Hat

fElEX means+SD T L. #talld Scheffe's
multiple comparison tests Z HV>, p<0.05 T
AEA®HV & LT,

4. WRIEEE

HUVEC O F-actin 5B L OEE
HUVEC I /& 4MEEET L FIZE0 T
Rhodamine-Phalloidin 424 C® F-actin 2340

Wit L72,0 43 (Figure 2a),30 43 (Figure 2b),

60 %y (Figure 2¢) & #RIFA9IZ — HARNE (21
A0 U7z stress fiber 2305 & & H 2P LTL
LONBEIND,

Figure 2. HUVEC O F-actin %f% (n=5)
a

—J7. R L% To HSP70 D3 El% western
blotting THEAM L 7= (Figure 3), HSP70 3%
RFAOIZ . RFIZ 30 0 HEBICIEMR L Tn
DT EWGND,

Figure 3. HUVEC ® HSP70 %8l (n=5)

& 51T Fluorescence plate reader (2 & % F-actin
EEA{T>T2 & T A, F-actin &3 30 43 & W
S 7% D peak NHEDHBRIRAIEK T LT
TW A 2GR S 47z (Figure 4), 24U
HSP70 2L TS 20 LA L TV 5,

Figure 4. HUVEC @ F-actin # (n=5)
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L ORERIT, RIEKGIZE Y F-actin 23
BEIU., W o 72 ATUiE U7 1 PN BRI 7
PEDS HSP70 FHEIZEWINHNZ M 2> 5 Al RedE
ZOoRIB LTS,

mENEEET NV

I BRI A SN E AT T L & D TRGET LTz,
Control F£TIE 30 43f#f ™ migration assay T
W L7z aF ekl v v b 80.2+15.1
(/SHPF) Td& Y HES RiLE TiX 42.9.£13.2
(/SHPF) LA E % b o Chf th BRI 4 17
A Z M L7 (Table 1), £72Z 0% EIX
HSP70 inhibitor T& % quercetin Fij L& |Z
X0 70.9.+14.7 (/5SHPF) &Iz ERIZ &
NifER 2o, 2D XY VASP U
fefb Z e dE3 25 HES (i & F i M i o
hREH L, Flo—JTED upstream signal
transduction (Z HSP70 23Bg5 L T\ 2 AlEE
PED R S T,

Table 1. £ FEEBR 7N —FTOMHERE D ©
v F(n=5).

Neutrophil
Groups counts (/5hpf)
control 80.2+151
HES 429+132*
HES with quercetin 709 + 14.7

*:p<0.05 vs control.

— - — Ay —
0 15 30 60 90 120 min




VASP U “Efk

Western blotting (24X ¥ VASP U gk % 3F
fili L7z, Control # TlX 30 43fE?® migration
assay C VASP O U VEELICEILIZ R 5
72 o7z (Figure 5), —J4 HES RiAL#E Tl
30 3% IZ VASP U bR A FR D |

HSP70 inhibitor T& % quercetin RHijZLiE K
D S, CRHORERbEDED &
HES (2X V0 VASP U VLR AEL, 2Ok
SRl BRI A SN E DS INH] S 4L, Z D signal
transduction (Z HSP70 2385 LT3V HSP
PURIEVERIE VASP U b Bl 7
THEEZ LN,

Figure 5. HUVEC ® VASP VU “fig{lk (n=5)

PR I A AR lE AR 2SR L T < RRBREIZ AN
5TV % HSP70 DHLRIEERILZ D
VASP U U lfbo it @ signal transduction
2B > TW\5”  (Figure 6), AAFFEIZ LV
VASP U > AL DS SAERE O i HER i 5 44307 2
@ negative regulator & L CZD A =X A
D 1O BNETRD  HES 73 VASP U
Fe b 2 AR U i A8 PN BRI i AR T IS &
LPRIEIEN &2 345 5 — 5T, HSP Fik
JEVERA Z O _BIICALE S 5 Z & 3B fF
KEIZ ARDS Z XU &35 ALL 72 K EHE
IR ORI S T 57 5 AlRetE s g
Sz,

Figure 6. £l =415 signal transduction

control s o - - - —
HES - -
HES+
. -
quercetin
0 10 20 30 (min)
* Discussion

AWFGENZ L0, i ERIAE FMEEIZ BT
L N RZRFE AN F-actin 1ZEE M4 223, =0
% O HSP70 HEAMZ VY F-actin 23J8
DU TWSPIRIEER DR CTE T2, £
HES (3 VASP U »F&{b % I UAF R A5 44
WEEDOMHEWER 2 A9 523, HSP HLRIE(E
FAREFFIX VASP U I b ARig o Bl L&
T 52 &R &, & 572 5 missing link
(IR S TIRO RS, ARRFFERE RIS
XKD O O Ax DM EERET H &
TRLOMBREAHERR T & D, “4FHER 23 1fE 4+
WEE 24T 9 BE, M8 N EHIRE MR BB E R 3
1M L &4, MLCK dependent pathway 33 X
¥ MLCK independent pathway (Rho kinase
pathway) 2EME LS5, & L CHIIANTE
AR EMAE I Z 5 E e & A4 U 2 M8 N Rl
WA B 4 Z21E (actin-myosin interaction) |Z
&0 M5 N R DU AE S L & | 4FH ER o 1
B AIEAE A I LTS (F-actin stress fiber
L d KOS k) DI E IR~ D5y
i) o F DRIESINNAE D M N M
cAMP O EFIZEvplsRZENnD
cAMP-dependent PKA pathway (&M LIZ LD
VASP U fb s i BRI e sl 1 0 2
FELTHIFR L, bind L CW 5 profilin <°
Cdc42 %41 LT actin redistribution (baseline
Toh % F-actin OMIBLELDAR) ZiHE.
actin BH3# tight junction protein T& 5 ZO-1
72 EITH/EH LR fERE D tension 2K T &
B, MEFEPEERT S5 GG 2P
L3), RLELT—HAHEY—ZIZmo Tt

RS RM

HAERG®M

ENA CTIE ISR Chaf R Ek & S 12
T D I N B2 A O L ME AR 2R
D%z B & LTIt 2D T 5, BIFE
% T Calcium-calmoduline MLCK dependent
pathway & Rho pathway 73 key pathway T
HHFENRA DTN LN EZRD |
Physiological review (impact factor 37.7) 2%
% @ signal transduction 7> ML PN B HEIRR GE
D review (25| H EAVEE & 41TV % [Burns
AR, et al. Physiol Rev 83:309-36, 2002][Mehta
D, at al. Physiol Rev 86:279-367, 2006], 4[] 7
HSP70 35 J TN VASP [ZBAT 2 f7EIT S 6
W ECHEREILAE O negative regulator & L TP
PIRIENE A 1 = X LRI EE A A TE L R
ST B W TR ERICALE T e L 5
Z B L5, HSP70 DI E S MM & 1
BGHREPN VASP OFEFIBERF 23 S HIZHH B2
LU, T ERICH LA EERIC
HSP70 #E-<° VASP U v iigfba{eittd 5 2
& TTIMRIEER 2 495 2 L A FTREIC /R
%o & LCZ DRI~ ff H BEREEFEHN )
RZ AU 5] &M < GFFEROTE MR SR PE A4
HillZ &V (ARDS DAHE T &b 2 il & V3 B2 A
fabEdE 2 3 2 LR S D, BIfEE Ta
PEARIEIZ IS 1T D HSP70 DHIARIENE T % |
VASP %41 L 7= Ml NG SR e 12 5 | &
e EA U % actin base D FMfE ¥ HAER D
negative regulation 7> O RETT A IXEN
I a O TR B,




AWFFER IR OHZRIM SN TN D
HSP70 HUIAENE I 2 178 PN Rz Al e Y
VASP VU VU BR{LICBE T % AR ZE 0> & B
Hvd L. 51T ALL IBERBERICH S
TARREMERH S & bbb,
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