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ABSTRACT. Lipid mediator such as lysophosphatidic acid (LPA) plays an important role in inflam-
mation and wound healing, has been recently reported to induce influx of extracellular calcium into
erythrocytes. This elevation in intracellular ‘calcium level may cause destruction of membrane asym-
metry and procoagulant microvesicle formation. Thus, we investigated if the lipid mediator could
induce microvesicle formation as a result of extracellular calcium influx in human erythrocytes. Treat-
ment with lipid mediator to erythrocytes resulted in microvesicle generation in a concentration-, time-
dependent manner. Microvesicles formed expressed procoagulant phosphatidylserine (PS) on their
surface membrane significantly as well. LPA did not affect the band 3 phosphorylation which is
involved in morphological change in erythrocytes. Pretreatment with suramin did not inhibit LPA-
induced microvesicle generation, suggesting microvesicle generation was not receptor-dependent
pathway. Depletion of intracellular ATP levels in erythrocytes was suggested to be one of the mecha-

nism for these events.
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{Santos et af, 1991) = Ml T g g7 3

A& FZAZ 4 dE phosphatidylserine(PS}e =2
Aoz AE 9 g Aol #AE 4= SitHZwaal
et al, 1977). ©] 5 PS =&& ¥ 337 FHFoA
tenase &34 @ prothrombinase 23 9] 33Fe &
ZAIA  thrombin A4 £55 A FZA)7)e

procoagulant 84-& Uepdoza & Aol 7|«
HKalafatis et a/, 1994). o]$} FAlo M FHe PS
A Fafga 2] g 1] 2T ZIAA
g AA 9 Aol # 4 QcHPanetti er al, 2001). Al
Fe A FUL ATP 272 T3 22 R5ro] HE o)
7Ve) 2 wivt sickle cell disease®t 72+ B A<l AFej ol A
ojfg PSe] xFo] fuE 4 dom, o] w micro-
vesiclex FAol AAEEH Y 1 JAH S £A4D
2 tHMohandas and Chasis, 1993).
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oA B4zt dAaHozRE {28 tHTokumura et
al, 1994). LPAE 83 % gje] NEES AT
# &8 B3 A ]'rroﬂ 4013”4 LPAE= EAavte]
$3e sk oldr g9 HEg2, dIWIAE,
f|broblast o 34 iﬂ"]?’]-r- BEZe] FES
i}, MSE EHo| fibronectindl] ZE8IES 23}
monocyte, FZ, neutrophils FUA7Ie 5 vhfst
A2 @8A-S JebdtKPanetti et a/, 2001; Zheng et
al, 2000; Torti et al, 1996; Bauer et al, 2001). %&
FME ATHE 9 ZEe] U 2 & dgol
BaEdelYang et &/, 2000). AW ZF Sk
KCl &, polyphosphoiositides®] &3], &8 &3, A%
FAZ 74 galo] Aok = 1;].001:7‘5]- A§§}8ij| gﬂg]. 17
PS =& g procoagulant microvesicle A= §E3te
ZH HEA7L A A FAY £ UARE o u
Al LPAZE Aol Zg RS S7HZIGL e B
Je LPAZE 879 Alzete] PS =Folu FHel| PS
7} &% procoagulant microvesicle f-2]9F 22
o] WMzl sutel &= glon o2 Egﬁ 2817} AA
AY 3 e ol JAT F USE AR
B AZM= lipid mediatord] LPASE #EE 7}
A7z HYTLEEE microvesicle A4S Lol o
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o microvesicled] EHAE PS7F »=&EHER] 82 oA
Tl Bdk o] oA -8R 7 uiyiHA = e,
ATP7} T88-S &ttt ’
Me % wy
Hgq #22|
Acid-citrate-dextrose® FSIAZ sld 23 o

> E

o =L B85 Ho| gle A4 del & 75”“_&
H-El vacutainerg o|8-3te] A& AF s
gole 200 gollA 1587 A4lielste] platelet r|ch
plasma$} buffy coatZ aspirator® A A3IA e &
" ZAFE phosphate buffered saline(PBS: 1.06
mM KH,PO,. 154 mM NaCl, 2.96 mM Na,HPO,)= 3
W AH3 & Tris buffered saline(TBS: 15 mM Tris/
HCI, 150 mM NaCl, 5 mM KCI, 20 mM MgCl,, pH
7.4 % 19 B AF3Ee. CaCl,7t 1 mM 23 TBS
o] AL £7F 1X 108 cells/mlo] H=E AT F
ol% Ay AMgHY. AT = FT A
hemacytometers AHS-sted SAHTt

Phosphatidylserine(PS) &8 % microvesicle 44 &3
AL el 5 10, 20 uM FE2] lysophosphatidic

_phosphate,

acid(LPA) & 1587 &g & 10 uE #sll annexin V-
FITCS anti-glycophorin-A-RPEE X370l 3087+
AA3ATE. Annexin V-FITC= phosphatidylserine(PS)
LE ] markerZ AR S, anti-glycophorin-A-RPE
= Ay HEFE F microvesicled] thgt markerz
ARESIT). Annexin V Aol gk 84 iz d4
g of CaCl, 2.5 mM t2] EDTA 2.5 mMo] ER3l=E
3le] At g AlFo) 25 mM CaCl, 3= 25
mM EDTAZ} E0i3)E TBS 2 mi& 718 3248k = PAS
{Partec, GermanyellAl 43819}, o] o forward scatter,
side scatter, FITC ®3%, PE 339 471x] A EE 273
stgom B4 T2 o 2= Winlist softwareE AR
El=g

e qel microvesicle =l

3,000 goflA 15:::7,} °J/§LE]6}°4 mlcrove5|cle°] 501
AE AFNS FHalHo A5 gl & A micro-
vesicle L-80 YA &2]7](Beckman, CAYE ©]-&3}od
4°CollA} 100,000 g2 1A17F AR Ele] 7lEteksc
QAR T A AASZ g2 A E TBSZE Ad

eaiod ol PS % ZPshew AMEaIT

Band 32| tyrosine 7| QIdtst £H

LPAZ #2|g AE7 9= 1 mie ddZlstq 3
SAE A 27FE lysis buffer(b mM  sodium
10 pg/ml aprotinin, 10 pg/ml leupeptin,
O.Tml\/l PMSE 1 mM NayVO,, 1T mM EGTA) 10 m&-
7kl AETEE 23AIH Y. 4°ColA 40,000 gE 1087
E sl SYQoZRE Axet £35S Jlepesl §
Fedg AA AT A2 S 13] M- lysis
bufferdll AEEAIH T Az HEAS Laemli sample

buffere} 1: 2(vAm= E§tsted 577F boilingdt ¥ SDS-
PAGE®] 2-8A1Ft}. 2t laned 7.5 pge] ©2$ joading
o thuha ke Bradford Y (Bradford, 1976}

o] &3t SDS-PAGESA Al5E 703 5 Immobion-
PVDF membrane(Millipore, Billerica, MA)2. 2 transblot
kATt Membranes 3% bovine serum albumine] A&
kel TBS-T(20 mM Tris, 500 mM NaCl, 0.05% Tween
20, pH 7.5)2 4°CellA blockingslZZ monoclonal anti-
phosphotyrosine antibody (1 : 1000, Upstate, Waltham,
MA} 1A17F ¥-$A1ATE AntibodyS Mol & goat
anti-mouse peroxidase-conjugated antibody(1 : 5000)
£ A7 B F8AIR v ECL kit #4138kt &
Ao] BT membraned stripping buffer(2% SDS, 50
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mM Tris HCI, 10 mM 2-mercaptoethanoljol] 56°Col 4]
A7 B¢t '@7F 33Ut band-3 A& ARE-3ISAT
Band-3= monoclonal anti-band 3 antibody(1 : 5000)
£ o]&3&l] phosphotyrosine A& Y3 wyles

gEskch

HEFLH ATP & &3

g3 el 500 ulol] LPA =& PBSE 7}3le] 37°C
ol 1557k wike T 10,000 goll A 307+ YA
st 4¥ 35 iR A5dE AA L 4L A
T e TBSE 1 Mgt & oA TBS 100 piE 7t
) A@E AHTE ey AR ATP Aol AR-si e
W dR= S RFEY AP ARSIt ATP B RS 9
3 gehe) 20 pioll $5 $59(10% TCA/100 mM Tris-
acetate, 2 mM EDTA, pH 7.8, 3/2, v/v) 200 utg 715l

H3lA vortexd F oM AEE 2087 WS
Ak WA Eede 13,000 gollA 287 YAEEE
e Ao sl 20 ukg 980 we] ke Tris-acetate
buffer(100mM Tris-acetate, 2 mM EDTA, pH 7.8)2
st o)A sl A AIBE FA] ATP 49
ARE-BEALE 70°Cell Eastsithrt o]l ATP &4l At
£3199ct. ATP %2 ATP bioluminescent assay kit
(Sigma, St. Louis, MO)Z o]-&3ld] kitoll A AAlsk=
Holl wl} A3t @3 chemiluminescences
Auto Lumat LB953(Berthold, Germany)ellA &3}
o} HE) S =FENL Drabkin's solutiong ARE-3}
o] FFatRon, ATP 2 | ng=Zyl ol i o=
FEsete] EA 3T

Az 24 ¥ A A2l

AE A= meant SEMOEZ FAEAT F 2 Aol
o] ol ttestzA AT AW, Al & o/de] Hlaze]
A= ANOVA tests 838 3 Duncan's multiple range
test® AANE {99 AFIAT. EE BN
p < 0.05¢ w FojAHd xpel7h Avkar B3I

4 =

Lipid mediatord] lysophosphatidic acid(LPA)7} 438
T4 microvesicle A4S FX8=AE E9l8l7] st
o 223 Ajge] Add) LPAZ 1687 XEd & o
7] LA flow cytometryZ 24 - 4350 1 A
s} LPA 5, 10, 20 uM2] X2l 55 9&3 o7 HFToA
27178 mj$ He AAEo] AHES EIT F UM
(Fig. 1). 8T A}l Sol5 oz FAsk= glycophorin
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Fig. 1. Concentration-dependent microvesicle release in
human erythrocytes. Erythrocytes were treated with several
concentrations of LPA for 15 min. In each spectrum, top
panel on the right represents erthrocytes itself, while top
panel on the left indicates the microvesicles formed.

Aol g S AMgste] ARl 2R YR} BEol
g1 fHYS Blatgnt. g ZF2 JAEo] plotolA

= 7|8 HIEA EI" microvesicle
AE 99 A3kt ol9k A FA 1ume EF

beadE °©l&, bead’} WEhbe $1A9 AAbEo] BEH

23t HE 3e BviFig. 2). A% micro-
vesicle?] PS =& AEE ¥eist A3, LPA A & &
¥ microvesicledlME PSE =&AL B8Nt
(AFBA AR,

Bordin et a/(1995} band 39| tyrosine Zt7] ¢lAika}
£ f=sie W A¥Fe By syt vehdE et
o] band 39 tyrosine 7} QAksF HEe] B ©
slol] #oJgt AU AAISIATE wEpA] LPA ok 2E
5 microvesicle 449l band 39 4ksl7t B sh=x]
golaiint. A Yo s AMS3 diamide® pho-
sphotyrosine phosphatase 8432 AL =M band
39 ¢aEE fgsitt Diamide 1 mM, 308 &l
oJgjA= band 3¢9 4kt f=€ WHH LPAS band
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Fig. 2. Time-dependent microvesicle release in human ery-
throcytes. Erythrocytes were incubated with 10 pM LPA for
indicated time periods. Generated MVs were counted from
20,000 cells using flow cytometry. Values are mean + SEM
of three independent experiments.
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0 10 20 Diamide

Band 3-Y-P

Fig. 3. Effect of LPA on band 3 tyrosine phosphorylation.
Erythrocytes were incubated with LPA for 15 min or 1 mM
diamide for 30 min at 37°C. Membranes were prepared and
analyzed by SDS-PAGE and phosphotyrosine immunacblotting.

39] Qlitstel] o7y FF= wRA] dgkrHFig. 3). Band
3 & AHle g7k Aok gisdH

HY7 Azee] vy d fFA Aojshke ane &
el ATP7F Zg#olaz, LPA Aol olsf 2d 7
ATP <ol W3k = SlEA] F43R0Y). LPAE 5% 9
THoR MY ATP levels folz oz A HTHFg.
4). Yur3 e | PA 952 So]4<¢l G-protein coupled
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Fig. 4. Effect of LPA on ATP levels in human erythrocytes.
LPA was added to erythrocyte suspension for 15 min and
intracellular ATP levels were then measured by luciferin-
luciferase assay. Values are mean + SEM of five indepen-
dent experiments. * Reperesent significant differences from
control (p < 0.05).
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Fig. 5. Effects of suramin on LPA-induced microvesicula-
tion in human erythrocytes. After pretreatment of suramin at
200 uM for 5 min, LPA-induced microvesicie generation was
analyzed in flow cytometer. Values are mean + SEM of three
independent experiments.

receptor(GPCR}E 7Z4f-3tty 4=lA ot PA7} Ay
Foll uAE ZFrt A7 g FEAE A
A geldly] sl GPCRE Afstttar ¥4zl suramin
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< A8t LPAY] &3 mXE Jge ARt
Suramin 200 pM AAHZE LPAZE #3435 PS =& B
microvesicle 84S 7AAA71A] E8ltHFig. 5).
a &
£ AT M= lysophosphatidic acid(LPAZ} €17F 3
7ol microvesicle 4 2 microvesicle 8 PS
EEo] TS IRISIHT 2 AFlA] ARE-E L PAY]
v BF AA JdA =8 7 = Eeelth
LPAE SAolM= ALl AZo] HA] &Xuk 4 SollA
2 F=7F 3 20 yMAR) dEshe Aow B gt
(Back et al, 1977). ©]&& £ Ao AL&3 = |
AR, ol in vivellAE LPA B & WA A=E59
AHE 7S 7 UE AT
LPA AMzl= HEFU ATP 42 A Aed ATP 2
2 Q) F sUEE Ca’t-ATPased] @431 Ajztg 4
It LPAYY ofsf Al xd] Zhgo] S7tElmg o2 A3}
sl Ca**-ATPase7l 243}t HAUL Aoz AlgHY
293} #AH FolA ATP7E AREHAE Aer 247

iigo

[}

ot B§ LPA 27} Ca®'-ATPases 23 243 A1
T Ao+ BHis &A%t Tokumura ef &/, 1985).

2iuh LPAC o3l ATPe] Alxulel| gk Exio] Z7}s}
A }‘_‘HE WA 4= o LPAS] o3k ATP 74
EJ,]T__ 01 2] A A/\;q_)\/] A4 FAT 0]0124 Ag/ﬂil
microvesicle EHo PSY FHE FF, A&A)7)=1) 7)
A% oz Algdr).

2 AFollMe LPAE 83 U914 QAlE] o) AY
T7F PSE &% ¥ ol procoagulant microvesicle
S 2T F ASS HHY. AEFNA microvesicle
Aol #ek A= F2 sickle cell diseasedt 72+
Al A8kelu calcium ionophoret 722 £814 &3
o o8l FEHe Agol #E F2 FEYEo] & uky B
ATl M e Wd A5 s A-T procoagulant
microvesiclee] AAE 4 U2S HATh Yoz Ay
oA} vesiculationg H&E 4 3= WA QxSol H
At #S A3t B FdF oo T Aotk
olg|gt AJelet Q] SHY vho] oz} 3EEH &t
o AY18] microvesicle AAde] 712 4 Slvhd €A
7FeAdo] /A7) Wi & A& .t}

LPAS] Aol e e giiEe Holzel G-
protein coupled receptorlGPCR)E 73--3F ®h-gojt}
LPAZE HE ol vlxl= @37t A7 g3 %
£ A=A #geld] 98 GPCRE Aesita &
Zl suraming A 2|ste] LPAS] &3ol] mXe JFS

i
o I, 2

AHR YTt Suramin 200 uME FAE 3 A3, LPAE
microvesicle A48 2A71A) E8icHFig. 5). ©] 2
Foll e e ot 22 F 7EA] X0) shssieh A4
Yo A7 el F8A9= A8 O LPA 8
A7t B 7Fsdol L A WAootk A&l LPA &
SAH7F EAsheRd #3 AT BuE ofF gtk ad
U bE AEEdA A7E 238 B XF7A] dEi
FEA o= HEe 787 EAT 7eAE AT
ot T HAE HY1R Zilsle] Szt LPAYE 413
A HAZE A4 GANAE 7FsA0] EAlg 2
LPA7} 213 #¢] second messenger® 2H&-3 7154 o)
Y. g4vo 2Ry f2® LPAZF ¢1™H3 RAW 264.7
A EQFSZ Eoj7F PPARye] agonistz 2Rg-3hc}sl o
Hi(Mcintyre et al, 2003)= °]83t 7isAe sk
BETh 2 AollA et LPATE fridshe EAEC
BA7E HAsteAld B A7 Yoz Yo ok g
Aot

e x

ZAtel 2

Ate 20059 FHEAD (2SI X AL H-
zA—]/\].oJu]

s
sh=slee 21 A o] %] (KRF-2005-070-
E00253)s o} A1E 5.
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