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KA KB RF S AT £ v X —C, S5 HROIELAY
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BREHOSHOWEAIEG, DB EICHESH B0
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Soic, AL EOMAE IR L TS L EFE
BN REALT L R TR S — 2 R AL TEEL
ATwh, R EFROT CAERIBORR LD B ORMRAC NHANES tﬂ)ﬁ -
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AR EDEELE BRI

2. EEEL(LOERRY 75

HEr R E BRI e /54  LT, BE. HFECR
BEHITVEY A7 412, COCURMRAMIEFHty 2—)
% $H &% T A US Narional Cholesterol Reference Method
Laboratory Nerwork (CRMLN}#%& 5. CRMLN {2,
2004 6 HHTE, by E Eo it R 8AEO AT 100IEHE
SHE»ILHEEIRTV3(XI).

SETHREHE - FEYE - STRELEDA—H~@

CDCREMTIRAELLERT 0TI (. ROMEER
EroEREBHZZITW3,
O XK EEH OB F 4 BB T 5 NIST (National Insti-
tute of Standards and Technology)
@ et 218445 BT R ¥ 2 NHLBI (National Heart,
Lung, and Blood Institute)
@ ZM T H 3 AACC(American Association for
Clinical Chemistry @ KEERFRL443)
@ #FHrimkT &3 NCCLS {National Commirtee for
Clinical Laboratory Standards)
47: CDC#, WHO (it R IRIERERD) O 1B (WHO
Collaborating Center) £ L TDHEE ¥ %47, FPIHTE IR
L TR ER T 2,

ZOCRMLN i, FEe{bid i AR M i & S8
AHEHYTHEL, 20RRCEEPL2BEA—-H—PHE
CT =y Fa—HF—THBRREZIIBERITI00&
YREMTHRLOFADL, o ba v ERshTy2
(") o LIzhio T, BRizEH 1T 2 EH LD SUREATE - 12
HEMTT - AT e BDIA—H—TH 5,

JARTIC BoavA7o—n, HDLavAFo—
vy IDLavRFe—n, VL7 4 VO4F5HES A —
A= HH L UIERE{L 7 02 & (Phase-3) A IR T
AN, BEREEPHSICLE ooz, Bav T
o — 2R G T 3 (Phase-1) o

FobavEUTELNIRECIREE KRR
fThh, HEEHEY LB L2 12 b oA
BHAINE, KETR. A—p =2t L. BEFONER
FDA CREfREERDE) o & 2 BAERET &0 LD
3T b,

Phase-3iz L2 HEHE{b DRI, CDCDF— L=
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3Nbd,

ﬁ 3 CRMLN %ﬁuﬁﬁ_ﬁ*ﬁi (2004 3 6 A ERE)
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‘ -_ FBA, Fundac:|on Bloqumca Argentlna La Plata Argentlna(TJb‘t’/.
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Role of Lectin-Like Oxidized Low-
Density Lipoprotein Receptor-1 (LOX-1)
in Adenosine Diphosphate-Activated
Platelet Adhesion to Human Brain
Microvascular Endothelial Cells Under
Flow In Vitro

Norio TANAHASHI', YOSHIAKI ITOH', HIDEK] SATOH', TAKATO ABE',
HipETAKA TAKEDA', MINORU TomITA', and TATSUYA SAWAMURA®
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Introduction

We previously observed that activated platelets adhered to human brain
microvascular endothelial cells (HBEC) under flow in vitro using video
enhanced contrast (VEC) microscopy [1], and we showed that a platelet gly-
coprotein (GP)IIb/IIla antagonist ameliorated platelet adhesion to HBEC [2].
The molecular mechanism of platelet adhesion to endothelial cells is still not
fully clarified. Recently, lectin-like oxidized low-density lipoprotein receptor-
1 (LOX-1) was identified in endothelial cells [3] and platelets [4]. It was also
found that negative phospholipids exposed at the surface of platelets on
activation are epitopes of LOX-1 [5], and LOX-1 could work as an adhesion
molecule for platelets. The purpose of the present study was to examine the
role of LOX-1 in platelet adhesion to HBEC.,
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Methods

Human brain microvascular endothelial cells in the third passage were pur-
chased (Applied Cell Biology Research Institute, USA). They were cultured
with medium (HuMedia-EG, Kurabo, Japan) and at the end of the fourth
passage, the cells were disseminated at a concentration of 5000 cells/cm? on
glass slides coated with collagen. After 5-7 days, when the cells were conflu-
ent, they were used for the experiment. Platelet-rich plasma (PRP) and
platelet-poor plasma (PPP) were prepared from venous blood from normal
adult volunteers. Platelet-rich plasma was diluted with PPP to give a final con-
centration of 300000/pl. To evaluate platelet adhesion at high magnification,
we employed a VEC microscopy system, which consisted of an inverted
Nomarski microscope (Axiovert 135, Carl Zeiss, Germany), objective lenses
for differential interference contrast, insertion lenses, and a halogen lamp. For
image analysis, a charge-coupled device (CCD) camera (C3077, Hamamatsu
Photonics, Japan), an image analyzer (Argus-10, Hamamatsu Photonics), and
an S-VHS video recorder were used. This VEC microscopy system enabled us
to observe cells on a slide glass at a maximum magnification of xX12000. On
the microscope stage, a slide glass with endothelial cells in an observation
chamber was mounted. Perfusate was pumped from one end to fill the
chamber. The drainage was collected from the other end, so that perfusate
flowed over the endothelial cells at a constant rate. To quantify the degree of
platelet adhesion to HBEC, the number of adhering platelets in a field 30 um
in length and breadth was counted. One hundred consecutive fields (10 X 10)
were counted and the average number was calculated. In the case of platelet
clusters, only the superficial platelets were counted. A large mass of more than
100 platelets was counted as 100 platelets. In the control group (n =7), HBECs
were cultured on a coverglass and put in the observation chamber for VEC
microscopy. Then, PRP was superfused with an infusion pump at a low shear
rate (10/s) for 30min and washed out. Interaction between platelets and
endothelial cells was observed by VEC microscopy and the number of
platelets that adhered to HBEC was calculated. In the adenosine diphosphate
(ADP) group (n = 7), PRP with ADP (2pM) was superfused for 30 min and
platelet adhesion to HBEC was observed. In the anti-LOX-1 group (# =5), PRP
with ADP (2uM) plus JTX92 (10pug/ml; antihuman LOX-1 antibody) was
superfused for 30min and platelet adhesion to HBEC was observed.

Results
In the control group, platelet adhesion to HBEC was rarely seen. However,

ADP-stimulated platelets adhered to HBEC (Fig. 1). As shown in Fig. 2, anti-
human LOX-1 antibody inhibited adhesion of ADP-activated platelets to
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F1G. 1. The adhesion of platelets on HBEC was clearly seen in the adenosine diphosphate
(ADP) group. Microaggregates of platelets were also seen. Scale bar = 10 um

F1G.2. Platelet adhesion was rarely seen in the anti-LOX-1 (lectin-like oxidized low-density
lipoprotein receptor-1) antibody group. Scale bar = 10um
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HBEC. Figure 3 shows a comparison of the number of adhering platelets
among groups. The average number of platelets adhering and aggregating to
endothelial cells was 0.3 £ 0.6/900tm’ in the control group, 22.3 £ 10.4/900
um?’ in the ADP group (P < 0.01 vs control group), and 1.8 £ 2.5/900um” in
the antihuman LOX-1 antibody group (P < 0.01 vs ADP group).

Discussion

The present study showed that LOX-1 is closely related to the molecular mech-
anism of activated platelet adhesion to HBEC under flow in vitro, and might
work as an adhesion molecule for platelets. We previously reported that
GPIIb/IlIa receptor and P-selectin play important roles in platelet adhesion
to HBEC [2,6]. We consider LOX-1 might be a third mechanism for activated
platelet adhesion to HBEC under flow. Upon activation, platelets could adhere
to HBEC through GPIIb/IIIa receptor, P-selectin or LOX-1. Kakutani et al [5]
verified that negatively charged phospholipids exposed on the surface of acti-
vated platelets are epitopes for LOX-1, and Shimaoka et al [7] found that LOX-
1 supports cell adhesion to fibronectin in an integrin-independent manner.
We need further studies to clarify in detail the role of LOX-1 in the molecu-
lar mechanisms of activated platelet adhesion to HBEC. Antithuman LOX-1
antibody significantly reduced activated platelet adhesion to HBEC at a low-
flow state in vitro, indicating that LOX-1 plays an important role in activated
platelet adhesion to HBEC.
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