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HEMOSTASIS, THROMBOSIS, AND VASCULAR BIOLOGY

Identification and Characterization of Endothelial Glycoprotein Ib
Using Viper Venom Proteins Modulating Cell Adhesion

By Li Tan, M. Anna Kowalska, Gabriel M. Romo, Jose A. Lopez, Zbigniew Darzynkiewicz,
and Stefan Niewiarowski

The expression and function of a glycoprotein Ib (GPIb)
complex on human umbilical vein endothelial cells (HUVECS)
is still a matter of controversy. We characterized HUVEC
GPIb using viper venom proteins: alboaggregins A and B,
echicetin, botrocetin, and echistatin. Echicetin is an antago-
nist, and alboaggregins act as agonists of the platelet GPIb
complex. Botrocetin is a venom protein that alters von
Willebrand factor (VWF) conformation and increases its
binding affinity for the GPIb complex. Echistatin is a disinte-
grin that blocks avB3. Echistatin, but not echicetin, inhibited
the adhesion to vVWF of Chinese hamster ovary (CHO) cells
transfected with avpB3. We found the following: (1) Binding
of monoclonal antibodies against GPIba to HUVECs was
moderately increased after stimulation with cytokines and
phorbol ester. Echicetin demonstrated an inhibitory effect.
(2) Both echicetin and echistatin, an av3 antagonist, inhib-
ited the adhesion of HUVECs to immobilized vVWF in a
dose-dependent manner. The inhibitory effect was additive

when both proteins were used together. (3) Botrocetin
potentiated the adhesion of HUVECs to VWEF, and this effect
was completely abolished by echicetin, but not by echistatin.
(4) CHO cells expressing GPlbap/IX adhered to VWF (in the
presence of botrocetin) and to alboaggregins; GPlba was
required for this reaction. Echicetin, but not echistatin,
inhibited the adhesion of cells transfected with GPIba/1X to
immobilized VWF. (5) HUVECs adhered strongly to immobi-
lized VWF and alboaggregins with extensive spreading,
which was inhibited by LJ1b1, a monoclonal antibody against
GPIb. The purified avB3 receptor did not interact with the
alboaggregins, thereby excluding the contribution of avp3 in
inducing HUVEC spreading on alboaggregins. In conclusion,
our data confirm the presence of a functional GPIb complex
expressed on HUVECs in low density. This complex may
mediate HUVEC adhesion and spreading on immobilized
VWF and alboaggregins.

© 1999 by The American Society of Hematology.

ON WILLEBRAND factor (VWF) secreted by endothelial with the cDNA of putative GPIp precursors from endothelial
cells is an important component of the extracellular cells. They proposed that the 45-kD protein identified as an

matrix maintaining adhesion of these cells. It is well establishedendothelial GPIB by Kelly et al®* may actually belong to an
that the interaction of VWF with human umbilical vein endothe- entirely different class of proteins. They suggested that endothe-
lial cells (HUVECS) is mediated byvp3 integrin, a constitu-  lial GPIbB “results from the incomplete polyadenylation” of an
tively expressed protein on the membranes of these cells. upstream gene and read through transcription into the GIPb
There have also been reports suggesting that VWF interactiogene!* In his recent review, Wateé suggested that GPIb gene
with HUVECs could be partially mediated by an endothelial expression in endothelial cells was low and might require very
glycoprotein Ib (GPIb) complex; however, this is still controver- sensitive methods to detect. Expression of GPIb in HUVECs
sial. Several investigators reported immunoreactive GPIb inmay be caused by the leaky activity of a promoter typically
HUVECs35Konkle et af identified endothelial GPlbin tonsil ~ e€xpressed in megakaryocytic cell lines. According to Ware,
sections by an immunochemical method and subsequentifhere are no convincing data supporting the presence of a
isolated GPlh cDNA clones from HUVECs. Furthermore,
Beacham et alshowed that the binding of VWF to HUVECs
cou!d be inhibited by monoclonal antibodies (MoAbs) directed ¢ ihe Department of Physiology, and Sol Sherry Thrombosis
against GPIb. Wu et Ademonstrated that the full GPIB/IX/V  Research Center, Philadelphia, PA; the Division of Hematology and
complex is expressed on the HUVEC surface. It has been showgncology, Baylor College of Medicine and Veterans Administration
that before cell harvest, combined treatment with interfeyon- Medical Center, Houston, TX; and The Cancer Research Institute, New
(IFN-y) and tumor necrosis facter-(TNF-o) upregulates the  York Medical College, Valhalla, NY.
synthesis and surface expression of GPlb on HUVETEhus, Submitted July 15, 1998; accepted November 23, 1998.
both avp3:29 and GPIB have been shown to play a role in Supported in part b‘y‘NaFionaI Institut_es of Health Grgnt No. HL
mediating HUVEC adhesion to VWF. Moreover, Beacham et45486 (to S.N.); a Tra.lnlng in Thrombosis anq Hemostasis Gra_nt_No.

10 . . . . T3 HLOO777 (to L.T.); a grant from the American Heart Association
al _also found an increased blos_ynthESS of GPIb in H_UVI_ECS_Grant—in—Aid, Southeastern Pennsylvania affiliate (to S.N.); and an
subjected to shear stress, a condition that can be found in vivo igtapjished Investigator grant from the American Heart Association
stenosed arteries. Other researchers have found that GP[be002750; to J.A.L.). The manuscript represents part of the disserta-
participated in HUVEC binding to sickle cell erythrocytés. tion (of L.T.) submitted to Temple University as partial fullfillment for
Recently, Bombeli et & have shown that endothelial GRIb  the requirement of the degree of Doctor of Philosophy.
participates in platelet bridging to endothelial cells. Address reprint requests to Stefan Niewiarowski, PhD, Department of

It should be noted that the biosynthesis of a GPIb complex inPhysiology, Temple University School of Medicine, 3400 N Broad St,
HUVECs has been questioned in some recent studies. Perra S 200, Philadelphia, PA 19140; e-mail, stni@astro.ocis.temple.edu.

. h . The publication costs of this article were defrayed in part by page
3
et al? could not identify GPIb mRNA in HUVECs by Northern charge payment. This article must therefore be hereby métkeder-

blot analysis and they could .nOt Conf'rm prme'n. expresglon ONisement”in accordance with 18 U.S.C. section 1734 solely to indicate
the surface of these cells by immunologic techniques. Zieger efyis fact.

al** compared clone cDNA of GPfprecursors from human © 1999 by The American Society of Hematology.
erythroleukemia cell lines exhibiting megakaryocytic properties  0006-4971/99/9308-0018$3.00/0
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functional GPIb/IX/V complex anywhere other than on the New York, NY). C-18 reverse phase columns were purchased from
surface of megakaryocytes and platelets. Wdac (Hesperia, CA). lon exchange Mono S and Mono Q HR 5/5

In the current study, we used the following viper venom columns were from Pharmacia-LKB (Uppsala, Sweden). Other chemi-
proteins: alboaggregin A, alboaggregin B (also called bigcals were purchased from Fisher Scientific (Pittsburgh, PA) and Sigma

alboaggregin with a molecular weight of 50 kD, and small Chemical Co (StLouis, MO).

alboaggregin with a molecular weight of 25 kE)® echice- Purification of alboaggregins, echicetin, and echistatiilboaggre-
tin 1921 potrocetin?22® and echistatitf for identificéltion and gin A and B were purified from the venom @fimeresurus albolabris

f . | ch . f th dothelial GPIb | according to a previously described metiAdéeEchicetin and echistatin
unctional characterization of the endothelial GPIb comp €X- \were purified from the same sample BEhis carinatusvenom. The

Alboaggregins and echicetin compete with VWF in its binding yenom was dissolved in trifluoracetic acid and applied to a C18 column.
to the platelet GPIb complex. Botroce###* modifies VWF,  protein-containing fractions were eluted with an increasing acetonitrile
increasing the binding affinity of vWF for the platelet GPIb gradient. Echistatin-containing fractions, eluted at 42% acetonitrile,
complex. Echicetit? acts as a potent inhibitor of platelet were collected and reloaded on reverse-phase high-performance liquid
agglutination induced by bovine vVWF or by human vWF and achromatography (HPLC) using a shallow gradient. Echicetin-contain-
cofactor, either ristocetin or botrocetin. Alboaggregins A and B, ing fractions were eluted at about 70% acetonitrile on reverse-phase
on the other hand, induce agglutination of formalin-fixed HPLC and were then purified by means of cation-exchange chromatog-
platelets in the absence of any cofacttr&-27Alboaggregin A, raphy?® The purity of all proteins was assessed by sodium dodecyl

acting on the GPIb complex, also induces Calcium-dependerﬁu”ate (SDS)-polyacrylamide gel electrophoresis with the Phast Gel

signals for platelet activation, leading to platelet aggregation>YStem (Pharmacia) using 20% homogeneous gels and by determina-

and the release reactié®?’ The platelet-activating ability of tion of the N-terminal Seql.’ence'.POOIed pure fractions of th.ese proteins
. L were further tested for their functional activities. Alboaggregins Aand B
alboaggregin A could be blocked by echicetin and by MoAbs

e . . . induced agglutination of formalin-fixed platelets with the same potency.
that are specific for the vVWF binding site on the N-terminal of Alboaggregin A aggregated washed platelets in a dose-dependent

GPlIlx, but not by antibodies that recognize other regions on thenanner and this effect saturated at 20 nmélIAt 200 nmoliL,
GPIb complex® echicetin completely inhibited the agglutination of formalin-fixed
Alboaggregins and echicetin are highly homologous to eachplatelets by alboaggregins and by VWF in the presence of ristocetin.
otheP® and to a number of other viper venom proteins, Echistatin, a disintegrin, inhibited ADP-induced platelet aggregation in
including factor IXa/Xa binding protei#f botrocetin?223agkice-  platelet-rich plasma (PRP) with and¢of 130 nmol/L, as previously
tin,2° flavocetins®® tokaracetin$! and yoshitobir2 Most pro- described’ Eristostatin was obtained frofristocophis macmahoni
teins in this group are heterodiméfsexcept for alboaggregin  venom, as described by McLane efallo test viper venom proteins,
A, which has a tetrameric structure. Each subunit of theséVe isolated platelets by differential centrifugation as previously de-
proteins constitutes a domain structure known as a carbohydrat‘?é?”bes‘f8 Formalin-fixed platelets were prepared using the method of
recognition domain (CRD). This structure was first identified as<"™®"

. : - . HUVEC culture. HUVECs were isolated from freshly collected
the minimum functional motif of C&-dependent animal o . ; )
3 . L . L umbilical cords as described by Jaffe éfaind cultured in Dulbecco’s
lectins3435 Echistatin is a disintegrin inhibitingellb3 and

modified Eagle’s medium (DMEM; GIBCO) containing 20% fetal calf

avp3.243 serum, 2 mmol/L penicillin/streptomycin and L-glutamine, 10 pg/mL

Our study using alboaggregins, echicetin, and botrocetirheparin, and 60 pg/mL endothelial cell growth supplement obtained
confirms the presence of a GPIb complex on endothelial cell$rom porcine hypothalamus extract. The cells were incubated at 37°C in
and suggests that it may play a role, in concert Wit/3  the presence of 5% GOHUVECSs were passaged at a 1:3 ratio, and
receptors, in the interaction of these cells with vVWF leading tocultures from the third to sixth passages were used for flow cytometry or
cell adhesion and spreading. We also found that selectivedhesion assays. Cell suspensions were obtained by washing the
stimulation of HUVEC GPIb by alboaggregins results in cultures twice with cation-free Hank’s Balanced Salt Solution (HBSS)
extensive cell spreading, suggesting cytoskeletal mobilizationand then detaching the cells with HBSS containing 5 mmol/L EDTA,
In addition, we found that Chinese hamster ovary (Cl@)X 100 pmol/L leupeptin, and 1 mmol/L phenylmethyl sulfonyl fluoride
cells and HUVECs share similar patterns of interaction with (PMSF).

VWF and viper venom proteins, except that the spreading of Stimulation of HUVECSs with cytokines or phorbol myristate acetate
transfected cells on immobilized ligands was minimal. (PMA) treatment. HUVECS. were treatpfd with Comb'ned_ IFNand
TNF-a, as originally described by Rajagopalan etaBriefly, 10
ng/mL (final concentration) of IFN-was added to HUVECs at about
MATERIALS AND METHODS 80% confluence and 72 hours before cell detachment. &NEOO
Materials. Lyophilized snake venoms dfrimeresurus albolabris ~ U/mL) was added to the culture medium 16 hours before cell
and Echis carinatuswere purchased from Latoxan (Rosans, France).detachment. The culture medium was changed daily. Treatment with
Human vWF, fibronectin, and vitronectin were purchased from Calbio-IFN-y caused a characteristic elongation of the endothelial cells. The
chem (San Diego, CA). TNk- was purchased from Boehringer addition of TNFe resulted in an upregulation of intercellular adhesion
Mannheim (Indianapolis, IN), and IFN-was from GIBCO Life molecule-1 (ICAM-1), which was confirmed by flow cytometry of the
Technologies (Grand Island, NY). LJIb1, an anti-G®IboAb that cell suspension using an anti—-ICAM-1 MoAb (kindly provided by Dr D.
blocks VWF binding, was kindly provided by Dr Z.M. Ruggeri (Scripps Mosser, Temple University, Philadelphia, PA).
Research Institute, La Jolla, CA). Other monoclonal GPHinding PMA treatment has been reported to upregulate GPIb in cancer
antibodies, SZ2 and WM23, and botrocetin were kindly provided by Dr cells#?We therefore used a similar method to upregulate the endothelial
M.C. Berndt (Baker Research Institute, Prahran, Victoria, Australia). AGPIb complex. In brief, 20 ng/mL of PMA was added to the cell culture
MoAb recognizingxvp3 integrin, LM609, was purchased from Chemi- medium 24 hours before cell detachment. Resembling VFRMA
con (Temecula, CA), and the artif33/allbB3 integrin antibody, 7E3,  caused an elongation of individual cells. In addition, HUVECs exposed
was kindly provided by Dr B.S. Coller (Mount Sinai Medical Center, to PMA were packed more densely compared with nonstimulated cells.
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Transfected CHO cells. CHO cells transfected withv@3 receptors ~ LJ1b1, SZ2, and WM23 were used to assess the &Rlbrface
(VNRC3 cells¥® were kindly provided by Dr M.H. Ginsberg (Scripps expression. The CH&BIX cells were sorted occasionally to retain a
Research Institute, La Jolla, CA). Nontransfected CHO-K1 cells werecell population with a high degree of receptor expression.
purchased from ATCC (Rockville, MD) and used as control cells. Both  Cell adhesion. Ninety-six—well microplates were coated with vari-
VNRC3 and K1 cells were maintained in DMEM containing 10% fetal ous concentrations of proteins or antibodies in phosphate-buffered
bovine serum and supplemented with nonessential amino acidssaline (PBS) and left at 4°C overnight. The plates were then rinsed twice
L-glutamine, and penicillin/streptomycin. CH@/IX cells (CHO cells with PBS and blocked with 3% BSA in PBS for at least 1 hour at 37°C.
that stably express the entire GPIb/IX complex) and GAR (which After rinsing with PBS, the plates were ready for application of the
express GPIp and GPIX) were maintained as previously descriffed. cells. HUVEC or CHO cell suspensions were prepared as described
Briefly, CHOxp/IX cells were grown ina-minimal essential media above, the concentration was adjusted tx 2L0° cells/mL, and the
(a-MEM; GIBCO) containing 10% fetal bovine serum and penicillin/ suspensions were incubated in the absence or presence of inhibitors or
streptomycin and supplemented with geneticin, methotrexate, an@ntibodies for 15 minutes on ice before being applied (at 100 pL/well) to
hygromycin. The medium for CH@IX cells was supplemented only the plates. The cells were incubated in the microplates at 37°C in 5%
with geneticin and methotrexate. Confluent cells were detached fronCO, for 2 hours. Unattached cells were gently washed away with PBS.
plates with trypsin-EDTA for passaging or with Versene (GIBCO) for The attached cells were then fixed for 30 minutes with 1% formalde-
flow cytometry and adhesion experiments to avoid proteolysis of &Plb hyde at room temperature and stained with methylene blue according to
by trypsin. The cells were then resuspended+klEM containing 1% Oliver et al*®> The relative number of adherent cells was calculated by
bovine serum albumin (BSA) for flow cytometry or cell adhesion lysing the stained cells with 50% ethanol and 50% hydrochloric acid
assays. Both VNRC3 cells and CH@/IX cells were routinely checked  and then reading the absorbance at 630 nm on a microplate autoreader
by flow cytometry for surface expression of the receptors. Specific(Bio-Tek Instruments, Winooski, VT). The percentage of cells adhering

MoAbs, LM609 and 7E3, were used to assess the expressions. to the plate was determined based on the linear relationship between the
HUVEC / Resting HUVEC / Cytokines HUVEC / PMA
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Fig 1. Binding of MoAbs against GPIbe, LJ1b1, and SZ2 to the suspensions of HUVECs. Resting HUVECs: After HUVEC detachment, 500 pL
aliquots of 5 x 1068 HUVECs/mL were incubated with 2 pg/mL LJ1b1 or SZ2 for 1 hour on ice (shaded peak). As a control, an aliquot of HUVECs
was treated only with FITC-conjugated goat-antimouse antibody (open peak). Flow cytometry was conducted after washing with PBS as
described in Materials and Methods. HUVECs stimulated with cytokines: HUVECs were treated with IFN-y and TNF-a before cell detachment as
described by Konkle et al.® After HUVEC detachment, the experimental procedure was the same as that described for the resting HUVECs.
HUVECSs stimulated with PMA: The binding of LJ1b1 and SZ2 to HUVECs was increased by pretreating HUVECs in culture with 20 ng/mL PMA for
24 hours. A maximal increase in binding was observed under these conditions, although the increase was more pronounced for LJ1b1 than
for Sz2.
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absorbance reading and the number of cells counted in a hemocytontell lysates were then applied onto a GRGDSPK-agarose column and
eter. The amount of nonspecific adhesion was determined by using wellseceptor-containing fractions were eluted with EDTA. Echistatin,
precoated with BSA only. In cell adhesion assays in which an antibodyeristostatin, or alboaggregin B were immobilized on a 96-well enzyme-
was used as a substrate, mouse IgG was used as a control substrate. TiiRed immunosorbent assay (ELISA) plate in 0.05 mol/L bicarbonate
stained adherent cells were photographed using an Olympus camefier, pH 9.3, and by overnight incubation at 4°C. Echistatin was used
(Hitech Instruments Inc, Chester Pike, Edgmont, PA) and Kodak T-Maxag 4 positive control. For a negative control, we used eristostatin, a
100 film (Eastman Kodak, Rochester, NY). For fluorescence stainingisintegrin that does not interact withvg3.3 The wells were blocked

the cells were applied to chamber glass slides that has been precoat%lth 5% n g e .
. - : . ) . onfat milk in PBS containing 0.05% Tween. Purified33
with various agents, fixed with 1% formaldehyde, and dried with 100% . 9 ’

ethanol. The slides were stained with sulforhodamine for detection o
proteins and 4,6-diamidino-2-phenylindole (DAPI) for detection of
DNA. Photographs were then taken under a fluorescence microscope

f(0.7 ug/per well) was added to the wells and the plate was incubated for
30 minutes at 37°C. Binding of a rabbit polyclonal antig3 antibody
(Chemicon, Temecula, CA) to the bound receptor was assessed using a
Flow cytometry. HUVECs and transfected CHO cells were pre- 'biotiny_lated goat antirabbit anti-body gccordihg to the Vecta Stain ABC
pared as described above and the concentration was adjusted16’s ~ HRP kit (#PK-4001; Vector Laboratories, Burlingame, CA).
cells/mL. Five hundred-microliter aliquots of each cell suspension were
added to several sample tubes. In the case of platelets, the concentration
was adjusted to X 10 platelets/mL, and 10 pL was used in a final
volume of 50 pL for each sample. The cells were then preincubated with  GPIb expression on the resting and activated HUVECAs
various proteins or antibodies for 15 minutes at room temperatureshown in Fig 1, the binding of the monoclonal anti-G&lb
MoAbs, prepared in PBS containing 1% BSA, were then added to th%ntibodies, LJ1b1 and SZ2, to nonstimulated HUVECs was
cells for 1 hour on ice with occasional agitation. The cells were thenvery low; however, it was significantly increased after stimula-

spun down, washed three times with PBS containing 1% BSA, and. . .
tion of HUVECs with IFNsy and TNFea or with PMA.

incubated with fluorescein isothiocyanate (FITC)-conjugated goat anti-
mouse IgG for 1 hour on ice. After washing three times with PBS, eachEchicetin at concentrations greater than 100 nmol/L inhibited
cell sample was resuspended in 250 uL PBS and then fixed by th®inding of these antibodies to stimulated HUVECS (not shown).
addition of 150 pL of 3% formaldehyde. The samples were thenln both stimulated and nonstimulated HUVECs, the binding of
analyzed on a Coulter EpiCS Elite flow Cytometer (M|am|, FL) Debl’-is SZ2 to the cells was CO“Slstently less pronounced than the
and degd cells were e_xcluded by forward- and S|de-S(_:atter gatmgoinding of LIb1. Binding of antibody WM23 and of nonim-
Incubating the cells with FITC-labeled secondary antibody annemune IgG to HUVEC was not significant (not shown). Both

assessed nonspecific binding.
Interaction of purifiechvp3 receptor with disintegrins and alboaggre- -91b1 and SZ2 bound to washed platelets and to GHIX

gin B. avp3 integrin was purified from VNRCS3 cells as described by Cells, but notto CH@IX cells (data not shown), confirming the
Marcinkiewicz et al'® In brief, cells were lysed by octylglucoside. The specificity of these antibodies.

RESULTS
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Fig 2. (A) Effect of echicetin and echistatin on HUVEC adhesion to immobilized vWF. HUVECs were preincubated with progressively
increasing concentrations of echicetin and echistatin (an avB3 antagonist) for 15 minutes on ice before being applied to a 96-well microplate
previously coated with vVWF as described in Materials and Methods. OD readings of the lysed cells indicated that about 45% of resting HUVECs
adhered to immobilized VWF, and this value was used as 100% adhesion. (®) Echicetin; (W) echistatin. The data represent the mean and SD of
percentage of cell adhesion from four individual experiments. (B) Additive inhibition of echicetin and echistatin on HUVEC adhesion to
immobilized vWF. HUVECs were preincubated with either 250 nmol/L echicetin (EC; lane 3), 50 nmol/L echistatin (ES; lane 4), or both 250 nmol/L
echicetin and 50 nmol/L echistatin (EC + ES; lane 5) and were then applied onto a vVWF-coated plate. For a negative control (lane 1), BSA-coated
wells were used. Lane 2 represents HUVEC adhesion to vVWF in the absence of inhibitors.
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Fig 3. Effect of echicetin and echistatin on botrocetin-enhanced HUVEC adhesion to immobilized vVWF. A 96-well microplate was coated with
VWEF, incubated overnight at 4°C, and then blocked with 3% BSA. HUVECs, after detachment, were applied to the microplate in the absence (®)
and presence (W) of 10 pwg/mL botrocetin during the 2-hour incubation period. Various concentrations of echicetin (A) and echistatin (B) were
added to the HUVECs before their application to the plate. In (B), the difference between samples examined in the presence and absence of
botrocetin was significant at P < .05 for all concentrations of echistatin studied. In (A) (for echicetin), this statistically significant difference was
not observed except for the control sample.

The effect of viper venom proteins on the adhesion ofcontribution byavB3 to the botrocetin-enhanced adhesion of
HUVECSs to immobilized vWF.Nonstimulated HUVECs ad- HUVECs to VWF. This observation was also confirmed with the
hered extensively to immobilized vVWF and this adhesion wasuse of MoAbs against GPdband avB3. Table 1 shows that
enhanced by the presence of botrocetin during incubationMoAbs directed againsttvB3 inhibited to the same extent
However, cytokine-stimulated HUVECs adhered less extenHUVEC adhesion to VWF and to botrocetin-treated vWF,
sively to immobilized vWF than did resting HUVECs (not whereas MoAbs against GRIkinhibited more strongly HU-
shown). This was probably due to downregulationef33.47 VEC adhesion to botrocetin-treated VWF.

The experiments to be described below were conducted with The experiments described above indicate that, besides
resting HUVECSs in the presence or absence of botrocetin. avB3, an RGD-dependent receptor, GPIb, an RGD-independent

We compared the effect of the disintegrin echistatinpa3 receptor, mediates HUVEC adhesion to VWF in the substratum.
inhibitor, and echicetin, a GPIb inhibitor, on the adhesion of
HUVECs to immobilized vVWF (Fig 2A). Both proteins inhib-
ited adhesion in a dose-dependent manner with echistatin, .\ 1 |1nipition of HUVEC Adhesion to Immobilized VWF in the
producing near complete inhibition at 200 nmol/L. Echicetin, 5 .conce and Absence of Botrocetin by MoAbs Against GPlba
on the other hand, inhibited only about 35% of the adhesion at (LJIb1 and SZ2) and Against avf3 (LM609 and 7E3)
the same concentration. A representative experiment shows that
echistatin at 50 nmol/L and echicetin at 200 nmol/L partially

Inhibition of HUVEC Adhesion (%)

inhibited HUVEC adhesion to vVWF and that the effect of both MoAb VW (control VW (+botrocetin)

inhibitors was additive (Fig 2B). LJIbl 21+38 32+32
The addition of botrocetin, a venom protein that alters vVWF S22 16+ 4.2 34 +44

conformation (making it more accessible to GPIb) increased the ';';"3609 :i f ‘212 22 i’ gi

adhesion of HUVECs to VWF. Figure 3 shows that echicetin
(Fig 3A) abolished botrocetin-induced cell adhesion in a HUVECs were preincubated for 15 minutes on ice with antibodies
dose-dependent manner, whereas echistatin (Fig SB) did not. Aagamst either GPIba or with antlbodles. falgalnst aVvp3 at' a concentra-
a concentration of 300 nmol/L, echicetin completely inhibited :fonl of 20 “gt/mt'j' fo”OT"r‘:e" bﬁ the add':t']on of bcl’_"gcft'” &/OF “glr:':j'
botrocetin-enhanced adhesion of HUVECS to VWF. At concen- & ¢oncentra "?n)' e cells were then appied fo VIr-coate
trations randing from 20 to 100 nmol/L. echistatin inhibited microplates and incubated in the presence of the antibodies for 2
N i 9 X 9 o ’ hours at 37°C with 5% CO,. The results are shown as means of the
with an identical pattern, the adhesion of HUVECs both .tO percentage of inhibition of cell adhesion and standard deviations.
unmodulated VWF and to VWF modulated by botrocetin. these data represent results from three individual experiments. The
Botrocetin-enhanced cell adhesion was not altered even in thgitference between the inhibitory effects of LJIb1 and SZ2 on samples

presence of 100 nmol/L echistatin. These experiments exclude aith and without botrocetin is at P < .05.
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Fig4. (A) HUVEC adhesion to immobilized ligands. A 96-well microplate was coated with various ligands of 1% BSA (lane 1), 15 pg/mL vVWF
(lane 2), 50 ng/mL echicetin (lane 3), 50 png/mL alboaggregin A (lane 4), and 50 pg/mL alboaggregin B (lane 5) overnight at 4°C. After blocking
with 3% BSA, 100-pL aliquots of 2 x 105 HUVECs/mL were added to each well. After 2 hours of incubation at 37°C in the presence of 5% CO,, the
attached cells were fixed and stained with methylene blue. The cells were then lysed and an OD reading was taken. The data represent the mean
and SD of OD readings from five individual experiments. (B) Adhesion of transfected CHO cells to immobilized ligands. A 96-well microplate was
coated with various ligands (BSA [lane 1], vVWF [lane 2], echicetin [lane 3], alboaggregin A [lane 4], and alboaggregin B [lane 5]) and blocked with
BSA. Aliquots (100 pL) of CHOaBIX cells at 2 x 10° cells/mL were added to each well. Wells coated with vWF received cells that had been treated
with 10 pg/mL botrocetin. Cells were incubated on the plate for 2 hours at 37°C in the presence of 5% CO,. CHOBIX cells and control
(untransfected) CHO cells showed baseline adhesion to immobilized vWF that was comparable to the adhesion level of CHOaIX cells to BSA
(lane 1).
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Fig 5. Effect of echicetin (A) and echistatin (B) on CHO cells transfected with either avB3 or GPIb complex. A 96-well microplate was coated
with VWF. Confluent CHO cells transfected with either av33 (®) or GPIbapIX (M) were detached with Versene (GIBCO) for 30 minutes at 37°C.
After washing with PBS, the cells were resuspended in PBS containing 1 mmol/L CaCl, and MgCl,. The concentration of the cell suspension was
adjusted to 2 x 10° cells/mL. Varying concentrations of echicetin and echistatin were added to 100 pL aliquots of the cell suspension 15 minutes
before 2 hours of incubation on the plate. Unbound cells were gently washed away with PBS. The adhesion procedure was followed according to
the legend of Fig 2.
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Fig6. HUVECs adherent to various substrata examined by light microscopy. For the adhesion assay, refer to the legend for Fig 4A. Whenever
inhibitors were used, HUVECs were preincubated with either LJIb1 or echicetin for 15 minutes on ice before being applied, together with the
inhibitors, onto the precoated plate. This figure shows the morphology of HUVECs adherent to different ligands observed under light
microscopy. HUVECs adherent to VWF (A), alboaggregin A (B), and alboaggregin B (D) showed extensive cell spreading, whereas cells attached
to echicetin (C) showed cell clumping without prominent cell spreading. The presence of 50 pg/mL LJIb1l (E) or 500 nmol/L echicetin (F)
demonstrated inhibition of cell adhesion and cell spreading on alboaggregin B.

VWF and viper venom protein interactions with HUVECs and Control (nontransfected) CHO cells and CBUX cells did not
CHO cells transfected with GPB/IX or avB3. In further  adhere to any of these substrates, indicating that &R$b
experiments, we compared the adhesion of HUVECSs, €& critical for the interaction of CH@R/IX cells with these
cells, and VNRCS3 cells to various substrates. HUVECs adheredubstrates. This finding is consistent with the previous observa-
comparably to immobilized VWF, alboaggregins, and echicetin tion that GPIlx was required for the agglutination of CH@/IX
The adhesion of HUVECs to VWF did not require botrocetin cells in the presence of VWE.

(Fig 4A). CHQxp/IX cells adhered to immobilized vVWF but To confirm the specificity of echistatin and echicetin, we
only in the presence of botrocetin. Adhesion of these cells taested their inhibitory effect on CH&B/IX cells and VNRC3
alboaggregins and echicetin did not require botrocetin (Fig 4B)cells adhering to vVWF. Echicetin (Fig 5A) had a profound
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inhibitory effect on the adhesion of CH@/IX cellstovWF but  protrusions were visible on cells adherent to echicetin and
little effect on the adhesion of VNRC3 cells to immobilized echistatin.
VWF. At a concentration of 50 nmol/L, echistatin (Fig 5B)  Because alboaggregins induced such dramatic HUVEC cell
inhibited the adhesion of VNRC3 cells to VWF by approxi- spreading andvp3 is the most abundant receptor on HUVECs
mately 80%. This percentage of inhibition was much highermediating cell attachment and cell shape change, we studied the
than that seen50%) when echistatin was used as an inhibitor interaction of purified avB3 receptor with alboaggregins,
of HUVEC adhesion to VWF. Echistatin had no significant echistatin, and eristostatin (as a negative control) to evaluate the
effect on the adhesion of CR@IX cells to vVWF (Fig 5B). direct involvement ofavpB3 in this adhesive phenomenon.
Effect of GPIb-binding proteins on HUVEC spreading. Purified avB3 bound to immobilized echistatin in a dose-
HUVECSs adhered comparably to immobilized VWF, echicetin, dependent manner but not to alboaggregin B (a similar finding
and alboaggregins A and B as assessed by measuring the opticaith alboaggregin A; data not shown) or eristostatin (Fig 8).
density of lysed cells (Fig 4A). HUVECs adhered and spreadThis experiment strongly suggests that alboaggregins, by inter-
extensively on both immobilized vVWF and alboaggregins asacting with the endothelial GPIb complex, might induce the
visualized by methylene blue staining (Fig 6). Cells adhering tocytoskeletal reorganization that is necessary for cell spreading.
echicetin clumped with little, if any, spreading. There was It is noteworthy that there was no significant spreading of
minimal adhesion to immobilized BSA or mouse IgG (not CHO«BIX cells onimmobilized VWF, alboaggregins, or echice-
shown). In the presence of 50 pg/mL of LJIb1, the adhesion ofin at least after 2 hours of incubation, suggesting that the
HUVECSs to alboaggregin A was decreased by 55% as detereellular signaling apparatus that is necessary for GPIb-mediated
mined by OD reading, and spreading was also significantlycell activation in HUVECSs is not available.
inhibited. Figure 7 shows adherent HUVECs stained with
sulforhodamine and DAPI. This double fluorescence staining
visualizes in greater detail the cytoplasmic alterations of The present study indicates that a GPlb complex is expressed
adhering cells. There were well-defined surface protrusions omwn the surface of HUVECs in low quantities but in sufficient
HUVECs adherent to VWF and alboaggregins, but no suchguantities to mediate the interaction of these cells with vVWF.

DISCUSSION

Fig 7. HUVECs adherent to various substrata examined by fluorescence microscopy. HUVECs were allowed to adhere to different ligands on
chamber slides. After fixation with formaldehyde and staining with sulforhodamine and DAPI, the slides were examined by fluorescence
microscopy. Details of the nuclei and the cytoplasm were better visualized using this dual stain. HUVECs adherent to VWF (A) and alboaggregin B
(B) demonstrated extensive cell spreading, whereas HUVECs adherent to echicetin (C) and echistatin (D) showed minimal cell spreading.
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subsequently spread. Cell spreading was inhibited by thecGPIb
MoAb LJ1b1. Unlike vWF, alboaggregin A does not contain an
avB3 hinding site. Nevertheless, alboaggregin A exhibits the
same activity as VWF does in the presence of its cofactor
botrocetin.

Our study is consistent with the results of Beacham ét al,
Konkle et al® and Wu et af. It is at variance with Perrault et &,
who could not detect GPIb/IX on their preparations of HUVECs
and reported that this putative endothelial complex was irrel-
evant for cell attachment to vVWF. The reasons for these
differences are not clear but may relate to differences in cell
passage number, cell preparation, or culture techniques. Interin-
dividual variations may also exist in the level of GRIb
expression on HUVECSs, an issue that has not been examined
systematically.

The platelet GPlb complex has been extensively investigated
I ] and its structure and function have mostly been identifi&fl.
There are several differences between the platelet and the

avp3 binding (O.D. et 495 nm)

0.0 0.5 1.0 1.5 2.0 endothelial GPlb complexes. Wu et "aljsing radiolabeled
. . MoAb L1Jb1, found that endothelial cells and platelets each
Ligand concentration (ug/well) express 330,000 and 35,000 copies of a GPIb/IX complex,

) . » ) - ) respectively. However, the percentage of this MoAb bound at
Fig 8. Binding of purified avB3 to immobilized alboaggregin B, . .
echistatin, and eristostatin. A 96-well microplate was coated with saturation to endothelial (?ells W_as low. They also foun_d that a
various concentrations of alboaggregin B, eristostatin, and echistatin. number of MoAbs reacting with platelet GPIb/IX did not
The plate was then blocked with PBS containing 0.05% Tween (TPBS) recognize the endothelial counterpart of this complex, and we
and 5% nonfat dry milk for at least 1 hour. Seven hundred nanograms confirmed this observation in flow cytometry experiments using

of purified avB3 receptors was then added to each well and the plate . .
was then incubated for 30 minutes at 37°C. Extensive washing with the various MoAbs, LJIbl, SZ2, and WM23, of which only

TPBS followed. Polyclonal rabbit IgG against avB3 was used as LJIb1 showed pronounced binding.

primary antibody. After 1 hour of incubation at 37°C and subsequent The differences between platelet and endothelial GPIb may
washing, a biotinylated goat antirabbit IgG was used as secondary  relate to differences in posttranslational modifications in plate-
antibody. (@) avB3 binding to immobilized echistatin; (A) binding to lets and HUVECs respective‘1§'.5° WM23 recognizes an

immobilized eristostatin; (W) binding to immobilized alboaggregin. . . . .
® 9 gared epitope in the GPlle macroglycopeptide, a region that under-

goes extensive O-glycosylation. Because protein glycosylation

The viper venom proteins, alboaggregins, and echicetin proveds a cell-type—specific process, the epitopes for this antibody
to be useful in characterizing the endothelial GPlb complexmay vary with the cell type studied. This may be a reason why
because, in contrast to VWF, they interact with platelet GPIb/IXWM23 does not recognize GRibon endothelial cells. Simi-
without the need for modulators. Ristocetin, or the viper venomlarly, SZ2 binds to a region of GPdbthat undergoes posttrans-
protein botrocetin, are required for the interaction of VWF with lational sulfation of tyrosine and the differences in binding may
the platelet GPIb complex in vitro. Alboaggregins and echice-relate to differences in protein sulfation in platelets and
tin, on the other hand, bind platelet GPIb/IX directly without the HUVECs2#950 Despite these differences in endothelial and
assistance of any cofactor. Our data indicate that the same is trysatelet complexes, there are some common mechanisms in
for CHOaB/IX cells. These cells required botrocetin for adhe- their interaction with vVWF. Botrocetin enhanced vWF binding
sion to immobilized VWF, but they adhered extensively to to both platelet and endothelial GPIb. It is well established that
immobilized alboaggregins and echicetin without the presencéhe vVWF binding site on platelet GPIb is located on GP1#53
of any cofactor (Fig 4B). Our studies with CH@p/IX cells show that GPIl& is also

The following evidence indicates that a GPIb/IX complex is required for the adhesion of these cells to immobilized alboag-
expressed on the surface of HUVECs and mediates, togethgregins and echicetin. The LJ1b1 binding site is also located on
with avB3, HUVEC interaction with vVWF. (1) HUVECs bound GPIlbx. We conclude that endothelial GRibinteracts specifi-
two MoAbs, LJ1b1 and SZ2, that recognize distinct epitopes incally with alboaggregins, echicetin, and VWF. It is noteworthy
the GPIlx N-terminus. (2) The adhesion of HUVECs to that echicetin acts as an antagonist of both platelet and
immobilized VWF was inhibited by echistatin, ang3 antago-  endothelial cell GPIb complexes, whereas alboaggregins act as
nist, and by echicetin, a GPIb antagonist, in a dose-dependefatgonists. In platelets, echicetin inhibits vVWF-induced agglutina-
manner. Furthermore, the inhibitory effect was additive. (3) Thetion, whereas alboaggregins induce platelet agglutination and
adhesion of HUVECs to VWF was enhanced by botrocetin,aggregation. In endothelial cells, echicetin inhibited cell adhe-
which forms a complex with vVWF and makes it more accessiblesion to vVWF and HUVECSs adherent to echicetin did not spread.
to GPIb. This enhanced adhesion was inhibited by echicetin buln contrast, HUVECs adherent to alboaggregins spread exten-
not by echistatin. Botrocetin-enhanced adhesion was alssively. Thus, the ability of GPIb-binding proteins to promote
inhibited by MoAbs against GPIb but not by MoAbs against HUVEC spreading correlates with their ability to activate
avp3. (4) HUVECs adhered to immobilized alboaggregins andplatelets. Results of our study on the inhibitory effect of
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Interactions of Ligands with endiothelil cal receptors
. This fi h i
and Endothelial Receptors Schem of the. interaction be

tween avp3 and GPIb complex
with VWEF, vitronectin, and albo-
aggregins. The GPlb complex is
composed of seven molecules.
One molecule of GPV is flanked
-«—— vitronectin symmetrically by two molecules
of GPIX, GPlba, and GPIbg. vVWF
interaction with av3, mediated
by the C1 domain, is inhibited by
echistatin and MoAbs LJ1b and
SZ2. Botrocetin alters the confor-
mation of the A1 domain of vVWF
so that it can interact with GPIb
complex. This interaction can be
blocked by echicetin and by anti-
GPIbae MoADs LJIb and SZ2. The
echistatin GPIb complex and avB3 cooper-
LM609, 7E3 ate in binding VWF, but each of
Y S N O 9% I I - these two receptors may inde-
(RGD) pendently b_lnd s_pecmc ligands.
Conformational vWF Alboaggregins bind to the GPIb
modification complex, and vitronectin binds
to avp3. Each of these interac-
tions leads to cell spreading and
cytoskeletal mobilization.

alboaggregins —»

GPIb complex avp3

Endothelial Cell

GPIb complex ovfi3

echicetin
LJib 1, \1322]

botrocetin

echicetin and echistatin on the adhesion of GHOX and Yuging Wang and Mariola Marcinkiewicz for their help in preparing

VNRC3 cells to VWF were in general agreement with the cultured cells.

contention that both the GPIb binding site (the A1 domain) and

theavp3 binding site (the RGD sequence in the C1 domain) of _ _ T _ N

VWF participate in the interaction between VWF and endothelial 1. Dejana E, Lampugnani MG, Giorgi M, Gaboli M, Federici AB,

cells Ruggeri ZM, Marchisio PC: von Willebrand factor promotes endothe-
: 4 P . lial cell adhesion via an Arg-Gly-Asp-dependent mechanism. J Cell

Dong et a}* could not detect any significant intracellular

. . . . . Biol 109:367, 1989
signaling after the interaction of VWF with CH@/IX cells. In 2. Cheresh DA: Human endothelial cells synthesize and express an

our hands, CH@p/IX cells did not spread on immobilized 5 Gly-Asp-directed adhesion receptor involved in attachment to

VWF or alboaggregins during the 2-hour incubation period. Infiprinogen and von Willebrand factor. Proc Natl Acad Sci USA 84:6471,
contrast, HUVEC adherence and spreading on alboaggreginss7
was very rapid, suggesting that the endothelial GPlIb complex 3. Sprandio JD, Shapiro SS, Thiagarajan P, McCord S: Cultured
may confer a signal resulting in reorganization of cytoskeletalhuman umbilical vein endothelial cells contain a membrane glycopro-
structures in endothelial cells. tein immunologically related to platelet glycoprotein Ib. Blood 71:243,
In conclusion, our data confirm the presence of GPIb on thel988 } o
surface of the endothelial cells (Fig 9). Although this complexis 4- ASCh AS, Adelman B, Fujimoto M, Nachman RL: Identification
expressed in low density, it is definitely functional. We proposeanOI 'SOI"’Tt'On ofa plateleF GPIb-I}ke protein in human umb'"c.al vein
. . . L . endothelial cells and bovine aortic smooth muscle cells. J Clin Invest
that it interacts with the A1 domain of vVWF, and this interaction 81:1600, 1988
proceeds in parallel witlxv@3 binding to the C1 domain of 5. Beacham DA, Cruz MA, Handin RI: Glycoprotein Ib can mediate
VWEF. Echicetin and MoAbs LJIbl and SZ2 inhibit GPIb endothelial cell attachment to a von Willebrand factor substratum.
interaction with the A1 domain of VWF, and botrocetin potenti- Thromb Haemost 73:309, 1995
ates this interaction. Echistatin and MoAbs LM609 and 7E3 6. Konkle BA, Shapiro SS, Asch AS, Nachman RL: Cytokine-
inhibit interaction betweemvp3 and the C domain of VWF. enhanced expression of glycoprotein Iba in human endothelium. J Biol
Figure 9 also shows the possibility that endothelial GPIb andChem 265:19833, 1990
avB3 may interact independently of each other with alboaggre- 7- Wu G, Essex DW, Meloni FJ, Takafuta T, Fujimura K, Konkle
gins and vitronectin. Nevertheless, the cooperation of botHaA' Shgpwo SS: Human endothelial cells in culture and in v!vo express
avB3 and GPIb receptors in endothelial cell interaction with O" their surface all four components of the glycoprotein Ib/IX/V

WE and oth tri t ianifi " tribut complex. Blood 90:2660, 1997
v .a.n otherma m_( comppnen S may significantly contribute g *geacham DA, Tran L-P, Shapiro SS: Cytokine treatment of
to efficient hemostasis and tissue repair.

endothelial cells increases glycoproteiaitependent adhesion to von
Willebrand factor. Blood 89:4071, 1997
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