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Key Words: Fcg receptors; Human endothelial cell; Flow cal picture encompasses a vasculitic syndrome and
cytometry multiple coagulation abnormalities in addition to

autoimmune phenomena. A close correlation ex-
ists between the activity of the disease and theEndothelial cells (EC) lining the vasculature

form a natural barrier between the circu- immune complex levels, whereby patients with the
lating blood and the underlying tissue. One highest disease scores tend to have the highest level

of the major functions of these cells is to prevent of immunocomplexes (IC) [4]. Moreover, patients
platelet deposition and activation of the coagula- with active SLE contain IC that bind to EC of
tion cascade [1]. human umbilical vein endothelial cells (HUVEC),

Clinical and laboratory observations suggest that altering prostacyclin secretion [5]. It has also been
the endothelium plays an active role in the inflam- demonstrated that HUVEC produce procoagulant
matory and coagulation systems, and also that their tissue factor after exposure to increasing quantities
responses are interrelated. of heat-aggregated IgG (HA-IgG) and IC [6]. Re-

In the resting state, EC exert anticoagulant ef- ceptors for the Fc moiety of IgG (FcgRs) may play
fects through different molecular systems present a role in the development of these processes, but
at the luminal side of their membrane. When sub- the FcgR expression on HUVEC is still controver-
mitted to certain injuries (i.e., inflammatory sial [7,8].
agents), EC exert procoagulant activities at their The present study investigates the binding to
surface by expressing tissue factor [2,3] and conse- HUVEC of HA-IgG and of a panel of monoclonal
quently their anticoagulant properties decrease. antibodies (mAb) that recognize the three differ-

In systemic lupus erythematosus (SLE) the clini-
ent types of FcgR expression in leukocytes (FcgR
I, II, and III). It was performed on HUVEC, both
in the resting state and after stimulation with tumorAbbreviations: EC, endothelial cells; SLE, systemic lupus erythe-

matosus; IC, immunocomplexes; HUVEC, human umbilical vein necrosis factor a (TNFa), interleukin 1b (IL1b),
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human thrombin (thr).tumor necrosis factor a; IL1b, interleukin 1b; INFg, interferon
g; LPS, lipopolysaccharide; EDTA, ethylenediaminetetraacetic We show here that HUVEC express a binding
disodium salt; thr, human thrombin; PBS, phosphate-buffered activity to HA-IgG and that the mAb to FcgR Isaline; BSA, bovine serum albumin; hvWf, human von Willebrand

recognize the type I receptor on the EC surface.factor.
Corresponding author: Marı́a F. Alberto, Hematological Research The binding activity to HA-IgG and FcgR I expres-
Institute, National Academy of Medicine, Pacheco de Melo 3081,

sion levels were not modified with the stimulation1425 Buenos Aires, Argentina. Tel: 154 (11) 48050712; Fax: 154
(11) 48050712; E-mail: ,emilse@connmed.com.ar.. of the different agents assayed.

0049-3848/00 $–see front matter  2000 Elsevier Science Ltd. All rights reserved.
PII S0049-3848(99)00203-0



506 M.F. Alberto et al./Thrombosis Research 97 (2000) 505–511

Each agent was assayed in parallel with a HUVEC1. Materials and Methods
control in the resting state derived from the same
primary culture at the same level of passage.1.1 Cell Culture

1.3. AntibodiesHUVEC were isolated by collagenase (from Clos-
tridium histolyticum type IV, Sigma Chemicals Co.,

The following antibodies were used: mAb 197St. Louis, MO, USA) treatment of human umbilical
(anti-CD64), mAb 32.2 (anti-CD64), mAb IV.3veins according to the method of Jaffe et al. [9].
(anti-CD32), mAb 3G8 (anti-CD16) (MedarexHUVEC were cultured at 378C in 5% CO2 in 25
Inc., West Lebanon, NH, USA), mAb antihumancm2 tissue culture flasks, pretreated overnight by
von Willebrand factor (anti-hvWf), isotype con-incubation in 1% gelatin (Sigma Chemicals Co.).
trols (mouse IgG1, IgG2a, and IgG2b), biotin-SP-Cultures were established in RPMI 1640 medium
conjugated affinity pure F(ab9)2 fragment goat anti-(Gibco, Grand Island, NY, USA) containing 20%
mouse IgG, biotin-SP-conjugated affinity purefetal bovine serum (Gibco), 100 U/mL penicillin,
F(ab)2 fragment goat antihuman IgG, B-phyco-100 mg/mL streptomycin, 2 mM of L-glutamine
erythrin-conjugated streptavidin (Immunotech).(Sigma), and 50 mg/mL endothelial cell growth sup-

plement (Sigma). Culture media were changed
1.4. Cell Stainingtwice weekly. Confluent HUVEC were passaged

by short exposure of monolayers to 0.05% trypsin-
Before cell staining, confluent monolayers ofethylenediaminetetraacetic disodium salt (EDTA)
HUVEC, were detached by treating them with(Gibco). HUVEC from passage 1–2 were used for
trypsin-EDTA or PBS 0.05% EDTA (PBS-all studies.
EDTA). The first method implied a proteolytic
treatment of monolayers that could modify the sur-1.2. Cytokines, LPS, and Thrombin Treatment
face phenotype. We compared HA-IgG binding on
HUVEC detached by both methods.

The following sources of cytokines were used in Following cell isolation, HUVEC were immedi-
this study: human r-TNFa (biological activity ately fixed with 1% paraformaldehyde for indirect
5.33106 U/mg), human r-IL1b (biological activity immunofluorescence. After 30 minutes, the cells
13108 U/mg), and human r-IFNg (biological activ- were washed with PBS-BSA, incubated with an
ity 13107 U/mg protein) (Calbiochem-Novabio- unlabeled mAb for 40 minutes (197, 32.2, IV.3,
chem Corporation, La Jolla, CA, USA); LPS from 3G8, anti-hvWf, or isotype controls), and diluted
Escherichia coli 055:B5 (Sigma); and human throm- in PBS-BSA according to the instructions provided
bin (Ortho Diagnostic Systems, Raritan, NJ, USA). by the manufacturer. Then the cells were washed

Doses used for the treatment of HUVEC in the with PBS-BSA, incubated for 40 minutes with bio-
culture were: 2 UI/mL thrombin [10] and IFNg 100 tin-conjugated F(ab9)2 antimouse IgG (1:200 in
and 500 U/mL [11]. A dose-response curve was PBS-BSA), then washed with PBS-BSA, incubated
done for TNFa, IL1b, and LPS; no modifications 40 minutes with B-phycoerythrin-conjugated strep-
in HA-IgG binding were found (data no shown). tavidin (1:50 in PBS-BSA), and washed again. Fi-
Only results for the maximal doses tested are nally, the cells were fixed in 1% paraformaldehyde
shown (i.e., 250 U/mL, 1000 U/mL, and 100 ng/ for 30 minutes and analyzed by flow cytometry
mL, respectively. using a FACScan cytometer (Becton Dickinson).

HUVEC grew to confluence in 25 cm2 cell cul-
ture flasks and were rinsed twice with RPMI 1640. 1.5. HA-IgG Binding Assay
Cytokines, LPS, and thrombin were diluted in
serum-free RPMI 1640 at the chosen concentra- Before each experiment, HA-IgG was prepared by
tions. After a 6-hour incubation with all agents, heating monomeric IgG (Calbiochem) at 638C for
cells were detached and immediately fixed in 1% 20 minutes and centrifuged at 30003g for 15 min-
paraformaldehyde (Immunotech, Marseille, France), utes to remove insoluble aggregates [12]. Once de-
rinsed twice with phosphate-buffered saline (PBS)- tached, cells were immediately fixed in 1% parafor-

maldehyde for 30 minutes, washed with PBS-BSA,1% bovine serum albumin (BSA) and then stained.



507M.F. Alberto et al./Thrombosis Research 97 (2000) 505–511

Fig. 1. (a) Dot-plot, side scatter (SSC) vs. forward scatter
(FSC) of HUVEC. (b) Histogram of fluorescent signal of
hvWf expression on cells cultured from human umbilical
vein. In all tested cultures the majority of cells expressed Fig. 2. HA-IgG binding on HUVEC detached by (a) pro-
hvWf, indicating its endothelial origin. teolytic trypsin treatment or (b) PBS-EDTA treatment.

The percentage of cells that bind to HA-IgG was similar
for both methods.

and incubated for 40 minutes with HA-IgG diluted
in PBS-BSA to reach a final concentration of 250
mg/mL [5]. Next, cells were washed with PBS-BSA

lation, the majority of cells in the final preparationand incubated for 40 minutes with biotin-conju-
had a round shape. After a short period of culture,gated F(ab9)2 antihuman IgG (1:200 in PBS-BSA).
the adherent cells had a fibroblastoid appearance,They were then washed twice, incubated for 40
and cell confluence was reached after 3 to 6 days.minutes with B-phycoerythrin-conjugated strep-
Confluent monolayers evaluated by phase contrasttavidin (1:50 in PBS-BSA), and washed again. Cells
microscopy demonstrated the typical cobblestonewere fixed in 1% paraformaldehyde for 30 minutes
morphology. To check the purity of isolated cells,and analyzed by flow cytometry. As negative con-
the cell preparation was routinely evaluated withtrol we used cells incubated directly with biotin-
mAb to hvWf by flow cytometry. 9663% of cellsconjugated F(ab9)2 antihuman IgG and B-phycoer-
expressed hvWf, indicating that the majority of theythrin-conjugated streptavidin.
cultured cells were endothelial cells (Figure 1b).

1.6. FACScan Analysis
2.2. HUVEC Binding to

HUVEC were identified by their light scattering HA-IgG and to FcgR Panel
properties on the cytogram [i.e., right angle scatter
(SSC on a linear scale) and forward angle scatter To test whether the detachment method could
(FSC on a linear scale)] (Figure 1a). For analysis, modify surface phenotype, we assessed the HA-
a gate was set around the HUVEC population and IgG binding to detached HUVEC by proteolytic
5000 to 10000 cells were acquire. trypsin treatment or PBS-EDTA treatment. The

For the HA-IgG binding assay, results are ex- results represent the average of three assays per-
pressed as the percentage of cells that produce formed with HUVEC derived from independent
fluorescent displacement compared to the negative primary culture. The viability and the percentage
control. Similarly, for each mAb assayed the results of cells that bind to HA-IgG (Figure 2) were similar
are expressed as a percentage of cells that produce for both methods, 65.2622.3% and 60.9616.8%,
fluorescent displacement compared to the isotype- respectively (n53). Consequently, we chose the
negative control. In both cases, results represent trypsin treatment since it was easier and faster.
the average of three or four assays performed with

All experiments were performed using fixed cellsHUVEC derived from independent primary cultures.
immediately after trypsin detachment. There was
always HA-IgG binding activity when the cells
were in the resting conditions: 59.5621.4% (n516)2. Results
of cells produced fluorescent displacement.

When the reactivity of these HUVEC was evalu-2.1. Characterization of HUVEC in Culture
ated with a panel of monoclonal antibodies that
bound to FcgRs present in leukocytes, the HA-HUVEC of different preparations were separately

seeded in gelatin flasks. Immediately after cell iso- IgG binding activity correlated with positive fluo-
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Fig. 3. Expression of the HA-IgG binding and FcgR I on HUVEC after stimulation with TNFa, IL1b, thrombin, LPS,
and IFNg. Each agent was assayed in parallel with a HUVEC control in the resting state derived from the same
primary culture.

rescent signal to anti-FcgR I: 49.8617.0% (n516) Disturbances in endothelial cell function could
initiate thrombosis in patients with SLE by alteringof cells produced fluorescent displacement.

Moreover, HA-IgG binding activity and FcgR I the local balance between procoagulant and antico-
agulant factors within regions of the vessel wall.expression were not significantly modified after the

stimulation treatments (Figure 3). Table 1 summa- In this sense, it has been demonstrated that endo-
thelial cells incubated with HA-IgG or with frac-rizes HA-IgG binding activity and FcgR I expres-

sion on HUVEC in resting conditions and after tions of SLE sera containing monomeric as well as
high molecular weight fractions of IgG producestimulation with the different agents.

The positive expression of FcgR I (anti-FcgR I a significant increase in tissue factor expression
compared with equivalent fractions of normal sera197) was confirmed with another antibody (anti-

FcgR I 32.2) that recognized a different epitope [6]. The expression of tissue factor is not an imme-
diate consequence of cell injury per se, but requires(Figure 4). The level of fluorescent signals was

similar for both antibodies, 46.7612.3% and several hours of protein synthesis for its expression.
In vivo, the production of tissue factor may depend57.2615.1%, respectively (n53).
on exposure of the relevant target that permit bind-
ing of the antiendothelial antibodies or IC.

It is evident that receptors for the Fc moiety of3. Discussion
IgG (FcgR) may play a role in the development
of these processes. It was demonstrated that humanEndothelium plays an active role in the inflamma-

tory and coagulation systems. Patients with SLE epidermal microvascular endothelial cells express
FcgR II (CD 32) proteins on their cell surfacehave an increased incidence of arterial and venous

thrombosis of uncertain etiology. [8]. This fits with the more general concept that
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Table 1. Results of HA-IgG binding and FcgR I expression on
HUVEC, stimulated vs. resting conditions

HA IgG-binding, FcgR I expression,
Treatments mean and range (%) mean and range (%)

IL1b (n54)
Resting 46.6 (22.4–71.3) 41.2 (11.6–70.4)
Stimulated 40.2 (22.1–64.6) 35.8 (13.8–60.0)

TNFa (n53)
Resting 61.3 (27.9–90.3) 51.1 (22.0–70.4)
Stimulated 61.0 (31.0–89.4) 48.9 (37.3–56.4)

Thrombin (n53)
Resting 56.0 (45.5–67.0) 49.0 (45.0–58.0)
Stimulated 51.0 (43.0–63.0) 54.0 (43.0–60.0)

LPS (n53)
Resting 53.1 (43.1–63.0) 56.2 (40.0–73.4)
Stimulated 60.3 (52.7–70.2) 61.4 (43.2–71.1)

IFNg (n53)
Resting 75.3 (63.7–92.1) 54.3 (49.4–53.4)
Stimulated 100 77.5 (70.3–89.3) 52.5 (49.0–58.4)
Stimulated 500 73.8 (65.4–86.0) 53.3 (45.3–63.3)

microvascular endothelial cells not only modulate rescent pattern of a panel of mAb to FcgRs by
flow cytometry. HUVEC monolayers were testedinflammatory reactions by leukocyte-endothelial
in the resting state and after treatment with agentscell adhesion molecules but also participate in
that modify their functional status such as IFNg,Ag-dependent immune responses. However, on
IL1b, TNFa, thrombin, and LPS.HUVEC the FcgR expression is controversial.

We demonstrated that HUVEC bound HA-IgGCines et al. [5] have demonstrated that HUVEC
in the resting state. Surprisingly, the HA-IgG bind-are capable of binding complex IgG (HA-IgG) but
ing activity correlated with positive fluorescent sig-two studies of antigen expression on HUVEC by
nal to anti-FcgR I.flow cytometry demonstrated no expression of

This HA-IgG binding activity and FcgR I expres-FcgR I, II, and III (CD 16, CD 32, CD64, respec-
sion level were not modified by the stimulationtively) [7,8]. Probably, a different FcgR not recog-
treatment with the agents mentioned above. Wenized by the assayed monoclonal antibodies may
tested the effects of the different stimuli separately,be responsible for the HA-IgG binding activity.
but we cannot exclude synergistic actions of differ-To test this hypothesis, we evaluated the binding
ent cytokines as it was demonstrated in aortic endo-ability of HUVEC to HA-IgG and the surface fluo-
thelial cells between the TNFa and IFNg, which
significantly increase the expression of FcgR II and
III [13].

It was used another antibody (mAb 32.2/CD64)
to confirm FcgR I expression, which recognizes a
different epitope than 197. Both monoclonal anti-
bodies bound to HUVEC evidencing FcgR I ex-
pression.

Discrepancies with other authors [7,8], who have
not found expression of FcgR I in HUVEC surface,
could be attributed to a different methodology em-

Fig. 4. Expression of FcgR I on HUVEC evaluated with
ployed by cell cytometric analysis. In our case, cellstwo antibodies that recognize different epitopes: (a) 197/
were fixed immediately after the monolayer wasCD64 and (b) 32.2/CD64. The level of fluorescent signal

was similar for both antibodies. treated with trypsin-EDTA. This differs from Ver-
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