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Abstract

Introduction: Cytokine activation of endothelial cell monolayers is associated with
cell detachment, microparticle shedding from plasma membranes, and phosphati-
dylserine appearance in the plasma membrane outer leaflets. While tissue factor
expression on activated endothelial cells and microparticles is well documented, the
contribution of detached endothelial cells to tissue factor activity is less clear. We
studied tissue factor expression and the role of tissue factor pathway inhibitor on
adherent and detached endothelial cells and on microparticles following endothelial
cell activation with TNF-a.
Materials and methods: Detached endothelial cells and microparticles were
obtained from cultures of human umbilical vein endothelial cells by differential
centrifugation of cell culture supernatant. For microparticle capture, an antibody
directed against CD146 was used. Functional tissue factor activity was measured by
chromogenic assay and tissue factor antigen by ELISA. Endothelial cell and
microparticle morphology was examined by light and transmission electron
microscopy.
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Results: After cell activation for 22 h, functional tissue factor activity was
distributed as follows: 60%, adherent endothelial cells; 35%, detached cells; and
5%, microparticles. Tissue factor protein followed a similar distribution. Cell
detachment was 47%. Electron microscopy demonstrated shedding of microparticles
with a diameter of 0.1—0.6 Am. Cy3—annexin V revealed increased phosphatidylser-
ine on activated adherent endothelial cells and microparticles. Pre-incubation of
adherent and detached endothelial cells and microparticles with anti-tissue factor
antibody blocked factor Xa production. Pre-incubation with anti-tissue factor
pathway inhibitor antibody increased tissue factor activity of adherent endothelial
cells 2.8-fold, detached cells 1.4-fold, and microparticles 45-fold.
Conclusions: Detached endothelial cells as well as microparticles from activated
endothelial cell monolayers express tissue factor activity, and this activity on
microparticles is markedly inhibited by microparticle-associated tissue factor
pathway inhibitor.
D 2005 Published by Elsevier Ltd.

Introduction

Endothelial cell (EC) activation by cytokines is
associated with membrane blebbing and the
shedding of microparticles (MPs) into the extrac-
ellular space. MPs, lipoprotein structures about
0.1—1.5 Am in diameter, are rich in outer leaflet
phosphatidylserine [1—3]. MPs produced by vesic-
ulation of endothelial and circulating blood ele-
ments (platelets, monocytes, erythrocytes) have
been extensively studied in vitro in cell culture as
well as in vivo in blood samples in a variety of
disease states. Significant increases in MP produc-
tion in comparison to controls have been found in
the blood of patients with sickle cell disease [3],
endotoxemia [4], HIV [5], type 1 and 2 diabetes
[6,7], thrombotic thrombocytopenic purpura (TTP)
[8], the lupus anticoagulant [2], myocardial
infarction [9], hypertension [10], cardiopulmonary
bypass surgery [11], meningococcal sepsis [12],
acute coronary syndromes [13], and multiple
sclerosis [14]. Because of their high outer leaflet
phosphatidylserine content, MPs are prothrom-
botic and may particularly support the tissue
factor (TF) pathway of coagulation [15].

Vascular endothelium is usually thromboresist-
ant but assumes a procoagulant phenotype after
exposure to pro-inflammatory cytokines (e.g.,
TNF-a, IL-1) or components of infectious agents
(e.g., LPS) [16,17]. Pro-inflammatory cytokines
may also induce apoptosis, a process associated
with loss of membrane asymmetry and appearance
of inner-leaflet phospholipid phosphatidylserine in
the outer leaflet of the cell membrane [15]. The
appearance of phosphatidylserine in the outer
leaflet promotes coagulation by supporting the
activity of surface-active enzyme complexes, such
as TF-factor VIIa. The TF-factor VIIa complex
rapidly converts zymogen factors IX and X to their

active forms, leading to thrombin generation and
fibrin formation [18]. TF activity is down-regu-
lated in part by tissue factor pathway inhibitor
(TFPI), the chief component of which is located on
lipid rafts in a GPI (glycosylphosphatidyl inositol)-
anchored form. There is also a minor TFPI
component in a loose association with cell mem-
brane glycosaminoglycans [19]. TFPI inhibits the
initiation of the coagulation cascade by binding in
a quaternary complex with TF, factor Xa, and
factor VIIa, and also in a binary complex with
factor Xa on the cell surface [20]. Heparin infusion
increases TFPI concentration in the circulation by
causing the release of TFPI bound to cell surface
glycosaminoglycans [21,22].

Pro-inflammatory cytokines also appear to
induce EC detachment in cell culture. This
process occurs in a dose-dependent manner and
increases when cytokines (TNF-a, IL-1) are used in
combination with cycloheximide or actinomycin D
or in the absence of growth factors [23,24].
Detached ECs may be found not only in cell
culture supernatants but also in vivo in the
circulation. Increased circulating ECs have been
detected in blood samples in many of the same
clinical states cited above [25—27]. However, to
our knowledge, the procoagulant activity of
detached ECs in cell culture has not been studied.
The quantitative relationship between procoagu-
lant activity of detached ECs and remaining
adherent ECs in an EC monolayer is also not
known. The aim of the present study was to
quantify the sources of TF in culture medium
represented by residual adherent ECs, detached
ECs, and MPs in order to define their contribution
to the procoagulant state observed with ECs after
their activation by TNF-a. A secondary aim was to
demonstrate the role of TFPI with regard to each
of these sources.
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