New locations of intravascular tissue factor
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Summary

Tissue factor (TF) is the major initiator of blood coagulation,
and a mediator of inflammation, angiogenesis, and cardi-
nogenesis. According to recent evidence, preformed TF and
inducible expression of the profein is observed in several
blood companents. TF is apparently constitutively express-
ed on circulating microparticles, and can be exposed with-
in minutes on the cell membrane of activated eosinophils
and platelets, and, potentially, on neutrophils. Expression
in monocytes and neutrophils largely requires transcrip-
tional activation of the TF gene. Eosinophils appear to har-
bour the highest concentration of preformed TF among all
blood components under resting conditions. TF expression
in eosinophil progenitor cells is substantially higher than in
precursors of other granulocyte fractions. Eosinophil TF pro-
motes transendothelial migration, which documents that
presynthesized TF in blood supports functions apart from
coagulation. It is still an open question how the intravascu-
lar TF is activated to trigger initiation of coagulation. TF ac-
tivation in different blood components is likely to be differ-
enfially regulated according fo the (patho)physiologic con-
text.
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Lusammenfassung

TF (tissue factor), ist das Starterprotein der Blutgerinnung.
AuBerdem ist TF bei Entziindungsprozessen, in der Gefdf-
bildung und bei der Entstehung von Tumoren von zentraler
Bedeutung. Vor kurzem konnte TF in verschiedenen Blut-
bestandteilen nachgewiesen werden. TF wird auf zirkulie-
renden Mikropartikeln anscheinend konstitutiv exprimiert
und kann innerhalb von Minuten auf der Zellmembran ak-
tivierter Eosinophiler und Pldttchen erscheinen. TF wird
maglicherweise auch von Neutrophilen exprimiert. Die TF-
Expression in Monozyten und Neutrophilen erfordert im we-
sentlichen die Transkription des TF-Gens. Eosinophile bein-
halten scheinbar die hachste Konzentration an bereits ge-
bildetem TF unter allen nicht aktivierten Blutbestandteilen.
Die TF-Expression in eosinophilen Vorlduferzellen ist be-
trichtlich hoher als in Vorlduferzellen anderer Granulozy-
tenfraktionen. TF auf Eosinophilen fordert die trans-
endotheliale Migration. Dies belegt, dass vorgebildeter TF
im Blut noch weitere Funktionen auBer der Gerinnung un-
terstiitzt. Auf welche Weise der infravasale TF aktiviert wird,
um den Gerinnungsstart auszuldsen, ist unklar. Die Aktivie-
rung von TF in verschiedenen Bluthestandteilen wird
hichstwahrscheinlich differenziell, entsprechend dem je-
weiligen (patho)physiologischen Kontext, reguliert.

Hinweise fir neue Lokalisierungen des intravasalen
Tissue-Fakors
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issue factor (TF) is an integral mem-
T brane protein and a member of the ty-

pe II cytokine receptor family. TF is
constitutively expressed in cells of the adven-
titial and medial layers of the vessel wall and
instantly initiates coagulation in the case of
vascular injury. It binds and allosterically
activates factor VIla. The TF/VIla complex
binds its substrate factor X in the ternary ini-
tiator complex of coagulation (TF/VIIa/X).
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Factor Xa is generated leading to the formati-
on of thrombin by the prothrombinase com-
plex (Va/prothrombin/Xa) on the membrane
of activated platelets. Thrombin is required
for physiological hemostasis, since it cleaves
fibrinogen to fibrin, which in turn forms po-
lymers that prevent blood loss. It was found
that TF synthesis can be induced in monocy-
tes following proinflammatory stimuli. In vi-
vo monocyte TF expression seems to be res-
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tricted to some pathologic situations, such as
sepsis and atherothrombosis. However, plate-
lets were recently found to store preformed
TE, that is exposed on their surface after pla-
telet activation. In addition, TF was detected
on circulating microparticles that are both
present in blood of healthy and diseased do-
nors. It is still a matter of debate whether in-
travascular TF contributes to the pathogene-
sis of coagulation disorders.

Intravascular TF

In recent years the envelope paradigm of TF
expression and function has been challen-
ged by the demonstration of intravascular
TF (blood-borne or circulating TF). From an
in vitro thrombosis model, in which fresh
human blood was perfused into a flow
chamber to generate thrombi on collagen-
coated slides it has been proposed that cir-
culating TF contributes to the propagation
of the growing thrombus (20). Independent-
ly, we observed that during a 5 minute sti-
mulation of human blood with collagen type
I, TF antigen appeared on the surface of pla-
telets adhering to leukocytes (57). Most in-
terestingly, this rapidly presented TF was
able to start the coagulation cascade and its
procoagulant activity was strongly increa-
sed in platelet-leukocyte conjugates. In ad-
dition, the presence of preformed TF on cir-
culating microparticles was described in a
study from the same laboratory (38). Sub-
sequently, intravital fluorescence microsco-
py experiments on thrombus formation that
was induced by a laser endothelial injury of
amurine cremaster muscle arteriole showed
that intravascular TF was concentrated at the
thrombus-vessel wall interface (18, 19). In
recent years several new cell types have
been described to express TF.
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Monocyte TF

TF de novo-synthesis in monocytes was
first reported in 1975 by Rivers and co-wor-
kers observing procoagulant activity in en-
dotoxin-stimulated leukocyte suspensions
(49). TF expression on monocytes can be
achieved by specific inflammatory stimuli,
such as endotoxin (e. g. lipopolysaccharide)
(21), phorbol esters (30), C-reactive protein
(9) and proinflammatory mediators, like tu-
mor necrosis factor a (TNF-o) (10) and in-
terleukin 1- (22). The TF and TNF-o. genes
are regulated by various transcription
factors, including nuclear factor-kappa
B/Rel proteins and Egr-1 (31). LPS-induced
TF expression in human monocytic cells
was found to be regulated by the transcripti-
on factors c-Fos/c-Jun, c-Rel/p65 and Spl
(41). Interestingly, platelets were found to
regulate monocyte TF activity. In 1974, Nie-
metz and Marcus (39) proposed that plate-
lets enhance the procoagulant activity of
white blood cells. This was also confirmed
in monocyte cell cultures, in which isolated
platelets added to monocytes enhanced
LPS-induced TF activity (28, 46). Recently,
in vitro interaction of endothelial microp-
articles with monocytes was shown to indu-
ce TF-dependent procoagulant activity (50).
Increased expression levels of monocyte TF
might play arole in sepsis (14,29) and it was
found that patients with unstable and stable
coronary syndromes exhibit elevated levels
of TF expression on circulating monocytes
(26).

Monocyte TF in atherosclerosis

TF has been detected on monocyte-derived
macrophages and macrophage foam cells
that are associated with atherosclerotic lesi-
ons (25) and coronary plaques (24) indica-
ting arole for TF in the development of arte-
rial thrombi after plaque rupture. Inappro-
priate in vivo expression of monocyte TF is
likely responsible for fibrin deposition in a
variety of pathological conditions, such as
sepsis-associated disseminated intravascu-
lar coagulation (DIC) (42) and thrombem-
bolic disease (53).
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Neutrophil TF

In rapidly processed blood (to avoid the acti-
vation of TF gene transcription), TF was ba-
rely noticeable in neutrophils by TF-speci-
fic ELISA measurements and no TF procoa-
gulant activity could be detected (38). This
observation is in accordance with the fin-
dings of Osterud and co-workers, who failed
to detect TF antigen on neutrophils in stimu-
lated whole blood (43). However, there is
emerging evidence that neutrophils might
be able to express TF under certain inflam-
matory conditions (34, 48).

Eosinophil TF

Blood eosinophils were found to store T,
which is mainly embodied in their specific
granules and exposed on their cell membra-
ne after cell activation (37). Eosinophils are
the cells with the highest TF content in
blood under resting conditions. They con-
tain approximately one forth of the TF mole-
cules compared to fully activated mono-
cytes. Stimulation with GMCSF and PAF
was accompanied by an increase in TF tran-
scripts. Eosinophils selectively maintain a
high TF expression during the haematopoie-
sis and consequently, part of the protein sto-
red in mature eosinophils is likely to repre-
sent pre-synthesized TF derived from eosi-
nophil progenitor cells. Our observations
indicate TF as one of the critical mediators
of the initial eosinophil migration across the
activated endothelium. Eosinophil TF coa-
gulant activity might be of relevance for the
thrombogenesis promoted by hypereosino-
philic conditions.

Platelet TF

There is strong evidence that platelets con-
tain preformed TF, which is released within
5 minutes after collagen type I stimulation.
Platelet TF contributes to the collagen trig-
gered activation of blood coagulation (57).
Immunoelectron microscopy revealed the
presence of TF on the surface of platelets
adhering to leukocytes. In unstimulated pla-
telets, TF antigen was detected by double
sandwich ELISA. Immunoelectron micros-

copy showed TF antigen localized in the
o-granules and the open canalicular system
of resting platelets. The ability of activated
platelets to trigger the initiation of coagula-
tion was low. This suggests that platelet TF
is cryptic (36). One reason for the low TF
procoagulant activity on activated platelets
could be the concomitant release of tissue
factor pathway inhibitor (TFPI), the physio-
logic inhibitor of the initiator complex of
coagulation (16, 40). The presence of TF in
platelets was confirmed by several authors
(7, 17). It is still a matter of debate whether
TF is transported to platelets by leukocyte-
derived microparticles (11) and/or if the
spliceosome of proplatelets that extend
from megakaryocytes might potentially be
capable of translating TF from pre-mRNAs
(12, 52).

Endothelial TF

Endothelial cells isolated from human um-
bilical veins (HUVEC) generate TF activity
following exposure to certain proinflamma-
tory stimuli (8). However, TF mRNA and TF
antigen was absent from endothelial cells li-
ning normal internal mammary artery and
saphenous vein samples (44, 56). Therefore,
it is still an open question whether endothe-
lial cells may express TF antigen in vivo.

TF of cell-derived microparticles

Microparticles are small membrane vesicles
(<1 mm in diameter) that are released from
the plasma membrane of cells upon activati-
on (55), during apoptosis (2) and by shear
stress (47). They constitute a heterogeneous
population, differing in cellular origin, num-
bers, size, antigenic composition and functio-
nal properties. Microparticles are described
to play a role in intercellular communication,
immunity and coagulation (23). They support
coagulation by exposure of negatively char-
ged phospholipids that are essential for
thrombin generation. In the case of monocy-
te- and platelet-derived microparticles their
main, and probably central procoagulant
function is the exposure of TF (13). Under
physiologic conditions, 80% of the plasma
microparticles are derived from platelets (6).
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Most of the microparticles carrying TF
express platelet-specific markers. In immu-
noblot analyses no TF antigen could be de-
tected in circulating neutrophil-derived mi-
croparticles and in microparticles obtained
from in vitro activated neutrophils, whereas
TF was detected on platelet-derived microp-
articles and in vitro generated platelet mi-
croparticles (38). In the same study no TF
antigen could be detected in neutrophil-de-
rived microparticles by ELISA. Apparently,
the filopodia of activated platelets are the
preferential sites for the formation of TF-
positive microparticles (37). In vitro gene-
rated monocyte-derived microparticles (51)
and circulating monocyte-derived microp-
articles (19) were shown to expose TF on
their membrane. Circulating monocyte mi-
croparticles are able to adhere to activated
endothelial cells and to activated platelets
by P-selectin / PSGL-1 interactions and in-
terestingly they were found to play a signifi-
cant role in fibrin stabilization of the nas-
cent thrombus by the delivery of procoagu-
lant TF. Monocyte microparticles were des-
cribed to bind activated platelets or platelet-
derived microparticles and facilitate fusion
events between monocytes (or monocyte
microparticles) and platelets (or platelet mi-
croparticles) leading to microparticles that
are rich in active TF (45). On subpopulati-
ons of microparticles that were obtained
from interleukin 1-o-stimulated human um-
bilical vein endothelial cells TF antigen
could also be detected (1). The presence of
microparticles has also been documented at
sites of inflammation, such as the acellular
lipid core of the atherosclerotic plaque (33).
Furthermore, increased numbers of circula-
ting microparticles have been reported in
patients with acute coronary syndromes
(32).

Activation of thrombogenic TF

Intravascular TF is in an inactive state when
expressed on blood cells (encrypted or la-
tent TF) (36). A discrepancy between TF an-
tigen and the expression of TF procoagulant
activity has been observed in a variety of
cell types (35, 54). It was found that functio-
nal TF is entirely cell surface expressed on
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LPS-stimulated human blood monocytes
and on a neoplastic cell line that expresses
TF constitutively (15). Drake and co-wor-
kers also presented evidence that more than
90% of functional TF in cells is expressed
on the cell surface and is fully competent for
binding its ligand VII/VIla. However, they
found that the activity of TF on the intact
cell surface is substantially lower than that
in lysed cell preparations. A stimulus is re-
quired to express the latent proteolytic acti-
vity of the encrypted TF/VIIa complex (3,
4).

Until now a number of ways are known to
induce cells to express encrypted TF pro-
coagulant activity: freezing and thawing,
sonication, protease treatment, phospholi-
pase treatment, non-ionic detergents, apop-
tosis, complement, and Ca*"-ionophores
(5). There is a significant variation among
these methods with respect to the level of TF
procoagulant activity evoked as well as se-
condary effects on cell structure. Currently,
the nature of TF de-encryption in blood is
still unclear but it represents a major questi-
on in TF biology.

Conclusion

Murine arterial thrombosis models combi-
ned with intravital microscopy techniques
recently led to a more detailed understan-
ding of intravascular thrombus formation.
These studies clearly indicate a major role
of fibrin formation induced by microparti-
cle TF in the stabilization of the nascent
thrombus (18, 19). Despite this progress the
role of intravascular TF in thrombus forma-
tion and inflammatory coagulation dis-
orders is still unclear and further investigati-
ons are required to reveal the contribution of
intravascular TF to thrombembolic patholo-
gies.

Future studies should mainly concentrate
on the role of microparticle-associated in-
travascular TF in thrombus formation, the
detailed characterization of the cryptic state
of intravascular TF and the underlying acti-
vation mechanisms of intravascular TF. De-
tailed knowledge on the sources of intravas-
cular TF and its activation mechanisms
might enable the development of therapeu-
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tic intervention strategies that may not be
associated with an increased risk of blee-
ding complications.
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