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In this issue of Trends in Cardiovascular Medicine, Witkowski
et al. [1] review studies proposing that tissue factor (TF) links
coagulation and inflammation. Importantly, TF is a cofactor
for the coagulation protease factor VIIa (FVIIa) and therefore
it is the TF:FVIIa complex that initiates the coagulation
cascade. Interestingly, it has structural homology to members
of the class 2 cytokine receptor family. The primary role of
the TF:FVIIa complex is to maintain hemostasis. Indeed, a
complete deficiency of either TF or FVII is not compatible
with life [2]. Activation of the coagulation cascade by the TF:
FVIIa complex generates a number of serine proteases that
can activate cells and enhance inflammation by cleavage of
protease activated receptors (PARs). For instance, FXa acti-
vates PAR2 and thrombin activates PAR1. Therefore, the TF:
FVIIa complex has a secondary role as an enhancer of
inflammation.
Witkowski et al. [1] propose that full length TF expression

by endothelial cells plays a central role in both coagulation
and inflammation. What is the evidence to support this
proposal? Bevilacqua et al. [3] reported that IL-1β induces TF
expression in cultured human umbilical endothelial cells
(HUVECs). Since HUVECs are relatively easy to isolate, this
study opened the flood gates for numerous studies and
therefore many studies are done with this cultured cell
model. Indeed, a multitude of studies on TF expression in
endothelial cells (ECs) were performed [4]. In contrast to the
in vitro studies, there is a paucity of evidence that convin-
cingly shows that TF is expressed by the endothelium in vivo
[2]. This is due to several reasons: the difficulty in detecting
low levels of TF expression on the endothelium using immu-
nohistochemistry, distinguishing TF expression by the
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endothelium from TF expression by cells within the vessel
wall, and distinguishing TF expression from the endothelium
itself from the deposition of TF-positive extracellular vesicles
derived from other cells, such as monocytes.
We have used a genetic approach to determine the role of

TF in different cell types on coagulation and inflammation in
different mouse disease models. First, we used mice that
express low levels of TF in all tissues, so-called low TF mice
[5]. Secondly, we used TFfl/fl mice that have the TF gene
deleted in a cell type-specific manner [6]. For instance, TFfl/fl,
Tie2Cre mice have TF deleted in both hematopoietic and ECs.
We will discuss the role of TF in different cell types in three
mouse models: carotid artery thrombosis, endotoxemia, and
sickle cell disease.
TF contributes to various forms of thrombosis, particularly

atherothrombosis [7]. In the normal blood vessel wall TF is
absent in the endothelium, “variably present in cells compos-
ing the media” and highly expressed by adventitial cells [8].
Low TF mice exhibited reduced thrombosis in a Rose Bengal
model of carotid artery injury [9]. Bone marrow transplant
experiments showed that TF expression by non-
hematopoietic cells drives thrombosis in this model. Further-
more, deletion of TF in vascular smooth muscle cells (TFfl/fl,
SM22αCre mice) reduced thrombosis in a ferric chloride
model of carotid artery injury [10]. It should be noted that
expression of the Cre recombinase from the SM22α promoter
also reduces TF expression in some adventitial fibroblasts. As
expected, deletion of TF in both ECs and hematopoietic cells
did not affect thrombosis in the ferric chloride model [11].
These results indicate that TF expression by vascular smooth
muscle cells and possibly advential fibroblasts but not
.
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endothelial cells drives thrombosis after injury of the mouse
carotid artery.
TF plays a central role in the activation of coagulation in

animal models of acute endotoxemia and sepsis [12]. In vitro
studies showed that LPS induces TF expression in human
monocytes and we showed that LPS induces TF expression in
HUVECs [4]. Therefore, monocytes and the endothelium are the
two most likely sources of TF expression that activate coagula-
tion during endotoxemia. Interestingly, inhibition of TF in
endotoxemic chimpanzees reduced coagulation but did not
reduced TNFα or IL-6 expression [12]. We found that low TF
mice had reduced activation of coagulation and a small reduc-
tion IL-6 expression but not change in TNFα expression [12].
Similar to low TF mice, we found that mice with TF deleted in
both endothelial cells and hematopoietic cells (TFfl/fl,Tie2Cre) had
reduced activation of coagulation [6]. We then performed bone
marrow transplantation experiments to specifically determine
the role of TF expression by either hematopoietic cells or ECs on
the activation of coagulation. As expected, we found that
deletion of TF in hematopoietic cells reduced coagulation in
endotoxemic mice. Surprisingly, however, deletion of TF in ECs
did not affect the activation of coagulation after administration
of LPS [6]. These data indicated that TF expression of TF in ECs
in vivo did not contribute to the activation of coagulation in a
mouse endotoxemia model.
We have also analyzed the contribution of TF to the activa-

tion of coagulation and inflammation in a mouse model of
sickle cell disease. This chronic model involves transplantation
of bone marrow from sickle mice into recipient mice and takes
5 months to generate a phenotype. First, we showed that
inhibition of all sources of TF reduced coagulation, as well as
IL-6 and soluble VCAM-1 expression [13]. Next, we trans-
planted sickle bone marrow into TFfl/fl,Tie2Cre that have a
deficiency of TF in ECs. Consistent with the endotoxemia
study, deletion of TF in endothelial cells did not affect activa-
tion of coagulation in sickle cell mice [13]. However, a defi-
ciency of TF in endothelial cells did significantly reduce IL-6
expression but not soluble VCAM-1 expression. In a subse-
quent study, we found that a deficiency of PAR2 or treatment
of wild-type mice with the FXa inhibitor rivaroxaban also
reduced IL-6 expression [14]. These studies suggest that for-
mation of a TF:FVIIa complex on the endothelial surface
generates FXa that cleaves PAR2 to increase IL-6 expression.
In conclusion, despite the numerous in vitro studies show-

ing TF expression in cultured ECs, genetic studies using
mouse models indicate that (1) TF expression by vascular
smooth muscle cells and adventitial fibroblasts but not ECs or
hematopoietic cells drives carotid artery thrombosis, (2) TF
expression by hematopoietic cells and adventitial cells
but not ECs activates coagulation in endotoxemia, (3) TF
expression by hematopoietic cells and adventitial cells but
not ECs activates coagulation in sickle cell disease, and (4) EC
TF but not hematopoietic cell or adventitial cell TF contri-
butes to IL-6 expression in sickle cell disease.
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