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This issue of Arteriosclerosis, Thrombosis, and Vascular Biology contains 4 reviews on tissue
factor (TF) and 1 on tissue factor pathway inhibitor (TFPI). One review on TF will be published
in a later issue. In this editorial, we will briefly revisit the major advances in the field, highlight
some of the current controversies, and discuss some of the future challenges. TF (also known
as tissue thromboplastin or coagulation factor III) was first identified as a constituent of tissue
that when added to plasma activated the clotting cascade— hence the name tissue factor. TF
was first purified in 1985,1 and this subsequently led to the cloning of the TF cDNA and gene.
2-5 In 1989 Drake and colleagues6 proposed that TF around blood vessels forms a “hemostatic
envelope” that initiates clotting after vessel injury. The crystal structure of the extracellular
domain of TF bound to Factor VIIa (FVIIa) was reported in 1996.7 In the same year it was
discovered that inactivation of the mouse TF gene resulted in embryonic lethality.8-10 Taken
together, these studies indicated that TF was essential for hemostasis. Activation of the clotting
cascade leads to the generation of thrombin that cleaves fibrinogen to fibrin as well as activates
platelets (Figure).

In 1999, the late Yale Nemerson and colleagues11 reported that there was TF in blood of healthy
individuals. They showed that this so-called “blood-borne” or “circulating” TF enhanced
thrombosis in an ex vivo model. It was argued that, unlike vessel wall TF, circulating TF would
be continuously delivered to the clot and participate in its growth.12,13 Butenas and
colleagues14 believe that levels of circulating TF in healthy individuals are extremely low and
unlikely to contribute to clotting. However, Monroe and colleagues noted that TF was present
throughout thrombotic clots whereas it was only present at the edges of hemostatic clots,
suggesting that circulating TF is incorporated into thrombotic clots.15 Clearly, further studies
are needed to determine the roles of circulating TF in hemostasis and thrombosis in health and
disease.

Other reports indicated that platelets contain very low levels of TF (possibly by binding TF-
positive microvesicles, also referred to as microparticles), contain a premRNA (that can be
spliced into a mature TF mRNA on activation of the cells), and can synthesize TF (albeit very
low levels).16-18 In contrast, other investigators could not detect TF activity in platelets.14

Similar to circulating TF, platelet TF has been proposed to provide an additional source of TF
that may enhance the clotting reaction. However, at present there is no experimental evidence
to support this hypothesis.
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Another controversy arose after the description of a new form of TF called alternatively spliced
TF (altTF; also called soluble TF).19 Initial reports suggested that altTF was thrombotic.20 To
date this protein has not been isolated from human plasma. Importantly, this truncated protein
lacks exon 5 (which encodes the substrate binding site) and exon 6 (which encodes the
transmembrane domain that localizes TF in the membrane), both of which are required for TF
cofactor activity.21 Indeed, subsequent studies indicate that altTF has no procoagulant activity.
22 Therefore, it seems that altTF is unlikely to contribute to either hemostasis or thrombosis.
One study suggested a role for altTF in tumor growth and angiogenesis.14

Butenas and colleagues14 discuss the controversial issue of the “encryption-decryption
process.” It has been known for many years that lysis of TF-positive cells is associated with a
significant increase TF activity. This led to the proposal that TF can exist in two states: a low-
activity state (also called “encrypted”) and a high-activity state (also called “decrypted”).
Importantly, both states bind FVII and FVIIa. Possible mechanisms of decryption have been
reviewed previously.23 One popular mechanism is that TF on the cell surface converted from
the low activity to active activity state by interaction with phosphatidlyserine. This anionic
phospholipid normally resides in the inner leaflet of the membrane but appears on the cell
surface after disruption of the membrane asymmetry. However, at present there are no
experimental data to support this hypothesis.

In 2006, a radically different hypothesis was proposed to explain the mechanism of TF
decryption. Hogg and colleagues24 suggested that TF activity was regulated by the formation
of a disulfide bond between cys186 and cys209. The idea that TF activity was modulated by a
redox reaction became very popular. However, many investigators in the field have questioned
the validity of this model.14 In this issue of ATVB, Bach25 raises several concerns about the
model. Most notably, the crystal structure shows that cys186 and cys209 are buried in the
interface between TF and FVIIa. Therefore, it is unclear how proteins, such as protein disulfide
isomerase, gain access to these residues to form the disulfide bond. Despite enthusiasm for this
new model, it seems that the most likely mechanism that increases TF activity is via interaction
with phosphatidylserine. Interestingly, this would increase TF activity on damaged cells and
help to preserve vascular integrity.

Kretz and colleagues discuss the sources of TF that drive thrombosis in different animal models.
This review will be published in a later issue. Experimental studies have shown that vessel
wall TF is the major source of TF in models involving loss of the endothelium, such as the
carotid artery injury model. In contrast, hematopoietic cell–derived microvesicles contribute
to thrombosis in cremaster arterioles subjected to heat injury. It should be noted that healthy
mice are used in these experiments. Further studies are needed using mice with elevated levels
of TF in the vessel wall, such as those with atherosclerosis, or within the circulation, such as
endotoxemic mice. In addition, mice with tumors have elevated levels of circulating tumor-
derived TF-positive microvesicles, which activates the clotting system and may enhance local
thrombosis. In cancer patients, these microvesicles may increase the risk of venous thrombosis.

Another review in this issue of ATVB is by Schaffner and Ruf.26 It summarizes our current
knowledge on TF signaling (Figure). The authors propose that TF signaling activity increases
tumor growth by induction of the angiogenic switch. This is mediated by binding FVIIa,
activation of PAR-2, and expression of proangiogenic genes. Indeed, in one model system
tumor growth was reduced in mice lacking PAR-2 but not in mice lacking PAR-1. However,
many human tumor cells express both PAR-1 and PAR-2, and activation of these two receptors
induces a similar array of proangiogenic genes. Therefore, human cancers may use both PAR-1
and PAR-2 signaling to enhance their growth. In contrast, the TF coagulant activity may
increase metastasis via the generation of thrombin, PAR-1 signaling, and the formation of
fibrin. As noted by Schaffner and Ruf,26 inhibition of either TF:FVIIa signaling or PAR-2
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signaling will not affect thrombin generation and downstream pathways and may be less
effective at reducing tumor growth compared with inhibition of both TF signaling and
coagulant activities.

Milsom and colleagues27 discuss the possible link between TF, tumorigenesis, and cancer stem
cells. They propose that expression of TF and PARs by cancer stem cells allow them to respond
to coagulation proteases (FVIIa, FXa, and thrombin). This would result in fibrin deposition,
activation of platelets, expression of proangiogenic and proinflammatory mediators, all of
which would modulate the local microenvironment and enhance tumorigenesis. This may
explain how the presence of TF on tumor cells (and possibly cancer stem cells) contributes to
tumor growth and metastasis.

In the last review, Hackeng and Rosing28 discuss the recent finding that protein S acts as a
cofactor for TFPI. Protein S has long been known to be a cofactor for the anticoagulant activated
protein C. Now we find that protein S stimulates the inhibition of Factor Xa by TFPI about 10-
fold. What is less clear is whether or not protein S enhances TFPI inhibition of the TF:Factor
VIIa:Factor Xa ternary complex.

We have learned a tremendous amount about TF since its purification and cloning. It is the
major cellular trigger of the clotting cascade and clearly plays an essential role in hemostasis.
Pathological expression of TF within atherosclerotic plaques likely drives arterial thrombosis,
and elevated levels of circulating TF may enhance venous thrombosis. Further studies are
needed to define the mechanism by which TF contributes to tumor growth and other disease
processes.
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Figure.
TF coagulant and signaling activities. The TF coagulant activity involves the generation of
thrombin, fibrin deposition, and platelet activation. The TF signaling activity involves
activation of PAR-2 by FVIIa and FXa, as well activation of PAR-1 by FXa and thrombin.
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