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Tumors, ticks and tissue factor
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More than a century ago, Armand Trousseau first described an association between cancer and
the coagulation system [1,2]. Later it was discovered that tumor cells release procoagulant
microvesicles (often referred to as microparticles) into the culture medium that may be
responsible for activation of the coagulation system [3]. The procoagulant protein tissue factor
(TF) is expressed by a variety of tumors. Importantly, levels of TF expression increase with
advanced cancer stage and high levels are associated with an increased mortality [4-7]. In
glioblastoma cells, TF expression is induced by hypoxia and activation of the epidermal growth
factor receptor [8,9]. One reason for the increased mortality may be that cancer patients have
a high rate of venous thromboembolism. For instance, 11.1% of brain cancer patients have a
thrombotic event within 1 year of diagnosis [10]. Indeed, tumor cells release TF-positive
microparticles into the blood in mouse models and in cancer patients, and these microparticles
may be responsible for triggering venous thrombosis [11-14]. Activation of coagulation by
tumor cell TF also enhances pulmonary metastasis in a fibrin-dependent manner [15,16].
Finally, tumor cell TF enhances tumor growth and angiogenesis [6,17]. An earlier study found
that overexpression of TF in Meth-A sarcoma cells increased tumor growth and angiogenesis
in mice [18]. More recently, Rak and colleagues [19] showed that a selective decrease in TF
expression reduced the growth of human colorectal cancer cells and angiogenesis in severe
combined immunodeficiency mice.

Ixolaris is a tick salivary protein that has two Kunitz-like domains that are similar to the Kunitz
domains found in tissue factor pathway inhibitor. In this issue of the Journal of Thrombosis
and Haemostasis, Carneiro-Lobo et al. [20] demonstrate that inhibition of the TF—factor (F)
VIla complex with Ixolaris decreases the growth of human glioblastoma tumors (U87-MG) in
nude mice without increasing bleeding [20]. Moreover, the inhibitor reduced vascular
endothelial growth factor (VEGF) expression and angiogenesis. There are two limitations of
the study. First, U87-MG cells were injected subcutaneously rather than intracranially.
Orthotopic xenografts are more physiological models of tumorigenesis, and in the case of
gliomas it is unlikely that systemic administration of Ixolaris would gain access to the brain.
Second, Ixolaris inhibits both the TF—FVIla complex and activation of FX by the intrinsic
tenase complex. Therefore, it is unclear if the effects of Ixolaris are as a result of inhibition of
the TF—FVIla complex and/or a reduction in levels of the downstream coagulation proteases
FXa and thrombin (Fig. 1).

Most of the in vitro studies on TF-FVlla signaling have been performed using a human
keratinocyte cell line and MDA-MB-231 human breast cancer cells [21,22]. In MDA-MB-231
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cells, the TF-FVIla complex activates protease-activated receptor-2 (PAR-2) and induces the
expression of several pro-angiogenic mediators, such as VEGF, interleukin-8 (IL-8) and
chemokine (C-X-C motif) ligand 1 (CXCL1) [22-24]. This led to the notion that TF expression
by tumor cells enhances tumor growth in vivo by activation of PAR-2 (Fig. 1). As noted by
Carneiro-Lobo et al. [20], MDA-MB-231 cells express very high levels of TF in comparison
to U87-MG glioblastoma cells. We analyzed TF expression in an array database [25] and found
that MDA-MB-231 cells express much higher levels of TF than 99 different primary breast
tumor samples of varying stages and grades (T. McEachron, F. Church, N. Mackman,
unpublished data). The results indicate that MDA-MB-231 cells may not be the best breast
tumor model for studying TF-related signaling events.

The hypothesis that tumor cell TF enhances tumor growth in vivo has been tested in a variety
of mouse models. One study showed that inhibition of the TF-FVIla complex with NAPc2, a
nematode anticoagulant protein, decreased tumor growth and angiogenesis of B16 melanoma
cells and Lewis lung carcinoma cells [26]. NAPc2 also inhibited the growth of colorectal
tumors in mice [27]. In contrast, specific inhibition of FXa using the nematode anticoagulant
protein NAP5 did not reduce tumor growth [26]. In other studies, a humanized anti-TF antibody
called CNTO859 inhibited growth of MDA-MB-231 tumors and human epithelial tumors in
immunodeficient mice [9,28]. These studies demonstrate that inhibition of TF reduces tumor
growth in a variety of mouse models.

Other studies have focused on the mechanism by which TF contributes to tumor growth.
Importantly, a monoclonal antibody called 10H10, which inhibits TF-FVIla signaling without
affecting its procoagulant activity, reduced tumor growth and angiogenesis of both MDA-
MB-231 and melanoma (m24Met cells) [29]. Moreover, inhibition of PAR-2 but not PAR-1
decreased the growth of the MDA-MB-231 xenografts [29]. Finally, in a genetically engineered
mouse model of adenocarcinoma, tumors developed more slowly in PAR-2/~ mice compared
with tumors in either wild-type mice or PAR-17~ mice [30]. However, tumors isolated from
PAR-27"~mice exhibited the same growth rate in wild-type mice as those isolated from control
mice [30]. Although these studies support a role of TF and PAR-2 in tumor growth in different
mouse models, further studies are required to determine if the TF-FVIla—PAR-2 signaling
pathway is necessary for the growth of a wide variety of tumor types.

The paper by Carneiro-Lobo used a human glioblastoma tumor cell line [20]. Importantly,
several studies have shown that thrombin plays a prominent role in the growth of gliomas by
increasing VEGF expression in both human and rat glioma cell lines [31,32]. In addition,
intracerebral infusion of argatroban, a specific thrombin inhibitor, reduced tumor growth in a
C6 glioma model [33]. These results indicate that thrombin, possibly via PAR-1 signaling,
plays a role in the growth of gliomas in vivo (Fig. 1).

It is somewhat surprising that there are few reports of bleeding in studies using anticoagulants
to treat tumor-bearing mice. The one exception is that specific inhibition of FXa using the
anticoagulant protein NAPS5 resulted in high mortality rates as a result of intraperitoneal
hemhorrage [26]. One possibility is that tumor-bearing mice are hyper-coagulable because of
the presence of TF-positive microparticles in the blood [11,12,19] (J.-G. Wang, T. McEachron,
N. Mackman, unpublished data). These procoagulant microparticles may prevent hemorrhage
in anticoagulated mice and explain the low incidence of bleeding in these studies.

Inhibiting the TF—FV1la complex is a potential therapeutic approach to treat multiple solid
tumor types. Additional benefits of this approach would be a reduction in metastasis and
thrombosis. However, the greatest challenge to targeting TF is to find an efficacious dose of
inhibitor that does not cause bleeding in cancer patients.
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Fig. 1.

Contribution of tissue factor (TF), coagulation proteases and protease-activated receptors
(PARS) to tumor angiogenesis. Formation of the TF—factor (F)VIla complex on the surface of
tumor cells activates the coagulation system. Cleavage of PAR-2 by FVIla or FXa induces the
expression of various pro-angiogenic proteins, including vascular endothelial growth factor
(VEGF), interleukin-8 (IL-8) and matrix metalloproteinases (MMPs). Activation of PAR-1 by
thrombin or FXa induces a similar set of genes. Various anticoagulants target different
proteases of the coagulation cascade, such as direct thrombin inhibitors (DTIs).
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