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Abstract

Cancer-associated thrombosis remains a significant complication in the clinical management of
cancer and interactions of the hemostatic system with cancer biology continue to be elucidated.
Here, we review recent progress in our understanding of tissue factor (TF) regulation and
procoagulant activation, TF signaling in cancer and immune cells, and the expanding roles of the
coagulation system in stem cell niches and the tumor microenvironment. The extravascular
functions of coagulant and anti-coagulant pathways have significant implications not only for
tumor progression, but also for the selection of appropriate target specific anticoagulants in the
therapy of cancer patients.
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Introduction

The clinical association of the hemostatic system and cancer progression has long been
recognized from the high incidence of venous thromboembolism, including Trousseau's
syndrome, in patients with advanced cancers (1). Cancer cells express tissue factor (TF) and,
upon exposure to blood, activate the plasmatic coagulation cascade and platelets during
metastasis (2). Consequently, metastatic disease is associated with an increased risk for
thrombosis. A large body of experimental evidence has delineated a multitude of interactions
between cancer cells, the blood and the vascular endothelium that contribute to the
efficiency of metastatic tumor cell dissemination (3;4). However, tumor cell TF expression is
not the sole determinant for cancer-associated thrombosis and cancer types display marked
differences in the incidence of clinically relevant thromboembolism (5;6). Contributing
factors are direct activations of platelets (7) and the contact phase (8) by which tumor cells
independently promote intravascular coagulation and thrombosis. Moreover, while tumor
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cell TF expression is sufficient to cause signs of systemic coagulation activation, it does not
predict the release of TF bearing microvesicles (MV) with measurable procoagulant activity
into the circulation of tumor bearing mice (9). The cellular mechanisms of TF activation,
regulation, and incorporation into procoagulant MV remain active areas of research and
recent advances on the functional regulation of the TF pathway in untransformed and
transformed cells will be discussed in this review.

Understanding the cellular and tumor specific mechanisms of coagulation activation is
pivotal for therapy and prevention of cancer-associated thrombosis, a major complication of
cancer progression as well as cancer therapy (10). However, the last two decades have
provided us with a wealth of new information demonstrating that the hemostatic system
influences substantially and directly aspects of tumor cell biology ranging from
angiogenesis, cancer stem cell maintenance implicated in therapy resistance, to the immune
cell composition of the tumor micro-environment. While cancer cell proangiogenic effects
of TF had originally established the pathophysiological relevance of upstream coagulation
signaling (11), recent progress has elucidated additional novel roles of the coagulant and
anti-coagulant balance in physiological innate immune signaling and hematopoiesis. These
new directions of research have potentially far reaching implications for cancer progression
and immune evasion. As discussed below, the broader roles of the hemostatic system in the
response to injury and infection may contribute to the characteristics of cancers as “wounds
that do not heal”, a term originally coined to describe the similarities of tumor and
regenerative angiogenesis in the context of a deposited transitional fibrin-rich extracellular
matrix (12). Most important, a better understanding of the physiological and
pathophysiological functions of coagulant signaling in stem cell niches and tumor
microenvironments may provide additional guidance for choices of Vitamin K antagonists
and target-selective oral anticoagulants in adjuvant cancer therapy.

Regulation of TF activity and procoagulant MV release

The procoagulant activity of TF is crucial for metastasis and a unique property of full-
length, but not alternatively spliced (as) TF, a circulating, soluble isoform of TF with a
unique C-terminus replacing the cytoplasmic and trans-membrane domains of full-length TF
(13). Untransformed cells maintain TF mainly in a non-coagulant state on the cell surface
and require activating signals to convert TF to a procoagulant receptor. Non-coagulant,
cryptic TF in non-tumorogenic epithelial cells binds FV1la with low affinity, but fully
supports proteolytic signaling of the TF-FVIla complex through protease activated receptor
2 (PAR2) (14). TF is maintained in a cryptic state by protein disulfide isomerase (PDI)
dependent thiol-disulfide exchange reactions that modify an allosteric disulfide bond in the
TF extracellular domain (14;15). Activating stimuli, including Ca2* fluxes (15;16), can
convert cryptic TF to a high affinity receptor for FVIla and fully procoagulant state in the
context of cell surface exposure of negatively charged phosphatidylserine (PS) (17).
Subsequent studies have shown that TF prothrombotic activity and fibrin formation in vivo
is indeed dependent on PDI-activity (18-20).

While initial studies employed rather non-physiological stimuli, including strong oxidizing
substances, to activate cell surface TF, pathophysiological relevant scenarios of TF activation
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on untransformed hematopoietic and vascular cells have been delineated, including platelet-
leukocyte interactions (20), cell injury signals activating the purinergic P2X7 receptor (18),
and activation of the complement cascade (21) (Fig. 1). In the latter case, conversion of
monocyte TF to a procoagulant form depends on both, redox changes of surface PDI caused
by complement factor C5 activation as well as PS exposure by the subsequent membrane
insertion of activated C7. Aggressive cancer cells do not regulate TF activity through PDI
and thiol-disulfide exchange pathways in the same way as non-malignant cells do (22),
which may contribute to the latent procoagulant state in cancer patients.

Another important aspect of TF activation on cells is the coupling of these events to
molecular pathways that culminate in the generation of procoagulant MV. A hallmark of
cancer cells is the spontaneous release of MV bearing TF (23). Procoagulant MV generation,
rather than cancer cell procoagulant activity per se, strongly correlates with metastatic
behavior of syngeneic mouse tumor cells (24). TF is released on MV that also incorporate
adhesion receptors, including P-selectin glycoprotein ligand-1 (PSGL1) and 1 integrins
(18), and remodeling of the actin cytoskeleton plays a crucial role in facilitating TF insertion
into MV. The TF cytoplasmic domain interacts with the actin binding protein filamin A (25)
which is crucial for targeting of TF to MV released from PAR2-stimulated cancer cells
(26;27). A different role for cytoskeletal anchoring of TF emerged from the study of
macrophages that tightly control TF activity dependent on cell adhesion (28). In primed
macrophages, filamin A restricts mobility of TF located primarily in glycosphingolipid-rich
raft domains and thus prevents TF recruitment onto highly procoagulant MV, unless filamin
A is proteolytically cleaved by calpain.

Macrophage calpain is activated as the consequence of a series of events that results from
triggering of the purinergic P2X7 receptor by high concentrations of ATP, a cell injury signal
that may be released from tumor cells under hypoxic stress or chemotherapeutic insult.
P2X7 receptor activation, dependent on endosomal reactive oxygen species (ROS) and
activation of thioredoxin reductase, causes extracellular release of thioredoxin and thereby
reductive changes of cell surface proteins, PS exposure and TF activation (28). While the
allosteric TF disulfide can be reduced by thioredoxin to inactivate TF (29), TF procoagulant
activation and release of TF on MV also requires PDI (18;28). The release of TF and other
cell surface receptors on these highly procoagulant and prothrombotic MV requires
trafficking of TF to the tips of filopodia that form during macrophage activation by P2X7
receptor signaling. The thiol disulfide exchange reactions following this injury response also
trigger activation of the inflammasome and the effector caspase 1 that not only promotes the
release of pro-inflammatory IL1p, but also -through actin destabilization- the final severing
and release of highly procoagulant MV. Thus, the P2X7 receptor triggered activation of TF
procoagulant activity is an apparently evolutionary conserved mechanism to couple
coagulation and inflammation.

The finding that cell adhesion is required for primary macrophages to maintain TF in a non-
coagulant state is in line with the known crosstalk of TF and its cytoplasmic domain with
integrin and cell adhesion signaling (25;30;31), but the precise mechanism by which normal
cells control cell surface TF procoagulant activity remains to be elucidated. It is tempting to
speculate that the same pathways that control coagulation may in turn serve signaling
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functions of the TF-FVIla complex in extravascular locations. Conversely, deregulated cell
adhesion and integrin function of tumor cells may disable adhesion-dependent control of TF
activity and thus favor prothrombotic MV release. However, tumor cells release also TF with
little procoagulant activity into the circulation (9) and these forms of TF may primarily serve
signaling roles after uptake by vascular and perivascular cells (32-34), similar to recently
elucidated integrin-dependent exosome preconditioning of metastatic niches (35).

There is also expanding genetic and experimental evidence that in addition to TF expression,
regulation of TF procoagulant activity is a relevant determinant for cancer progression. In
addition to the demonstrated role of the anticoagulant protein C (PC) pathway in controlling
intravascular tumor dissemination (13;36-39), endothelial TF pathway inhibitor (TFPI)
expression limits TF-dependent experimental metastasis (40). Tumor cell expression of TFPI
is regulated by hypoxia inducible factor (HIF) 1a (41) and TFPI expression by tumor cells
is correlated with improved outcome in breast cancer (42). Genetic polymorphisms
associated with breast cancer furthermore show that traditional prothrombotic risk factors
are not the sole determinant for tumor progression and that additional hemostatic
components, i.e. FX and the endothelial protein C receptor (EPCR), may be contributing to
the development of cancer (43).

TF signaling in tumorcells and angiogenesis

The coagulation cascade influences many facets of cancer development beyond the
metastatic process, including angiogenesis, immune evasion and tumor growth. Simon
Karpatkin proposed that thrombin is a key effector protease that facilitates the transition
from tumor dormancy (4), but a wealth of additional data implicate direct TF signaling as a
central pathway promoting tumor progression. Oncogenic mutations in a number of key
signaling pathways cause the constitutive upregulation of TF, including activating mutations
in the phosphatidylinositol 3 (PI-3) kinase pathway, the epidermal growth factor receptor
(EGFR), and the hepatocyte growth factor receptor (MET proto-oncogene), as well as loss of
tumor suppressors (44). TF is frequently upregulated in concert with its main cell signaling
receptor, PAR2, and hypoxia through induction of HIF2a., epigenetic changes in chromatin
structure, and androgen receptor signaling can induce tumor cell autonomous synthesis of
FVlla (45-51). Thrombin-independent, tumor cell TF-FVIla-PAR2 signaling induces a range
of pro-angiogenic and monocyte/macrophage-stimulating growth factors and cytokines that
promote tumor angiogenesis and progression in both xenograft and genetic models of
spontaneous tumor development (49;52-54). In turn, the TF-induced exit from tumor
dormancy and recruitment of inflammatory cells amplifies genetic alterations in tumor cells
and thus directly impacts tumor progression (55).

The tumor promoting effects of TF signaling employ, in a deregulated manner, cellular
pathways that are related to physiological functions of TF in adaptation and repair. TF-PAR2
signaling regulates physiological and pathological angiogenesis that involves in vascular
and/or perivascular cells crosstalk with platelet-derived growth factor receptor B (PDGFRp)
signaling (56-59), chemokine regulation (60), and Wnt signaling (61;62). TF-Vlla-PAR2
signaling also synergizes with EGFR and insulin growth factor receptor (IGFR) signaling
(63). While IGFR cross-activation protects tumor cells from apoptosis through activation of
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the PI-3 kinase pathway, this pathway may participate in PI-3 kinase-Akt signaling
dependent weight gain regulation by TF-FVIla signaling (64). Cancer cell signaling of the
TF-FVI1la-FXa coagulation initiation complex induces P1-3 kinase-mTOR signaling (65),
which may be related to the finding that autophagy is suppressed by TF-PAR2 signaling in
hepatocellular carcinoma (66). In addition to growth factor transactivation, TF-FVlla
influences tyrosine receptor signaling by direct proteolysis of the ephrin tyrosine kinase
receptors B2 and A2 (67). Since these receptors control cell-cell interaction, it is tempting to
speculate that TF-FVI1la induced cleavage releases growth inhibition and enables migration
in support of physiological tissue repair. If TF-FV1la activity remains unchecked by
extracellular inhibitors or cellular degradation pathways, TF-FVIla may foster tumor
invasion by the same mechanism.

TF centrally controls the cell adhesion and migration machinery through interactions with
integrins. The extracellular domain of TF is a ligand for several integrin f1 heterodimers and
avp3 (30) and ligand FVIla binding to TF regulates association specifically with the
basement matrix laminin-binding integrins a3p1 and a6p1 (49). The alternative splicing of
TF preserves binding with avp3 and a6p1 and soluble asTF can enhance tumorigenicity of
luminal breast cancer cells through autocrine integrin p1 signaling as well as through
endothelial cell avp3 ligation promoting sprouting angiogenesis and upregulation of
myeloid cell adhesion molecules (68-70). While integrin ligation pathways of asTF and
transmembrane TF are overlapping, asTF, unlike full-length TF, cannot rescue early
embryonic failure of the yolk sac vasculature caused by TF-deficiency in mice (71).

In addition, full-length TF plays a particularly important role in promoting tumor growth of
highly aggressive triple negative breast cancer. The concept that TF-PAR2 signaling is
linked to integrin association emerged from the inhibitory properties of a unique monoclonal
antibody, 10H10, that has minimal effects on FVIla binding or TF procoagulant activity, but
abolishes constitutive and FVIla-induced interaction of TF with integrins (49). This antibody
potently inhibits TF-FVIla induction of proangiogenic cytokines and consistently blocks,
unlike anti-coagulant anti-TF antibodies, angiogenesis and tumor growth of aggressive
breast cancer, melanoma, and glioblastoma xenograft tumors (49;72;73). Genetic studies in
spontaneously developing breast cancer in mice furthermore showed that PAR2 and TF
cytoplasmic domain signaling have overlapping functions in tumor progression from
adenoma to invasive carcinoma (53;54), a process requiring macrophage recruitment and
angiogenesis.

How the TF cytoplasmic domain is contributing to proangiogenic PAR2 signaling remains to
be elucidated, but the phosphorylation status of the TF cytoplasmic domain may serve as a
potential biomarker to indicate active or deregulated TF-PAR2 signaling crosstalk in vivo.
The human TF cytoplasmic domain is sequentially phosphorylated by protein kinase C at
Ser253 and by Pro-directed kinases, including p38 MAP kinase (74), at Ser2%8 (75:76) and
adopts a more compact structure upon phosphorylation (77). PAR2 activation induces TF
phosphorylation (78), and in primary breast cancer biopsies Ser2>8 phosphorylation status of
TF is correlated with PAR2 expression and only found in patients with relapse after initial
therapy (79). While the TF cytoplasmic domain of TF is not required for embryogenesis, it
regulates integrin function (30), activation of p38 MAPKkinase (31;74;80), and PAR2
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signaling in angiogenesis (56). Increased TF expression in macrophages of TF cytoplasmic
domain deleted mice indicates that TF degradation may also be regulated by this domain
(28;80). The phenocopy of PAR2-deficient and TF cytoplasmic domain-deleted mice in
different disease models (53;64) suggests that TF intracellular interactions may be
particularly important for binary TF-FVIla signaling.

Coagulation signaling of immune cells

TF signaling is not restricted to the non-coagulant binary TF-FV1la complex, but the nascent
product FXa of coagulant TF-FVIla also efficiently activates PAR2 and PAR1 (81). The
remarkable switch in protease utilization from FVlla to FXa in TF-dependent PAR2
cleavage remained mechanistically poorly understood until the demonstration that EPCR is
required for signaling of the TF-FVIla-FXa complex in a variety of cell types from mouse
and man (82;83). The y-carboxyglutamic acid-rich (Gla) domains of activated PC (aPC) and
FVIla are essentially identical and human FVlla can interact with EPCR similar to aPC and
apparently independent of TF (84-86). Binding of the FXa Gla-domain, however, is
distinctly dependent on the presence of Mg?* that also substantially alters the interaction of
FX with TF-FVIla (83). EPCR not only supports ternary TF-FVI1la-FXa signaling by
presumably stabilizing the signaling conformation of this complex, but the soluble form of
EPCR can also alter FX activation by TF-FVIla, even when its interaction with TF-FVIla is
prevented through mutation of the FVIla Gla-domain. While these data strongly supported a
direct interaction of EPCR with FXa, it remains an open question whether the binary TF-
FVIla complex can engage EPCR for biologically relevant signaling responses or
anticoagulation (87).

Further progress in understanding biological functions of the ternary complex came from
studies of the LPS response in innate immune cells. A subset of LPS-responsive genes in
dendritic cells of septic animals was no longer induced in the absence of both, EPCR and
PAR2 (88). TF deficiency, TF antibody blockade, inhibition of FXa, or rendering PAR2
cleavage-insensitive by mutation in mice abolished the induction of a gene signature known
to involve the recruitment of the adaptor TRIF to toll-like receptor (TLR) 4. The crucial
importance of the TF ternary complex in activating this TLR4 pathway was confirmed by a
unique TFPI-like inhibitor, nematode anticoagulant protein (NAP) c2, that stabilizes the TF-
FVIla-FXa ternary complex by blocking FVIla without inhibiting FXa signaling (81;83;89).
In the presence of NAPc2, the TF-induced TRIF response was not only preserved, but
stabilization of the ternary complex with NAPc2 prevented the suppression of TF signaling
by aPC. This signaling role of aPC is, similar to aPC anticoagulant activity, dependent on
protein S as well as FV anticoagulant cofactor function that is lost in FV| gjgen (90). These
data suggest that EPCR ligand occupancy by either FXa or aPC determines TLR4-TRIF
activation and indicate a control switch function for EPCR in the hardwiring of innate
immune and coagulation signaling.

Despite its stabilizing effect on the ternary TF-FV1la-FXa signaling complex, NAPc2 is
primarily a potent anticoagulant as well as an inhibitor of TF-FVIla-PAR2 signaling in
angiogenesis (57;91). While the pronounced anti-tumor effects of NAPc2 in spontaneous
colon cancer development may be due to either of these activities, one should consider
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whether effects on immune cell signaling are contributing factors in reducing oncogenesis
(92). Effects of NAPc2 on immunity have been documented, including reduction in viral
load in Ebola virus infected animals (93;94), which in part may be caused by diminished
viral uptake, as demonstrated by the effect of the inhibitor on herpes simplex virus infection
of endothelial cells (95). In addition, there is expanding evidence that TF and PAR signaling
not only regulates TLR4 (96-98), but also a variety of anti-viral responses (99). While there
is considerable cell type variability in the effects of PAR deletion and PAR agonist
stimulation on these TLR signaling responses, data are sparse on the involvement of specific
proteases that activate PARs and thus alter viral pathogenesis.

Similar to infectious scenarios, coagulation and immune cell derived proteases characterize
the tumor microenvironment (TME). Inflammation is an essential part of tumor biology and
contributes to both, tumor elimination as well as reprogramming of immune responses to
promote immune evasion (100). The plasticity of macrophages renders these innate immune
cells particularly susceptible to dynamic changes in the TME and tumor associated
macrophages (TAM) are therefore involved in multiple aspects of tumor progression
(101-103). The tumor microenvironment through incompletely defined effector pathways
induces alternative macrophage activation to a repair-type phenotype supporting
angiogenesis and matrix remodeling. It is tempting to speculate that alternative macrophage
activation involves, in part, the intrinsic coupling of PAR signaling and innate immune
signaling. Indeed, the upstream coagulation factors Vlla and X are specifically expressed by
TAMs (48;104), directly positioning the proteases participating in TF signaling complexes
as relevant players in the TME.

Coagulant pathways in extravascular stem cells environments

The bone marrow environment recently emerged as another example where the coagulation
system has major extravascular functions beyond the regulation of hemostasis and
thrombosis with potential implications for cancer stem cell biology (105). Long-term
repopulating hematopoietic stem cells (HSC) are tightly regulated by their bone marrow
niches to undergo proliferation upon demand, while returning to quiescence to prevent bone
marrow exhaustion after stress and injury situations are resolved. The extravascular balance
of pro-coagulant and anti-coagulant pathways in the bone marrow niche turned out to be
crucial to regulate HSC mobilization and retention. Specifically, PAR1 signaling by
thrombin or aPC bound to EPCR provide opposing signals controlling HSC fate. The most
primitive HSC with long-term repopulating capacity express the highest levels of EPCR
(106), but EPCR expression is lost when HSC exit the bone marrow. Thrombin in the bone
marrow is crucial for the exit of HSC by PAR1-dependent release of the mobilizing
chemokine CXCL12 from stromal cells, induction of ADAM17/TACE-mediated EPCR
shedding from HSC, and mobility increase of HSC (105).

In contrast, EPCR expression is crucial for HSC retention specifically in bone marrow
niches and loss of EPCR, function blocking antibodies, or mutations in the aPC binding site
(107) cause increased numbers of circulating HSC. EPCR engagement by active aPC, but
not by FVIla, leads to endothelial cell nitric oxide synthase (eNOS) phosphorylation at the
Thr495 negative regulatory site that limits NO production (105). The suppressive effect of

Thromb Res. Author manuscript; available in PMC 2017 April 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Ruf et al.

Page 8

aPC/EPCR/PARL1 signaling can be reversed by thrombin-PAR1 signaling leading to
activating eNOS Ser177 phosphorylation and NO production. This regulatory switch of
PARZ1 signaling controls motility and adhesion of HSC. In the EPCR-induced quiescent
state, HSC have reduced levels of active CDC42, a matility promoting small GTPase, adopt
polarization, and increase affinity of the integrin a4p1 that plays a pivotal role for HSC
retention through VCAML and fibronectin interaction in the bone marrow niche. HSC aPC/
EPCR/PARL signaling supports engraftment in bone marrow transplantation, and,
conversely, loss of this pathway increases the susceptibility to bone marrow failure under
myelo-ablative chemotherapy.

The coagulant and anticoagulant pathways thus play important regulatory roles not only
within the vasculature, but also in perivascular and extravascular environments. These
physiological processes may be relevant e.g. for the retention and survival of leukemic cells
in bone marrow niches. EPCR not only marks HSC, but also neuronal, epithelial and
pluripotent mammary gland progenitor populations (108-112), and broader roles for EPCR
in cancer and normal stem cell regulation can be expected. EPCR is best studied in breast
cancer where it marks cancer stem cells (113) and is functionally important for their
population of tumor niches at very low numbers (48). Function blocking antibodies to EPCR
also block growth of heterogeneous tumor consisting of cancer stem and more differentiated
cells. Intriguingly, the studied breast cancer stem cell population also expresses integrin
a4pl and EPCR ligation increased proliferation specifically on matrices for integrin a4p1.
Although EPCR suppresses tumor progression of procoagulant TF-PAR1 dependent
mesothelioma (114), EPCR supports lung cancer aggressiveness (115), suggesting that
EPCR may influence stem cell phenotypes in several cancer types. It will be of interest for
future studies to better understand how cancer cells utilize the coagulant and anticoagulant
pathways in the TME and metastatic niches for survival and the escape from cytotoxic
cancer therapy.

Targeting the coagulant pathways in cancer

The emerging functions of the pro- and anti-coagulant pathways in cell signaling and
regulation of extracellular microenvironments give new perspectives on challenges and
opportunities in treating cancer patients with anticoagulants. While the focus in the therapy
of non-malignant thromboembolic disease is on restoring the intravascular pro- and
anticoagulant balance, removal of flow restrictions and therapeutic interventions in disease-
causing risk factors, cancer-associated thrombosis is frequently chronic and even aggravated
by therapeutic intervention. The distinct contributions of extravascular coagulation activation
in the TME may limit efficacy of plasma protease inhibitor-dependent anticoagulants, like
heparin, and make cancer-associated thrombosis more approachable with oral small
molecular target selective anticoagulants. Although certain prostate cancer cells may utilize
contact pathway activation for cancer-associated thrombosis (8), redundant coagulation
activation by stromal cell TF (72) likely limits the utility of selective targeting the contact
pathway as primary therapy for cancer-associated thrombosis.

In the pioneering studies by Leo Zacharski (116), anticoagulation by blocking activity of
Gla-domain-containing proteins with Vitamin K antagonists produced a remarkable survival
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benefit in patients with small cell lung cancer. The expanding knowledge of both tumor
promoting and pathogenic mechanisms of coagulation activation in cancer and molecular
definition of cancer subtypes may eventually lead to improved matching of patients for
therapy with the expanding repertoire of target selective anticoagulants. The elucidation of
cancer cell TF signaling mechanisms indicates that targeting the upstream extrinsic
coagulation pathway may have beneficial effects on both cancer-associated thrombosis as
well as tumor-promoting activities of the hemostatic system. TFPI-like inhibitors, like
NAPc2 and Ixolaris have anticancer activities (117;118) that are expected to be recapitulated
by direct inhibitors of FV1la. While it is unclear whether targeting FV1la directly carries an
increased bleeding risk compared to direct inhibitors of FXa or thrombin, the latter are less
likely to attenuate tumor cells TF signaling and tumor promoting activities of the extrinsic
pathway. The concept that TF signaling can be selectively inhibited by antibody or other
modulators of TF function (49) has not been evaluated clinically, but may be particularly
attractive as adjuvant therapy, even in patients with increased risk for bleeding.
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Highlights

Progress in the understanding of TF activation and signaling provides new
perspectives for coagulation contributions to cancer-associated thrombosis
and tumor progression

Extravascular coagulation signaling plays novel roles in stem cell niches and
the tumor microenvironment with implications for anticoagulant therapy in
cancer
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Coagulation

Fig. 1. Cellular Regulation of TF with activating pathways in red and inhibitory mechanisms in
green
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