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Tissue factor as an effector of angiogenesis and tumor progression in hematological
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In the last few years, it has become clear that the processes of
tumor angiogenesis, metastasis and invasiveness are highly
dependent on components of the blood coagulation cascade.
One of the key proteins in coagulation is tissue factor (TF). In
addition, TF is also known as a mediator of intracellular
signaling events that can alter gene expression patterns and
cell behavior. TF significantly participates in tumor-associated
angiogenesis and its expression levels have been correlated
with the metastatic potential of many types of hematological
malignancies. Signaling pathways initiated by both, tissue
factor-activated factor VII (TF-FVII(a)) protease activation of
protein-activated receptors (PARs), and phosphorylation of the
TF-cytoplasmic domain, appear to regulate these tumoral
functions. Advances in antiangiogenic therapies and preclinical
studies with TF-targeted therapeutics are hopeful in the control
of tumor growth and metastasis, but continued studies on the
regulation of TF are still needed. In the last few years, the use of
approaches of functional genomics and proteomics has
allowed the discovery of new proteins involved in the origin
of the neoplasia and their participation in the development of
the disease. This review attempts to establish a cellular and
molecular causal link between cancer coagulopathy, angiogene-
sis and tumor progression in hematological malignancies.
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General overview of TF

Tissue factor (TF) is a 47 kDa transmembrane glycoprotein,
found on the surface of various cells and is the principal initiator
of the coagulation cascade. The TF protein consists of 295
amino acids, from which 32 amino acids serve as a signal
peptide for intracellular transport. The mature peptide consists
of 263 amino acids with an extracellular domain (residues
1–219) that contribute to the binding of its natural ligand, the
FVII(a): a membrane spanning domain (residues 220–242)
necessary for stabilization of the molecule, and a cytoplasmic
domain (residues 243–263), playing a key role in intracellular
signaling.1,2 Structurally, TF belongs to the class II cytokine
receptor superfamily, sharing a significant degree of homology
with the interferon class of receptors. Moreover, the fact that the
intracellular part of TF contains two putative phosphorylation
sites suggests a role for this protein in intracellular processes.3 TF
is a key player in blood coagulation; one of the consequences of

the disruption of the vessel wall is the exposure of TF-expressing
cells located in the underlying cell layers to the bloodstream,
thus enabling binding of activated factor VII to TF. This protein
complex then initiates the extrinsic coagulation pathway,
thereby initiating the formation of a blood clot. In the last few
years, it has become clear also that TF-mediated conversion of
FIX to FIXa is pivotal for the activation of the intrinsic
coagulation pathway. Thus, TF ensures that the extrinsic and
intrinsic pathways operate simultaneously.1,3 In the adult
organism, TF is constitutively expressed in a variety of
extravascular tissues. In addition, TF expression can be
transiently upregulated by growth factors and cytokines in
intravascular cells as endothelial cells and monocytes.4 TF
expression itself is under cell-type-specific control through
different transcriptional pathways, which is also reflected by
different activation patterns in response to different stimuli. In
addition to its regulation of the clotting cascade, TF has recently
been shown to participate in a variety of physiological processes
distinct from hemostasis, including embryogenesis, inflamma-
tion, cellular signaling, cell migration, tumor growth, metastasis
and angiogenesis.4,5 Furthermore, recent investigations have
revealed that intracellular activities induced by FVII(a) bound to
cell surface TF may well be related to these events.5–7 In
addition, TF can often exerts its role independently from binding
to its natural ligand, FVII(a)8 (Figure 1).

TF/FVII(a)-induced intracellular signaling

Binding of FVII(a) to cell surface-associated TF results in the
production of intracellular signals through cytosolic calcium
alteration, mitogen activated protein kinase (MAPK) phosphory-
lation, p38 MAPK phosphorylation, protein kinase B phosphory-
lation and upregulation of multiple genes, such as early growth
response gene-1, Cyr61 and connective tissue growth factor
gene (Table 1 and Figure 2). Signaling activities of TF are mainly
mediated by the protein-activated receptors (PARs) family of
G-protein-coupled receptors, in particular protease-activated
receptor 1 (PAR1) and protease-activated receptor 2 (PAR2). To
date, four subtypes of PAR have been identified in humans
(named PAR1 to PAR4), whose expression has been detected in
most tissues and in numerous cells.9 In hematological malig-
nancies, PAR3 has been shown to be upregulated by the
induction of megakaryocyte phenotype in human erythroleuke-
mia cells,10 and PAR1 expression has been verified by flow
cytometry analysis in the promyelocytic cell line HL-60,11 and
after induced differentiation in the monocytic cell line U937.12

Recent studies have shown that the TF-VII(a) complex activates
PAR2, and the product of initiation of coagulation, Xa, while still
assembled in the transient ternary TF-VII(a)-Xa complex, signals
through PAR1 or PAR2.13 Moreover, PAR1 and PAR2 are
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coexpressed both in tumor cells and in cells of the tumor
microenvironment, and their activation also contributes to a
variety of biological processes, including inflammation, angio-
genesis, metastasis and cell migration.14 Finally, in some tumor
cells it has been demonstrated that TF can also exerts its role
independently of ligand activation, via its cytoplasmic tail,
which can be phosphorylated in vitro, having the potential to
transduce intracellular signals.5,8

Aberrant TF expression in hematological malignancies

It is now recognized that patients with malignant lymphoma,
acute myeloid leukemia (AML) and multiple myeloma have a
hypercoagulable state and frequently have associated thrombo-
tic disorders during the clinical course of the disease.15,16

Hypercoagulability in patients with hematological malignancies
could be owing to the activation of TF, which may be tumor
cell-derived or owing to the tumor-associated environment. In
the early 1990s it was established that monocytes from
lymphoma patients are endowed with functional abnormalities
leading to the simultaneous expression of TF and antifibrinolytic
activity.17 Recent studies have further demonstrated that the
incidence of severe complications, such as disseminated
intravascular coagulation (DIC) in malignant lymphoma, differs
between clinical stages and histological types of the disease, but
they occur frequently in stage IV or natural killer (NK) cell
lymphoma. Patients with stage IV or NK cell lymphoma exhibit
abnormal thrombotic and hemostatic states. One of the
mechanisms in DIC might involve elevated cytokine expression
by lymphoma cells stimulating the expression of TF in blood
cells or surrounding tissue.16,18 It has been also demonstrated an
increased expression of TF in AML cells, particularly in leukemic
blast from subtypes M3 and M5. This overexpression accounted
for an increased risk of thrombohemorragic alterations in these
patients.19,20 Some other hematological malignancies (such as
multiple myeloma and myeloproliferative disorders) have also
been described to be associated to the development of
thrombotic events.15 The prothrombotic status in these malig-
nancies has been mostly attributed to procoagulant autoanti-
body production, acquired activated protein C resistance or
altered platelet production and function.21 However, to date, no
relationship with TF expression has been reported.

Role of TF in tumor angiogenesis

The switch to an angiogenic phenotype requires a shift in
balance between endogenous proangiogenic and antiangio-
genic factors that regulate vessel growth and development.
Aberrant expression of TF in tumors contributes to the
angiogenic phenotype, in part, by upregulating the expression
of the proangiogenic protein vascular endothelial growth factor
(VEGF) and downregulating the expression of the antiangiogenic
protein thrombospondin.8 Moreover, some transcription factors,
including specificity protein-1 (SP-1), activator protein-1 (AP-1)
and nuclear factor-kappa B (NFkB), are involved in the
regulation of both TF and VEGF, offering a potential mechanism
for their colocalization and co-regulation in many tumors.4 The
accumulating data indicate that TF expressed by tumor cells as
well as host cells initiates direct or indirect signaling events that
support tumor angiogenesis22 Coagulation activation produces
proteolytic fragments of proteases, inhibitors and extracellular
matrix components with potent regulatory effects on angiogene-
sis.23 In vivo, TF may drive local thrombin generation and thus
indirectly induce VEGF signaling either by paracrine PAR1
signaling in stromal cells or by PAR1 activation of tumor cell in
an autocrine manner.24

The role of TF in tumor angiogenesis, however, is still
controversial. TF plays a role in tumor angiogenesis at least in
some tumors, but is definitely not the only player that
contributes to vessel formation. Consistently, in those tumor
cells that are incapable of expressing TF, VEGF transcription was
not completely abolished. Thus, additional factors are operative
in angiogenesis and tumor vascularization, which is consistent
with the clinical observation that some but not all tumors show
colocalization of TF and VEGF. The diversity of pathways
identified to date illustrates the complexity of TF signaling,
which, in addition, is dependent on the cell types.

Differential mechanisms of TF-induced tumor
angiogenesis
TF contributes to tumor angiogenesis via both clotting-depen-
dent and -independent mechanisms.8 Clotting-dependent in-
duction of tumor angiogenesis is primarily mediated by
TF-induced generation of thrombin and subsequent deposition
of crosslinked fibrin. A crosslinked fibrin network provides a
provisional proangiogenic matrix that facilitates blood vessel
infiltration. Clotting-independent pathways are primarily
mediated by the constitutive and aberrant expression of TF
observed in many tumor cells and associated vascular endo-
thelial cells, and can be divided into three independent,
although interconnected pathways (Figure 3) that appear to
involve: (i) phosphorylation of the cytoplasmic domain of the TF
receptor and subsequent downstream signaling events that
occur independently of thrombin production or clot formation,
and possibly even independently of ligand activation;25 (ii)
activation of intracellular signaling as a consequence of TF-
FVII(a) interaction and subsequent actin reorganization and
increased endothelial cell adhesion and migration;26 and (iii) via
thrombin generation, which can induce angiogenesis by
cleaving the cell membrane-bound PARs, thus leading to the
transcriptional activation of a number of genes that are involved
in angiogenesis.9 In vivo, PAR signaling has generally been
attributed to activation by thrombin.9 However, recent studies
have provided clear evidence for relevant thrombin-indepen-
dent, TF-mediated PAR signaling in angiogenesis in vivo.27 In
this context, the TF-dependent signaling occurs either by the
TF-FVIIa protease complex specifically through PAR228,29 or by

Figure 1 TF participates in numerous biological processes. Intra-
cellular activities induced by Factor VII(a) bound to cell surface TF
contributes to thrombosis, angiogenesis, tumor growth and metastasis.

Role of tissue factor in hematological malignancies
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Table 1 TF-FVII(a)-induced intracellular signaling and their contribution to pathophysiological processes

Intracellular signaling induced Cell type Pathophysiological effects References

PAR1 and PAR2 activation Bromberg35

VSMC cells Inflammation Marutsuka, Thromb Res 107:271; 2002
Macrophages Angiogenesis Shi13

Various tumor cell types Migration Hjortoe28

Tumor metastasis Morris, Cancer Res 66:307; 2006

P42/44 MAPK phosphorylation– BHK cells Cell survival Sorensen, J Biol Chem 274:21349; 1999
p21 ras/MAPK pathway activation Fibroblasts Tumor metastasis Camerer29

HaCaT keratinocytes Versteeg, J Thromb Haemost 1:1012; 2003

Intracellular Ca2+ oscillations Endothelial cells
J82 bladder carcinoma

Angiogenesis Rottingen, J Biol Chem 270:4650; 1995

MDCK cells Camerer, J Biol Chem 271:29034; 1996

P38 MAPK/JNK phosphorylation HaCaT keratinocytes Inflammation Camerer, J Biol Chem 274:32225; 1999

PI3K/Akt/PKB pathway activation BHK cells Cell survival Versteeg, J Biol Chem 275:28750; 2000
Fibroblasts (A14 cells)
HaCaT keratinocytes

STAT phosphorylation via Jak2 activation BHK(TF) cells Cell survival Versteeg, Circ Res 94:1032; 2004

P70/p85(S6K) and p90(RSK) phosphorylation BHK cells Protein synthesis Versteeg, J Biol Chem 277:27065; 2002
HaCaT keratinocytes

Gene transcripts: VEGF, uPAR, Egr-1, IL-8, etc Fibroblasts Angiogenesis Ollivier, Blood 91:2698; 1998
Keratinocytes Tumor growth Taniguchi, Cancer Res 58:4461; 1998
Various tumor cell types Tumor metastasis Wang, J Biol Chem 277:23620; 2002

Altered expression of selected genes: CCN1 and CCN2 Fibroblasts Cell adhesion, proliferation Pendurthi, J Biol Chem 275:14632; 2000
Keratinocytes Angiogenesis, tumor metastasis

Wound healing

Phosphorylation of the TF cytoplasmic domain Endothelial cells Angiogenesis Ahamed27

CHO/TF cells

Abbreviations: HaCaT, human keratinocyte cell line; Jak2, Janus tyrosine kinase 2; JNK, Jun-N-terminal kinase; MAPK, mitogen activated protein kinase; PAR1, protease-activated receptor 1; PAR2,
protease-activated receptor 2; TF, tissue factor; uPAR, urokinase-type plasminogen activator receptor; VEGF, vascular endothelial growth factor; VSMC, vascular smooth muscle cells
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Figure 2 TF/FVIIa-induced intracellular signaling. Binding of FVII(a) to TF results in the activation of several MAPK pathways and subsequent gene
transcription. PI3 kinase activation constitutes also an important branching point for further signal transduction routes, mainly related to anti-
apoptotic processes. On the other hand, ABP-280 may play a role in TF-signaling as well since this protein has a high affinity for the TF cytoplasmic
domain. In addition, TF-dependent generation of coagulation proteases activates multiple pathways involved in coagulation and signaling. The
overall activation of this multiple cell signaling is responsible for the induction of angiogenesis, tumor growth and metastasis.

Figure 3 Differential mechanisms of TF-induced tumor angiogenesis. Both clotting-dependent and independent mechanisms induce
angiogenesis. TF induces nonclotting-dependent mechanisms via phosphorylation of its cytoplasmic tail and subsequent signal transduction
cascades. TF induces angiogenesis also via clotting-independent mechanisms by downstream generation of proteases such as thrombin, proteolytic
cleavage of the PARs and subsequent activation of G-protein-coupled signal transduction cascades that induce angiogenesis-related genes.
Clotting-dependent mechanisms induced by TF are mediated via fibrin deposition and platelet activation.
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the nascent product Xa in the ternary TF-VIIa-Xa complex that
signals through PAR230,31 as well as PAR1,29–32 the first
recognized thrombin receptor. The studies performed by Belting
et al have further demonstrated that TF cytoplasmic domain
plays a crucial role in these effects, so that its genetic deletion
results in accelerated physiological and pathological angiogen-
esis. TF cytoplasmic domain exerts a potent negative regulatory
control on PAR2 to prevent PAR2-dependent proangiogenic
signaling. Because PAR2 signaling leads to TF phosphorylation,
it is assumed that hyperphosphorylation of TF may shut off the
angiogenesis-suppressive functions of the TF cytoplasmic
domain in pathological angiogenesis.

Tumor progression: TF as an effector of metastasis

In the last few years, it has become clear that the processes of
cancer metastasis and invasion are highly dependent on
components of the blood coagulation cascade. As indicated
previously, one of the key proteins in coagulation is TF. TF
upregulation has frequently been associated with tumorigenesis,
and tumor cells show a high procoagulant activity.33 Moreover,
the accumulating data indicate that TF expressed by tumor cells
as well as hosts cells initiates direct or indirect signaling events
that support tumor development by distinct mechanisms. A
molecular pathway by which TF might support cell migration
and cellular trafficking is the binding of the protein ABP-280 to
the cytoplasmic domain of TF. Recruitment of ABP-280 results
in the reorganization of actin filaments, cell spreading and
migration.25 These effects are mediated by interactions of the TF
cytoplasmic tail with cytoskeletal adaptor proteins, and thus
might explain the functional significance of the TF cytoplasmic
domain in metastasis and vasculogenesis. On the other hand,
the TF pathway inhibitor (TFPI) and its homologous Kunitz-type
inhibitor, TFPI-2, which are associated with the extracellular
matrix, interact with the TF-FVII(a) complex and thereby
influence migratory and adhesive properties of tumor cells.7

The TF pathway can also upregulate the expression of the
urokinase-type plasminogen activator receptor (uPAR), a key
factor in the plasminogen activation system that promotes the
production of matrix-lysing enzymes, and which therefore may
have a role in promoting tumor cell, migration and metastasis.34

On the other hand, regulation of cell motility is a possible
pathway by which TF directly influences tumor cell metastasis.
Experimental hematogeneous metastasis is dependent on both
TF-VIIa-driven thrombin generation as well as TF cytoplasmic
domain signaling.35,36 It has been recently demonstrated that
the TF cytoplasmic domain, in its unphosphorylated state,
inhibits the migration on laminin-5 that is dependent on the
activation of integrin alpha-3b1. TF phosphorylation is specifi-
cally induced by PAR2 signaling, and TF-FVIIa-mediated
activation of PAR2 is sufficient to release integrin inhibition in
a pathway that required phosphorylation of the TF cytoplasmic
domain. Thus, TF-VIIa signaling may simultaneously counteract
integrin suppression by phosphorylating the TF cytoplasmic
domain and locally triggering proinvasive PAR2 activation.37

Finally, thrombin generation downstream of TF also plays a
central role in the metastatic process, and thrombin’s effects on
tumor cells are generally assumed to be mediated by PAR1.
Expression of PAR1 in tumor cells has been associated with
increased tumor invasiveness and metastasis. However, a very
recent study has shown that thrombin markedly enhances
migration of metastatic tumor cells and that PAR1 activation is
necessary but not sufficient. Rather, the simultaneous activation

of PAR1 and PAR2 by thrombin is required to cause the
chemokinetic effect.13

Angiogenesis in hematologic malignancies

Current studies indicate that angiogenesis is critical in the
pathogenesis of numerous different hematologic malignancies,
including acute leukemia, chronic leukemia, non-Hodgkin’s
lymphoma, myelodysplastic syndrome and multiple myelo-
ma.38–44 Moreover, some markers of angiogenesis such as
increased expression of VEGF and basic fibroblast growth factor
(bFGF) have been correlated with clinical characteristics in
leukemia, serving as predictors of poor prognosis.45 Angiogene-
sis is tightly regulated by proangiogenic and antiangiogenic
molecules, which arise from cancer cells, stromal cells,
endothelial cells, the extracellular matrix (ECM) and blood.
Importantly, the relative contribution of these molecules is
dependent on the tumor type and site, and their expression
changes with tumor growth, regression and relapse.46 The
imbalance of angiogenic regulators (i.e., VEGF and angiopoie-
tin) accounts for abnormal structure of tumor vessels, which in
turn results in chaotic, variable blood flow and vessel leakiness,
thereby lowering drug delivery and selecting more malignant
tumor cells.47

In addition to stimulating the production of new blood
vessels, it has been suggested that VEGF may be involved in
complex autocrine and paracrine interactions in the bone
marrow microenvironment. One possibility is that there may
be paracrine interactions in which VEGF produced by neoplasic
cells promotes endothelial cell migration and proliferation and
that the endothelial cells, in turn, produce factors that promote
tumor cell growth (Figure 4). This paracrine interaction would
result in a positive feedback loop that may enhance both
angiogenesis and tumor cell proliferation.48,49 Co-expression of
both VEGF and VEGF receptors in leukemia, lymphoma and
multiple myeloma coupled with its direct effects on tumor cell
survival migration, and proliferation, confirms the pivotal role
for autocrine VEGF loops in the pathogenesis of these
malignancies.50 On the other hand, it should be mentioned
that in addition to its role as an essential regulator of physiologic
and pathologic angiogenesis, as demonstrated for TF, VEGF
holds a number of recently proved additional roles. For
example, it (i) triggers growth, survival and migration of
leukemia and multiple myeloma cells;51,52 (ii) plays a pivotal
role in hematopoiesis and differentiation of multiple hemato-
poietic lineage;53 (iii) inhibits maturation of dendritic cells;54

and (iv) increases osteoclastic bone–resorbin activity as well as
osteoclast chemotaxis.55,56

TF and angiogenesis in acute leukemia: molecular
mechanisms involved

It has been demonstrated that the ‘angiogenic switch’ is
triggered by oncogene-mediated tumor expression of angiogenic
proteins including TF, VEGF and angiopoietin, as well as by
metabolic stress, mechanical stress, genetic mutations, altered
intracellular signaling and the immune response.45,57 Actually, a
number of different signaling routes seem to be triggered
simultaneously in leukemia cells, with distinct and overlapping
activities.58,59 As stated above, TF significantly participates in
tumor-associated angiogenesis and its expression levels
have been correlated with the invasive and metastatic potential
or many types of hematological malignancies.6 Indeed,

Role of tissue factor in hematological malignancies
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upregulation of VEGF and angiogenesis has been recently
demonstrated in acute leukemia patients.37,38 Both TF and VEGF
can be induced by constitutive activation of oncogenic proteins
such as Raf, MEK or PI3K, acting at various levels of the Ras
signaling pathway.60

In that way, a recent study has investigated in a subset of
acute leukemia samples the expression and activation status of
TF, VEGF and two intracellular proteins involved in their
regulation: the extracellular-regulated kinase (ERK1/2) and the
NFkB (Barbarroja et al. Pathophysiol Haemost Thromb 2004:
33; abstract). Significantly higher VEGF and TF-mRNA levels
were found in the majority of the samples analyzed compared to
controls, with a positive correlation between them. The extent of
VEGF and TF expression varied among the different samples
tested, but was higher in all subtypes of the AMLs FAB
classification. That data correlated with previous studies
showing that both TF and VEGF are co-expressed under similar
conditions and in some solid tumors.5 Concomitantly, fresh
leukemia samples also expressed the VEGF receptor KDR, thus
indicating, as above suggested, the possibility of an autocrine
pathway in which the tumor cells may stimulate their own
growth after VEGF exposure.37,38 In addition, almost all the blast
samples showing increased TF and VEGF levels also exhibited
enhanced ERK phosphorylation in agreement with previous
studies, which demonstrated that some transcription factors
regulating TF can also induce VEGF transcription.5 Accordingly,
MAPK seems to be a common pathway that regulates,
independently, VEGF and TF expression and, at the same time,
is involved in the control of TF or VEGF expression induced by

each other. In this study, it was also demonstrated that, of the
investigated leukemia cases, NFkB was frequently constitutively
activated, and that this activation correlated significantly with
the increased expression of mRNA-TF. Many studies have
shown that increased TF expression can be explained by
induction of different transactivating transcription factors, such
as members of the NFkB.61,62 Moreover, a recent study has
described the involvement of the Ras-induced Raf/MEK/ERK
pathway in activating NFkB DNA binding and transactivation.63

Thus, the simultaneous activation of the ERK pathway found in
the leukemia samples could help to explain this concomitant
activation. Furthermore, recent data suggest that in a variety of
tumors, several NFkB target genes encode secreted growth
factors that induce NFkB activation.64 Thus, autocrine loops
might be also important in the constitutive activation of NFkB in
cancer. In this work, clinical studies demonstrated a higher
incidence of recurrence and fatal outcome among patients in
which a coordinated increase in the expression and activation of
the above-mentioned proteins was observed. Both TF and VEGF,
remarkably elevated and simultaneously expressed in blast AML
cells, might determine an increase in tumor angiogenesis, thus
linking both proteins to pathophysiological processes. Further-
more, the constitutive activation status of intracellular pathways
such as MEK/ERK MAP kinase or NFkB, which are also linked to
the activation of many other oncogenic proteins, may contribute
to the adverse development of the disease. Activation of these
pathways might be triggered by autocrine production of growth
factors or by a positive synergistic relationship between
leukemic and endothelial cells, through the paracrine produc-
tion by each of mitogenic growth factors. Therefore, deregula-
tion of TF and VEGF expression and their inducing signaling
pathways seems to play an important role in the pathogenesis of
acute leukemia.

Proteomic approaches to the altered expression of TF and
VEGF in leukemia

From the facts above stated, it may be concluded that many
elements of the coagulation/fibrinolytic system in general, and
TF in particular, seem to be implicated in the regulation of
angiogenesis, as well as tumor growth and metastasis in various
tumoral models. TF expressed by cancer cells appears to act as
both a regulatory target and an important mediator of oncogene-
driven tumor growth and neovascularization. However, two
main questions remain unanswered. First, what caused the
upregulation of TF in human cancer cells, with the subsequent
increase in their malignancy? Second, what are the conse-
quences of TF expression related to the phenotypic changes
induced by underlying ‘cancer-causing’ genetic alterations?

It has been demonstrated that TF expression by colorectal
carcinoma cells is directly linked to their genetic status.21 In
recent years, a considerable research effort has been directed
towards the identification of markers to guide an effective
consideration of AML treatment. DNA microarray analysis has
been applied to identify molecular markers of human hemato-
logical malignancies.65 The use of approaches of functional
genomics and proteomics has allowed the discovery of new
proteins involved in the origin of the neoplasia and their
participation in the development of the disease. Emerging
studies have identified the changes in the proteasome associated
with the action of Bcr-Abl tyrosine kinases in chronic myeloid
leukemia,66 protein targets of transcription factors involved in
myeloid stem cell development and leukemia,67 or new protein

Figure 4 Angiogenesis in hematological malignancies. Angiogenesis
is critical in the pathogenesis of several hematological malignancies,
including leukemia, lymphoma, SMD and multiple myeloma. Pro- and
antiangiogenic molecules secreted by tumoral, stromal and endothe-
lial cells contribute to tumor growth and progression. Tumor-derived
angiogenic factors like VEGF promote tumor angiogenesis. In addition,
VEGF may be involved in complex autocrine and paracrine interac-
tions in the bone marrow microenvironment. Paracrine processes
involve secretion of multiple growth factors, cytokines and chemo-
kines, including IL-6, VEGF and TNFa, as well as direct tumor-EC
contact. Alternatively, VEGF may act in an autocrine fashion. Binding
of VEGF to its receptors results in their dimerization and activation.
Such activation of the receptors initiates a cascade of cellular events,
leading to cell survival, proliferation and migration of neoplasic cells.
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expressed and/or activated in response to various anticancer
reagents.68–70

In that way, in a recent study,71 the protein profile of the AML
subtypes has been analyzed, in an attempt to delineate the
aberrant gene expression underlying the pathogenesis of this
malignancy. The proteomic analysis, performed in blast from
newly diagnosed acute myeloid leukemia patients, allowed to
the identification of several proteins differentially expressed in
the leukemia subtypes. Proteins identified as more significantly
altered between the different AML subtypes belonged to the
groups of suppressor genes, metabolic enzymes, antioxidants,
structural proteins and signal transduction mediators. Among
them, catalase, an antiapoptotic enzyme,72 and annexin I, a
calcium- and phospholipid-binding protein that specifically
regulates signaling components of the Ras/MEK/ERK signal-
transduction pathway,73 were found to be expressed in M1, M3
and M5 AML samples at higher levels than in normal monocytes
and than in other AML subtypes. On the contrary, tropomyosin,
a family of cytoskeletal proteins whose inhibition contribute to
the invasive and metastatic properties of cancer cells,74 was
found concomitantly reduced in these AML subtypes. Further-
more, complementary genetic and protein studies demonstrated
that blast samples showing increased levels of annexin I and
reduced levels of tropomyosin also exhibited enhanced ERK
phosphorylation as well as increased expression of both TF and
VEGF (Lopez-Pedrera et al. Seminars in Proteomics 2005; 2:
215; abstract). Pathological changes in acute leukemia may thus
be reflected in proteomic patterns in cells, and identification of
these altered proteins represents a way of discovering new
tumoral markers. The identification of novel proteins related to
the hematological malignancies by proteomic approaches may
enable to establish a comprehensive diagnostic approach that
will yield a key to the precise pathobiologic nature of these
neoplasias, and the spot of new therapeutic targets.

TF- and VEGF-targeted cancer therapy in hematological
malignancies

Selective expression of TF on vascular endothelial cells and
tumor cells of malignant but not benign tumors makes TF an
ideal target for directed cancer therapeutics.

The direct targeting of this receptor with, for example,
monoclonal antibodies, or inactivating peptides, has been
already demonstrated to be efficacious in several models in
vivo.75,76 Although TF-targeted therapeutics have only been
evaluated in animal models to date, phase I clinical studies are
in progress; these trials represent a novel strategy that holds
significant promise for treating patients with cancer. In addition,
it is becoming increasingly evident that agents that interfere with
blood vessel formation also block tumor progression, and
accordingly, antiangiogenic therapy has gained much interest
as a potential adjunct to conventional therapy of many hemato-
logical malignancies. Major principles of the antiangiogenic
treatment include interference with the following elements of
the angiogenic cascade: angiogenic stimulators (e.g. VEGF and
bGFG), angiogenic factor receptors (e.g. VEGF-receptor signal-
ing), extracellular matrix interactions (e.g. blocking of endothe-
lial integrins), control of angiogenesis (e.g. inhibiting oncogenes
controlling the angiogenic response) and proteolysis (e.g.
inhibitors of MMP activity).77

At the moment, there are only a few clinical studies in
hematologic malignancies underway, mainly based on the use
of competitive inhibitors of VEGF receptors (SU11248) and
antiangiogenic molecules (Thalidomide). SU11248 is an orally

active multitarget inhibitor of Flt3, kit, VEGF receptors and
PDGF receptors.78,79 This kinase inhibitor has been recently
evaluated in a phase 1 study in the treatment of patients with
refractory or resistant AML or not amenable to conventional
therapy for disease.80 Monotherapy with SU11248 showed
molecular and clinical activity in AML, although responses were
of short duration. Thus, SU11248 shows promise in the
treatment of AML, although future studies are still required to
evaluate if the addition of this compound to conventional AML
therapy can improve treatment outcome. Thalidomide, which
has antiangiogenic effects and direct cytotoxic effects, has been
found to be effective in multiple myeloma and is considered as
an established treatment modality for patients with refractory or
relapsed multiple myeloma. Thalidomide has also a significant
therapeutic effect in myelodysplastic syndrome (MDS) by
improving cytopenia and achieving independence of transfusion
therapy in a subset of patients.45 Moreover, partial responses to
thalidomide treatment have been recorded in patients with
lymphoma.81

In contrast to standard chemotherapeutic agents, antiangio-
genic agents generally elicit few toxic side effects. However, an
unexpected high incidence of both arterial and venous
thrombosis has recently been reported in a number of clinical
trials in which patients were treated with both antiangiogenic
agents and standard chemotherapy.82,83 Although any patho-
physiologic study explains this high rate of thrombosis, it is
possible that synergistic vascular toxicity might occur between
antiangiogenic agents and chemotherapy drugs.8 Thus, adding
anticoagulants to combination drug regimens including agents
that interact with the endothelium may help to prevent some of
these thrombotic complications by blocking thrombin genera-
tion. In addition, antiangiogenic agents can be combined with
other novel treatment strategies, such as immunologic ap-
proaches, and agents that interfere with signal transduction.
Preclinical and clinical studies have demonstrated that a variety
of clinically applicable cell cycle inhibitors (interferon, vitamin
D, retinoids and bryostatin-1) preferentially augment growth
factor-mediated induction of myeloid leukemia terminal differ-
entiation, as well as blocks growth factors’ effects on leukemia
proliferation.84 In that way, it has been recently shown that in
acute promyelocytic leukemia (APL) cells, ATRA therapy
inhibits VEGF production and suppresses angiogenesis.49 It is
well known that VEGF also stimulates TF production, which is
significantly increased in this AML subtype as well. ATRA also
reduces the procoagulant potential of malignant cells and
modulates a number of hemostatic properties of normal
endothelium and monocytes, including the increase in thrombo-
modulin (TM) expression and enhanced profibrinolytic func-
tions. Moreover, it has been previously demonstrated that
there is a parallel modulation of differentiation, TF and TM
expression after retinoid treatment in promyelocytic cells.85,86

Furthermore, retinoids are able to enhance the antithrombotic
potential of vascular endothelial cells by inducing the synthesis
of TM,87 thus providing further evidence of their likely
antithrombotic effects in tumors. Thus, the use of retinoids for
their differentiating and angiogenic activities in conjunction
with specific antiangiogenic agents such as anti-VEGF anti-
bodies would be useful in ameliorating both the angiogenesis
and the coagulopathy seen in APL and other types of myeloid
leukemias.

Recent in vitro studies have also shown that treatment of
leukemic cells with arsenic trioxide interrupts a reciprocal
stimulatory loop between leukemic cells and endothelial cells
by causing apoptosis in both cell types and by inhibiting
leukemic cell VEGF production.88 Furthermore, in APL cells
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arsenic trioxide has been demonstrated to be effective in
suppressing TF expression by blast cells, thus contributing to
the improvement of the coagulopathy found in these patients.89

Multiple events involved in the pathogenesis of acute leukemia
and multiple myeloma coincide with pathways targeted by
arsenic trioxide, and early results have suggested that clinical
responses and safety in patients with advanced disease are
promising.90,91 Although these are just emerging in vitro studies,
they open the possibility of using a combination of direct
toxicity against leukemic cells with antiangiogenic activity,
which may be the optimum characteristic of a successful
antileukemic agent. Targeting one or more of these proteins may
thus provide added benefit for control of tumor growth, while
reducing the risks for serious thrombotic complications.

Summary

TF significantly participates in thrombosis and tumor-associated
angiogenesis and its expression levels have been correlated with
the invasive and metastatic potential of many types of
hematological malignancies. Indeed, upregulation of VEGF
and angiogenesis has been demonstrated in hematological
neoplasias. However, the origin of constitutive TF and VEGF
expression, as well as their association with other molecular
markers relevant to the development of these neoplasias remains
unknown. TF is also capable of transducing intracellular signals
and regulating gene expression. Although TF does not seem to
possess any overt cell autonomous transforming or growth
regulatory properties, it clearly possesses the ability to modify
tumor cell behavior in vivo, likely through interaction with host-
derived entities. The two-way association between tumor-
induced coagulation activation and tumor growth, angiogenesis
and metastasis leaves open the possibility that these latter
processes may be positively affected by some antiangiogenic
and/or antithrombotic strategies. Emerging studies have identi-
fied the changes in the proteasome associated with the origin
and/or the evolution of these neoplasias and have allowed the
identification of altered proteins that represents new tumoral
markers and might thus represent new therapeutic targets.
Understanding these complex changes taking place at the
molecular level – the molecular anatomy of the disease – should
lead to the identification of precise prognostic markers and
novel drug intervention sites and, ultimately, to a specific
tailored therapy, individually designed for a patient based on his
or her particular molecular anatomy.
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