
Abstract. In human patients, blood coagulation disorders
often associate with cancer, even in its early stages. Re-
cently, in vitro and in vivo experimental models have
shown that oncogene expression, or inactivation of tu-
mour suppressor genes, upregulate genes that control
blood coagulation. These studies suggest that activation
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of blood clotting, leading to peritumoral fibrin deposi-
tion, is instrumental in cancer development. Fibrin can in-
deed build up a provisional matrix, supporting the inva-
sive growth of neoplastic tissues and blood vessels. Inter-
ference with blood coagulation can thus be considered as
part of a multifaceted therapeutic approach to cancer.
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In human patients, a blood disorder involving hyperacti-
vation of the coagulation system and formation of intra-
venous fibrin clots (thrombosis) can be the first manifes-
tation of a tumour [1]. The association of venous throm-
bosis with cancer was named Trousseau’s syndrome after
Armand Trousseau, the French clinician who first de-
scribed it in 1865 [2]. Since then, a long list of medical
publications testifies to the occurrence of blood coagula-
tion disorders at every stage of tumour progression. It is
almost intuitive that the carefully balanced haemostatic
system could collapse in advanced cancer, as a result of
systemic spread of neoplastic cells, extensive tissue dam-
age and severe overall decay of the organism. In contrast,
it is harder to connect an otherwise unexplained throm-
bosis with cancer onset. Clinicians can miss this connec-
tion, as the early stages of cancer can escape the sensitiv-
ity of sophisticated diagnostic tools. Biologists can miss
this connection as well because it is difficult to envision
a transformed cell affecting the haemostasis system while
remaining confined within its tissue of origin, usually an
epithelium. However, authoritative clinical studies of pa-

tients with Trousseau’s syndrome led to the striking con-
clusion that ‘either premalignant changes promote throm-
bosis, or cancer and thrombosis share common risk fac-
tors’ [3]. Thus, two questions merit the attention of tu-
mour biologists: First, what is the mechanistic link
between cancer and haemostasis activation? Second, is
the procoagulant activity of tumours a mere coincidence,
or is it instrumental to tumour growth? An answer to the
latter question was already proposed in the late 1800s by
the pathologist Theodor Billroth, who found cancer cells
embedded in circulating microthrombi, and thus sug-
gested that these clots could safely ship cancer cells
through the bloodstream, favouring metastasis [4]. If tu-
mours exploit blood coagulation to their advantage, the
search for cancer-associated molecules responsible for
thrombosis could unveil targets to fight both the side ef-
fect (thrombosis, which can be lethal in itself) as well as
the primary disease (cancer). 
But how do cancer cells trigger blood coagulation? Ex-
planations provided so far include inappropriate expres-
sion of factors directly involved in blood coagulation, or
molecules inducing platelet aggregation, or cytokines,
which modulate endothelial and inflammatory processes
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(for review see [5, 6]). Among the best-documented
events is expression of tissue factor (TF) on the surface of
transformed epithelial cells ([6] and references therein).
TF is usually expressed by endothelial cells in response to
severe injury (e.g. endotoxin exposure etc.), and initiates
blood clotting by triggering activation of the blood co-
agulation factor cascade, leading to thrombin formation.
Thrombin catalyses conversion of circulating fibrinogen
into insoluble fibrin. Fibrin is further modified by other
enzymes to form a gel-like provisional matrix that seals
vessel and tissue ruptures, providing the first support for
tissue regeneration (reviewed in [7]).
TF is membrane-bound, and thus its increased expression
by cancer cells may explain the peritumoral activation of
blood coagulation favoured by newly formed vessels,
which are often leaky and permeable to coagulation fac-
tors and fibrinogen [8]. However, in cancer patients with
Trousseau’s syndrome, thrombosis usually occurs in re-
gions (such as deep veins of the legs) that are distant from
the epithelial organs that usually host the primary tumour.
This suggests that the tumour also exerts a systemic pro-
coagulant effect. Interestingly, TF can be released into the
blood circulation, mainly in association with membrane
microparticles shed from the surface of neoplastic cells,
or cells of the tumour microenvironment [9]. Recently it
was shown in cell lines that TF expression is increased by
genetic lesions responsible for human cancers. This is the
case with Ras activation or p53 inactivation, in colorectal
cancer [10], and with Pten loss in glioblastomas [11].
Besides TF, oncogenes regulate the expression of other
molecules that can be responsible for Trousseau’s syn-
drome, as shown by a new mouse model which incorpo-
rates stepwise cancer progression in association with a
progressive haemostatic disturbance [12]. This mouse
model was generated through somatic transduction of the
MET oncogene, which encodes the tyrosine kinase recep-
tor for hepatocyte growth factor. MET is an unconven-
tional oncogene, able not only to transform cells, but also
to induce ‘invasive growth’, a process supporting cell
motility and survival through foreign tissues, and metas-
tasis to distant sites [13]. MET was transduced in the liver
of adult mice by lentiviral vectors, which can integrate
into non-dividing cells and drive expression through a
tissue-specific promoter (in this case, albumin). With re-
spect to conventional germ-line transgenesis, lentiviral
transduction induced transformation of a small fraction
of hepatocytes which remained interspersed among nor-
mal cells. MET-transduced mice developed a stepwise tu-
morigenic process, arising from single transduced hepa-
tocytes. This process was associated with haemostatic
disturbances, which started with venous thrombosis, no-
ticeably, before the appearance of the first preneoplastic
lesions. This observation suggested that the genetic pro-
gram activated by the MET oncogene in hepatocytes was
responsible for both cell transformation and the con-

comitant procoagulant activity. The transcriptome of cells
expressing the activated MET was then examined, and it
was discovered that, among the 12,000 genes analysed by
Affymetrix microarray, the two most upregulated genes
were plasminogen activator inhibitor-type 1 (PAI-1) and
cyclooxygenase 2 (COX-2). Nearly the entire subset of
genes involved in haemostasis regulation was analysed in
the array (71 genes), and found to be significantly modu-
lated as a whole. However, each single gene (including
tissue factor) was only weakly affected.
PAI-1 and COX-2, which are expressed in vivo by MET-
transduced mice, are both suitable candidates to support
the systemic haemostasis disturbance associated with
cancer. PAI-1 is secreted into the blood where it prevents
generation of plasmin, the enzyme that dissolves fibrin
clots [14]. Therefore, the net effect of an increase in PAI-
1 is to promote the persistence and expansion of thrombi.
This is confirmed by studies that correlate high levels of
plasmatic PAI-1 with an increased risk of venous and
artery thrombosis (reviewed in [15]). COX-2 encodes an
inducible form of prostaglandin synthase that catalyses
an intermediate step in the synthesis of prostacylins and
thromboxane. These molecules are also systemically re-
leased and modulate functions of platelets (for a review
see [16]). Interestingly, the prothrombotic state of cancer
patients also depends on increased platelet activation,
which is a consequence of several factors. These include
circulating molecules such as glycosylated proteins and
lipids, and cytokines, released by cancer cells or by their
microenvironment [5]. The prominence of PAI-1 and
COX-2 in the MET transcriptome led to speculation that
the same proteins could be effectors not only for haem-
ostasis disturbances but also for tumour progression it-
self. In fact, many clues implicate COX-2 and PAI-1 in
cancer onset and progression. The case of COX-2 is typ-
ical, as its inhibition by specific drugs (e.g. Rofecoxib)
can prevent colorectal cancer, both in mouse models and
in human patients (for a review see [17]). Circumstantial
evidence also implicates PAI-1 in tumorigenesis, as doc-
umented by the association of high levels of PAI-1 with
cancer metastasis and poor prognosis [18]. In MET-trans-
duced mice, it was shown that inhibition of COX-2 or
PAI-1 with specific drugs reduced the haemostasic dis-
turbance, and, in the case of COX-2 inhibition, also the
cancer phenotype. The effect of PAI-1 inhibition on can-
cer growth is still inconclusive, due to the limited avail-
ability of inhibitors suitable for long-term treatment.
Taken together, the above studies support the conclusion
that, on the one hand, the genetic lesions responsible for
cancer onset and progression control genes involved in
blood coagulation; on the other hand, blood coagulation
promotes cancer onset and progression. But what are the
mechanisms involved? It is likely that the fibrin matrix
that is quickly deposited around the growing cells pro-
vides two advantages (Fig. 1). First, it offers an adhesive
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support for cell anchorage during local expansion and em-
igration, and a possible trail towards blood vessels. Sec-
ond, the fibrin clot and the associated coagulation factors
provide a highly pro-angiogenic environment [19]. In par-
ticular TF, which is critical for embryo vessel development
[20], includes a cytoplasmic tail providing signals that up-
regulate vascular endothelial growth factor (VEGF) ex-
pression [21]. In addition to cleaving fibrinogen, thrombin
cleaves and activates specific receptors (proteinase-acti-
vated receptors, or PARs), expressed by endothelium, plate-
lets and other cells. These receptors induce vessel sprout-
ing and morphogenesis, via mechanisms involving VEGF
upregulation (for a review see [22, 23]). Thus, increasing
evidence indicates that mechanisms of blood clotting can
be targeted within the frame of a multifaceted therapeuti-
cal approach to cancer. The finding of a genetic link be-
tween oncogenic events and specific genes that modulate
haemostasis (TF, COX-2 and PAI-1) highlights defined
molecular targets. However, involvement of specific mol-
ecules in human cancer patients can be hard to assess, and
the identified molecules can be difficult to target. At pre-
sent, realistic approaches include direct inhibition of
thrombin, or general interference with blood coagulation.
Whatever the primum movens of haemostatic imbalance,
thrombin is the end of the ‘clotting factor cascade’ and, as
noted above, catalyses fibrin formation and stimulates cel-

lular responses (angiogenesis) relevant for cancer growth.
The use of specific thrombin inhibitors (such as hirudin)
in experimental systems has shown that they can prevent
cancer growth, metastasis and angiogenesis [24–26]. This
should foster their employment in human clinical trials.
Broad-spectrum inhibitors of blood coagulation such as
low molecular weight heparins have already been tested in
large clinical trials, displaying the ability not only to pre-
vent haemostasis disturbances associated with cancer, but
also cancer itself (reviewed in [27, 28]). The dialogue be-
tween research bench and bedside is thus (hopefully) des-
tined to grow. What if the mechanism of action of heparins
entails inhibition of molecules other than coagulation fac-
tors?
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Figure 1. Oncogene activation or loss of tumour suppressor genes activate haemostasis genes. This is followed by the release of procoag-
ulant molecules that induce local and systemic activation of the blood coagulation process, ending in thrombin formation and fibrin depo-
sition. Peritumoral fibrin forms a quick-setting extracellular matrix that promotes angiogenesis and tumour invasive growth.
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