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General Introduction 
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Thrombosis and Cancer: a Mutual Relationship  

In our days, thrombotic and malignant diseases account for a 

major portion of human deaths in  developed countries. 

According to the statistical agency of the European Union, 

Eurostat, this is particularly relevant in Europe, where deaths 

due to cardiovascular diseases are immediately followed by 

cancers as leading causes of death (1-2). 

Of note, although the presence of a mechanistic connection 

between cardiovascular and malignant diseases was 

suggested 150 years ago by Trousseau in France and by 

Billroth in Austria (3-4), only during the last two decades it 

has become clear that thrombosis and cancer are mutually 

connected in a two-way relationship (5).  

On the one hand, the presence of a tumor causes a 

derangement of the hemostatic system which renders cancer 

patients prone to develop thrombosis (and also bleeding). In 

general, cancer inflicts an activation of blood coagulation with 

the appearance of a hypercoagulable state or chronic 

disseminated intravascular coagulation (DIC) in these 

patients. Coagulation test abnormalities are commonly 

detected in the blood of cancer patients, even in the absence 

of  overt thrombosis and/or bleeding: these haemostatic 

alterations may include high levels of plasma by-products of 

clotting reactions (i.e. prothrombin fragment 1+2, 
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fibrinopeptide A, thrombin-antithrombin complex, and D-

Dimer), an acquired protein C resistance, as well as high 

levels of circulating microparticles (MP) shed by tumour cells 

and platelets (6). The pathogenesis of blood coagulation 

activation in cancer is complex and multifactorial (7). Indeed, 

in malignancy, a key role is played by tumour cell-associated 

clot promoting properties. These properties lead to the 

activation of the clotting cascade, with the generation of 

thrombin and fibrin, and the stimulation of platelets, 

leukocytes, and endothelial cells, expressing cellular 

procoagulant features.  

On the other hand, haemostatic proteins and reactions 

interdigitate the process of tumour progression (8). In 

general, tumour growth and aggressiveness largely rely on 

cancer cell capacity to promote neoangiogenesis and 

metastasis (9). In these processes, a contribution of different 

components of the haemostatic system, including Tissue 

Factor (TF) and FVIIa, FXa, thrombin and fibrinogen as well 

as vascular cells, has been clearly documented by both in 

vitro and in vivo tumour models. Mechanisms described 

include both clotting-dependent activities of these molecules, 

culminating in platelet activation and fibrin deposition, as well 

as clotting-independent properties (5, 7). Moreover, the 

prothrombotic and proangiogenic factors of circulating MP 

12



 
 

shed by tumour cells and stimulated platelets are considered 

important players in supporting tumour growth (10). 

Since cancer cells can activate the coagulation system and 

the haemostatic factors play a role in tumour progression, the 

road is paved for the development of bifunctional therapeutic 

approaches that are both capable of attacking the malignant 

process and resolving the coagulation impairment. In this 

setting, heparins may offer a fundamental contribution. 

 

Heparins: Generalities 

Heparins, naturally-occurring glycosaminoglycans, are a 

mixture of sulfated polysaccharide chains of different 

molecular weight. Heparins are synthesized by mast cells 

and distributed widely throughout the organs of mammalian 

species. Heparin preparations are heterogeneous with 

respect to molecular size, anticoagulant activity, and 

pharmacokinetic properties. The molecular weight (MW) of 

unfractionated heparin (UFH) ranges from 3 to 30 kDa, with a 

mean MW of 15 kDa (about 45 monosaccharide chains). In 

medicine, heparins are used as antithrombotic drugs. 

Heparins exert their major anticoagulant activity in blood by 

binding to and potentiating the activity of the natural 

anticoagulant antithrombin (AT) through a unique 

glucosamine unit contained within a pentasaccharide 

sequence (11). The heparin-AT complex inactivates a 
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number of coagulation enzymes, including thrombin and the 

activated forms of  Factor X, Factor IX, Factor XI, and Factor 

XII. Thrombin and activated Factor X (FXa) are the most 

responsive to inhibition, and human thrombin is about 10-fold 

more sensitive than FXa to inhibition by the heparin-AT 

complex. For thrombin inhibition, heparin must bind to both 

the coagulation enzyme and AT, whereas binding of heparin 

to the enzyme is not required for inhibition of FXa. The 

formation of a ternary complex between AT, thrombin, and 

heparin results in the inactivation of thrombin. For this 

reason, heparin's activity against thrombin is size-dependent, 

the ternary complex requiring at least 18 saccharide units for 

efficient formation. In contrast, anti-FXa activity requires only 

the pentasaccharide binding site. The heparin molecules with 

fewer than 18 saccharides lack the chain length to bridge 

thrombin and AT and therefore are unable to inhibit thrombin.  

In contrast, very small heparin fragments containing the high-

affinity pentasaccharide sequence catalyze inhibition of FXa 

by AT. This size difference has led to the development of low 

molecular weight heparins (LMWH) as anticoagulant drugs. 

LMWH target preferably FXa activity rather than thrombin 

(IIa) activity, with the aim of facilitating a more subtle 

regulation of coagulation and an improved therapeutic index. 

LMWH can be obtained by controlled chemical, enzymatic, 

physical, and radiochemical depolymerization of UFH. They 

possess a mean MW between 3 and 6 kDa and chain 
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lengths of 12 to 18 saccharide units.  Different LMWH show 

distinct structural differences and MW component 

distribution, which determine differences in their chemical 

and biological activities, particularly, different anti-FXa and 

anti-FIIa activities which translates in a particular anti-

FXa/anti-FIIa ratio (12). 

Compared to UFH, LMWH have an increased anti-Xa/anti-IIa 

activity ratio, reduced plasma protein binding, lower tendency 

to bind to endothelial cells (13), decreased interaction with 

platelets and platelet factor 4, a prolonged half-life and 

increased bioavailability after s.c. administration. All these 

characteristics translate in a more consistent and predictable 

absorption rate and bioavailability pattern as compared to 

UFH. Bioavailability of LMWH preparations is different 

according to molecule features, ranging from 87% to 98% 

(12-13). 

UFH and LMWH are metabolized by depolymerization and 

desulfation (13-14). After being degraded by the liver, 

heparins are eliminated by the kidneys as metabolites 

retaining their biologic activity (14). The clearance of LMWH 

does not change as a function of administered dose (unlike 

that of UFH, which is dose dependent), which may be 

attributed to the lower cellular uptake of LMWH compared 

with UFH (15).  
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Heparins: Clinical Uses 

-Prophylaxis of Thrombosis 

The efficacy of prophylactic strategies to prevent Venous 

ThromboEmbolism (VTE) in at risk hospitalized patients has 

been well demonstrated. For example, pharmacological 

prophylaxis with LMWH reduces the risk of Pulmonary 

Embolism (PE) by 75% in general surgical patients (16) and 

by 57% in medical patients (17). It has been shown that 

cancer patients undergoing surgery benefit from effective 

pharmacological prophylaxis (18), and that extended duration 

of thromboprophylaxis with LMWH is beneficial to patients 

undergoing major abdominal or pelvic surgery (19). This is 

reflected in current guidelines which recommend that all 

cancer patients undergoing major surgery should receive 

heparin-based prophylaxis for a minimum of 7-10 days, with 

supportive mechanical prophylaxis in those patients at 

highest risk (20). Clinical trials have demonstrated the benefit 

of VTE prophylaxis either with low-dose UFH or LMWH in 

hospitalized general medical patients, including patients with 

cancer. Differently from hospitalized cancer patients, primary 

prevention of thrombosis in ambulatory cancer patients is still 

debated, although there is evidence that LMWH is effective 

in reducing VTE in selected outpatients receiving 

chemotherapy. 
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-Treatment of Thrombosis 

Today, the standard treatment regimen for a first acute VTE 

episode in patients without cancer consists of an initial 

therapy with heparins, followed by a long-term therapy with a 

Vitamin K antagonist (i.e. warfarin) agent for 3 to 6 months, 

or with a direct oral anticoagulant (DOAC), with or without 

prior LMWH. However, in patients with cancer related VTE 

monotherapy with LMWH is preferred and recommended for 

6 months or longer, although comparative trials of LMWH 

against DOAC are being done in this population (21-22). A 

recently published LMWH controlled clinical trial suggests 

that the DOAC edoxaban would be an effective alternative to 

LMWH with an acceptable bleeding risk profile (23).  

 

 

 

Heparins: Effect on Survival of Cancer Patients 

Since the early 1980’s, a beneficial effect of heparins on 

overall survival in cohorts of cancer patients enrolled in 

randomized clinical trials (RCT) of perioperative prophylaxis 

with UFH versus no prophylaxis was reported by both 

retrospective and prospective evaluations (24-25). However, 

a later systematic review of all methodologically correct 

clinical trials in cancer patients without VTE and comparing 

UFH with placebo or no treatment failed to provide 
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convincing evidence of either positive or negative effects of 

UFH on cancer survival (26).   

In the meanwhile, the use of LMWH progressively increased. 

In 1999, a meta-analysis of all clinical trials testing the 

efficacy of LMWH versus UFH for the initial treatment of VTE 

showed a pooled odds ratio for 3-month mortality in cancer 

patients of 0.61 (95% CI, 0.40 to 0.93) in favor of LMWH 

(27).  Positive suggestions came also from the CLOT study; 

a post-hoc analysis of this trial found an advantage in 

survival in the subgroup of patients with limited disease 

receiving long-term LMWH dalteparin compared to warfarin 

(28). This indication, together with the known advantages of 

LMWH administration and the feasibility of long term 

treatment, have prompted researchers to continue to 

investigate the potential role of LMWH as antineoplastic 

agent. Prospective RCT have therefore been designed to 

address the survival of cancer patients receiving LMWH as 

primary efficacy end-point (29-32). The results of these trials 

didn’t provide any clear evidence in favor of a beneficial 

effect of heparins on cancer survival, until, in 2007, Kuderer 

et al. performed the first systematic review and meta-analysis 

of all RCT of the efficacy and safety of anticoagulants 

(LMWH, UFH and VKA) in the treatment of patients with 

cancer without VTE (33). The results obtained from 11 

eligible trials showed that the administration of any sort of 

anticoagulation significantly decreased overall 1-year 
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mortality with a relative risk of 0.905 (95%CI, 0.85-0.97, 

p=0.003) compared to no anticoagulation. Interestingly, for 

LMWH the relative risk of mortality was 0.88 (95%CI, 0.79-

0.98, p=0.015), compared with a non-significant effect of 

warfarin, resulting in an absolute risk difference of 8% for 

LMWH, with also less major bleeding events in the LMWH 

group compared to warfarin. These findings have been 

confirmed in subsequent reviews (34). Since then, other 

studies that incorporate as secondary objective the effect of 

LMWH on cancer survival, have been started or published 

(35-39).  

 

Heparins: Effects on Cancer Biology  

The suggestions coming from clinical trials of a beneficial 

effect of LMWH on survival from cancer, have triggered basic 

research to investigate the potential antitumor effects of 

LMWH in vitro and in animal models. Several different and 

possibly interrelated biological mechanisms have been 

proposed, including both coagulation -dependent and -

independent activities (40). Indeed, it has been demonstrated 

that heparin can interfere with tumor progression by 

inhibiting: 1) heparin-binding growth factors that drive 

malignant cell growth; 2) tumor angiogenesis; 3) tumor cell 

heparanase that mediates tumor cell invasion and 

metastasis; 4) cell surface selectin-mediated tumor cell 
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metastasis; and 5) blood coagulation activation that may 

provide an environment leading to tumor growth. Particularly, 

the inhibitory effects of heparins on angiogenesis have been 

actively investigated in both in vivo and in vitro systems (41).  

 

The roles of Vascular Endothelium in Thrombosis and 

Cancer 

In the cancer and thrombosis setting, the vascular 

endothelium appears to have a key role. Indeed, vascular 

endothelium is not a simple, just inert layer of cells that form 

the inner surface of the blood vessels, endowed with just 

mechanical, protective functions. On the contrary, endothelial 

cells take an active part in several physiological and 

pathological functions, including the hemostatic system, 

where it can play both procoagulant and anticoagulant roles, 

and tumor progression, particularly in the angiogenesis and 

metastatic processes. Angiogenesis, the formation of new 

vessels, has a major role in tumor growth, dissemination and 

metastasis in both solid and hematological tumors [25]. 

Angiogenesis is driven by microvascular EC, which upon 

activation by angiogenic growth factors degrade their 

basement membrane, migrate into the interstitial matrix, 

proliferate, and form new capillary-like structures [14]. The 

angiogenic switch in cancer is a highly complex event that 

involves several tumor-derived factors. Inhibition of 
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angiogenesis is one of the proposed strategies to control 

cancer. 

The aggressive potential of a tumor is also largely dependent 

on its capacity to spread and metastasize at distant sites. 

Hematogenous metastasis is a multi-step process in which 

tumor cells enter the blood circulation, evade recognition and 

elimination by immune system, adhere to the vascular 

endothelium of distant organs, extravasate and finally 

colonize a tissue in a site distant from the initial tumor. The 

adhesion of tumor cells to the endothelium and its matrix, 

particularly in the microvascular bed, is a crucial step in the 

metastatic process (42). Some findings demonstrate that 

hematogenous cancer metastases originate from 

intravascular growth of endothelium-attached rather than 

extravasated cancer cells (43), suggesting a key role of 

tumor-endothelial cell contact in cancer metastasis. 

 

Therefore, drugs able to target both the prothrombotic and 

proangiogenic features of endothelial cells in the setting of 

malignancy, could indeed help to slow down/inhibit cancer 

progression. 

_____________________________________________ 
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Outline of the thesis 

Chapter 1 is the General Introduction to the work described 

in this thesis.  

It provides the background to the mutual relationship 

between the tumor biology and the hemostatic system 

activation (thrombosis), and how heparins may play a role in 

breaking this vicious cycle. 

 

Part One 

Chapters 2 & 3 are two up-to-date reviews that summarize 

the most important biological and clinical aspects connected 

to the hemostasis and cancer relationships. 

In particular, Chapter 2 provides an extensive overview of the 

hemostatic complications in cancer, together with the main 

insights into the interaction between hemostasis and cancer 

biology. It also reviews the assessment of the risk of 

thrombohemorrhagic events in cancer patients, and the 

prophylaxis and treatment of such manifestations. Chapter 3 

extends this discussion and gives an update on the biological 

mechanisms that underlie the cancer-associated 

coagulopathy, in particular the role of tumor cells in 

promoting activation of the coagulation system.    

 

Part two 

Chapter 4 is a study that evaluates the in vitro antithrombotic 

effects of a LMWH, i.e. dalteparin, and UFH on both 
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microvascular (human microvascular endothelial cells 

[HMEC-1]) and macrovascular (human umbilical vein 

endothelial cells [HUVEC]) endothelial cells, stimulated by 

bacterial endotoxin. 

  

Part three 

Chapter 5 presents the results of a study that shows that 

heparins are able to counteract the endothelial pro-

thrombotic features elicited by tumor cell derived products, 

as well as by standard cytokines. 

Chapter 6 shows that endothelial cell proliferation and 

capillary-like tube formation, i.e. two main steps of the 

angiogenesis process, induced by the exposure to tumor cell 

cytokines are both inhibited by heparins. 

Chapter 7 reports how also “second generation” LMWH and 

Ultra-Low-MWH are able to inhibit the angiogenic response 

of microvascular endothelial cells stimulated by tumor cell 

conditioned media in vitro. 

Chapter 8 reviews data from clinical studies showing that 

LMWH may have a beneficial effect on the outcomes and 

survival of cancer patients. It also reports our data showing 

that heparins not only are able to counteract endothelial 

angiogenesis elicited by tumor cells (in this case of 

pancreatic tumor origin), but that are able to inhibit the 

proliferation/migration of tumor cells themselves. 
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Chapter 9 presents data on the effect of heparins on another 

step of tumor progression, in  particular, that these drugs are 

able to impair the adhesion of leukemic cells to the vascular 

wall. 

Chapter 10 is the general discussion and summary of the 

thesis findings. 
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Summary. Malignancy affects the hemostatic system and the

hemostatic system affects malignancy. In cancer patients there

are a number of coagulation abnormalities which provide the

background for an increased tendency of these patients to both

thrombosis and hemorrhage. The causes of this coagulation

impairment rely on general risk factors which are common to

other categories of patients, and other factors which are specific

to cancer, such as tumor type and disease stage. In addition,

data from basic research indicate that the hemostatic compo-

nents and the cancer biology are interconnected in multiple

ways. Notably, while cancer cells are able to activate the

coagulation system, the hemostatic factors play a role in tumor

progression. This opens the way to the development of

bifunctional therapeutic approaches that are both capable of

attacking the malignant process and resolving the coagulation

impairment.On the other hand, themanagement of thrombosis

and hemorrhages in cancer patients can be different. To

approach these problems, some guidelines have been released

by prominent international scientific societies. Also actively

investigated is the issue of identifying newbiomarkers to classify

the subjects at a higher risk, thus improving the prevention of

thrombohemorrhagic events in these patients. Finally, novel

prophylactic and therapeutic approaches are currently under

development. This review provides an overview of the hemo-

static complications in cancer, together with new insights into

the interaction between hemostasis and cancer biology.We also

review the assessment of the risk of thrombohemorrhagic events

in cancer patients, and the prophylaxis and treatment of such

manifestations.

Keywords: cancer, thrombosis, hemorrhage, prophylaxis, low-

molecular-weight heparins, tissue factor

Introduction

Malignancy is characterized by a derangement of the

hemostatic system which predisposes cancer patients to both

thrombosis and hemorrhage. Although traditionally de-

scribed more in patients with solid tumors, thrombotic

events are now also recognized as important complications in

hematological malignancies, with a thrombotic rate similar to

that observed in solid tumors at a high risk of thrombosis.

Hemorrhages and uncompensated disseminated intravascular

coagulation (DIC) further complicate the spectrum of

hemostatic complications in malignancy and can be fatal,

as observed in acute leukemia [1].

The close relationship between cancer and thrombosis has

been known since 1865, when Armand Trousseau first

described a clinical association between thrombosis and a yet

undiagnosed cancer. Cancer favors the activation of blood

coagulation with the appearance of a hypercoagulable state or

chronic DIC in these patients. Abnormalities in one or more

coagulation tests are common in cancer patients, even without

overt thrombotic and/or hemorrhagic manifestations. The

results of laboratory tests demonstrate that a process of fibrin

formation and fibrinolysis parallels the development of malig-

nancy, increasingly in those with metastases [2]. Particularly,

subtle hemostatic alterations are detected, such as high levels of

plasma by-products of clotting reactions (i.e. prothrombin

fragment 1+2 [F1+2], fibrinopeptide A [FPA], thrombin–

antithrombin complex [TAT] and D-dimer), or an acquired

protein C resistance, as well as high levels of circulating

microparticles (MP) shed by tumor cells and platelets [3]. On

the other hand, hemostatic proteins and reactions interdigitate

the process of tumor growth and dissemination [4].

The pathogenesis of blood coagulation activation in

cancer is complex and multifactorial. However, a unique

feature in malignancy is the role played by the expression of

tumor cell-associated clot promoting properties. These

properties lead to the activation of the clotting cascade,

with the generation of thrombin and fibrin, and the

stimulation of platelets, leukocytes and endothelial cells

which expose their cellular procoagulant features. Several of

these mechanisms can contribute to tumor development and

progression [4], particularly MP-enriched prothrombotic and

proangiogenic factors are new important players in sup-

porting tumor growth [5]. In the last decade, our knowledge

grew after the discovery of a complex scenario in which

oncogenic events drive the procoagulant conversion of

tumor cells [6].
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Although cancer patients can experience both venous and

arterial thrombosis, the thrombotic venous occlusions have

been studied more extensively. The risk of developing venous

thromboembolism (VTE) in this population is increased up to

seven-fold compared with the general population [7]. This rate

has grown in recent years as a consequence of improved

oncology outcomes, the use of more thrombogenic therapy

regimens and an aging population. Finally, thrombosis can be

the first sign of a malignant disease, preceding the clinical

detection of cancer by months or even years [8]. Many factors

can increase the thrombotic risk in cancer patients, including

general risk factors, such as immobility, old age and surgery,

and risk factors specific of cancer, such as the cancer type,

advanced disease stage and anti-cancer therapies. To help

clinicians in the prevention and management of thrombotic

and hemorrhagic events in cancer patients, a number of

guidelines have been released from international scientific

societies [9,10].

In this review, we provide an overview of the hemostatic

complications in cancer and new insights into the interactions

between the hemostatic factors and cancer biology. Finally, the

assessment of the patient risk factors for thrombohemorrhagic

manifestations, and the prevention and treatment of such

manifestations will also be summarized.

The spectrum of hemostatic complications in cancer

Although Trousseau�s original report was about venous

thrombosis in patients with gastric cancer, now the term

�Trousseau�s syndrome� is used to indicate any type of

thromboembolic manifestation occurring in cancer. These

include arterial and venous thrombosis, non-bacterial throm-

botic endocarditis (NBTE), thrombotic microangiopathy

(TMA) and veno-occlusive disease (VOD).

In the venous bed, deep venous thrombosis (DVT) of the

lower limbs is the most common manifestation, followed by

upper-limb DVT, pulmonary embolism (PE), cerebral sinus

thrombosis and migratory superficial thrombophlebitis. Large

retrospective and prospective population studies show an

overall VTE incidence ranging from 0.6%up to 7.8% [11]. This

wide range is because of the presence of many and different

factors that contribute to the global VTE risk, the most

important being cancer type [11]. An unusual high prevalence

of splanchnic (i.e. Budd–Chiari syndrome and portal vein

thrombosis) and cerebral vein thrombosis is reported among

patients with myeloproliferative neoplasms (MPN), and these

events are often the presenting feature of the disease, before

diagnosis [12].

Data regarding arterial thromboembolic events (ATE) are

more limited [13,14]. In cancer patients, a variety of arterial

thrombotic syndromes have been reported and the sites most

commonly involved are the peripheral blood circulation of the

upper and lower extremities and cerebral vessels [15]. The

mesenteric vessels, kidney and liver represent other unusual

sites of ATE. Nevertheless, ATE incidence in cancer may be

estimated around 2–5%, accounting for 10–30% of total

thrombotic complications. In a recent retrospective analysis in

ambulatory cancer patients receiving chemotherapy, the inci-

dence of symptomatic ATE was 0.27% [14].

In patients with MPN, major thromboses occur in 10–40%

of patients, of these up to 70% are as a result of ATE events,

including ischemic stroke, acute myocardial infarction and

peripheral arterial occlusion [16]. In addition toATE andVTE,

MPN patients may present with perturbances of the microcir-

culation, leading to erythromelalgia, TIA, visual or hearing

transitory defects, recurrent headache and peripheral paresthe-

sia [16]. NBTE is particularly common inMPN but can also be

observed in solid tumors. NBTE, detected in 0.9–1.3% of

patients dying of cancer, is the cardiac manifestation of

systemic hemostatic activation resulting in the formation of

platelet and fibrin vegetations on cardiac valves [13]. These

vegetations can cause ATE after dislodgement, leading to

strokes, splenic infarctions and acute limb ischemia.

Other thrombotic manifestations observed in cancer are

TMA and VOD. TMA represents a heterogeneous group of

diseases characterized by microangiopathic hemolytic anemia,

peripheral thrombocytopenia and organ failure of variable

severity. TMA in cancer is a rare but severe complicationwith a

short-term life-threatening prognosis, and can manifest as

thrombotic thrombocytopenic purpura (TTP) and hemolytic

uremic syndrome (HUS). TMA has been described in associ-

ation with the use of specific chemotherapeutic agents,

particularly mitomycin, gemcitabine and, recently, also with

some targeted cancer agents, for example immunotoxins,

monoclonal antibodies and tyrosine kinase inhibitors [17].

Cancer-associated TMA displays typical features at presenta-

tion, which should alert clinicians of the possibility of an

underlying malignancy in a patient with a newly diagnosed

TMA. [18].

VOD is a serious liver disease characterized by obstruction

of small intrahepatic central venules by microthrombi and

fibrin deposition [19], and is observed in approximately 50–

60% of allogeneic hematopoietic stem cell transplanted

patients. In its severe form, whose incidence varies from 0%

to 77% of all VOD cases, this complication is associated with

a mortality rate close to 85%, as a consequence of multi-

organ failure [20]. Risk factors for VOD include hepatic

damage, high-dose chemotherapy drugs, abdominal irradia-

tion, female gender and donor-recipient HLA disparity. The

deoxyribonucleic acid derivative defibrotide has proven suc-

cessful for the prevention and treatment of VOD: the

underlying mechanisms of action include a protective role of

this drug on the microvascular endothelium, as suggested by

in vitro studies [21].

Thrombosis can also represent the earliest clinical manifes-

tation of an occult cancer [22]. Indeed, patients with idiopathic

VTE show a four- to seven-fold increased risk of being

diagnosed with cancer in the first year after thrombosis, as

compared with patients with VTE secondary to known causes,

and the risk of cancer is even higher in patients with recurrent

thromboembolism and in those with bilateral VTE. Whether

extensive screening for occult malignancy in patients with
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idiopathic VTE is recommendable or not is still being debated

[23]. Indeed, only two previous studies have compared limited

vs. extensive screening, with no conclusive results [24,25].

Finally, on the other side of the spectrum are the hemor-

rhagic manifestations. Indeed, in cancer patients, abnormal

bleeding represents an important cause of mortality, observed

in about 10% of patients with solid tumors and in a higher

proportion in patients with hematologic malignancies [26].

Bleeding manifestations include melena, hematuria, hemate-

mesis, hematochezia, hemoptysis, epistaxis, vaginal bleeding or

ulcerated skin lesions. Ecchymoses, petechiae or bruising are

also described. Hemorrhage may occur as an acute cata-

strophic event, episodicmajor bleeds, or an ongoing low-degree

emission. Potential causes include thrombocytopenia, de-

creased synthesis of coagulation factors owing to liver

dysfunction or vitamin K deficiency, oral anticoagulation,

pre-existingmild coagulation factor deficiencies, congenital von

Willebrand disease (VWD), vessel wall erosion, DIC and,

rarely, acquired inhibitors against blood clotting factors. In

MPN, high platelet counts (i.e. above 1000 · 109 per L) are

associated with acquired VWD [27], this results from the

adsorption of von Willebrand factor (vWF) multimers onto

platelets. A similar mechanism is observed in lymphoprolifer-

ative diseases, where vWFmultimers bind onto malignant cells

[27].

DIC is a syndrome characterized by systemic intravascular

activation of coagulation, leading to widespread occurrence of

(micro)vascular thrombosis contributing to organ failure. In

addition, laboratory assessments show activation of fibrinolysis

and non-specific proteolysis systems. The ongoing consump-

tion of clotting factors and platelets, together with hyperfi-

brinolysis and other proteolytic effects result in bleeding from

various sites. Important in this context is the measurement of

D-dimer, the lysis product of cross-linked fibrin, which shows

hyperfibrinolysis in response to clotting activation and fibrin

formation. Severe DIC is particularly associated with acute

leukemias, causing severe hemorrhages. Intracerebral and

pulmonary hemorrhages are relatively common life-threaten-

ing complications in acute promyelocytic leukemia (APL), and

are the most frequent cause of early death during induction

therapy, although can also occur before APL diagnosis and the

start of therapy. APL patients with concomitant risk factors

have a higher risk of developing a fatal hemorrhage [10]. In

contrast to leukemias, scarce data exist on the impact of DIC in

patients with solid tumors. One study that evaluated DIC

occurrence in 1117 patients with solid tumors reported a 7%

incidence [28]; however, this single study is not sufficient to

draw any definitive conclusion.

Finally, acquired hemophilia is a rare but potentially fatal

bleeding complication caused by the development of au-

toantibodies directed against plasma coagulation factors,

most frequently FVIII (i.e. acquired hemophilia A). As

acquired hemophilia can result in significant morbidity and

mortality, the differential diagnosis when evaluating the

cancer patient with unexplained bleeding should always be

considered [26].

Pathogenesis of coagulation alterations

The pathogenesis of the coagulation system imbalance in

cancer is complex and involves multiple factors, both clinical

and biological.

Clinical factors

Clinical factors can be grouped in three main categories

(Table 1): (i) patient-related characteristics, (ii) cancer-related

features and (iii) anti-cancer therapies. The first category

comprises many risk factors that are not exclusive of but

frequent amongst cancer patients, and include advanced age,

prolonged immobility, a prior history of thrombosis, high

leukocyte and platelet counts, obesity, immobility, and also

comorbid conditions such as heart disease, acute infection and

respiratory disease [29–32].

Considering the second category, large epidemiological

studies have recognizedmalignant brain tumors, hematological

malignancies and adenocarcinoma of the pancreas, stomach,

ovary, uterus, lung and kidney as having the highest VTE risk

[33]. Among hematological malignancies, multiple myeloma,

non-Hodgkin�s lymphoma and Hodgkin�s disease showed the

highest VTE incidence [34]. Moreover, advanced, metastatic

cancer has been shown to be associated with an increased risk

of VTE compared with localized tumors [33]. Last, active

anticancer treatments, including chemotherapy, hormonal

therapy, antiangiogenic agents, combination regimens and

surgery have a pro-thrombotic effect [35]. The direct injury of

endothelial cells by chemotherapeutic agents, or by tumor-

derived products, leading to a loss of antithrombotic properties

is thought to play a role in the increased VTE risk.

An important finding is also the elevation in the expression

of procoagulant tissue factor (TF) and/or phosphatydilserine

(PS) exposure and the release ofMPs after treatment caused by

different chemotherapeutic agents [36]. The appearance of

several novel anti-cancer agents carrying a thrombogenic effect

brings this issue to the forefront of cancer medicine.

Biological mechanisms

Beyond clinical factors, biological pathways probably play an

important role in the pathogenesis of hemostatic alterations in

cancer. Cancer cells can activate the hemostatic system through

the expression of procoagulant proteins, exposure of procoag-

ulant lipids, release of inflammatory cytokines and MPs, and

adhesion to host vascular cells [37] (Fig. 1). The most

characterized tumor procoagulant is TF.

Constitutively expressed on the malignant cell surface, TF

can lead to the formation of both localized, as well as systemic

procoagulant states. TF activity on tumor cells can be

potentiated by the expression of anionic phospholipids (i.e.

PS) on the outer leaflet of the cell membrane [38,39] and the

secretion of heparanase. The main function of heparanase is to

degrade heparan sulfates of the extracellular matrix, thereby

promoting tumor invasion andmetastasis.However, heparanase
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can also interact with the TF pathway inhibitor (TFPI) on the

cell surface, leading to dissociation of TFPI from the cell

membrane of endothelial and tumor cells which results in an

increased cell surface TF activity [40].

Another tumor procoagulant is cancer procoagulant (CP)

that, unlike TF, directly activates FX independently of FVII.

CP has been detected in various tumor cells, and in amnion-

chorion tissues but not in normally differentiated cells. In

patients with APL, CP, expressed by bonemarrow blast cells at

the onset of disease, disappears when remission is reached [37].

CP has also been studied also in patients with different types of

solid tumors [41,42].

TF can be actively released by tumor cells in a cell

membrane-associated form represented by TF-bearing MPs

[43]. MPs are plasma membrane vesicles of 0.1–1 lm in

diameter produced by active vesiculation of virtually all type of

cells [5]. PS expressed on MP surfaces provides a suitable

anionic phospholipid surface for the assembly of tenase and

prothrombinase complexes, thereby promoting the coagulation

cascade. This capacity can be further enhanced by the

concomitant expression of TF (Fig. 2). Low plasma MP levels

are present in healthy subjects, the majority being of a platelet

origin (> 80%), but in pathological conditions an overall

increment in MP occurs and a significant amount of MP of

other vascular sources, including tumor cells, can be detected.

Elevated levels ofMPs (bearing or not TF) have been described

in patients with both solid [5] and hematological malignancies

[44–46]. MPs of a platelet origin were found higher in stage IV

vs. I and II/III gastric cancer, showing the highest diagnostic

accuracy for metastasis prediction [47]. Finally, the pathoge-

netic role of MPs in cancer-associated thrombosis has been

demonstrated by the development of a DIC-like syndrome in

mice after intravenous injection of highly TF-positiveMPs of a

tumor origin [5].

Tumor cells are also capable of interacting with the host

fibrinolytic system, owing to the expression of plasminogen

activators (uPA and t-PA), their inhibitors (PAI-1 and PAI-2)

and receptors such as uPAR [37], and of annexin II, a co-

receptor for plasminogen and tissue plasminogen activator

(tPA). In APL, the increased annexin II expression has been

linked to an excessive activation of fibrinolysis [48]. Likely,

depending on which side, pro- or anti-fibrinolytic, prevails, the

Table 1 Thrombotic risk factors in cancer patients

Patient related Cancer related Treatment related

Older age

Bed rest

Obesity

Previous thrombosis

Prothrombotic mutations

High leukocyte and platelet counts

Comorbidities

Site of cancer: brain, pancreas, kidney, stomach, lung,

bladder, gynecologic, hematologic malignancies

Stage of cancer: advanced stage and initial period after diagnosis

Hospitalization

Surgery

Chemo- and hormonal therapy

Anti-angiogenic therapy

Erythropoiesis stimulating agents

Blood transfusions

CVC

Radiations

CVC, central venous catheters.

Platelet activation Thrombin

Blood clotting activation

Host cell MP

Endothelial cell activation

Inflammatory cytokines
Proangiogenic factors

Adhesion
molecules

Adhesion to
host cells

Tumor MP

Tumor cells

Procoagulant
activities

Fig. 1. Tumor-hemostatic system interactions. Tumor cells activate the hemostatic system in multiple ways. Tumor cells may release procoagulant tissue

factor, cancer procoagulant andmicroparticles (MP) that can directly activate the coagulation cascade. Tumor cells may also activate the host�s hemostatic

cells (endothelial cells and platelets), by either release of soluble factors or by direct adhesive contact, thus further enhancing clotting activation.
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clinical manifestations of fibrinolysis system alterations may be

quite different, from bleeding symptoms as observed in

leukemia, to VTE evidenced in solid tumors.

Furthermore, tumor cells release a variety of soluble pro-

inflammatory (i.e. tumor necrosis factor-alpha [TNF-a] and
interleukin-1beta [IL-1b]) and proangiogenic (i.e. vascular

endothelial growth factor [VEGF] and basic fibroblast growth

factor [bFGF]) factors [37], which can stimulate the prothrom-

botic features of vascular cells. In endothelial cells, these

molecules induce TF expression, stimulate PAI-1 production,

downregulate thrombomodulin and promote cell-adhesion

molecules upregulation [37]. The capacity of tumor cells to

adhere to vascular endothelium favors localized blood clotting

activation and thrombus formation.

In the last decade, molecular studies of experimental models

of human cancer have demonstrated that oncogene and

repressor gene-mediated neoplastic transformation activate

clotting as an integral feature of neoplastic transformation [49].

Genome-wide expression profiling of mouse hepatocytes

expressing the MET oncogene have demonstrated a significant

upregulation of PAI-1 and cyclooxygenase-2 (COX-2). The

inactivation of the tumor suppressor gene PTEN was linked to

TF gene induction in human astrocytoma cells. In non-small

cell lung cancer specimens, TFmRNA expression was found to

be increased in samples presenting either tumor protein p53

(TP53) and PTEN mutations; the concomitant presence of

mutations in three tumor suppressor genes further dramatically

increased TF expression [50]. Finally, in a colorectal cancer

model, activation of K-ras and inactivation of p53 resulted in

increased tumor cell TF expression and enhanced release of

TF-bearing MPs [49].

Role of hemostatic proteins in tumor progression

Coagulation activation and tumor progression are closely

linked. Tumor growth and aggressiveness largely rely on cancer

cell capacity to promote neoangiogenesis and metastasis [37].

In these processes, a contribution of different components of

the hemostatic system, including thrombin, TF and FVIIa,

FXa, fibrinogen and vascular cells, has been clearly docu-

mented by both in vitro and in vivo tumor models. Mechanisms

described include both clotting-dependent activities of these

molecules, culminating in platelet activation and fibrin depo-

sition, as well as clotting-independent properties.

Clotting-dependent mechanisms

Fibrin deposited within the tumor vasculature facilitates

angiogenesis by providing an excellent scaffold for new vessel

formation. Furthermore, this fibrinmatrix binds and sequesters

a number of growth factors (bFGF, VEGF and insulin-like

growth factor-1) and protects them from proteolytic degrada-

tion [37]. Localized fibrin deposition favors the metastatic

process by stabilizing tumor cell adhesion or tumor cell-

associated emboli to the endothelium.

However, the fibrin matrix present in tumors is in a dynamic

state, undergoing simultaneous deposition and dissolution by

the fibrinolytic system to be replaced by mature connective

tissue stroma. This highlights a crucial role of fibrinolysis in

tumor biology and the relevance of fibrinolytic protein

expression by neoplastic cells in promoting cell mobility and

motility. Although fibrinogen deficiency does not impair

growth and angiogenesis of the primary tumor in animal

Activated
platelets

Tumor
cells PS, TF

FX
FVIIa

FII
FXa FIIa

VEGF, FGF, TF

Microparticles

FVIII

Oncogenic propagation,
Protein trafficking

Neoangiogenesis

Blood clotting
activation

Thrombus formation

Fig. 2. Microparticle (MP) production and activities in cancer. Tumor cells actively releaseMP but also promoteMP formation by platelets. Tissue factor

(TF) and phosphatidylserine (PS) expression on the surfaces of both platelet- and tumor-derived MP are involved in blood clotting activation and

thrombus formation. On the other hand, the elevated content of proangiogenic factors in platelet-derivedMP (VEGF, vascular endothelial growth factor,

FGF, fibroblast growth factor, PDGF, platelet-derived growth factor), render these elements also important mediators of the neangiogenesis process.

Finally, intracellular transfer ofMPmay occur between cancer cells, leading to a horizontal propagation of oncogenes and amplification of their angiogenic

phenotype.
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models, it significantly reduces lung metastases, probably

owing to diminished adhesion and stability of metastatic cells

[51].

Independently from thrombin, platelets can be directly

activated by tumor cells through the release of pro-aggregating

substances or adhesion mechanisms. For example, the binding

of podoplanin, expressed on tumor cells� surfaces, to CLEC-2,

expressed by platelets, induces platelet activation and aggrega-

tion [52]. The formation of tumor cell-platelet thrombi may

support metastasis formation by preventing interactions

between tumor and innate immune cells [53].

Clotting-independent mechanisms

Thrombin and TF participate to tumor progression through

clotting-independent mechanisms, as a result of interactions

with specific receptors belonging to the family of protease-

activated receptors (PAR) expressed by platelets, tumor cells,

endothelial cells, vascular smooth muscle cells and macro-

phages [37]. Thrombin cleaved-PAR-1 stimulates growth

factors, chemokines, and extracellular proteins release that

promote tumor cell proliferation and migration [54]. In

endothelial cells, thrombin upregulates many angiogenesis-

related genes, including VEGF, VEGFR, bFGF and metal-

loproteinase (MMP)-2. Both thrombin and FXa can induce

the angiogenesis-promoting gene Cyr61 and connective tissue

growth factor (CTGF) expression [55]. Finally, thrombin-

activated platelets become highly proangiogenic by releasing

proangiogenic factors from their granule contents, including

VEGF [56] and platelet-derived growth factor (PDGF) [57].

The pro-metastatic activity of thrombin has been demon-

strated by experimental models, in which lung metastasis

was increased by pre-treatment of tumor cells with thrombin

[37].

Binding of FVII to TF generates downstream signaling

cascades that promote increased endothelial cell adhesion and

migration. Furthermore, TF in complex with FVIIa and FXa

activates one or more PARs, including endothelial PAR-2 to

support angiogenesis in vivo [58]. Recent studies have focused

on a possible role of the alternatively spliced TF (asTF), a

soluble isoform of circulating TF, in cancer progression [59].

The suggestive hypothesis coming from research is that both

asTF and flTF contribute to tumor progression, but through

different ways: the first acting directly on the proliferative

tumor side, and the second on the angiogenic side with the

contribution of FVIIa and PAR-2.

Platelet MPs display high proangiogenic activity owing to

their unique content of angiogenesis-stimulating agents derived

from platelet alpha-granules, together with the expression of

adhesion molecules, and the capacity to induce pro-angiogenic

factor release by tumor cells [5]. TF expression by MPs might

represent another important mechanism involving MPs in

tumor progression [5]. Moreover, intracellular transfer of MPs

may occur between cancer cells, leading to a horizontal

propagation of oncogenes and their associated transforming

phenotype [60] (Fig. 2).

Finally, leucocytes have been involved in tumor growth and

metastasis [37]. Neutrophils, activated in the tumor microenv-

iroment by locally generated inflammatory mediators (i.e.

TNF-a), can adhere to tumor cells and facilitate theirmigration

across the endothelial barrier. By releasing metalloproteinases,

they can hydrolyze endothelial cell matrix components and

favor cancer cell motility [61].

Anticoagulation and tumor progression

The above evidence taken together suggests that reducing

coagulation activation in cancer patients may not only prevent

hemostatic complications but also improve cancer survival [62].

Indeed, clinical trials with anticoagulant drugs were started in

the early 1980s to test the effects of anticoagulation on cancer

survival. A recent meta-analysis [63] overall suggested a

favorable impact of anticoagulation on the survival of cancer

patients, particularly with low-molecular-weight heparins

(LMWH). In recent years, prospective randomized controlled

trials (RCTs) have been designed to address as a primary

endpoint the survival of cancer patients receiving LMWH, but

the results available so far have not provided clear conclusions

yet [64,65]. Ongoing studies on VTE prevention in cancer

patients incorporate as a secondary end-point the impact of

LMWH on cancer survival [66–68]. These results will be

available in the next few years.

Several previous in vitro and in vivo studies have demon-

strated that the potential beneficial effects of heparins on

survival may rely on some direct anticancer properties. These

include: inhibition of tumor-induced angiogenesis, tumor cell

heparanase, cell surface selectin-mediated tumor cell metastasis

and blood coagulation activation [62].

The impact of natural anticoagulant proteins, such as

activated protein C and thrombomodulin, on tumor biology

is under active investigation as well [69,70].

Prevention and treatment of thrombosis and bleeding

Thromboprophylaxis

With regard to arterial thrombosis, cancer patients share the

same general risk factors with non-cancer patients (i.e. arterial

hypertension, diabetes, dislipidemia and obesity); additional

risk factors are co-morbidities including pulmonary disease,

renal disease, infection, blood transfusion and chemotherapy.

Older age (> 60 years) and previous thrombosis are well-

established cardiovascular risk factors for thrombosis in MPN

which identify the so-called high-risk patients. There is great

deal of attention in moving beyond these recognized risk

factors, particularly in the young or asymptomatic low- and

intermediate-risk individuals at risk of thrombosis. Recently,

the impact of new risk factors, such as leukocytosis and

JAK2V617F mutational status and/or mutational burden, is

under active investigation [71]. Today, no guidelines or

recommendations are available for ATE prophylaxis in the

cancer setting. An exception is represented by MPN, in which
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aspirin, in association or not with hydroxyurea, anagrelide and/

or phlebotomy, has proven useful to significantly reduce the

risk of cardiovascular events [72].

More certainty is available for VTE primary prophylaxis.

Thromboprophylaxis with either unfractionated heparin or

LMWH has been shown to be safe and effective in high-risk

settings such as hospitalization for medical illness and the

postsurgical period. Current European and American guide-

lines found a good level of consensus on VTE prevention with

LMWH in the surgical oncology setting [73–77], particularly in

cancer patients undergoing �high-risk� major abdominal or

pelvic surgery [78,79]. However, the duration of post-surgical

prophylaxis is still being debated.

The international consensus is lower in themedical setting, in

which two high-risk situations can be identified: the first

involves patients hospitalized or bedridden for prolonged

periods of time, and the second relates to ambulatory patients

receiving chemotherapy or radiation. Cancer patients hospi-

talized for an acute medical illness are at risk for thrombosis.

They should be considered for thromboprophylaxis with

prophylactic doses of LMWH or fondaparinux, but the

duration of thromboprophylaxis is yet undefined. Moreover,

to date, no evidences exist that the highest risk patients should

receive adjusted drug doses for prophylaxis.

Most VTE occur in the outpatients setting; however, the

guideline panels agree on not recommending routine throm-

boprophylaxis in ambulatory cancer patients. Nevertheless, in

recent years, RCTs have been conducted to evaluate the impact

of thromboprophylaxis in ambulatory patients with solid

tumors receiving systemic chemotherapy [80–82]. Overall, these

studies suggest that outpatient thromboprophylaxis is feasible,

safe and effective. Notably, theVTE low rates observed in these

studies suggest the importance of patient selection and disagree

on a wide application of prophylaxis. In line with this, the most

recent guidelines of the National Comprehensive Cancer

Network emphasize the need for VTE risk assessment in

ambulatory cancer patients and the need of RCTs for patients

with a favorable risk–benefit ratio [83]. Other areas of

uncertainty include prophylaxis in patients who receive

chemo-, radio- or hormone therapy and have a history of

VTE, patients with cerebral cancer, patients undergoing

surgery other than abdominal or pelvic procedures, or patients

undergoing laparoscopy procedures lasting more than 30 min

[79].

Unlike solid tumor experience, no ad hoc studies or

guidelines are available to help clinicians with best practices

for prophylaxis of VTE in hematologic malignancies [84]. In

patients with acute leukemia and lymphoma, some information

on thromboprophylaxis comes from two studies [85,86], while

more data are available in multiple myeloma [87]. Given the

higher VTE risk during treatment ofmultiplemyeloma patients

with thalidomide or lenalidomide in combination with dexa-

methasone or multi-agent chemotherapy, thromboprophylaxis

is recommended. However, which is the best prophylactic

scheme in this setting is an issue of debate. The results of

prospective randomized trials ofGIMEMAstudies, comparing

the efficacy of LMWH, warfarin (fixed low-dose or full dose)

and aspirin for prophylactic anticoagulation, showed only a

trend for a more effective thromboprophylaxis with LMWH

[88,89]. The guidelines of the American Society of Clinical

Oncology (ASCO), the European Society ofMedical Oncology

(ESMO) and the Italian Society for Haemostasis and Throm-

bosis (SISET) recommend prophylaxis with LMWH or

adjusted-dose warfarin (International Normalized Ratio 2-3)

[79,90,91]. The International Myeloma Working Group pro-

poses different thromboprophylactic strategies based on strat-

ification of the patient�s risk of VTE [92].

Current research is focusing on the design of VTE risk

models to identify high-risk patients who might benefit from

primary thromboprophylaxis. The score-model proposed by

Khorana et al. is based on five simple predictive clinical and

laboratory parameters in cancer patients: cancer site, platelet

count, hemoglobin level or the use of erythropoiesis-stimulat-

ing agents, leukocyte count and body mass index. This model

has been shown to predict the short-term risk of symptomatic

VTE accurately in patients undergoing chemotherapy [93].

Recently, the inclusion of P-selectin and D-Dimer quantifica-

tion to this model improved the risk stratification strategy [94].

Emerging biomarkers are represented by plasma TF and MPs

[95].

Treatment of thrombosis

The treatment of ATE in cancer patients relies on anti-platelet

and anticoagulant/fibrinolytic agents according to the same

protocols recommended for secondary prophylaxis for stroke

and myocardial infarction in the non-cancer population.

However, specific protocols have been developed for acute

VTE treatment, which has replaced the traditional regimens

based on initial therapy with UFH, LMWH or fondaparinux

followed by long-term therapy with a vitamin K antagonist

(VKA). Data from various RCTs, comparing LMWH with

VKA in the long-termVTE therapy in cancer [96–99], show the

superiority of LMWH monotherapy, which is now endorsed

by international guidelines [90,100]. For patients who develop a

recurrence while on LMWH, dose escalation of LMWH is

often effective, whereas for patients who develop a recurrence

on VKA therapy, the recommended practice is to switch to

LMWH. Raising the intensity of VKA therapy is not

recommended because of the potential for increasing bleeding

[101,102]. There are limited data on the use, safety and long-

term outcome of vena cava filters. Today, the use of these

devices can be considered as an alternative to prevent PE (as

filters are not effective in reducing DVT risk) only in patients

who have a contraindication to anticoagulation [103].

Novel oral anticoagulants (i.e. dabigatran, rivaroxaban

and apixaban) may change the therapeutic scenario in

patients with cancer. These agents, which achieve rapid

inhibition of activated factor X or thrombin, may offer an

easier solution than LMWH but studies focusing on

treatment of cancer-associated thrombosis with these agents

are lacking. To date, some of these agents have shown
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comparable efficacy and safety compared with traditional

anticoagulants in RCTs that included primarily patients

without cancer [104,105]. Given the higher risk of recurrent

thrombosis and bleeding in cancer patients, further research

is needed to understand the antithrombotic impact of these

new agents in this setting [106].

Prophylaxis and treatment of bleeding

On the bleeding side, the most important issue is represented

by the prophylaxis and treatment of the fatal hemorrhagic

syndrome in APL. However, the management of this

syndrome is particularly difficult. Recent recommendations

indicate that three simultaneous actions must be immediately

undertaken when a diagnosis of APL is suspected: the start

of ATRA therapy, the administration of supportive care with

transfusions of plasma and platelets, and the confirmation of

molecular diagnosis [107,108]. According to current recom-

mendations, a prophylactic platelet transfusion is an essential

part of supportive care, with the aim to maintain a platelet

count above 20 · 109 per L in non-bleeding patients and

above 50 · 109 per L in those with active bleeding [71,84].

The role of heparin in the treatment of the coagulopathy is

undefined. No systematic studies have been reported on the

use of LMWH or any of the newer anticoagulants (i.e. FXa

and IIa inhibitors, hirudin, fondaparinux) to treat the

thrombohemorrhagic syndrome of APL. Other types of

therapeutic regimens, including antifibrinolytic agents or

protease inhibitors (i.e. aprotinin), have been suggested, but

no data from RCTs are available. Interestingly, the occur-

rence of thromboembolic events was reported during antif-

ibrinolytic agent administration in combination with ATRA.

A lack of efficacy of tranexamic acid on the hemorrhage-

associated mortality in APL was shown in the large

PETHEMA trial [109].

Conclusions

Cancer disease is associatedwith a high risk of both thrombotic

and hemorrhagic complications. Preventing these complica-

tions is clinically relevant because they significantly contribute

to the morbidity and mortality of these patients. The efforts of

the research have significantly elucidated the clinical and the

biological mechanisms underlying the hemostatic derangement

caused by cancer. Interestingly, direct oncogene activation and/

or tumor suppressor gene impairment, may result in the

stimulation of blood clotting and/or suppression of fibrinolysis,

which can produce thrombosis and/or DIC in some in vivo

models.

Some of the factors involved in the multiple interconnections

existing between the hemostatic system and cancer biologymay

prove useful for establishing risk assessment models, not only

for thrombosis but also for cancer prognosis. The hope is that

our accrued knowledge in the field will help us to establish

more accurate and appropriate interventions for the manage-

ment of hemostatic complications. Meanwhile, we can rely on

the guidelines issued by the relevant international scientific

societies.
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A B S T R A C T

The close relationship between cancer and thrombosis is known since more than a century. Venous throm-
boembolism (VTE) may be the first manifestation of an occult malignancy in an otherwise healthy individual.
Cancer patients commonly present with abnormalities of laboratory coagulation tests, indicating an ongoing
subclinical hypercoagulable condition. The results of laboratory tests demonstrate that a process of fibrin for-
mation and removal parallels the development of malignancy, which is of particular interest since fibrin and
other clotting products are important for both thrombogenesis and tumor progression. Besides general clinical
risk factors (i.e. age, previous VTE, immobility, etc.), other factors typical of cancer can increase the thrombotic
risk in these patients, including the type of cancer, advanced disease stage, and cancer therapies. In addition,
biological factors, including tumor cell-specific prothrombotic properties and the host cell inflammatory re-
sponse to the tumor, play a central role in the pathogenesis of cancer-associated thrombosis. Cancer cells pro-
duce and release procoagulant and fibrinolytic proteins, as well as inflammatory cytokines. In addition, they are
capable of directly adhering to host cells (i.e. endothelial cells, monocytes, platelets, and neutrophils), thereby
stimulating additional prothrombotic properties of the host effector cells. Tumor-shed procoagulant micro-
particles also contribute to the patient hypercoagulable state. Finally, the changes of stromal cells of the tumor
‘niche’ induced by tissue factor (TF) highlight new interactions between hemostasis and cancer. Of interest, most
of these mechanisms, besides activating the hemostatic system, also promote tumor growth and metastasis, and
are regulated by oncogenic events. Indeed, molecular studies demonstrate that oncogenes responsible for the
cellular neoplastic transformation drive the programs of hemostatic protein expression and microparticle lib-
eration by cancer tissues. Human and animal experimental models demonstrate that activation of cancer-asso-
ciated prothrombotic mechanisms parallels the development of overt thrombotic syndromes in vivo.

1. Introduction

Cancer patients may present many types of hemostatic disorders
that significantly contribute to morbidity and mortality in this disease.
A tight relationship exists between malignant disease, the occurrence of
coagulation abnormalities and thrombosis. The relationship relies on
the evidence that cancer induces a prothrombotic switch of the host
hemostatic system, and in turn, blood clotting activation stimulates
tumor growth and dissemination.

Cancer is associated with a four- to seven-fold increase in the risk of
venous thromboembolism (VTE). However, even without thrombosis,
the majority of cancer patients present with hemostatic alterations
detectable by laboratory tests, which reveal different degrees of coa-
gulation activation and characterize the hypercoagulable state of these
subjects (Falanga and Russo, 2012).

Currently, it is fully recognized that cancer patients are at sig-
nificant risk of developing thrombotic events, spanning from venous or

arterial thrombosis to systemic syndromes, such as disseminated in-
travascular coagulation (DIC) with severe bleeding. Preventing these
complications is clinically relevant because they considerably con-
tribute to the morbidity and mortality of these patients (Falanga et al.,
2014).

The pathogenesis of the cancer-associated coagulopathy is complex
and multifactorial. Most importantly, tumor cells gain the capacity to
activate the host hemostatic system, and this phenomenon is driven by
the same oncogenes responsible for the cellular neoplastic transforma-
tion. By this process, cancer tissues become capable to express different
procoagulant proteins (i.e. Tissue Factor [TF], Cancer Procoagulant
[CP], Factor VII), which contribute to the occurrence of the overt
symptomatic coagulopathy in vivo (Magnus et al., 2014a). The shed-
ding of procoagulant microparticles [MPs] is also regulated by onco-
genic events and further adds to the pathogenesis of the cancer-asso-
ciated hypercoagulable state. Finally, the changes in the stromal cells of
the tumor “niche” induced by tumor TF provide new evidence of the
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influence of the hemostasis system on cancer development.
To the other hand, many clinical factors influence the thrombotic

risk of cancer patients, who definitely represent a high-risk category.
Clinical factors include general cardiovascular risk factors, cancer
specific risk factors, and anti-cancer therapies. Recent data confirm that
the risk of developing VTE is increased up to seven-fold in these pa-
tients as compared to the general population (Timp et al., 2013). To
help clinicians in the prevention and management of thrombotic events
in cancer patients, a number of guidelines have been released from
national and international scientific societies (Lyman et al., 2015).

This paper wishes to provide the most recent discoveries on the
coagulopathy of cancer patients, the mechanisms underlying this phe-
nomenon, and the risk assessment to predict thrombosis in the single
patient.

2. Pathogenesis of cancer-associated thrombosis

The molecular and laboratory features of cancer-associated throm-
bosis are difficult to assess clinically; therefore, the weight of each of
these factors on the overall thrombotic risk of the single patient is un-
known at this time. The principal mechanisms of cancer-associated
thrombosis include the expression of hemostatic proteins by tumor
cells, the production of microparticles, inflammatory cytokines (i.e.,
tumor necrosis factor-alpha, interleukin-1b), and proangiogenic factors
(vascular endothelial growth factor, basic fibroblast growth factor) by
tumor and/or host cells, and the expression of adhesion molecules to
bind platelets, endothelial cells, and leucocytes (Fig. 1). The same
properties also contribute to tumor progression (Falanga et al., 2013).

2.1. Cancer cell procoagulant factors

Tumor cells can express hemostatic factors, including: (1) procoa-
gulant proteins, (2) (MPs); and (3) fibrinolysis proteins.

Among procoagulant proteins, TF is the best characterized. Many
solid tumors and hematologic malignancies constitutively express TF,
and the levels of TF expression tend to be associated with an aggressive
pattern of the tumor. Tumor cell-derived TF plays a central role in the
generation of thrombin in cancer but also contributes to tumor pro-
gression by directly influencing the expression of vascular endothelial
growth factor by both malignant cells and host vascular cells. This
property regulates tumor neo-vascularization and provides an im-
portant link between activation of coagulation, inflammation, throm-
bosis, and tumor growth and metastasis (Falanga et al., 2013).

Another tumor cell procoagulant is cancer procoagulant (CP) that,
unlike TF, directly activates factor X independently of coagulation
factor VII. CP has been detected in different malignant cells (Falanga
et al., 1998), both from solid and hematologic tumors, but not in
normal tissues. Of interest, in patients with acute promyelocytic leu-
kemia (APL), CP is expressed by bone marrow blast cells at the onset of
disease, but disappears at remission (Falanga et al., 1995). In addition,

in APL blasts, CP expression paralleled the degree of malignant trans-
formation and disappeared upon cellular differentiation with therapy
with all-trans-retinoic-acid (ATRA). In contrast, cells resistant to ATRA
maintained their malignant phenotype and continue to express CP. Si-
milar observations have been reported for breast cancer (Falanga et al.,
2002). The relative contribution of this factor to the overall cellular
procoagulant activity and/or possible interactions with TF is unknown
at this time.

Among other tumor cell procoagulant activities, the role of the en-
zyme heparanase is gaining much relevance. In particular, heparanase,
apart from degrading the extracellular matrix, upregulates the expres-
sion of the blood coagulation initiator–TF and interacts with the tissue
factor pathway inhibitor (TFPI) on the cell surface membrane of en-
dothelial and tumor cells, leading to dissociation of TFPI and resulting
in increased cell surface coagulation activity (Nadir and Brenner,
2016). Additionally, heparanase directly enhances TF activity, which
led to increased factor Xa production and subsequent activation of the
coagulation system (Nadir and Brenner, 2016).

Another emerging mechanism of tumor-promoted clotting activa-
tion resides in the tumor cell shed MPs. These small membrane vesicles
carry high concentrations of procoagulant phosphatidylserine and TF
(Falanga et al., 2012). The pathogenetic role of MPs in cancer-asso-
ciated thrombosis is demonstrated by the development of a DIC-like
syndrome in mice after intravenous injection of highly TF-positive MPs
of tumor origin (Falanga et al., 2012). Elevated levels of circulating MPs
have been described in cancer patients, with both solid and hemato-
logic malignancies and play a role in the establishment of the hy-
percoagulable state (Falanga and Marchetti, 2009; Tilley et al., 2008;
Del Conde et al., 2007; Kim et al., 2003). The production of MPs by
cancer cells is possibly controlled by definite genetic events occurring
in tumor genesis, including activating and inactivating mutations in
oncogenes and tumor repressor genes (Garnier et al., 2012). Among
hematologic malignancies, high levels of blast cells-derived MPs are
described in patients with APL and other acute myeloid leukemias, and
in patients with multiple myeloma and essential thrombocythemia.

Studies in animal models show that the intravenous injection into
mice of MP derived from human tumor cells and expressing high levels
of TF induces a TF-dependent activation of coagulation, which results in
a DIC-like syndrome. TF-positive MPs are elevated in patients with solid
tumors and VTE, including gastric and pancreatic cancers (Falanga
et al., 2015a).

In the last decades, experimental models of human cancers (i.e.
hepatoma, brain, and colon cancer) provide evidence in vivo that on-
cogene and repressor gene-mediated neoplastic transformation (i.e.
activation of MET, loss of PTEN, induction of K-ras, and loss of p53)
activates clotting as an integral feature of neoplastic transformation.
Furthermore, a mutation in EGFR gene renders cancer cells hy-
persensitive to the action of coagulation proteins, such as TF. As a re-
sult, a microenvironment promoting tumor growth is generated
(Magnus et al., 2014a). These data confirm that a reciprocal cancer-

Fig. 1. Interactions between tumor cells and the hemostatic system.
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thrombosis connection exists, by which cancer cells support clot for-
mation, and clotting proteins support cancer growth and dissemination.
In the development of human cancers, cycles of micro environmental
and genetic changes are increasingly manifest (Magnus et al., 2014b).

Finally, in this context, it is important to consider that tumor cells
can also generate anticoagulant forces by interacting with the host fi-
brinolytic system. Indeed, they express fibrinolytic proteins such as the
plasminogen activators (urokinase plasminogen activator and tissue
plasminogen activator [tPA]), their inhibitors (plasminogen activator
inhibitor-1 [PAI-1] and plasminogen activator inhibitor-2) [PAI-2], and
receptors (i.e. urokinase-type plasminogen activator receptor, and an-
nexin II, a co-receptor for plasminogen and tPA). In APL, the increased
annexin II expression has been linked to an excessive activation of fi-
brinolysis (Liu et al., 2011). Likely, depending on which side, pro- or
antifibrinolytic, prevails, the clinical manifestations may be quite dif-
ferent, from bleeding symptoms, as observed in leukemia, to VTE, as
evidenced in solid tumors.

2.2. Normal cell procoagulant properties elicited by cancer cells

A strong interaction occurs between cancer cells and the host
normal vascular cells, particularly endothelial cells, platelets, and leu-
kocytes, which generally results in the induction of a procoagulant
phenotype by normal cells and highlights the role of host tissue TF in
the coagulopathy of cancer. The principal mechanisms by which cancer
cells activate the procoagulant potential of host normal vascular cells
include: (1) the release of soluble mediators, including inflammatory
cytokines (i.e. TNF-α, IL-1β), proangiogenic and growth stimulating
factors (i.e. VEGF, bFGF, G-CSF). and platelet aggregation agonists,
including adenosine diphosphate and thrombin; and (2) the capacity to
express surface adhesion molecules and/or their counter receptors by
which cancer cells anchor other blood cells and attach to the vessel
wall.

Very relevant appears the role of platelets, which maintain the
vascular integrity within tumors and may represent a target for the
specific destabilization of tumor vessels (Stegner et al., 2014). Tumor
cells activate platelets by the direct cell–cell adhesion and the secretion
of platelet-activating molecules. These mechanisms lead to platelet
aggregation and is referred to as “tumor cell-induced platelet ag-
gregation (TCIPA).” Platelet activation, coagulation, and thrombus
formation are crucial events in limiting blood loss after tissue damage
but are also major determinants of hematogenous tumor metastasis
(Stegner et al., 2014). The increased platelet activation and aggregation
correlate with the metastatic potential of cancer cells in both in vitro
and in vivo models of experimental metastasis. Platelet aggregation
protects tumor cell surface from immunological recognition in the cir-
culation, as TICPA results in a “platelet coating” of cancer cells
shielding them from natural killer (NK) cells (Palumbo et al., 2005).
Some tumor cells may use podoplanin, a transmembrane sialoglyco-
protein, to activate platelets (Raica et al., 2008). Podoplanin is present
on the surface of certain tumor cells, including melanoma, squamous

cell carcinoma, seminoma, and brain tumor cells (Raica et al., 2008).
Increased levels of podoplanin are associated with tumor metastasis or
malignant progression (Mishima et al., 2006). Therefore, podoplanin is
a promising target for anti-metastatic therapy. Strategies are now being
developed to inhibit PDPN-CLEC2 interactions in preclinical models of
solid tumors (Chang et al., 2015).

Increased platelet adhesion and aggregation importantly contribute
to thrombogenesis in vivo. In addition, adherent activated platelets
release procoagulant MPs, which further contribute to fibrin deposition
and microthrombi formation.

The role of both platelets and neutrophils as independent regulators
of various processes in cancer has long been known, but it has quite
recently emerged that the platelet–neutrophil interplay is yet a critical
component of malignant disease. Neutrophils are present in large
quantities in the tumor tissue where they release extracellular DNA
traps [neutrophil extracellular traps (NETs)]. NETs provide a strong
activation signal for platelets, promoting platelet aggregation and
thrombosis. Conversely, platelets play an essential role as inducers of
intravascular NETosis in response to lipopolysaccharide (LPS).
Additionally, the formation of NETs in cancer may affect tumor growth
and angiogenesis (Demers and Wagner, 2013). Furthermore, several
reports describe that NETs contribute to cancer-associated pathology,
by promoting processes responsible for cancer-related death such as
thrombosis, systemic inflammation, and relapse of the disease.

3. Risk factors and risk assessment in cancer patients

Multiple clinical risk factors, i.e., patient-related or cancer-specific,
concur to the activation of blood coagulation and importantly con-
tribute to the thrombotic risk of cancer patients (Table 1) (Khorana and
McCrae, 2014; Falanga et al., 2015b).

The clinical thrombotic risk factors, together with the biological
procoagulant mechanisms expressed by cancer tissues, contribute to the
occurrence of the procoagulant shift in the hemostatic balance of pa-
tients with cancer. Indeed, subclinical coagulation changes appear in
almost all of these individuals, as shown by the detection of laboratory
biomarkers of a hypercoagulable state.

About half of all patients with cancer, and as many as 90% of those
with metastases, exhibit abnormalities in one or more routine coagu-
lation parameters (Falanga, 2005). Laboratory tests with increased
sensitivity to detect subtle alterations in the hemostatic system include
the thrombin–antithrombin (TAT) complex, prothrombin fragment
F1+2 (F1+2), fibrinopeptide A (FPA), PAI-1, and D-dimer. Levels of
plasma markers of clotting activation tend to be universally elevated in
patients with cancer (Rickles and Falanga, 2001), and worse with the
start of antitumor therapies (Weitz et al., 2002).

Until recently, only few prospective studies have evaluated the
utility of serial measurements of hemostatic markers for predicting the
occurrence of VTE (as confirmed by objective test) in cancer patients
(Falanga et al., 1993).

Current research is focusing on a number of thrombotic biomarkers
that may be helpful in identifying cancer patients who are at high risk
of developing thrombosis who might benefit from primary thrombo-
prophylaxis. In addition, some of these markers have been incorporated
in predictive models involving clinical and biological markers, which
are to be validated in prospective clinical trials (Khorana et al., 2005;
Ay et al., 2008, 2009).

Recently, plasma MPs are being investigated in connection with
cancer progression and thrombosis development. MP levels are cur-
rently developed by ongoing clinical trials as a criterion to enroll high
risk patients (Toth et al., 2008; Trappenburg et al., 2009; Zwicker et al.,
2009).

In the last two decades, several hereditary risk factors (i.e. factor V
Leiden or G20210A prothrombin gene mutation) for venous thrombosis
have been identified. The influence of inherited thrombophilia in pa-
tients with cancer may be more difficult to demonstrate than in the

Table 1
General risk factors.

Patient-related Cancer-related
• Age

• Gender: higher in female
• Race: higher in Africans-
Americans and lower in Asians
• Hospitalization
• Prolonged immobility
• History of VTE
• Comorbid conditions (i.e. acute
infection, heart disease, respiratory
disease)

• Site of cancer (brain, pancreas,
kidney, stomach, lung, bladder,
gynecologic, hematologic malignancies)
• Stage of cancer (advanced stage and
initial period after diagnosis)
• Surgery
• Chemotherapy and hormonal
therapy
• Anti-angiogenic therapy
• Erythropoiesis stimulating agents
• Central venous catheters
• Blood transfusions
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general population, the risk of thrombosis due to cancer per se possibly
outweighing the contribution of thrombophilic factors. Several studies
evaluating the role of factor V Leiden or G20210A prothrombin gene
mutation on the risk of thrombosis in patient with cancer have been
published (Decousus et al., 2007). Overall, although conflicting results
were obtained, it appears that patients with cancer and either of these
mutations tend to exhibit a higher risk of thrombosis than patients with
cancer without these mutations. In the largest study by Blom et al. the
risk of VTE in patients with both cancer and factor V Leiden or pro-
thrombin 20210A mutation was increased 12- and 17-fold, respectively,
compared with patients without cancer and factor V Leiden (Blom et al.,
2005).

4. Assessment of the thrombotic risk in cancer patients

Recently, the approach to risk assessment for thrombosis in cancer
patients relies on the development of “risk assessment models” (RAM).
The first was developed by Khorana specifically for cancer patients
undergoing chemotherapy (Khorana et al., 2008). This RAM is based on
five predictive variables, including cancer site, platelet count, he-
moglobin level or the use of erythropoiesis-stimulating agents, leuko-
cyte count, and body mass index. This model using a simple scoring
system, is based on readily accessible baseline clinical and laboratory
data, and has been shown to accurately predict the short-term risk of
symptomatic VTE in patients undergoing chemotherapy-based treat-
ments.

The Khorana score has been validated in both prospective and ret-
rospective observational studies (Ay et al., 2010; Moore et al., 2011;
Mandala et al., 2012; Verso et al., 2012). In the Vienna Cancer and
Thrombosis Study (CATS) the score was expanded by adding two bio-
markers (i.e., P-selectin and D-dimer), and the prediction of VTE was
considerably improved. More recent, another modified Khorana risk
assessment score (i.e., the Protecht score) was designed by adding
platinum- or gemcitabine-based chemotherapy to the five predictive
variables for identifying high-risk cancer patients in a post-hoc analysis
of the Protecht clinical trial (Verso et al., 2012). In the setting of
multiple myeloma, Palumbo et al. published a RAM, based on expert
recommendation statements, for the prevention of thalidomide and
lenalidomide-associated thrombosis in this disease (Palumbo et al.,
2008). The availability of predictive models can facilitate the man-
agement of cancer-associated thrombosis by allowing the identification
of patients at the highest thrombotic risk, who have the greatest ben-
efit/risk ratio from receiving thromboprophylaxis.

Finally, the Ottawa Score has been developed to identify among
patients with cancer and thrombosis those at highest risk of recurrent
VTE, who may benefit from prolonged anticoagulant treatment
(Louzada et al., 2012; den Exter et al., 2013).

The recent guidelines for prevention and treatment of VTE in cancer
patients released by the American Society of Clinical Oncology remark
that the thrombotic risk prediction cannot rely on the results of a single
test. Instead, to assess the level of risk and identification of patients at
high risk for thrombosis, the guidelines recommend including the de-
tection of plasma thrombotic markers in “score systems” combining
clinical and biological markers (Lyman et al., 2015).

5. Conclusions

Cancer is associated with an imbalance in the hemostatic system,
which predisposes to thrombotic complications. Several procoagulant
molecules, among which TF is the most important, are expressed by
cancer cells or are induced by cancer cell in normal vascular tissues by
both the release of soluble mediators and the direct cancer cell–host cell
contact. TF exposure by endothelial cell, leukocyte, or circulating MPs
of different origins plays a very important role. A very important ad-
vance in our knowledge has been the discovery that these cellular
events are genetically driven in cancer. It is not surprising that

commonly patients with cancer present with subclinical signs of clot-
ting system activation, showing abnormalities of thrombotic bio-
markers in the circulation, a condition known as a hypercoagulable
state. The relevance of measuring these biomarkers to determine the
patient thrombotic risk level is under active investigation. The goal is to
identify the high-risk subgroups to establish more accurate and targeted
anticoagulation strategies to prevent thrombosis in cancer patients. In
the end, the clarification of specific molecular mechanisms triggering
blood coagulation in specific cancer types may also indicate alternative
ways to inhibit clotting activation in these conditions.
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Differential effect of the low-molecular-weight heparin,
dalteparin, and unfractionated heparin on
microvascular endothelial cell hemostatic properties

Unfractionated heparin (UFH) and its low
molecular weight (LMWH) derivatives
are glycosaminoglycans used in clinical

practice for the prevention and treatment of
venous thromboembolism.1 Heparins exert
anticoagulant effects by accelerating the rate of
factor Xa and thrombin inhibition through
binding to antithrombin. In addition, heparins
possess a broad variety of biological activities,
including anti-inflammatory, antihypertensive,
and antitumor properties.2,3 It appears that
heparins may have important actions on the
vascular endothelium, which plays a key role
in numerous physio-pathological processes,
including hemostasis, inflammation, leukocyte
trafficking, angiogenesis and tumor metasta-
sis.4 Under physiological conditions, endothe-
lial cells generate an active antithrombotic sur-
face that inhibits clotting activation and the
adhesion of platelets and other circulating cells.
However, when exposed to physical or bio-
chemical stimuli, the endothelium undergoes a
series of phenotypic changes that produce a
shift to a prothrombotic condition. In particu-
lar, bacterial products (e.g. lipopolysaccharide,
LPS), as well as inflammatory cytokines, stim-
ulate endothelial cells to express procoagulant

tissue factor (TF), downregulate anticoagulant
thrombomodulin (TM), produce fibrinolytic
inhibitors (e.g. plasminogen activator inhibitor-
1 [PAI-1]), and express cell adhesion molecules.
These modifications can lead to the activation
of the blood clotting system, which culminates
in fibrin generation, in addition to increasing
cellular adhesion processes, which can further
stimulate localized coagulation. These phe-
nomena are also involved in the progression of
chronic inflammatory diseases,4,5 and are of
particular relevance at the level of the microcir-
culation, where the interactions between the
vascular wall and circulating cells are
enhanced. In this context, it is of interest to
determine the role of heparins at the microvas-
cular level. Several in vitro studies have evaluat-
ed the impact of heparins on the hemostatic
properties of the macrovascular endothelium,
represented by human umbilical vein endothe-
lial cells (HUVEC).6-9 However, no data are cur-
rently available regarding the effect of heparins
on microvascular endothelial cells, which have
different properties to HUVEC.10

The aims of the present study were: (i) to
evaluate whether LMWH can counteract the
prothrombotic phenotype of microvascular
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Background and Objectives. Heparins, including unfractionated heparin (UFH) and low-
molecular-weight heparins (LMWH), are glycosaminoglycans that are largely used as
anti-thrombotic drugs. While the mechanisms of their anticoagulant actions in blood
have been extensively studied, their effects on the hemostatic properties of the
endothelium are still under investigation. The aim of this study was to compare the
antithrombotic effects of a LMWH, i.e. dalteparin, with UFH on both microvascular
(human microvascular endothelial cells [HMEC-1]) and macrovascular (human umbili-
cal vein endothelial cells [HUVEC]) endothelial cells.

Design and Methods. Endothelial cells were incubated with dalteparin or UFH and
exposed to an inflammatory stimulus (i.e. lipopolysaccharide [LPS]). The following
parameters were evaluated: tissue factor (TF procoagulant activity, antigen and mRNA),
tissue factor pathway inhibitor (TFPI), and thrombomodulin (TM).

Results. In HMEC-1 and HUVEC, both heparins inhibited LPS-induced endothelial cell
TF expression. However, in HMEC-1, dalteparin was significantly more effective than
UFH. Both heparins increased TFPI antigen release in HMEC-1 and HUVEC. Dalteparin
also reversed LPS-induced reduction of TM in HMEC-1, while UFH did not.

Interpretation and Conclusions. These data show that both dalteparin and UFH sup-
press inflammatory-mediated TF expression and increase the anticoagulant properties
of macro- and micro-vascular endothelial cells. However, dalteparin has significantly
greater effects than UFH in the microvascular endothelium, a site that plays a central
role in many processes involved in inflammation and thrombosis.

Key words: heparin, low-molecular-weight heparin, endothelial cells, tissue factor,
thrombomodulin, tissue factor pathway inhibitor.
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endothelial cells induced by a standard pro-inflammatory
stimulus (i.e. LPS); (ii) to compare the responses of the
microvascular endothelium with those of HUVEC; and (iii)
to verify whether the effects of LMWH on the hemostatic
properties of the two endothelial cell types differ from
those of UFH. In particular, the effect of the LMWH, dal-
teparin, and UFH were compared in terms of the expres-
sion of endothelial TF procoagulant activity and anticoagu-
lant properties (i.e. expression of TM and TF pathway
inhibitor [TFPI]), in the presence and absence of LPS.

Design and Methods

Endothelial cells
The immortalized human microvascular endothelial cell

line-1 (HMEC-1) was kindly supplied by Dr F.J.Candal
(CDC, Centers for Disease Control and Prevention,
Atlanta, GA, USA). To date, this is the best-characterized
microvascular endothelial cell line.11 HMEC-1 were grown
in RPMI 1640 medium supplemented with 10% fetal calf
serum (Gibco, Gaithersburg, MD, USA), 100 µg/mL strep-
tomycin, 100 U/mL penicillin, 5 µg/mL amphotericin B
(Bristol-Myers Squibb, Princeton, NJ, USA), 2 mmol/L L-
glutamine (Gibco), 10 ng/mL epidermal growth factor
(ICN, Costa Mesa, CA, USA) and 1 µg/mL hydrocortisone
(ICN). HMEC-1 were serially passaged in T25 flasks
(Falcon, Becton Dickinson, Mountain View, CA, USA) and,
at passages 8 to 16, seeded onto 24-well cell culture plates
at the concentration of 30,000 cells/well, then grown to
confluence in complete growth culture medium.12 The cells
reached confluence in 3 to 4 days. 

HUVEC were freshly isolated from human umbilical
cord veins, as previously described,13 and grown in T25
flasks in RPMI 1640 medium supplemented with 20% fetal
calf serum, 100 µg/mL streptomycin, 100 U/mL penicillin,
5 µg/mL amphotericin B and 2 mmol/L L-glutamine.
Confluent primary cultures were harvested using 0.25%
trypsin/0.02% EDTA solution (Sigma, St Louis, MO, USA),
seeded onto 24-well cell culture plates pre-coated with
0.5% gelatin (Sigma) at the concentration of 30,000
cells/well and grown to confluence in complete growth cul-
ture medium. The cells reached confluence in 3 to 4 days.
Both types of endothelial cells were grown in a humidified
incubator in an atmosphere of 5% CO2/95% air. At the end
of each experiment, endothelial cells were counted by
microscopy and the trypan blue exclusion test was used to
determine cell viability. More than 95% of cells resulted
viable in all experiments. 

Experimental system
Confluent endothelial cell monolayers in 24-well plates

were washed twice with RPMI 1640 medium and then
incubated with RPMI 1640 medium (supplemented with
10% fetal calf serum and 2 mmol/L glutamine) containing
either dalteparin (Fragmin®, Pharmacia legacy, Sweden) or
UFH (Vister®, Parke-Davis, Lainate, Milan, Italy), at 0.01,
0.1, 1 and 10 IU/mL f.c., or saline (control cells) for 3 hours
for TF mRNA measurement, 4-24 hours for TF activity and
antigen assays, and up to 72 hours for TFPI and TM analy-
sis. To evaluate the potential anti-inflammatory activity of
both heparins, the study was also conducted in the pres-

ence of 10 µg/mL LPS (Lipopolysaccharide endotoxin from
Escherichia coli, Sigma) or saline (control cells). Heparin
doses were selected on the basis of the plasma concentra-
tions achieved in vivo during therapy of venous throm-
boembolism. After incubation, endothelial cell treatment
media were collected and centrifuged for 10 min at 13,000
rpm, the supernatants were then filtered through a 0.22 µm
filter to eliminate cell debris, and stored at –40°C until
assays. Endothelial cell monolayers were washed three
times with phosphate-buffered saline (pH 7.4), to eliminate
any heparin residues, and different endothelial cell samples
were prepared as detailed below.

TF procoagulant activity
TF activity was evaluated in endothelial cell lysates

(5×105 cells/mL in phosphate-buffered saline), obtained
after three cycles of freezing/thawing, by the one-stage
recalcification assay of normal human plasma, as previous-
ly described.14 TF activity was identified and characterized
as being associated with TF by the clotting assay of factor
VII-, VIII- or X-deficient human plasmas (FVII-D, FVIII-D,
FX-D, DADE Behring, Milan, Italy). In some experiments,
TF activity was further characterized by incubating (15 min
at 37°C) endothelial cell samples with a purified polyclon-
al rabbit IgG antibody (1 mg/mL) directed against human
TF (#4502, American Diagnostica Inc., Greenwich, CT,
USA) before the clotting assay. A normal non-immune rab-
bit IgG was the control in this assay. TF activity was
referred to a calibration curve constructed with different
dilutions (from 10-1 to 10-6) of a standard rabbit brain throm-
boplastin (RBT; Sigma). Results are expressed as standard
thromboplastin arbitrary units (RBT units): 1 unit = the
activity of 1 mEquiv/mL of RBT in the coagulation assay.

TF antigen
TF antigen levels were measured by ELISA (Imubind

Tissue Factor ELISA Kit; American Diagnostica) in
endothelial cells extracted in TRIS buffer (5×105 cells/mL of
50 mmol/L Tris buffer, 100 mmol/L NaCl and 1% Triton X-
100; pH 7.5) for 2 hours at 4°C, followed by three cycles of
freezing/thawing. The ELISA was performed according to
the manufacturer's instructions. Results are expressed as
pg/105 cells.14

TF mRNA
Total cellular RNA was extracted using Trizol reagent

(Life Technologies, Paisley, Scotland) according to the man-
ufacturer’s instructions. RNA was reverse-transcribed and
used for parallel assays of TF and glyceraldehyde-3-phos-
phate dehydrogenase (GAPDH) mRNA by polymerase
chain reaction (PCR) amplification. GAPDH acted as the
internal control to normalize sample data to account for
sample-sample differences.15 The following oligonu-
cleotides were used: F1 (sense: bp 178 to 198) and R1 (anti-
sense: bp 495 to 515) from the coding sequence of the
human TF, and GF1 (sense: bp 64 to 86) and GR1 (anti-
sense: bp 581 to 603) from the coding sequence of the
human GAPDH (Laboratoires Eurobio, Les Ulis, France).
Quantitative PCR was performed with 5 µL of cDNA, as
previously described.15 The PCR products from TF (317 bp)
and GAPDH (528 bp) were analyzed by electrophoresis in
a 2% agarose gel stained with ethidium bromide. Band
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intensities were quantified by densitometric analysis
(ImageJ software, National Institutes of Health, Bethesda,
MD, USA). The results are expressed as the ratio of TF
band intensity/GAPDH band intensity. 

TFPI antigen
Antigenic levels of TFPI were measured in endothelial

cell cultured media and cell extracts (prepared as for the TF
antigen measurements) by ELISA using a commercially
available kit (Imubind TFPI, American Diagnostica) accord-
ing to the manufacturer’s instructions. This ELISA meas-
ures both free and bound forms of TFPI. Results are
expressed as ng/mL. 

TM antigen
The levels of TM antigen were measured in endothelial

cell extracts (prepared as for the TF antigen measurements)
by a commercial ELISA kit (Asserachrom thrombomod-
ulin, Roche Diagnostics), as previously described.16 Results
are expressed as ng/105 cells.

Statistical analysis
The results are reported as mean ± SD from at least five

independent experiments performed in triplicate. Student’s
paired t-test was used for the determination of significance
levels between treatments. Differences were considered
statistically significant when p values were <0.05.

Results

Effect of heparins on TF expression in stimulated EC
(with LPS) 

In preliminary experiments, treatment of HMEC-1 and
HUVEC with LPS induced a time-dependent increase in TF
expression evaluated as activity, antigen, and mRNA, with
a maximum effect at 4-6 hours and then a progressive
decline towards basal values at 24-48 hours. In order to
evaluate the activity of heparins on LPS-induced TF expres-
sion, we choose the 4- and 24- hour time points, i.e. when
the effect of the LPS stimulus was maximum or when it
was greatly reduced, respectively. Treatment of HMEC-1
with LPS for 4 hours induced a significant increase in TF
activity (control: 14.5±1.3, LPS: 46.2±5.2 RBT units/105 cells;
p=0.001). The incubation of endothelial cells with either
dalteparin or UFH counteracted the LPS-induced TF activi-
ty (Figure 1). Particularly, dalteparin significantly inhibited
TF activity, reaching a maximum inhibition of 96% at 1
IU/mL (15.8±1.8 RBT units/105 cells, p=0.031 vs LPS) (Figure
1A), whereas UFH showed a maximum inhibitory effect of
55% with the dose of 10 IU/ml (28.6±2.8 RBT units/105

cells, p=0.038 vs LPS). Remarkably, TF inhibition by dal-
teparin was significantly greater than that of UFH at the
doses of 0.1 IU/mL (0.012), 1 IU/mL (p=0.002) and 10
IU/mL (p=0.031). As observed in HMEC-1, 4 hours of incu-
bation with LPS induced a significant increase in TF activi-
ty also in HUVEC (control: 9.9±0.8, LPS: 89.2±9.5 RBT
units/105 cells; p=0.001). However, differently from what
we found in HMEC-1, in these cells, heparins reduced LPS-
induced TF activity to a similar extent (Figure 1B). In partic-
ular, at a concentration of 10 IU/mL, dalteparin significant-

ly inhibited TF activity by 37% (62.3±6.4 RBT units/105

cells, p=0.002) compared with a significant reduction of 40
% for UFH (59.6±6.1 RBT units/105 cells; p=0.004). 

The measurement of TF antigen levels in the same exper-
imental conditions showed that, similarly to TF activity, in
HMEC-1, the antigenic TF expression induced by LPS was
significantly (p=0.014) more inhibited by dalteparin
(87±6% inhibition) than by UFH (67±8% inhibition) (Figure
2A). In HUVEC, both heparins reduced LPS-induced TF
antigen levels to the same extent, confirming the results
obtained with TF activity (dalteparin vs UFH: 45 ±13 % vs
43±5.7% inhibition; p=ns) (Figure 2B). 

To evaluate whether the observed inhibition of TF activ-
ity and antigen expression was due to a possible effect of
heparins on TF gene transcription, the levels of TF mRNA
in HMEC-1 and HUVEC treated with heparins in the pres-
ence of LPS were evaluated by reverse transcriptase (RT)-
PCR. The TF-mRNA analysis showed that control samples
of both HMEC-1 and HUVEC expressed very low levels of
TF-mRNA (Figure 3). Treatment with LPS markedly
increased mRNA levels compared with levels in control
cells, but not in the presence of heparins. In HMEC-1, dal-
teparin was more effective than UFH, with a 96% mean
inhibition of LPS-induced TF-mRNA, compared to 72%
inhibition with UFH (Figure 3A). In HUVEC, no significant
differences were observed between the two heparins, both
of which caused about 75 % inhibition of LPS-induced TF-
mRNA (Figure 3B). TF expression was also measured after
24 hours of heparin treatments (Table 1). In both cell types,
the LPS-induced increase in TF expression remained signif-
icantly higher than that in control cells, although it was infe-
rior to that observed after the 4-hour incubation. The
increase in TF activity in both HMEC-1 and HUVEC was
significantly inhibited by both dalteparin and UFH.
However, in contrast to the observations after 4 hours of
incubation, the degree of TF inhibition in HMEC-1 after 24
hours of incubation was comparable for the two heparins.
Similar levels of TF inhibition were obtained with the assay
of TF antigen levels (Table 1).

Effect of heparins on TFPI in unstimulated endothelial
cells (without LPS)

To evaluate the effect of heparins on endothelial cell anti-

Figure 1. Effect of heparins on TF procoagulant activity expression
by HMEC-1 (A) and HUVEC (B). TF activity was assayed in lysates
of endothelial cells treated for 4 hours with LPS in the presence
or absence of increasing doses of dalteparin (DLT) or UFH. The
control was vehicle-treated endothelial cells. Data represent the
mean±SD of five independent experiments performed in triplicate.
*p<0.05 vs control; §p<0.05 vs LPS.

A HMEC-1

LPS+heparins (IU/mL)

Control LPS 0.01 0.1 1 10

LPS+heparins (IU/mL)

Control LPS 0.01 0.1 1 10

RB
T

un
its

/1
05

ce
lls

RB
T

un
its

/1
05

ce
lls

HUVECB

60

50

40

30

20

10

0

100

80

60

40

20

0
+UFH+DLT

§
§

§ § §
§

§§§*
*

§§

+UFH+DLT

63



A. Vignoli et al.

| 210 | haematologica/the hematology journal | 2006; 91(2)

coagulant activity, the expression of TFPI by HMEC-1 and
HUVEC was measured in basal condition (without LPS) and
after stimulation with LPS. In unstimulated conditions, both
heparins increased TFPI antigen levels in HMEC-1 cultured
media at all the evaluated doses and all incubation times.
The 1 IU/mL dose was the most effective for both heparins
and produced a maximum effect on TFPI release after 72
hours of incubation (control: 34.7±2.9 ng/mL; dalteparin:
62.5±6.7 ng/mL, p=0.048; UFH: 70.5±8.3 ng/mL, p=0.021)
(Figure 4A). In parallel to the induction of TFPI release in
HMEC-1 cultured media, heparins significantly reduced
TFPI levels in HMEC-1 extracts starting from 4 hours of
incubation (Figure 4B). The most effective dose was 1
IU/mL for both heparins: at this dose, cell-associated TFPI
levels were reduced 60% by dalteparin (control: 8.6±1.1
ng/mL, dalteparin: 3.4±0.4 ng/mL, p=0.032 vs control) and
reduced 53.1% by UFH (4.08±0.4 ng/mL, p=0.038 vs con-
trol). This reduction was more marked after 24 hours of
incubation, with mean reductions of 70 % for dalteparin
(control: 5.51±0.7 ng/mL; dalteparin: 1.51±0.15 ng/mL, p=
0.032) and 72.1% for UFH (1.2±0.11 ng/mL, p=0.019 vs
control). After incubation for 48 and 72 hours, significant
differences persisted between TFPI levels in heparin-treated
cells and control cells, although these were less pronounced. 

In HUVEC cultured media, an increase in TFPI antigen
levels was observed for all incubation times with both dal-
teparin and UFH. As observed in HMEC-1, the 1 IU/mL
was the most effective dose for both heparins, with a max-
imum increase in TFPI antigen levels observed after 48-
hour incubation, i.e. 97% by dalteparin and 142% by UFH
(control: 6.3±0.71 ng/ml; dalteparin: 12.4±1.4 ng/mL,
p=0.005; UFH: 15.2±1.81 ng/mL, p=0.002) (Figure 4C). The
increase in TFPI levels detected in the culture media of
heparin-treated cells was much greater than the reduction
observed in the levels of cell-associated TFPI. We could not
perform the study in HUVEC extracts, because the levels of
TFPI antigen in the extracts of these cells were below the
detection limit of the ELISA (i.e.: 0.336 ng/mL). 

Effect of heparins on TFPI in stimulated endothelial cells
(with LPS)

The results of TFPI modulation by heparins in LPS- stim-
ulated conditions showed that LPS incubation (Figure 5A)

significantly increased TFPI levels in HMEC-1 cultured
media, compared with vehicle-treated control cells, at all
evaluated time points. The TFPI increase was maximum
after 48 hours of incubation (control: 14.8±1.9 ng/mL; LPS:
23.5±2.1 ng/mL; p=0.001). Interestingly, in LPS-stimulated
endothelial cells, heparins further increased TFPI release in
culture media at all time points. As in unstimulated condi-
tions, the heparin dose of 1 IU/mL was more effective than
the 10 IU/mL for both heparins. After incubation for 72
hours, the following TFPI values were measured with the
1 IU/mL dose of heparin: LPS: 42.6±5.1 ng/mL; dal-
teparin+LPS: 78.5±9.5 ng/mL, p=0.031 vs LPS; UFH+LPS:
89.1±7.6 ng/mL, p=0.029 vs LPS. 

Differently from what observed in cultured media of
HMEC-1, LPS incubation did not significantly affect the
levels of cell-associated TFPI (Figure 5B). However, the
presence of dalteparin or UFH significantly reduced cell-
associated TFPI compared to LPS alone, with no significant
differences between the various doses of heparins utilized.
After 4-hour incubation, maximum cell-associated TFPI
reductions were observed. Mean reductions at the 1 IU/ml
dose were the following: dalteparin: 73±5.9%, p=0.019 vs

Figure 2. Effect of heparins on TF antigen levels in LPS-stimulated
HMEC-1 (A) and HUVEC (B). TF antigen was measured in extracts
of endothelial cells treated for 4 hours with LPS in the presence
or absence of 10 IU/mL dalteparin or UFH. Data represent the
mean±SD of five independent experiments performed in tripli-
cate. p<0.05 vs control; °p<0.05 vs LPS.

A B

Figure 3. TF mRNA levels in HMEC-1 (A) and HUVEC (B) stimulat-
ed with LPS for 3 hours in the presence or absence of 10 IU/mL
dalteparin or UFH. Quantification of the representative experiment
is reported here, while statistical significances refer to the
mean±SD of three independent experiments. *p<0.05 versus con-
trol; °p<0.05 versus LPS.
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Table 1. Levels of TF activity (RBT units/105 cells) and TF antigen
(ng/105 cells) in HMEC-1 and HUVEC lysates after incubation for
24 hours with 10 µg/mL LPS in the presence or absence of
10U/mL of dalteparin (DLT) or UFH.

HMEC-1
TF activity TF antigen

Control 10.5±1.3 40.2±10
LPS 27.2±3.3* 96.8±16*
LPS+DLT 15.4±2.5° 65.7±12°
LPS+UFH 16.8±2.4° 69.4±11°

HUVEC
TF activity TF antigen

Control 4.8±0.7 81.1±15
LPS 23.7±2.6* 383±43*
LPS+DLT 11.3±1.9° 203±28°
LPS+UFH 12.4±1.4° 221±31°

*p<0.05 versus control; °p<0.05 versus LPS. Data are expressed as mean ± SD of
three independent experiments.
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LPS; UFH: 65±6.6 %, p=0.027 vs LPS. LPS did not signifi-
cantly affect TFPI levels in cultured media of HUVEC, and
no additive effects were observed when HUVEC were
incubated with LPS in the presence of dalteparin or UFH
(Figure 5C). 

Effect of heparin on TM in unstimulated endothelial cells
(without LPS)

In order to evaluate the effect of heparins on another
anticoagulant property of endothelial cells, measurements
of endothelial TM expression were conducted in both
unstimulated and LPS stimulated conditions. In unstimulat-
ed conditions, TM antigen levels were significantly
increased in HMEC-1 treated with 10 IU/mL of dalteparin
for 24 hours (31±13% increase, p=0.04), 48 hours
(28±12.1% increase, p=0.018) and 72 hours (20±8.8%
increase, p=0.041), compared with control cells (Figure 6A).
No increases in TM antigen levels were evident when the
cells were treated with lower concentrations of dalteparin.
In contrast, TM expression was not significantly affected
by UFH treatment after incubation periods of up to 72
hours at all doses. In HUVEC, no significant effect of

heparins was observed up to 24 hours of incubation (Figure
6C). However, after 48- and 72-hour incubation, both dal-
teparin and UFH increased the cell TM antigen levels.
These results reached statistical significance at the dose of
10 IU/mL for both heparins.

Effect of heparins on TM in stimulated endothelial cells
(with LPS)

In HMEC-1, 24-hour incubation with LPS induced a sig-
nificant reduction in TM levels (11.8±1.0 ng/105 cells) com-
pared with levels control cells (23±1.7 ng/105 cells; p<0.05)
(Figure 6B). This effect of LPS was only observed after 24
hours of incubation, and not at other time points. This
reduction in TM antigen levels was significantly counter-
acted by co-incubation of the cells with 10 IU/mL dal-
teparin, which prevented the LPS-induced reduction in TM
antigen levels by 41% (16.4±1.31 ng/105 cells, p=0.01)
(Figure 6B). As observed in unstimulated conditions, UFH
did not show a significant effect on TM antigen levels in
LPS-treated HMEC-1. LPS significantly reduced TM levels
in HUVEC at all incubation times evaluated. Dalteparin
and UFH prevented the reduction in TM levels, with no

Figure 4. Effect of heparins on TFPI antigen expression by unstim-
ulated endothelial cells (without LPS). TFPI was measured in cul-
tured media (A) or cell extracts (B) of HMEC-1 or in cultured media
of HUVEC (C), treated for 4, 24, 48 and 72 hours with 1 and 10
IU/mL of dalteparin or UFH. The control cells were vehicle-treated
endothelial cells. Data represent the mean values from five exper-
iments performed in triplicate. 
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significant differences between the two agents, starting
from 48-hour incubation (Figure 6D). At this time, the
maximum effect was achieved with 10 IU/mL of dalteparin
(control: 32.7±3 ng/105 cells; LPS: 24.7±3.2 ng/105 cells, dal-
teparin: 39.8±4.6 ng/105 cells; p=0.01 vs LPS) or UFH
(40.4±3.8 ng/105 cells; p=0.009 vs LPS).

Discussion

Heparins inhibit blood coagulation but also interfere
with the physiological and pathological processes involved
in inflammation and chronic diseases.2,17 The underlying
mechanisms are likely to include an action of these agents
on the prothrombotic and pro-angiogenic properties of the
vascular endothelium. The present study is the first to eval-
uate the effect of heparins (the LMWH, dalteparin, and
UFH) on the hemostatic properties of microvascular
endothelial cells as compared to HUVEC. Our study indi-
cates that both dalteparin and UFH have an antithrombot-
ic effect on endothelial cells by suppressing inflammatory
stimulus-mediated procoagulant TF expression and by
enhancing anticoagulant TM expression and TFPI release.
However, we found significant differences in responses to
these two heparins between the two types of endothelial
cells. With regard to TF modulation, we found that: (i) dal-
teparin and UFH inhibited LPS-induced TF activity and
antigen in HMEC-1 to a greater extent than in HUVEC, (ii)
in HMEC-1 dalteparin was more active than UFH, and (iii)
in HUVEC the two heparins had comparable inhibitory
activity. The differences between the two heparins on
microvascular endothelial cell TF expression were
observed after 4 hours of incubation but they did not per-
sist after longer incubation (i.e. 24 hours). However, it
should be noted that LPS-stimulated TF expression by
HUVEC has been shown to be maximal after 4 to 8 hours
of incubation, and it declines thereafter.22

Our data on HMEC-1 are consistent with these findings.

Our data show that dalteparin and UFH reduced TF activi-
ty and antigen levels, and also reduced TF mRNA levels in
both endothelial cell types, suggesting that heparin-
induced inhibition of TF expression occurs, at least in part,
at the transcriptional level. Heparin has been shown to
inhibit cell proliferation by preventing the activation of the
mitogen-activated protein kinase kinase-1 (MAPKK-1).23

Interestingly, MAPKK-1 activation in endothelial cells can
be sensitive to LPS or cytokines, and is involved in the acti-
vation of the transcription factor complex NF-κB. This
transcriptional complex is implicated in TF gene transcrip-
tion,24 and, as recently demonstrated, in TM repression by
inflammatory cytokines.25

Previous studies have reported an inhibitory effect of
heparins (both UFH and LMWH) on endothelial TF expres-
sion.7-9 However, these studies were performed in different
experimental conditions to those of the present study; dif-
ferent heparins were used and the experiments were con-
ducted mainly in HUVEC. Cadroy et al.9 showed that UFH
reduces LPS-induced TF activity in HUVEC. Another study
in unstimulated HUVEC showed a reduction in cellular TF
activity by UFH and the LMWH enoxaparin.7 In that study,
UFH produced significantly greater inhibition of TF activi-
ty than enoxaparin, although the heparins were only eval-
uated at one concentration (10 IU/mL). Interestingly, one
study performed with the human endothelial cell line,
EA.hy926, showed that dalteparin was more effective than
UFH in reducing LPS-induced TF expression, and this is
consistent with our observation in HMEC-1.8

Our study also examined the effect of heparins on the
antithrombotic properties of endothelial cells, in particular,
on the expression of the two main inhibitors of blood coag-
ulation expressed by the endothelium, TFPI and TM. TFPI
is a potent inhibitor of the extrinsic coagulation pathway
and is constitutively synthesized by the vascular endothe-
lium.18 It acts by inhibiting the catalytic activity of factor Xa
and of factor VIIa-TF complexes in the presence of factor
Xa. TFPI is released from the endothelium by heparins, a

Figure 6. TM antigen expression
according to incubation time in
unstimulated or LPS-stimulated
endothelial cells. TM was meas-
ured in extracts of HMEC-1 and
HUVEC after treatment with 1
and 10 IU/mL dalteparin (DLT)
or UFH, in the absence (A and C)
or in the presence (B and D) of
LPS. Data are the mean±SD of
five independent experiments
performed in triplicate. *p<0.05
vs control or LPS-treated cells.
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mechanism that contributes to the antithrombotic activity
of this drug.19 In particular, heparins release the pool of TFPI
bound to the negatively charged glycosaminoglycans locat-
ed on the luminal surface of the endothelial cells. This
heparin-releasable TFPI is mainly constituted by the free
form, which possesses a higher anti-factor Xa inhibitory
activity compared to the truncated forms, i.e. without the
C-terminal region, which normally circulate in the blood.
Our results show that dalteparin and UFH increase TFPI
release into endothelial cell cultured media, both in HMEC-
1 and HUVEC. Similar effects have been described previ-
ously in HUVEC or other types of macrovascular endothe-
lial cells,6,8,20,21 but this is the first time they have been
observed in an endothelium of microvascular origin. This
heparin effect on TFPI release is maximum at the dose of 1
IU/mL and is associated with a reduction of the levels of
this protein in cells, as we observed in HMEC-1 (in
HUVEC, the study of cell-associated TFPI was not possible
due to the low TFPI expression in cell extracts). In addition,
we found that UFH was more effective than LMWH in this
respect. Our study is the first to include an analysis of TFPI
release in LPS-stimulated endothelial cells. In HMEC-1,
both heparins were shown to further increase LPS-induced
TFPI release. In contrast, LPS treatment did not affect TFPI
release in HUVEC, a finding that is consistent with previ-
ous studies with this type of endothelial cell.26 

Regarding the difference in the activity of heparins on
TFPI release, in a study with HUVEC,20 dalteparin was
found to be more effective than UFH in increasing TFPI
release in endothelial cell cultured media. In contrast, in
the endothelial cell line, EA.hy926, the release of TFPI was
greater in the presence of UFH than in the presence of dal-
teparin.8 In addition, the TFPI increase in cultured media
was accompanied by a concomitant reduction of cell-asso-
ciated TFPI, and this is consistent with our findings. It has
been suggested that the increase in TFPI release by
heparins may also be due to enhanced transcriptional
activity, as demonstrated by increased levels of TFPI-
mRNA with heparin treatment.8,27 In addition to its anti-
thrombotic activity, as a physiological inhibitor of the
extrinsic pathway of coagulation, TFPI has biological func-
tions as an anti-angiogenic and anti-inflammatory agent.
Furthermore, TFPI has been shown to possess anti-prolif-
erative and anti-migratory effects on cultured smooth
muscle cells.28 Therefore, the release of TFPI by heparins
likely mediates a role for these molecules in inflammation
and atherosclerosis. 

In the present study, we also demonstrated for the first
time the effect of heparins on the other endothelial cell-
associated coagulation inhibitor pathway, i.e. the expres-
sion of TM, a transmembrane protein expressed by vascu-
lar endothelial cells, which is a critical component of the
anticoagulant protein C pathway. TM binds thrombin and
alters its active site specificity to facilitate proteolytic acti-
vation of circulating protein C. In concert with its cofactor
protein S, activated protein C enzymatically degrades fac-
tor Va and factor VIIIa of the clotting cascade, thereby sup-
pressing further thrombin generation.29 TM is downregu-
lated in endothelial cells by various pro-inflammatory stim-
uli.16,30,31 Our results show that in HMEC-1, dalteparin
upregulates TM expression and counteracts the LPS-

induced suppression of TM expression, while UFH does
not significantly affect the expression of this protein. In
HUVEC, both LMWH and UFH stimulated the expression
of the anticoagulant TM, and attenuated the LPS-induced
suppression of TM. These data, therefore, add a novel
function to the wide range of activities of heparins. 

Our findings indicate that, at the level of the microvascu-
lar endothelium, dalteparin appears to exert a greater effect
than UFH in the expression of an antithrombotic pheno-
type. On the other hand, UFH was more effective than dal-
teparin in increasing TFPI release in the cultured media of
both endothelial cell types. In line with our results, other
studies have reported that endothelial cells show different
responses to UFH and LMWH.6-8,20 One explanation for this
difference may reflect differences in the chemical composi-
tion of individual heparins. Heparins are heterogeneous
preparations derived from mammalian tissues, and contain
polysaccharide chains of different lengths and molecular
weights. UFH has a mean molecular weight of 12-15 kDa,
with molecules ranging from 3 to 37 kDa in weight.
LMWH are derived from UFH by controlled enzymatic or
chemical depolymerization, and have mean molecular
weights ranging from 3 to 8 kDa. LMWH, therefore, have
a much higher proportion of short chains than does UFH.
This leads to an increased anti-Xa/anti-IIa activity ratio, a
greater bioavailability, a lower effect on platelets, and a
longer half life, compared with UFH.1 It is possible that the
different effects of heparins on endothelial cells observed in
the present study might result from the different propor-
tions of short and long polysaccharide chains within the
two heparins.3,31 Based on this assumption, we suggest that
the mechanisms involved in heparin-induced TFPI release
might be more responsive to long polysaccharide chains,
which are prevalent in UFH, whereas TF and TM modula-
tion might be optimized by the short polysaccharide
chains, which characterize dalteparin. However, little is
known about the molecular mechanisms by which
heparins modulate cellular pathways and this hypothesis
would need further investigation. In conclusion, both dal-
teparin and UFH ameliorate a prothrombotic state in
endothelial cells by suppressing inflammatory-mediated
TF expression in microvascular and macrovascular
endothelial cells, confirming that the vascular endothelium
is an important site of action of heparins. Interestingly, dal-
teparin inhibited the induction of TF by LPS more effec-
tively than did UFH, and increased TM expression, irre-
spective of the presence of LPS. 

In contrast, no significant differences were observed
between the two heparins on TF and TM expression in
HUVEC. The findings that heparins inhibit the effects of
LPS and directly stimulate TM and TFPI expression in
microvascular endothelial cells are consistent with their
observed anti-inflammatory effects.
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Heparins inhibit the endothelial pro-thrombotic
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1. Introduction

Patients with cancer are six times more likely to develop venous
thrombotic events (VTE) compared to non-cancer subjects. In addition,
cancer-associated thrombosis is linked with poor prognosis, and is the
second leading cause of death in these patients [1].

The tumor cell capacity to interact with and activate the host
hemostatic system plays an important role in the onset of the hyperco-
agulable state of cancer patients [2]. The production of procoagulant
factors, fibrinolytic and antifibrinolytic proteins, pro-inflammatory
and pro-angiogenic cytokines by tumor cells represents a group of
cancer-specific pro-thrombotic mechanisms. In addition, the direct
adhesion of tumor cells to host vascular cells promotes a vessel
wall localized clotting activation and thrombus formation. In fact,
tumor cells attached to endothelial cells (EC) release their cytokine
content into a protected milieu that favors the pro-thrombotic and
pro-angiogenic activities of EC. Along the same line, there is evi-
dence that clotting activation supports cancer progression [2]. For
example, tissue factor (TF) is also a signaling protein that regulates
cancer cell migration, angiogenesis and metastasis [3]. This makes the
inhibition of TF an important target for the design of new anti-tumor
strategies.

Clinical evidences suggest that heparins, particularly low-molecular-
weight heparins (LMWH), may improve survival of cancer patients
[4]. The biological mechanisms underlying this effect are still under
investigation [5]. An important mechanism is attributed to the
heparin actions at the vascular endothelium level, particularly the
microvascular endothelium, importantly involved in numerous pro-
cesses, including inflammation, leukocyte trafficking, wound healing,
angiogenesis and tumor metastasis. We previously demonstrated that
both LMWH and unfractionated heparin (UFH) are able to prevent the
thrombogenic switch of EC induced by bacterial endotoxin stimulus
[6], and to inhibit EC angiogenic activities triggered by tumor cells
[7,8]. However, it is unknown whether heparins may interfere with
EC prothrombotic features triggered by tumor cells. In this study
we evaluate, in an ‘in vitro’ model, whether and to what extent two
LMWHs and UFH affect the expression of TF and TFPI by EC challenged
by tumor cells.

Thrombosis Research 157 (2017) 55–57

2. Materials and methods

Human microvascular endothelial (HMEC-1), human acute
promyelocytic leukemia (NB4), and human breast cancer (MDA.MB-
231) cell lines were grown as described [7]. TCM were prepared as
described [7]. TCM were assayed for the presence of VEGF, FGF-2,
IL-1β, TNF-α and IL-8 by ELISA [7].

Confluent HMEC-1 were incubated at 37 °C with TCM (f.c. 12.5%) or
100 IU/ml standard IL-1β, in the absence or presence of increasing
concentrations (i.e. 0.01–0.1–1 IU/ml) of LMWH (dalteparin sodium
and enoxaparin sodium), or sodium UFH. Heparin concentrations were
chosen on the basis of the therapeutic dose range. The TCM f.c. of
12.5%was selected after preliminary dose-response experiments show-
ing that this dose is able to significantly induce TF expression without
altering the integrity of EC monolayer, as previously experienced [7].
After 4 h of incubation, TF activity was measured by the one-stage
recalcification assay of normal human plasma in EC lysates and TF anti-
gen in EC extracts by ELISA, as described. TF activity was characterized
by incubating EC samples with a purified polyclonal rabbit IgG antibody
(1 mg/ml) directed against human TF before the clotting assay. A nor-
mal non-immune rabbit IgG was the control in this assay [6]. After
24 h incubation, TFPI antigen was measured in EC cultured media by
ELISA [6]. The incubation times were selected based on time course
experiments, showing that the expression of TF and TFPI antigens by
EC stimulated with IL-1β up to 72 h was maximum after 4–6 h incuba-
tion for TF, and at 24 h incubation for TFPI. The integrity of the EC
monolayer was microscopically verified at the end of each experiment.
All experiments were done in triplicate, and each experiment was re-
peated ≥3 times under independent conditions. Data were compared
by one-way ANOVA analysis of variance for repeated measures and
the Bonferroni's post-hoc test. p-Values b 0.05 were considered signifi-
cant. All statistical analyses were performed using SPSS® statistical
software.

3. Results

As shown in Fig. 1, at 4 h incubation with IL-1β, EC TF activity signif-
icantly (pb 0.01) increased by 53% (Fig. 1A) and TF antigen levels by 61%
(Fig. 1B) as compared to unstimulated EC. Incubation of EC with hepa-
rins alone did not significantly affect TF expression (data not shown).

All heparins significantly counteracted the increase in EC TF activity
elicited by IL-1β (Fig. 1A). At 1 IU/ml, TF activity was 86% inhibited by
dalteparin, 100% by enoxaparin, and 64% byUFH (all p b 0.05). Similarly,
TF antigen was reduced by 72.5% with dalteparin, 100% with
enoxaparin, and 70% with UFH; all p b 0.05 compared to IL-1β alone
(Fig. 1B). Finally, IL-1β slightly increased EC TFPI antigen release, and
this effectwas significantly increased (p b 0.01) by all heparins (Fig. 1C).

The incubation of HMECwith TCM in the same experimental system
also significantly increased TF levels as compared to control medium.
Particularly, TF activity of HMEC-1 was 16.3 ± 3.4 Units/105 cells in
unstimulated conditions (control medium), and significantly increased
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to 28.7±4.5Units/105 cells and to 26.9±3.8 Units/105 cells after expo-
sure to TCM fromMDA.MB-231 (Fig. 1D) andNB4 (Fig. 1G) cells, respec-
tively. A concomitant increase in TF antigen levels paralleled the TF
activity raise. MDA.MB-231 TCM increased TF antigen by 60% (51.8 ±
6.3 pg/105 cells, Fig. 1E) and NB4 TCM by 48% (48.1 ± 5.4 pg/105 cells,
Fig. 1H), compared to control HMEC-1 (32.4 ± 43 pg/105 cells; p b

0.05). All heparins dose-dependently counteracted the increase of EC
TF expression elicited by TCM, both as activity (Fig. 1D and G) and anti-
gen (Fig. 1E and H), reaching a 100% inhibition at 1 IU/ml.

Incubation of HMEC-1 with MDA.MB-231 TCM significantly in-
creased TFPI levels in cultured media compared to control EC (28% in-
crement, p b 0.05; Fig. 1F). The addition of heparins to MDA.MB-231
TCM further increased TFPI release by EC, starting from the concentra-
tion of 0.1 IU/ml: at 1 IU/ml, the increments observed towards TCM
alone were +232% with dalteparin, +201% with enoxaparin, +174%
with UFH (all p b 0.05 vs TCM alone). Differently from MDA.MB.231
TCM, incubation of HMEC-1 with NB4 TCM significantly decreased
TFPI release in culture medium (2.26 ± 0.31 vs 7.81 ± 1.14 ng/ml, p b

0.05) (Fig. 1I). However, the addition of heparins to NB4 TCM signifi-
cantly increased TFPI release by EC in a dose-dependent way. At
1 IU/ml heparin concentration, TFPI levels were above those of control
cells. Heparins alone dose-dependently induced TFPI release by EC. At
1 IU/ml of heparins, TFPI was 20.8 ± 2.8 ng/ml with DLT, 18.3 ±
2.2 ng/ml with ENX, or 15.1 ± 1.8 ng/ml with UFH.

The quantification of cytokines and growth factors in TCM showed
VEGF as the most represented cytokine in both media (Table 1), with
the greatest expression in MDA.MB-231 TCM. NB4 TCM contained the
highest quantity of IL-8, while smaller amounts of IL-1β, FGF-2 and
TNF-α were detected in both TCM.

4. Discussion

In this study, we evaluated whether heparins may specifically coun-
teract the procoagulant stimulus of tumor cells on EC.We employed the
experimental system previously utilized to explore the anti-angiogenic
activity exerted by heparins against tumor-derived angiogenic products
[7,8].

Fig. 1. Effect of heparins on the expression of TF (activity and antigen) and TFPI byHMEC-1 cells incubatedwith IL-1β or TCM. HMEC-1 cells were incubatedwith IL-1β or TCM from breast
cancer MDA.MB-231 and acute promyelocytic leukemia NB4 cells, in the absence or presence of increasing concentrations (0.01–0.1–1 IU/ml) of heparins (diagonal striped bars =
dalteparin, full grey bars = enoxaparin, dotted bars = UFH). After 4 h incubation, TF activity was assayed in cell lysates, and TF antigen in cell extracts. After 24 h incubation, TFPI
antigen was measured in EC supernatants. Data are mean ± SD of 5 different experiments performed in triplicate. § = p b 0.05 vs control EC (CTR); * = p b 0.05 vs IL-1β or TCM
alone. TF = tissue factor, TFPI = tissue factor pathway inhibitor, HMEC-1 = human microvascular endothelial cell line-1, IL-1β = interleukin-1β, TCM = tumor conditioned medium,
UFH = unfractionated heparin, EC = endothelial cells, URBT = rabbit brain thromboplastin units.

Table 1
Levels of cytokines and growth factors in TCM from MDA.MD.231 and NB4 cells. Data are
mean± SD ofmeasurements performed on at least 20 TCM collected in different dates for
each cell line. * = p b 0.05 NB4 TCM vs MDA.MB-231 TCM.

MDA.MB-231 TCM NB4 TCM

VEGF (pg/ml) 1393 ± 146 641 ± 65*
FGF-2 (pg/ml) 5.2 ± 0.7 10.1 ± 1.3*
IL-1β (pg/ml) 35.2 ± 4.6 19.6 ± 1.2*
IL-8 (pg/ml) 45.8 ± 5.7 62.2 ± 9.2
TNF-α (pg/ml) 3.08 ± 1.4 20.1 ± 2.7*
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First, we characterized the effect of heparins on EC on the expression
of TF and release of TFPI elicited by the standard purified cytokine IL-1β.
This allowed us to study the activity of heparins in a calibrated condi-
tion. The results showed that the two LMWHs, as well as UFH, dose-
dependently inhibited the cytokine-induced TF expression by EC, both
as activity and antigen. Thus, these findings confirm that these drugs
possess an antithrombotic activity at the cellular level. This is in line
with our previous finding demonstrating that the LMWH dalteparin
andUFH inhibited the endotheliumprocoagulant profile elicited by bac-
terial endotoxin in both microvascular and macrovascular EC [6].

Next, we characterized the effects of breast and leukemia tumor-
derived product media on the EC procoagulant phenotype, and the
capacity of LMWH and UFH to modulate this TCM procoagulant effect.
The results show that TCM significantly induce TF expression by EC,
similarly to what observed with standard IL-1β. This observation
provides support for the involvement of the vascular system not only
in angiogenesis, but also in the onset of systemic hypercoagulability in
malignancy.

In this setting, we found that heparins dose-dependently
counteracted tumor cell-induced TF expression by EC and this occurred
in a similar way with the three heparins, despite the different mean
molecular weight. The downregulation of IL-1β- and TCM-induced TF
activity and antigen levels by heparins probably occurs through a tran-
scriptional mechanism, involving the inhibition of NF-κB activation, as
described also for other endothelial inducible molecules [6,9,10].

Another important finding is that the TF inhibition by heparin treat-
ments was associated with a parallel increase in TFPI release by EC, as
previously observed [6]. TFPI is an anticoagulant protein that inhibits
early phases of the procoagulant response by abrogating the activity of
the TF-FVIIa catalytic complex, and its reductionmay further contribute
to thrombosis [11]. It is well known that heparins are able to increase
the release of TFPI by EC. For the first time here, we show that this effect
is maintained also when EC are challenged by tumor products. Indeed,
in this study, when heparins were used in combination with IL-1β and
MDA.MB.231-TCMwe observed a small additive effect, while, in combi-
nation with NB4-TCM we observed a prevention of TCM-induced TFPI
reduction. This may represent another cell-specific antithrombotic
mechanism of heparins in cancer. The characterization of the soluble
mediators in TCM, revealed the presence of different cytokines and
growth factors, including IL-1β, VEGF, TNF-α, and IL-8. All these mole-
cules are known to be able to induce a procoagulant phenotype by EC.

To our knowledge, the present study demonstrates for the first time
that heparins can act on the EC procoagulant properties elicited by
tumor cells, particularly by inhibiting TF expression and stimulating
TFPI release. This confers to heparins a specific cellular antithrombotic
activity, a mechanism of great importance in cancer, where hypercoag-
ulability is at least in part due to the stimulation of EC by tumor cells.
Moreover, through these actions, heparins may interfere with cancer
progression as well, since TF plays a role in favoring angiogenesis,
while its specific inhibitor, TFPI, may counteract angiogenesis [2,12].
Taking into consideration that LMWH are able to inhibit also the pro-
angiogenic activities of EC stimulated by tumor-derived products [7,8],
our data support the dual anti-thrombotic and anti-cancer activities of

heparins observed in ‘in vivo’ studies [4], and highlight a role for these
drugs in breaking the relationship between cancer and thrombosis.
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Abstract

Background: Clinical studies suggest a survival advantage in cancer patients receiving
lowmolecular weight heparin (LMWH). A suggested mechanism for this beneficial effect
may reside in the antiangiogenic activity of heparins.
Objectives: In this study we investigated whether two different LMWHs, i.e. enoxaparin
and dalteparin, and unfractionated heparin (UFH), affect the angiogenic potential of
human microvascular endothelial cells (HMEC-1) promoted by tumor cells.
Methods: HMEC-1 cellswere incubatedwith tumor cell conditionedmedia (TCM) derived
from human breast cancer and leukemic cells (i.e. MCF-7, MDA.MB.231, and NB4 cell
lines) or recombinant cytokines (i.e. VEGF, FGF-2, TNF-alpha) ±heparins. Capillary-like
tube formation in Matrigel and cell proliferation were evaluated.
Results: All three TCM induced a significant (pb0.05) increase in total length of tubes
formed by HMEC-1 in Matrigel. These increases were significantly counteracted (62 to
100% mean inhibition) by enoxaparin and dalteparin, but were significantly less affected
byUFH. Similarly, the tube formation induced by standard VEGF, FGF-2, or TNF-alphawas
100% inhibited by enoxaparin, and 70–90% by dalteparin, whereas minor or no inhibition
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HMEC-1
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Abbreviations: EC, endothelial cells; ER-, estrogen receptor negative; ER+, estrogen receptor positive; FBS, fetal bovine serum; f.c.,
final concentration; FGF-2, fibroblast growth factor-2; HMEC-1, Human microvascular endothelial cells; HUVEC, human umbilical vein
endothelial cells; kDa, KiloDalton; LMWH, Low molecular weight heparins; Mw, Molecular weight; O.D., optical density; SD, standard
deviation; TCM, tumor cell conditionedmedium; TF, Tissue Factor; TFPI, Tissue Factor Pathway Inhibitor; TNF-alpha, tumor necrosis factor-
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was observed with UFH. VEGF was themost active cytokine in TCM of both breast cancer
and leukemic cells. EC proliferation was significantly increased by standard angiogenic
factors, and slightly affected by breast cancer TCM (p=ns). The addition of heparins
significantly counteracted the proliferative stimuli.
Conclusions: These results support a major role for LMWH compared to UFH in inhibiting
the proangiogenic effect exerted by tumor cells or purified angiogenic factors on
microvascular endothelium.
© 2007 Elsevier Ltd. All rights reserved.

Introduction

Low molecular weight heparins (LMWH) are glyco-
saminoglycans used in clinical practice for the
prevention and treatment of venous thromboem-
bolism [1]. They exert anticoagulant effects by
accelerating the rate of inhibition of coagulation
Factor X and thrombin by binding to antithrombin.
In clinical studies of thrombosis, an advantage in
survival was shown in patients with cancer receiv-
ing LMWH, and these findings could not be
explained solely by the prevention of venous
thromboembolism [2]. Recently, the results of
prospective randomized clinical trials specifically
addressing the effect of LMWH on survival in
patients with cancer, suggest a role for these
drugs in cancer care, particularly in the early stages
of the disease [3–6]. The possible mechanisms of
LMWH interference with cancer biology are cur-
rently under investigation [7]. Theymay involve the
inhibition of both coagulation-dependent and non-
coagulation-dependent pathways of tumor progres-
sion [8–10]. Among the latter, an important role has
been attributed to the action(s) of heparins on neo-
angiogenesis, i.e. the formation of new blood
vessels from the host's existing vascular bed,
which supports the expansion of a tumor and the
formation of metastasis. The angiogenesis is a com-
plex process constituted bymultiple steps. It begins
with the degradation of the basementmembrane by
proteases secreted by activated endothelial cells
that will migrate and proliferate, leading to the
formation of solid endothelial cell sprouts into the
stromal space. Then, vascular loops are formed
and capillary tubes develop with formation of
tight junctions and deposition of new basement
membrane.

It has been observed that heparins can inhibit
capillary tube formation by human endothelial cells
(EC) from the macrovascular bed (i.e. HUVEC)
stimulated by standard proangiogenic factors [i.e.
fibroblast growth factor-2 (FGF-2) and vascular
endothelial growth factor (VEGF)], and that the
heparin inhibitory capacity is dependent on the
molecular weight of heparins used [11]. Further-
more, it has been shown that heparins can affect

angiogenesis by modulating the binding of angio-
genic growth factors to their cell receptors [12].
However, no studies have evaluated so far the
interference of heparins on angiogenesis promoted
by tumor cell derived products.

Therefore, in this study, we explored for the first
time the effect of heparins on the interaction of
tumor cells with human microvascular EC on two
steps of angiogenesis: the EC proliferation and the
capillary-tube formation by the matrigel assay,
which evaluates the final differentiation of EC into
capillary-like tubular structures.

We used EC of microvascular origin (i.e. HMEC-1)
because: 1. this is the EC type mainly involved in
clinically relevant angiogenesis capillary sprouting
in vivo [13,14], and 2. no in vitro studies have
been performed so far to evaluate the effect of
heparins on the angiogenesis of human microvascu-
lar EC in a matrigel-based assay. In our experimental
system, the endothelial capillary formation was
induced by two human breast cancer cell lines (i.e.
MDA.MB-231 and MCF-7 cell lines), characterized by
different expression of VEGF and metastatic poten-
tial in vivo, and by a human leukemic cell line (i.e.
NB4) with well characterized procoagulant and
proangiogenic properties [15–17]. Three heparins,
largely utilized for the prevention and treatment of
thrombosis in human subjects (including cancer
patients), with different molecular weights and
methods of preparation [i.e., two LMWH, dalteparin
and enoxaparin, and an unfractionated heparin
(UFH)] have been selected for the study.

Materials and methods

Drugs

Heparins used in this study were two LMWH, i.e. dalteparin sodium
(Fragmin®, gift of Pfizer, Rome, Italy; mean Mw 6.0 kDa) and enox-
aparin sodium (Clexane®, gift of Aventis, Milan, Italy; mean Mw
4.5 kDa), and a sodium unfractionated heparin (“UFH”, Vister®,
Parke-Davis, Lainate, Milan, Italy; mean Mw 15.0 kDa). The two
LMWHare produced by the depolymerization of heparin derived from
porcine mucosa. Particularly, dalteparin is prepared by benzylation
and alkaline hydrolysis, and enoxaparin by nitrous acid depolymer-
ization. The three heparins were in the form of their respective
commercially available pharmaceutical products. The heparins were
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usedat concentrationsof0.01, 0.1 and1 IU/ml, chosenon thebasis of
the therapeutic dose range utilized in clinics.

Endothelial cell culture

Human microvascular endothelial cells (HMEC-1) (kind gift from Dr.
F.J. Candal, Centers for Disease Control and Prevention, Atlanta,
GA, U.S.A.), were grown in RPMI1640medium (Gibco, Gaithersburg,
MD, U.S.A.) supplemented with 5% fetal bovine serum (FBS, Gibco),
2 mM L-glutamine (Gibco), 10 ng/ml epidermal growth factor (ICN,
Costa Mesa, CA, U.S.A.) and 1 μg/ml hydrocortisone (ICN), and
maintained in a 5% CO2/95% air atmosphere in a humidified
incubator (Heraeus, Milan, Italy) at 37 °C [18]. Confluent mono-
layers of HMEC-1 were passaged by trypsin/EDTA treatment (0.25%
trypsin-EDTA solution, Life Technologies, Inc., Rockville,MD,USA) at
a 1:3 split ratio.

Tumor cell culture and tumor cell conditioned
medium (TCM) preparation
Breast cancer conditioned media were obtained from two human
cell lines, i.e.MDA.MB-231 andMCF-7, purchased fromtheAmerican
Type Culture Collection (ATCC; Manassas, VA, USA). MDA.MB-231
cells (ATCC cat. #HTB-26), originally isolated from the pleural
effusion of a 51-years female with adenocarcinoma [19], have a
fibroblastic phenotype, are estrogen receptor negative (ER-), and
are highly metastatic in vivo as established in mice [20].

MCF-7 cells (ATCC cat. #HTB-22) have an epithelial phenotype,
are ER positive (ER+) and are low metastatic in vivo [21,22].

Breast cancer cells were grown in Dulbecco's modified Eagle's
medium (DMEM, Gibco) supplemented with 10% FBS, 2 mM L-
glutamine, 100 IU/ml penicillin, 100 μg/ml streptomycin and 1%
non-essential amino acids (Gibco), in T75 flasks (Becton Dickinson,
Mountain View, CA, USA), where they adhere to the plastic bottom
forming a monolayer. At 100% confluence of cell monolayer, culture
mediumwas removed, cellswerewashed three timeswithRPMI1640
and incubated with 10 ml serum-free RPMI1640 plus 2 mM L-
glutamine. After 24 h incubation, TCM were collected, centrifuged
for 10 min at 16,000 ×g to eliminate cell debris, then the
supernatants were collected, 0.22 μm-filtered, and stored at
−40 °C until assayed.

Human promyelocytic leukemia NB4 cell line, established in
vitro from an APL patient, was a kind gift from Dr. M. Lanotte
(INSERM Unit 301, St Louis Hospital, Paris, France) and grown in
suspension in RPMI1640 containing 10% FBS, 2 mM L-glutamine,
100 IU/ml penicillin and 100 μg/ml streptomycin [15]. For the
preparation of TCM,NB4 cellswere collected,washed three times in
RPMI1640, counted and resuspended at 500,000 cells/ml in serum-
free RPMI1640 plus 2 mM L-glutamine. After 24 h incubation, the
cells were sedimented by centrifugation (1500 g for 5min), and TCM
collected and processed as described above for breast cancer cells.

Trypan blue exclusion dye test was used to determine HMEC-1 as
well as tumor cells viability. Only cell cultures withmore than 95% of
viable cells were used for the subsequent experiments.

Capillary-like tubule formation in Matrigel

A Matrigel-based capillary-genesis assay was performed on HMEC-1
to assess the ability of these cells to form an organized tubular
network [23]. The day before the experiment, confluent HMEC-1
were starved overnight at 37 °C with RPMI 1640 medium containing
1% FBS. Growth factor-reduced Matrigel® (Becton Dickinson) was
thawed overnight at 4 °C on ice and, the day of the assay, plated on
the bottomof 96well-plates, and left at 37 °C for 1 h for gelification.
Starved HMEC-1 were collected by enzymatic detachment (0.25%

trypsin-EDTA solution), counted and resuspended in RPMI1640
medium containing 0.5% FBS (f.c.). Then, 10,000 cell/well were
seededonMatrigel and incubated at 37 °Cand5%CO2 in a humidified
atmosphere with TCM, or the following purified recombinant human
angiogenic factors: 50 ng/ml VEGF165, 100 ng/ml FGF-2 and 100 ng/
ml TNF-alpha (R&D Systems, Minneapolis, MN), in either the
presence or in the absence of increasing doses of each heparin
(i.e. 0.01–0.1–1 IU/ml). Each treatment was performed in
triplicate. After 24 h at 37 °C tubule formation was examined
under an inverted light microscope (ZEISS, model 471202, Germany)
at 100× magnification (objective lens numerical aperture=0.22).
Digital images were obtained using a video camera system
(Photosmart 318, Hewlett Packard) along with the microscope.
Three images were randomly taken in different areas of the well,
selecting those areas that were distinct and distant enough to not
overlap each other, and then quantified by two observers blinded to
treatment group. The total length of connected cells forming tubular
structures on the matrigel surface was measured using the resulting
images. Total tube length was determined by an image analysis
software (Image J, National Institutes of Health, Bethesda, MD,
USA). Results are expressed as mm tube length/cm2 area. In some
experiments, TCMwere incubated for 2 hat 37°Cprior to their use in
the matrigel assay with the following neutralizing antibodies:
polyclonal antihuman VEGF165 (2.5 μg/ml, R&D Systems), monoclo-
nal antihuman TNF-alpha (4 ng/ml, R&D Systems), and monoclonal
antihuman FGF-2 (50 μg/ml, Upstate, Lake Placid, NY, USA). To
optimize the antibody concentrations we conducted preliminary
dose–response experiments with standard cytokines (data not
shown). Capillary formation induced by standard angiogenic factors
was completely inhibited by the respective neutralizing antibodies.
Neutralizing antibodies alone did not affect endothelial cell tube
formation (data not shown).

EC proliferation

EC proliferation was evaluated using the Crystal Violet staining
method as described [24]. HMEC-1 were seeded in 96-well plates at
the concentration of 10,000 cells/well. A calibration curve was
prepared by seeding in duplicate the cells at the concentrations of
5,000, 7,500, 10,000, 15,000 and 20,000 cells/well: a series was
utilized for Crystal Violet staining and the other for the trypan blue
exclusion dye test. The cells were allowed to adhere and starved for
24 h in RPMI1640 medium at 1% FBS. The medium was then removed
and HMEC-1 were incubated with RPMI1640 medium (control cell
wells and calibration curve wells) or TCM (12.5% f.c. in RPMI1640
medium+FBS 0.5%), in the presence or absence of enoxaparin,
dalteparin or UFH. After 24 h of incubation, the wells were washed
three times with phosphate buffered saline (PBS; pH 7.4), and fixed
with 3% paraformaldehyde (Sigma) for 10 min. Plates were washed
three times with PBS, emptied and then allowed to dry by air. Then,
75μl of Crystal Violet dye (0.5% inH2O)was added to eachwell. After
5 min incubation, plates were rinsed extensively with PBS, and then
100μl of 0.1M sodium citrate in 50% ethanolwas added. After crystal
violet solubilization, the absorbance at 540 nmwavelength was read
by a Multiskan Ascent reader (Titertek, Huntsville, AL, USA). The
calibration curve was constructed by plotting the cell counts
obtained by trypan blue exclusion dye test vs the correspondent
optical densities (O.D.) obtained with the crystal violet assay.

TCM cytokine quantification by ELISA

TCM were assayed for the presence of the pro-angiogenic factors
VEGF165, FGF-2, and TNF-alpha by commercially available ELISA kits,
i.e. human VEGF-A and human TNF-alpha ELISAs by BenderMedSys-
tems (Vienna, Austria), and human FGF-2 ELISA by Chemicon
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International (Temecula, CA,USA). ELISAswere performed according
to the respective manufacturers' instructions. Results are expressed
as ng (TNF-alpha) or pg (VEGF and FGF-2) per ml of TCM, and
represent themean±SDof 30differentTCMsamples (i.e. collected in
different days) for each tumor cell line.

Statistical analysis

The results are reported as mean±SD of at least five independent
experiments. Student's paired and unpaired t-test was used for the
determination of significance levels between the different treat-
ments. Differences were considered statistically significant when
pb0.05.

Results

TCM-induced formation of capillary-like tube
structures in Matrigel

HMEC-1 seeded on Matrigel invaded the underlying gel and formed
capillary-like tube structures. In the presence of control medium
alone, minor cell organization was observed and the mean overall
length of tubular structures was 247±23 mm/cm2.

To evaluate whether products released by tumor cells may also
affect tube formation in this experimental system, TCM collected
from human breast cancer cell lines, MCF-7 (ER+) and MDA.MB-231
(ER−), and from the NB4 promyelocytic leukemia cell line, were
serially diluted with control medium (from 75 to 1.56% f.c.) and
added to HMEC-1 seeded on matrigel. As shown in Fig. 1, TCM from
the three cell lines induced a significant increase in HMEC-1 tube
formation starting from 1.56% concentration and reached the
maximum effect at 12.5% concentration of TCM; no further increase
was observed with greater TCM concentrations. Particularly, the
total length of the network formed after HMEC-1 incubation with
12.5% TCM was: 675± 98 mm/cm2 with MDA.MB.231, 502
±66 mm/cm2 with MCF-7, and 708±89 mm/cm2 with NB4, all
pb0.01 compared with control medium (238±28 mm/cm2).
Similarly, a complex network developed in the presence of the
pro-angiogenic factors: VEGF (406±59 mm/cm2), FGF-2 (467±
61 mm/cm2), and TNF-alpha (421±30 mm/cm2); all pb0.01 vs
control medium.

Heparins inhibit tube formation induced
by TCM

Subsequently, we studied the effect of heparins on TCM-induced
capillary network formation. HMEC-1 were incubated for 24 h with
control medium or TCM (12.5% f.c.) in the presence of increasing
concentrations of each heparin (i.e. 0.01, 0.1, 1 IU/ml), then tube
formation was evaluated. As shown in Fig. 2, the three heparins
affected the capillary formation induced by either breast or
leukemic cell TCMs to different extents. MDA.MB.231-TCM-induced
capillary formation was dose-dependently inhibited by the three
heparins (Fig. 2A). In particular, at the heparin concentration of
1 IU/ml, the observed inhibitions (mean±SD) were: 35±6.3% by UFH
(pb0.01), 81±8.4% by enoxaparin (pb0.01) and 75±8.8% by
dalteparin (pb0.01). At this concentration, the inhibitory effect of
UFH was significantly (pb0.05) lower than that of the two LMWH.
Similarly, the MCF-7 TCM-induced tube formation was also dose-
dependently inhibited by heparins (Fig. 2B). In the range of drug
concentrations between 0.01 and 1 IU/ml, the inhibitory effect of
UFH was significantly lower than that of both LMWH; specifically, at
the heparin concentration of 1 IU/ml, MCF-7 TCM induced-tube
formation was 29±4.1% inhibited by UFH (pb0.05), 62±7.2% by

enoxaparin (pb0.01) and 70±6.5% (pb0.01) by dalteparin. Finally,
heparins counteracted in a dose-dependent manner tube formation
induced by NB4 leukemic cell TCM (Fig. 2C). In this case, enoxaparin
was the most effective drug, by completely preventing the
proangiogenic stimulus at the 1 IU/ml concentration. At this dose,
tube formation induced by NB4-TCM was 100% inhibited by
enoxaparin (pb0.01), 80±9.3% by dalteparin (pb0.01) and 44
±5.6% by UFH (pb0.01); a significant (pb0.05) difference between
the inhibition produced by either enoxaparin or dalteparin compared
to UFH was also observed. Fig. 3 shows photographs of the capillary
tube formation on matrigel from a representative experiment of
heparin effects on TCM-induced capillary network formation.

Heparins inhibit tube formation induced by
standard angiogenic factors

A series of experiments were performed to evaluate whether
heparins may affect tube formation induced by standard human
recombinant angiogenic factors. For this purpose, HMEC-1 were
incubated for 24 h with VEGF, FGF-2 or TNF-alpha in either the
presence or absence of each heparin (f.c. 1 IU/ml).

As shown in Fig. 4, all the heparins significantly inhibited
capillary tube formation induced by the three standard proangio-
genic factors. However, the inhibitions achievedwith the two LMWH
were significantly higher than with UFH. Indeed, both enoxaparin
and dalteparin 100% and 90±7.5% counteracted capillary tube
formation induced by VEGF (pb0.01), 100% and 70±8.2% by FGF-2
(pb0.01), and 100% and 75±7.4% by TNF-alpha (pb0.01),
respectively. Differently, UFH inhibited by 28±4.8%, 33±
5.2% and 36±4.4% (all pb0.05) the capillary tube formation
induced by VEGF, FGF-2 and TNF-alpha, respectively.

Figure 1 TCM induceHMEC-1 capillary-like tubule formation.
HMEC-1 were exposed to increasing concentrations of TCM
obtained from the two breast cancer cell lines (MDA.MB.231 and
MCF-7) and from the leukemic NB4 cell line. After 24 h
incubation, tube formation was quantified. For all three types
of TCM, the maximum proangiogenic activity peaked at the
12.5% concentration. Data are reported as the mean±SD of 5
different experiments, each performed in duplicate. ⁎ =pb0.05
vs control.
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Characterization of TCM growth factor content

In order to identify the possiblemediators of angiogenesis contained
in breast cancer and leukemia cell TCM, quantitative assays (ELISA)
for the main angiogenic factors, i.e. VEGF, FGF-2 and TNF-alpha,
were performed. TCM from breast cancer cells contained signifi-
cantly (pb0.05) higher levels of VEGF (MDA.MB.231: 956 ±87 pg/
ml, MCF-7: 647±
70 pg/ml) compared to NB4-TCM (293±44 pg/ml). All TCM were
negative for the presence of FGF-2. No TNF-alpha was detected in
breast cancer cell TCM,whereas a very small amount of this cytokine
was found in NB4-TCM (9.3±2.7 pg/ml). Neutralizing antibody
against VEGFwas used in thematrigel assay to evaluate the relative
proangiogenic role of this cytokine. The results show that the anti-
VEGF antibody significantly inhibited capillary-tube formation
induced by TCM from MDA-MB.231 (98±10%; pb0.01), MCF-7 (85
±14%; pb0.01), and NB4 (80±18%; pb0.01) (Fig. 5).

HMEC-1 proliferation

The effect of TCM and heparins on proliferation of HMEC-1 treated
for 24 h with TCM (12.5% f.c.) was explored. FGF-2, VEGF and TNF-
alpha were used as standard factors in this assay. The results (Fig. 6)
show that after 24 h incubation, TCM from the twobreast cancer cell
lines produced a slight increase in HMEC-1 proliferation as compared
with untreated cells (8.5% and 9.2% increase for MDA-MB.231 and
MCF-7, respectively; p=n.s.). In contrast, the incubation of HMEC-1
with TCM from NB4 cells produced a slight decrease in EC
proliferation compared to control (4.7% decrease; p=n.s.). The
addition of heparins to TCM did not significantly affect cell
proliferation.

After 24 h incubation HMEC-1 proliferation was 22% (pb0.05)
increased by VEGF and 30% (pb0.05) by FGF-2 (Fig. 7), while was
unaffected by TNF-alpha (data not shown). All the three heparins
significantly inhibited cell proliferation induced by VEGF and FGF-2
in a dose-dependent manner (Fig. 7), reaching a 100% inhibition at
the concentration of 1 IU/ml for all heparins. Similar results were
obtained after 48 h incubation (data not shown).

Discussion

Angiogenesis, the formation of new vessels, has a
major role in tumor growth, dissemination and
metastasis in both solid and hematological tumors
[25]. Angiogenesis is driven by microvascular EC,
which upon activation by angiogenic growth factors
degrade their basement membrane, migrate into the
interstitial matrix, proliferate, and form new capil-
lary-like structures [14]. The angiogenic switch in
cancer is a highly complex event that involves several
tumor-derived factors. Inhibition of angiogenesis is
one of the proposed strategies to control cancer. Basic
research and clinical data have shown anticancer
effects of heparins, both UFH and LMWHs, suggesting
a promising role for LMWHs in this setting [7,26].

In the present study we evaluated whether
heparins may affect the angiogenic properties of
microvascular EC exposed to TCM. Two different
LMWH, i.e. dalteparin and enoxaparin, and standard
UFHwere used. The two LMWH have been selected on
the basis of their different molecular weight range

and type of preparations, as these characteristics are
thought to affect their pharmacokinetic andbiological
properties [27]. In addition, these two LMWHs have
been widely tested in clinical trials of thrombo-
prophylaxis in patients with and without cancer and,
recently, in clinical studies evaluating the effect on
survival of patients with cancer [26].

Our results demonstrate that enoxaparin, dalte-
parin and UFH can inhibit microvascular EC capillary-
like tube formation in matrigel when induced by

Figure 2 Heparins counteract HMEC-1 capillary-like tubule
formation induced by TCM. HMEC-1 were incubated with TCM
(f.c.=12.5%) obtained from MDA.MB.231 (panel A), MCF-7
(panel B), and NB4 (panel C) cell lines, in the absence or pre-
sence of increasing concentrations of heparins (Black square =
UFH, Open triangle = Enoxaparin, Open circle = Dalteparin).
After 24 h incubation, tube formation was quantified. Data
are mean±SD of 5 different experiments performed in
duplicate. § = pb0.05 vs control (C); ⁎ = pb0.05 vs TCM.
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human breast cancer and leukemia cells. The inhibi-
tion is dose-dependent and reaches amaximumeffect
with the concentration of 1 IU/ml. In the interval of
heparin concentrations between 0.1 and 1 IU/ml, that
is superimposable to the therapeutic dose range
utilized in clinics, the two LMWH have superior
inhibitory activity compared to UFH.

A number of tumor-derived products may be
potential positive regulators of angiogenesis. Our
results indicate an important role for VEGF in both
breast cancer and leukemia cell-mediated capillary
formation. Indeed, in our experimental conditions, a
VEGF-neutralizing antibody mostly abrogated endo-
thelial tube formation induced by the three TCM.
Other proangiogenic factorsmaybe releasedby tumor
cells, i.e. FGF-2 and TNF-alpha, however, the screen-
ing of our TCM for these additional factors did not
reveal significant amounts of these cytokines. In
addition, neutralizing antibodies against these cyto-

kines did not significantly inhibit TCM-induced angio-
genesis. In the same tumor cell model of NB4, others
have shown a major role for VEGF contained in the
NB4 TCM in inducing the migration of HUVEC [17]. A
role of this factor is confirmed also in our model,
which is the firstmodel studying the effect of NB4 cells
on microvascular EC capillary-like tube formation.

It is noteworthy that the most potent tumor-
derived proangiogenic factors are heparin-binding
proteins. We therefore explored the effect of
heparins on angiogenesis induced by VEGF as well as
by other standard proangiogenic factors, i.e.: FGF-2,
and TNF-alpha. LMWH significantly inhibited capil-
lary-like tube formation induced by these human
recombinant factors, while a lower inhibitory effect
was observed with UFH. Among the two LMWH,
enoxaparin was more effective than dalteparin in
inhibiting growth-factor induced capillary formation
under these experimental conditions. Heparins, UFH

Figure 3 Pictures from a representative experiment showing that heparins affect HMEC-1 capillary-like tubule formation
induced by the different TCM (f.c.=12.5%). The pictures (original magnification=100×) were squared and contrast/brightness
adjusted by the Adobe Photoshop 5.5 software.
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and LMWH, are a heterogeneous mixture of glycos-
aminoglycan chains of different length andmolecular
weight. UFH has an averagemolecular weight of 13 to
15 kDa, whereas LMWHs are produced by UFH
depolymerization and have a mean molecular weight
between 3 and 6 kDa, depending on the manufactur-
ing process. It has been demonstrated that heparin
fragments with MWs of 4.8- to 5.4-kDa inhibit the in
vitro binding of VEGF165 to its receptors on cultured

bovine aortic arch EC, while fragments with MWs of
more than 6.9 kDa enhance the binding [28]. As a
consequence of the lower mean molecular weight of
the heparin fragments, it is possible that the LMWHs
used in this studymight prevent the binding of growth

Figure 4 Heparins affect HMEC-1 tubule formation induced
by standard proangiogenic factors. HMEC-1 were incubated
with the standard proangiogenic factors VEGF (50 ng/ml),
FGF-2 (100 ng/ml), and TNF-alpha (100 ng/ml) in the absence
or presence of 1 IU/ml heparins. After 24 h incubation,
capillary like-tubule formation was quantified. Data are
mean±SD of 5 different experiments performed in duplicate.
§ = pb0.05 vs Control; ⁎ = pb0.05 vs No heparin.

Figure 5 Neutralizing antibody against VEGF reducesHMEC-1
capillary-like tubule formation induced by TCM. TCM were pre-
incubated for 2 h in the presence and absence of an antibody
directed against VEGF (f.c.=2.5 μg/ml) at neutralizing concen-
tration, and then used in the angiogenesis assay. After 24 h
incubation, HMEC-1 capillary network was quantified. Data are
mean±SD of 5 different experiments, each performed in
duplicate. § = pb0.05 vs Control; ⁎ = pb0.05 vs TCM.

Figure 6 HMEC-1 proliferation in the presence of TCM±
heparins. HMEC-1 were exposed to the different TCM (f.c. =
12.5%), in the presence and absence of heparins (Black square =
UFH, Open triangle = Enoxaparin, Open circle = Dalteparin), and
after 24 h incubation cell proliferation was evaluated. No
significant effect of TCM on HMEC-1 proliferation occurred. The
addition of LMWHs or UFH did not induce significant modifica-
tions. The results are reported as mean±SD of 5 different
experiments performed in triplicate.
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factors to their receptor on endothelial cells and thus
inhibit their functions [12]. Based on these considera-
tions, we can also hypothesize that the lower mean
Mw of enoxaparin (4.5 kDa) compared to dalteparin
(6.0 kDa) shouldbe responsible for themajor effect of
enoxaparin over dalteparin in inhibiting capillary
tube formation.

Our results are in line with those of other studies
that have explored the effects of heparins on
angiogenesis in different experimental in vivo and in
vitro models. In an animal model of angiogenesis, it
has been shown that FGF-2- and VEGF165-induced
angiogenesis is more suppressed by a LMWH, or
heparins enriched in 2.5 kDa and 5.0 kDa species,
than by UFH and high-molecular-weight heparins

[29,30]. Similarly, in the in vitromodel of angiogenesis
in HUVEC, LMWH in the range of 3–6 kDa significantly
inhibited FGF-2- and VEGF-induced angiogenesis,
whereas no inhibition was observed with UFH, tetra-
saccharide, pentasaccharide and octasaccharide [11].

In our study we demonstrate that this occurs in the
microvascular endothelial cell model, not only when
EC are stimulated by standard proangiogenic factors,
but also by tumor derived products. In these experi-
mental conditions, a lower effect of UFH compared to
LMWH in inhibiting angiogenesis is apparent.

The differential effect of LMWHs compared to UFH
on angiogenesis has been observed also in studies of
other EC activities. In a previous study we demon-
strated that LMWH and UFH have different effects on
the hemostatic properties of endothelial cells [31].
Wecould observe that LMWH (i.e.dalteparin) andUFH
suppress LPS-mediated Tissue Factor (TF) expression
and increase the anticoagulant properties of EC. In the
microvascular setting (i.e. HMEC-1), dalteparin has a
significantly greater effect than UFH in decreasing TF
and increasing thrombomodulin and TF pathway
inhibitor (TFPI) expression. We also observed that
both UFH and LMWH reduced TFmRNA levels in HMEC-
1 [31]. As TF is involved in tumor angiogenesis through
the regulation of VEGF expression [32], it could be
hypothesized that heparins can interfere with the
angiogenic process through TF downregulation as
well.

In this work, we did not observe a significant effect
of TCM on EC proliferation, indeed only TCM from
breast cancer induced a very slight, statistically
insignificant, increase of cell proliferation. Nor did
we observe a significant effect of heparins on EC
proliferation in the presence of TCM. Differently, the
heparins significantly inhibited growth factor-induced
proliferation. In this regard, our results are in agree-
ment with those published by Collen et al. [33], who
found a significant inhibition of FGF2- and VEGF-
induced microvascular endothelial cell proliferation
by UFH and by a commercial LMWH (i.e. reviparin),
and with the data of Khorana et al. [11], who found a
significant inhibition of FGF2-induced proliferation of
HUVEC by both UFH and fractions of LMWH of 3 and
6 kDa.

Nevertheless, we must keep in mind that angiogen-
esis is a multi-step process. Indeed, endothelial cell
proliferation and cell reorganization constitute two
keymoments for a successful formationof newvessels.
The matrigel model of angiogenesis explores the
capacity of cells to organize in tubular structure (i.e.
migration and differentiation), and this event does not
critically depend on endothelial proliferation. There-
fore, we can hypothesize that the inhibitory activity of
heparins against the proangiogenic stimulus of TCM is
not mainly related to an inhibition ofmicrovascular EC

Figure 7 Heparins inhibit HMEC-1 proliferation induced by
standard growth factors. Cell proliferation was evaluated in
HMEC-1 exposed for 24 h to either FGF-2 (100 ng/ml) or VEGF
(50 ng/ml) in the presence and absence of heparins (Black
square = UFH, Open triangle = Enoxaparin, Open circle =
Dalteparin). Both FGF-2 and VEGF significantly increased HMEC-
1 proliferation. The addition of LMWHs or UFH dose-depen-
dently inhibited EC proliferation induced by either cytokine.
The results are reported asmean±SD of 5 different experiments
performed in triplicate.
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proliferation, but more likely to an intervention at the
level of cell differentiation and reorganization induced
by tumor cell derived products. Differently, the inhi-
bition of EC proliferation and differentiation in tubule
structures are both involved in the antiangiogenic
activity of heparin against pure standard growth
factor-induced angiogenesis.

In conclusion,we found that heparins can affect the
angiogenic stimulus of tumor-derivedproducts, aswell
as standard proangiogenic factors, and that LMWH are
more effective than UFH in this process. The anti-
angiogenic activity of LMWH, together with the known
anticoagulant and antiinflammatory activities of these
agents provides further basis for the beneficial clinical
effects observed in the cancer setting.
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LMWH Bemiparin and ULMWH RO-14 Reduce the Endothelial Angiogenic
Features Elicited by Leukemia, Lung Cancer, or Breast Cancer Cells

Alfonso Vignoli, Marina Marchetti, Laura Russo, Elena Cantalino, Erika Diani, Gaia Bonacina,
and Anna Falanga
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Low-molecular-weight heparins (LMWH) are anticoagulant
drugs that also possess antitumor properties. We evaluated
whether “second generation” LMWH bemiparin and the
Ultra-Low-MWH (ULMWH) RO-14 are able to inhibit in vitro the
angiogenic response of microvascular endothelium stimulated
by tumor-cell-conditioned media (TCM) from human leukemia,
lung cancer, and breast cancer cells. Bemiparin and RO-14 dose
dependently inhibited the increase of capillary-like tube
formation (Matrigel-based assay) and endothelial migration
(wound-healing assay) induced by TCM. Both drugs also
inhibited angiogenic response elicited by purified VEGF and
FGF-2. These findings support a possible role of these
molecules as adjuvant drugs in cancer treatment.

Keywords: Heparins; LMWH; Angiogenesis; Endothelial cells;
Cancer cells

INTRODUCTION

The association between cancer and thrombosis is well
known since more than a century (1). It is a two-way asso-
ciation in that the presence of the tumor induces a hyperco-
agulable state in the host, predisposing the patient to throm-
bosis, while vice versa the activation of coagulation favors
the tumor progression (1). It has been proposed that target-
ing this interaction may have a favorable impact on survival
of cancer patients. In this respect, the heparin class of drugs
has been intensely investigated. The glycosaminoglycan hep-
arins are the most widely used parenteral anticoagulants in
clinics for the prevention and treatment of thrombosis. They
act by accelerating the rate of inhibition of blood coagulation
factors X (FX) and II (FII) by antithrombin. Low-molecular-
weight heparins (LMWH) are largely utilized for thrombo-
prophylaxis in oncological patients, who represent a popula-
tion at high risk for both venous and arterial thrombosis (2).
Interestingly, data from different randomized clinical trials
suggest a beneficial effect of LMWH on survival in patients
with several types of cancer (3). These effects are not com-
pletely explained by the prevention of thrombosis and have

Correspondence to: Anna Falanga, MD, Division of Immunohematology and Transfusion Medicine, Department of Oncology-Hematology,
Ospedali Riuniti di Bergamo, Largo Barozzi 1, 24128 Bergamo, Italy. email: annafalanga@yahoo.com

been attributed to a broad range of “nonanticoagulant” ef-
fects of heparins (4).

The first observation of a possible antineoplastic action
of these drugs dates back to 1930 (5). Since then, a growing
body of studies have demonstrated that heparins can affect
the growth and metastasis of primary tumors, block the adhe-
sion and migration of cancer cells, and affect tumor-induced
neoangiogenesis (4, 6, 7). The effects of heparins on angio-
genesis have been actively investigated in both in vivo and
in vitro systems (8). Some of these studies show that the
size of heparins may influence their antiangiogenic proper-
ties (9). We recently demonstrated that two “first-generation”
LMWH, i.e., dalteparin and enoxaparin, with a mean Mw
of 5.7 and 4.5 kDa, respectively, can prevent the forma-
tion of microvascular endothelial cell capillary-like tubes
induced by breast cancer and leukemic-cell-conditioned
media (10).

Recently, “second generation” LMWH have been made
available. These new molecules are characterized by a
lower mean molecular weight, a more precisely defined
composition of polysaccharidic chains, a better anti-FXa/
anti-FIIa ratio, and possibly a better safety profile (i.e., re-
duced hemorrhagic risk). Bemiparin is one of these and has
been recently evaluated in clinical trials of either throm-
boprophylaxis or adjuvant therapy in patients with can-
cer (11, 12). RO-14 (mean Mw 2.2 kDa) is an ultra-
low MWH (ULMWH), obtained also by fractionation of
heparin, that is currently in clinical developmental phase
(13, 14).

In this study, we wanted to evaluate whether bemiparin
(11, 12) and RO-14 may retain the antiangiogenic properties
observed with first generation LMWH. Therefore, in an in
vitro system of interaction of cancer cells with microvascu-
lar endothelial cells (HMEC-1), we investigated on the ca-
pacity of these molecules to inhibit the angiogenic features
of the endothelium stimulated by leukemic, breast cancer,
and small cell lung cancer cells, or by standard proangio-
genic factors (i.e., VEGF and FGF-2). Particularly we eval-
uated whether bemiparin and/or RO-14 were able to prevent
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endothelial cell capillary-like tube formation, proliferation,
and migration.

MATERIALS AND METHODS

Drugs
Heparins used in this study were the LMWH bemiparin
sodium and the ULMWH RO-14 (both provided by Lab-
oratorios Farmacéuticos ROVI, Madrid, Spain). Bemiparin
and RO-14 are obtained from porcine mucosa through a de-
polymerization process called beta-elimination. Bemiparin
has an average molecular mass of 3.6 kDa (range: 3.0–4.2
kDa): typically, less than 35% of its oligosaccharides have a
Mw < 2.0 kDa, 50%–75% of oligosaccharides have a Mw in
the range 2.0–6.0 kDa, and less than 15% of oligosaccharides
have a Mw >6.0 kDa. RO-14 has an average molecular mass
of 2.2 Da (range: 1.8–3.0 kDa): 25%–45% of its oligosaccha-
rides have a Mw < 2.0 kDa, 40%–75% of oligosaccharides
have a Mw in the range 2.0–6.0 Da, and less than 15% of
oligosaccharides have a Mw >6.0 kDa. Bemiparin was in the
form of its respective commercially available preparation (25
[anti-Fxa] IU/mL), while RO-14 was provided to us as pow-
der by the manufacturer, dissolved in sterile water at the con-
centration of 25 IU/mL and 0.22 µm filtered. Both bemiparin
and RO-14 were previously analyzed by the manufacturer, ac-
cording to the monograph of low-molecular-mass heparins
of the European Pharmacopoeia (15), and, specifically, tests
for bacterial endotoxins were performed in order to fulfill the
criteria of less than 0.01 IU per International Unit of anti-Xa
activity.

For capillary-like tube formation and proliferation assays,
bemiparin was utilized at the concentrations of 0.01, 0.1, and
1 IU/mL, which cover the therapeutic dose range utilized in
clinics, chosen on the basis of our previous work (10). For
the wound-healing assay, it was utilized at the same concen-
trations plus also at the 10 IU/mL concentration. RO-14, for
which the therapeutic plasma concentrations have not been
established yet, was tested at the same concentrations as be-
miparin.

Human microvascular endothelial cell line-1 (HMEC-1)
HMEC-1 cells (kind gift from Dr. F.J. Candal, Centers for Dis-
ease Control and Prevention, Atlanta, GA, USA) were grown
in RPMI1640 medium (Gibco, Gaithersburg, MD, USA) sup-
plemented with 5% fetal bovine serum (FBS, Gibco), 2 mM L-
glutamine (Gibco), 10 ng/mL epidermal growth factor (ICN,
Costa Mesa, CA, USA), and 1 µg/mL hydrocortisone (ICN)
and maintained in a 5% CO2/95% air atmosphere in a hu-
midified incubator (Heraeus, Milan, Italy) at 37◦C. Conflu-
ent monolayers of endothelial cells (EC) were passaged by
trypsin/EDTA treatment (0.25% trypsin-EDTA solution, Life
Technologies, Inc., Rockville, MD, USA) at a 1:3 split ratio.

Tumor cell (TC) culture and TC-conditioned medium (TCM)
preparation
Human breast cancer cell line MDA.MB.231
These cells (American Type Culture Collection, ATCC—
Manassas, VA, USA, cat. no. HTB-26) have been origi-
nally isolated from the pleural effusion of a 51-year-old fe-

male with adenocarcinoma (16), have a fibroblastic pheno-
type, are estrogen receptor negative (ER), and are highly
metastatic in vivo as established in mice (17). MDA.MB.231
cells were grown in Dulbecco’s modified Eagle’s medium
(DMEM, Gibco) supplemented with 10% FBS, 2 mM L-
glutamine, 100 IU/mL penicillin, 100 µg/mL streptomycin,
and 1% nonessential aminoacids (Gibco), in T75 flasks (Bec-
ton Dickinson, Mountain View, USA), where they adhere to
the plastic bottom forming a monolayer. At 100% confluence
of cell monolayer, culture medium was removed, cells were
washed three times with RPMI1640, and incubated with 10
mL serum-free RPMI1640 plus 2 mM L-glutamine. After 24
hr incubation, TCM were collected, centrifuged for 10 min
at 16,000g , then the supernatants were collected, 0.22 µm-
filtered, and stored at −40◦C until assayed.

Human small cell lung cancer (SCLC) cell line H69
SCLC cell line H69 (ATCC, cat# HTB-119) was grown in
RPMI1640 medium supplemented with 10% FBS in T75
flasks as a cell suspension (18). For TCM preparation, H69
cells have been collected from the flasks, centrifuged, and re-
suspended at 500,000 cells/mL in serum-free RPMI1640. Af-
ter 24 hr incubation, cell suspensions have been centrifuged
at 1,500g for 5 min, and the supernatants (i.e., TCM) col-
lected, centrifuged again for 10 min at 16,000g to remove
residual cell debris, 0.22 µm-filtered, and stored frozen until
assays.

Human promyelocytic leukemia cell line NB4
NB4 cell line, established in vitro from an APL patient, was
a kind gift from Dr. M. Lanotte (INSERM Unit 301, St. Louis
Hospital, Paris, France). This cell line was grown in suspen-
sion in RPMI1640 containing 10% FBS, 2 mM L-glutamine,
100 IU/mL penicillin, and 100 µg/mL streptomycin (19).
NB4 TCM has been prepared as for H69 cells.

Trypan blue exclusion dye test was used to determine
HMEC-1 as well as cancer cells viability. Only cell cultures
with more than 95% of viable cells were used for the subse-
quent experiments.

Capillary-like tube formation in Matrigel
A Matrigel-based capillary-genesis assay was performed on
HMEC-1 to assess the ability of these cells to form an or-
ganized tubular network, as described (10). Briefly, conflu-
ent HMEC-1, starved overnight at 37◦C with RPMI 1640
medium + 1% FBS, were collected by enzymatic detachment
with trypsin-EDTA, counted, and resuspended in RPMI1640
medium + 0.5% FBS (f.c.). Then, 10,000 cells/well were
seeded on growth-factor-reduced Matrigel (Becton Dickin-
son) and incubated at 37◦C and 5% CO2 in a humidified
atmosphere with TCM, or the following purified recombi-
nant human angiogenic factors: 50 ng/mL VEGF165 or 100
ng/mL FGF-2, in either the presence or in the absence of in-
creasing doses (i.e., 0.01-0.1-1 IU/mL) of either bemiparin or
RO-14. Each treatment was performed in triplicate. After 24
hr at 37◦C, tube formation was examined under an inverted
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light microscope (ZEISS, Oberkochen, Germany). Digital
images were obtained using a video camera system along with
the microscope. The total length of connected cells forming
tubular structures on the Matrigel surface was measured, us-
ing the resulting images, by an image analysis software (Im-
age J, National Institutes of Health, Bethesda, MD, USA). Re-
sults are expressed as mm tube length/cm2 area. Preliminary
experiments were conducted to assess the optimal TCM con-
centration. To this purpose, HMEC-1 were incubated with
TCM at increasing concentrations (from 1.25% to 75%, f.c.):
12.5% was the concentration at which all TCM induced the
greatest tube formation (data not shown) and was then used
for the subsequent experiments. In some experiments, TCM
were incubated for 2 hr at 37◦C, prior their use in the assay,
with the polyclonal antihuman VEGF165 neutralizing anti-
body (f.c. 2.5 µg/mL, R&D Systems, Minneapolis, MN, USA)
(10).

EC proliferation
EC proliferation was evaluated using a colorimetric method
as described (10). Briefly, HMEC-1 were plated at the con-
centration of 10,000 cells/well in 96-well plates. A calibration
curve was also prepared by seeding HMEC-1 at increasing
concentrations of cells per well. HMEC-1 were allowed to
adhere and then starved for 24 hr in RPMI1640 medium +
1% FBS. The medium was then removed, and HMEC-1
were incubated with RPMI1640 medium (control cell wells
and calibration curve wells), TCM (f.c. 12.5% in RPMI1640
medium + 0.5% FBS), or VEGF165 (f.c. 50 ng/mL), in the
presence or absence of bemiparin or RO-14 (0.01–0.1–1
IU/mL). After 24 hr incubation, HMEC-1 were washed three
times with PBS and fixed with 3% paraformaldehyde (Sigma-
Aldrich, Milan, Italy) for 10 min. Plates were washed three
times with PBS, emptied, and allowed to dry by air. Then,
75 µL of crystal violet dye (0.5% in H2O) were added to
each well. After 5 min, crystal violet was solubilized with
sodium citrate + ethanol solution and the absorbance read at
540 nm wavelength by a Multiskan Ascent reader (Titertek,
Huntsville, AL, USA). The calibration curve was constructed
by plotting the cell counts obtained by trypan blue exclusion
dye test versus the correspondent optical densities (OD) ob-
tained with the crystal violet assay.

Wound-healing assay
This test evaluates the combination of proliferating and mi-
grating capacities of EC after an artificial wound. HMEC-
1 were grown to confluence at 37◦C in a 5% CO2 atmo-
sphere in incubator. A hole in the monolayer was created in
the center of each well by aspiration with a 10-µL pipette
tip. After three washes with RPMI1640, pretreatment im-
ages were taken using a LEICA DM IRB inverted micro-
scope (Leica Microsystems GmbH, Wetzlar, Germany) at 5×
magnification and an OPTIKAM PRO3 camera (M.A.D. Ap-
parecchiature Scientifiche, Ponteranica, Italy). The medium
was then removed and HMEC-1 were incubated with TCM,
or 50 ng/mL VEGF165, in the presence or absence of be-
miparin or RO-14 (f.c. 0.01–0.1–1-10 IU/mL for both), or

with RPMI1640 medium (control cells). After 20 hr incuba-
tion at 37◦C, posttreatment images were taken. For each well
pretreatment and posttreatment images were compared, and
the area occupied by migrating/proliferating cells (regrowth
area) was calculated using the ImageJ 1.42q software (Na-
tional Institutes of Health, Bethesda, MD, USA). Results are
expressed as percentage of regrowth area, assuming the area
occupied by control cells as 100% of regrowth.

Preliminary experiments were conducted to assess the op-
timal TCM concentration. To this purpose, HMEC-1 were
incubated with TCM at increasing concentrations (from
1.25% to 75%, f.c.). The most effective final concentrations
of TCM were 25% for both MDA.MB.231 and NB4 and 30%
for H69 (data not shown). These TCM concentrations were
used in the subsequent experiments.

TCM cytokine quantification by ELISA
TCM were assayed for the presence of the proangiogenic fac-
tors VEGF165, FGF-2, and IL-1beta by commercially available
ELISA kits (VEGF-A and IL-1beta ELISA, Bender MedSys-
tems, Vienna, Austria; FGF-2 ELISA, Chemicon Interna-
tional, Temecula, CA, USA). ELISAs were performed accord-
ing to the respective manufacturers’ instructions. Results are
expressed as pg of cytokine per mL of TCM and represent
the mean ± SE of 30 different TCM samples (i.e., collected
in different dates) for each tumor cell line.

Statistical analysis
Student’s paired and unpaired t-test was used for the determi-
nation of significance levels between the different treatments.
Differences were considered statistically significant when
p < .05.

RESULTS

Bemiparin and RO-14 counteract EC tube formation elicited
by TCM
The three different TCM induced a significant increase of
EC capillary-like tube formation in Matrigel as compared
to control medium (C). NB4 CM was the most effective in
inducing network formation (61.2% ± 6.9% mean increase
vs. C; p < .01), followed by MDA.MB.231 CM (50.6% ± 5.9%
mean increase; p < .01 vs. C), and H69 CM (43.5% ± 4.8%
mean increase; p < .01 vs. C).

The tube formation induced by MDA.MB.231, H69, and
NB4 CM was dose dependently prevented by both bemiparin
and RO-14. At the highest dose of heparins utilized, i.e., 1
IU/mL, both bemiparin and RO-14 inhibited by 100% the in-
crease of capillary tube formation induced by either H69 or
MDA.MB.231 CM, while the mean inhibition observed for
NB4 CM was 86.5% ± 9.4% with bemiparin and 100% with
RO-14 (Figure 1). No statistically significant differences were
observed for any of the TCM utilized, between the effects of
bemiparin and RO-14, at any concentration. Figure 2 shows
representative pictures from selected experiments.

Copyright C© 2011 Informa Healthcare USA, Inc.
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Table 1. Levels of Proangiogenic Factors in TCM

H69 MDA.MB.231 NB4

VEGF (pg/mL) 332 ± 54 1293 ± 133 543 ± 72
FGF-2 (pg/mL) 13.7 ± 2.4 4.3 ± 0.8 8.1 ± 1.1
IL-1beta (pg/mL) 63.7 ± 8.3 22.2 ± 3.1 8.7 ± 1.5

Note: Data are expressed as mean ± SE of ELISA assays performed on 30 TCM
collected in different dates for each cell line.

VEGF is the most represented proangiogenic factor in all
TCM
The levels of proangiogenic factors were measured in the
TCM by ELISA. The results show that VEGF is the main
cytokine contained in all three TCM, with the greatest
amount found in the MDA.MB.231 CM (Table 1). Much
lower amounts of FGF-2 and IL-1beta are present.

Since VEGF is the most represented proangiogenic factor
in all TCM, we wanted to explore the role of this cytokine in
TCM-induced tube formation. To this purpose, all TCM were
preincubated with a neutralizing antibody against VEGF and
then used in the Matrigel-based assay. The results show that

the preincubation of TCM with anti-VEGF antibody abol-
ished by 96.6% ± 10.4%, 94.7% ± 8.7%, and 53.4% ± 6.1%
the capillary tube formation induced by MDA.MB.231, NB4,
or H69, respectively (all p < .05 vs. control).

Bemiparin and RO-14 counteract EC tube formation induced
by VEGF and FGF-2
We evaluated the capacity of bemiparin and RO-14 to in-
hibit the effect of purified proangiogenic cytokines. The re-
sults (Figure 3) show that bemiparin and RO-14 prevented,
in a dose-dependent manner, EC tube formation induced
by either VEGF (left panel) or FGF-2 (right panel). At the
dose of 1 IU/mL, bemiparin and RO-14 determined a sig-
nificant (p < .05) reduction of standard VEGF-induced tube
formation of 78% ± 8.5% and 74.7% ± 6.6%, respectively.
Similar results were obtained in FGF-2-stimulated condi-
tion with a 86.8% ± 9.7% and 79.2% ± 8.8% reduction with
bemiparin and RO-14, respectively (p < .05 for both vs. FGF-
2 alone). No statistically significant differences between be-
miparin and RO-14 were observed.

Figure 1. Bemiparin and RO-14 counteract HMEC-1 capillary-like tube formation induced by TCM. EC were incubated with each TCM (f.c. =
12.5%) from H69, MDA.MB.231, and NB4 cells, in the presence or absence of increasing concentrations of heparins (bemiparin = full circle, RO-14
= open square), for 24 hr, and then tube length evaluated. Both heparins completely inhibited the increase of tube formation induced by all TCM.
Data are mean + SD of 5 experiments performed in duplicate. ∗p < .05 vs. TCM; p < .05 vs. control medium (C).
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Figure 2. Representative pictures of selected experiments showing the inhibition of TCM-induced HMEC-1 capillary-like tube formation by be-
miparin (BMP) and RO-14. EC were incubated with TCM (f.c. = 12.5%) from H69, MDA.MB.231, and NB4 cells, in the presence or absence of 1
IU/mL bemiparin or RO-14, for 24 hr, and then tube formation photographed. Pictures show that TCM increase the complexity of tube network
and that this is counteracted by heparin addition. C = control medium.

Bemiparin and RO-14 counteract EC proliferation induced
by VEGF
The incubation of HMEC-1 cells with H69, MDA.MB.231,
or NB4 CM for 24 hr did not significantly influence cell
proliferation (data not shown), whereas incubation with

standard VEGF induced a 25.2% ± 4.2% increase of EC pro-
liferation compared to control medium (p < .01). Bemi-
parin dose dependently reduced VEGF-induced EC prolif-
eration, reaching a 100% abolishment at the dose of 1 IU/mL
(Figure 4). RO-14 also dose dependently counteracted EC

Figure 3. Bemiparin and RO-14 counteract HMEC-1 capillary-like tube formation induced by proangiogenic factors. EC were incubated with VEGF
or FGF-2, in the presence or absence of increasing concentrations of heparins (bemiparin = full circle, RO-14 = open square) for 24 hr and then
tube formation evaluated. Both heparins dose dependently inhibited the increase of tube formation induced by either VEGF or FGF-2. Data are
mean + SD of three experiments performed in duplicate. ∗p < .05 vs. 0; p < .05 vs. control medium (C).

Copyright C© 2011 Informa Healthcare USA, Inc.
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Figure 4. Bemiparin and RO-14 counteract HMEC-1 proliferation in-
duced by VEGF. EC were incubated with VEGF, in the presence or
absence of increasing concentrations of heparins (bemiparin = full
circle, RO-14 = open square) for 24 hr and then cell proliferation eval-
uated. VEGF induced a significant increase of cell proliferation, which
was inhibited by the addition of either bemiparin or RO-14. Data are
mean + SD of five experiments performed in triplicate. ∗p < .05 vs. 0;
p < .05 vs. control (C).

proliferation induced by VEGF, although to a lesser ex-
tent, the inhibition observed at 1 IU/mL was 72.8% ± 8.1%
(p < .05 vs. VEGF alone) (Figure 4). However, the dif-
ference between bemiparin and RO-14 was not statistically
significant.

Bemiparin and RO-14 counteract EC wound healing induced
by TCM or VEGF
All TCM (i.e., H69, MDA.MB.231, and NB4) induced a sig-
nificant increase of EC repopulation in the wounded area. In
particular, compared to control medium (set as the 100%),
regrowth areas induced by TCM were 195% ± 10% by H69
CM, 210% ± 13% by MDA.MB.231 CM, and 180% ± 8% by
NB4 CM (p < .05 for all TCM vs. control) (Figure 5, pan-
els a, b, and c). Both LMWHs significantly counteracted the
wound closure induced by TCM, in a dose-dependent way
(Figure 5). At 10 IU/mL, bemiparin and RO-14 significantly
inhibited the migration induced by H69 CM (i.e., 55% ± 7%
and 85% ± 8%, respectively) and by NB4 CM (i.e., 44% ±
6% and 61% ± 5%, respectively), while at the same dose both
heparins inhibited by 100% the MDA.MB.231 CM-induced
migration (Figure 5). Standard VEGF increased cell repopu-
lation by 76.3% ± 6.5% compared to control medium (p <

.05). Both bemiparin and RO-14 dose dependently counter-
acted VEGF-induced migration (Figure 5, panel d), reaching
at the dose of 10 IU/mL, the inhibitions of 100% and 68.7% ±
7.4%, respectively (p < .01). No statistically significant differ-
ences between the effects of bemiparin and RO-14 (at same
concentrations) were observed with any TCM or standard
VEGF. Figure 6 shows representative pictures from selected
experiments.

DISCUSSION

LMWH are largely effective for the prevention and treatment
of venous thrombosis in cancer patients. Some recent meta-
analyses suggest that LMWH may also have a beneficial im-
pact on survival of cancer patients (20, 21). This evidence has
prompted the investigators to start randomized clinical trials
aimed to specifically evaluate the impact of LMWH on cancer
mortality. Some of these trials have recently been published,
while others are ongoing (22).

The results of clinical studies are altogether promising;
however, the mechanisms underlying the possible antitu-
mor activity of LMWH are unknown. It has been hypothe-
sized that other activities, besides inhibition of blood coagu-
lation by these drugs, may be involved (4). Among these, an
interference of LMWH with tumor-driven neoangiogenesis
may be relevant. The effect of heparins on angiogenesis has
been shown by a variety of in vivo and in vitro studies (8).
However, the majority of studies have been conducted with
unfractionated heparin (UFH) or “first generation” LMWH
(8–10, 23). Recently, second generation LMWH, character-
ized by a lower mean molecular weight and a more precisely
defined composition of polysaccharidic chains, have been
made available. These properties may lead to a better effi-
cacy/safety profile.

In this study, we describe the first “in vitro” characteri-
zation of the antiangiogenic activity of the second genera-
tion LMWH bemiparin, and of the ULMWH RO-14, in an
in vitro model of tumor-induced angiogenesis.

Particularly, to elicit the proangiogenic phenotype,
HMEC-1 were incubated with TCM from three different
tumor cell types (leukemic, breast cancer, and SCLC).
This approach was selected on the basis of our previous
work utilizing the same experimental model of tumor cell/
endothelial cell interaction (10). In addition, the proangio-
genic factors VEGF and FGF-2 were included into the study.
The inclusion of purified growth factors allowed us to study
the antiangiogenic activity of the two heparins in better
standardized condition, compared to TCM.

Our data show that all three TCM significantly influ-
enced the angiogenic phenotype of HMEC-1, by inducing
an increase in the capillary-like tube formation and wound-
healing capacity, without affecting endothelial cell prolifera-
tion. The potency of the three different TCM was similar and
comparable to that of purified VEGF and FGF-2. The addi-
tion of either bemiparin or RO-14 significantly counteracted
the proangiogenic potential of all TCM, as well as of VEGF
and FGF-2. Indeed, a very strong inhibition of the endothe-
lial cell capillary formation capacity (more than 90% for all
TCM), together with a significant reduction in the migration
ability (more than 60% for all TCM), occurred in the heparin-
treated conditions. These findings are of relevance as it has
been variously reported that the nonanticoagulant effects of
heparin differ greatly among the different heparin prepara-
tions (24). In our previous study, in the same model, we ob-
served that the two first generation LMWH enoxaparin and
dalteparin were more effective than UFH in inhibiting the
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Figure 5. Bemiparin and RO-14 counteract HMEC-1 wound healing induced by TCM or VEGF. EC were wounded, then incubated with TCM
from H69, MDA.MB.231, and NB4 cells, or VEGF in the presence or absence of increasing concentrations of heparins (bemiparin = full circle,
RO-14 = open square), for 24 hr, and then regrowth area was evaluated. All TCM and VEGF induced a significant repopulation in the wounded
area. The addition of either bemiparin or RO-14 dose dependently counteracted this effect. Data are mean + SD of three experiments performed
in quintuplicate. ∗p < .05 vs. 0; p < .05 vs. control (C). C = 100%.

capillary tube formation induced by purified proangiogenic
factors (i.e., VEGF, FGF-2, and TNFalpha), while all heparins
were equally effective in inhibiting TCM-induced capillary
formation.

In the present work, we found that the antiangiogenic ac-
tivities of bemiparin and RO-14 were comparable against
both TCM and purified growth factors; however, different
concentrations of the drugs were required to achieve signif-
icant inhibitions in the three different assays. Particularly,
in the capillary-like tube formation assay, the concentration
of 1 IU/mL of either bemiparin or RO-14 completely abol-
ished the effect of the stimulus of all TCM. Differently, in
the wound-healing assay, the effect of heparins on tumor-
induced endothelial migration was maximal at the concen-
tration of 10 IU/mL, reaching a complete inhibition against
MDA.MB.231 CM only. In the proliferation assay, the TCM
did not significantly affect EC proliferation, confirming our
previous findings (10), whereas purified VEGF induced a sig-
nificant increase of cell proliferation, that was inhibited by
more than 70% by the addition of either 1 IU/mL bemiparin
or RO-14.

In agreement with other authors, we hypothesize that, in
our experimental model, the antiangiogenic effect of hep-
arins is related to their capacity to interfere with the bind-
ing of soluble proangiogenic molecules to their high-affinity

signal-transducing receptors expressed by endothelial cell
surface (8). It has been also demonstrated that this “anti-
growth factor” effect is related to both the size and the pro-
portion of the different heparin chains present in a particular
drug formulation (9). Evidence exists that purified octasac-
charides and decasaccharides are capable to significantly in-
hibit angiogenesis both “in vitro” and “in vivo” (8, 25, 26). In
this respect, bemiparin and RO-14 possess a high oligosac-
charide content ranging from hexasaccharides to dodecasac-
charides.

In this study, we found that all TCM contain vari-
ous proangiogenic factors, but in different proportions. In
particular, breast cancer cell CM contains more VEGF than
the other two CM, while SCLC cell CM contains more FGF-
2 and IL-1beta than breast cancer and leukemia cell CM. To
explore the role of VEGF in TCM-induced tube formation,
we conducted a capillary-like tube formation assay after neu-
tralizing VEGF in the TCM. The results of these experiments
suggest that the role of VEGF is prominent in MDA.MB.231
and NB4 CM. Differently, in H69 CM the proangiogenic ef-
fect is likely due to a cooperation of different cytokines. We
hypothesize that bemiparin and RO-14 compete with proan-
giogenic cytokines contained in the TCM for their binding to
the respective receptors and/or directly bind cytokines thus
preventing their action.

Copyright C© 2011 Informa Healthcare USA, Inc.
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Figure 6. Representative pictures of selected experiments showing the inhibition of TCM- or VEGF-induced HMEC-1 wound healing by bemiparin
and RO-14. EC were wounded, then incubated with TCM from H69, MDA.MB.231, and NB4 cells, or VEGF, in the presence or absence of 10
IU/mL of bemiparin (BMP) or RO-14, for 24 hr, and then regrowth area was photographed. The photos show a lower number of cells migrated in
the wounded area in the presence of bemiparin or RO-14, when compared to wells treated with TCM or VEGF in the absence of heparins. Control
medium (C) or VEGF, by bemiparin and RO-14 (10 IU/mL). Black circles represent the wounded area.

However, other antiangiogenic mechanisms could be in-
volved (27). Mousa et al. have shown that the LMWH
tinzaparin can inhibit FGF-2-induced tube formation by
mascrovascular EC through the release of tissue factor path-
way inhibitor (TFPI), the main inhibitor of tissue factor,
which is the most important activator of blood coagulation
(23). Since it is known that bemiparin induces the release of
TFPI by endothelium, as demonstrated in HUVEC (28) and
in EA.hy926 cell line (29), and that HMEC-1 release TFPI un-
der exposure to LMWH (dalteparin and enoxaparin) (30), we
may not exclude that bemiparin and RO-14 may also coun-
teract angiogenesis through this mechanism.

In conclusion, this study shows that both second genera-
tion LMWH and new ULMWH display an antiangiogenic ac-
tivity against tumor derived products, as observed with clas-
sical LMWH and UFH. These findings support the hypoth-
esis of a possible role of these molecules as adjuvant drugs in
cancer treatment.

ABBREVIATIONS

LMWH, Low-Molecular-Weight Heparin
ULMWH, Ultra-Low-Molecular-Weight Heparin

SCLC, Small Cell Lung Cancer
HMEC-1, Human Microvascular Endothelial Cell line-1
TCM, Tumor-Cell-Conditioned Medium
Mw, Molecular weight
VEGF, Vascular Endothelial Growth Factor
FGF-2, Fibroblast Growth Factor-2
IU, International Units
FX, coagulation Factor X
FII, coagulation Factor II
kDa, kiloDalton.
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Abstract: Patients with cancer are at high risk of developing venous thromboembolism (VTE), 

including deep venous thrombosis and pulmonary embolism. Compared to non-cancer patients, 

VTE in cancer is more frequently associated with clinical consequences, including recurrent 

VTE, bleeding, and an increase in the risk of death. Low-molecular-weight heparins (LMWHs) 

are commonly recommended for the prevention and treatment of VTE in cancer patients because 

of their favorable risk-to-benefit profile. Indeed, compared with vitamin K antagonists, LMWHs 

are characterized by a reduced need for coagulation monitoring, few major bleeding episodes, 

and once-daily dosing, which make these drugs more suitable in the cancer setting. Guidelines 

have been published recently with the aim to improve the clinical outcomes in cancer patients at 

risk of VTE and its complications. Coagulation activation in cancer may have a role not only in 

thrombosis but also in tumor growth and dissemination. Hence, inhibition of fibrin formation has 

been considered a possible tool against the progression of malignant disease. Clinical studies show 

that anticoagulant drugs may have a beneficial effect on survival in cancer patients, with a major 

role for LMWHs. Recently a number of prospective randomized clinical trials to test LMWHs to 

improve cancer survival as a primary endpoint in cancer patients have been conducted. Although 

the results are controversial, the interest in this research area remains high.

Keywords: venous thromboembolism, VTE, LMWH

Introduction
Tumor growth is associated with the development of a hypercoagulable state and 

an increased risk of thrombosis in the host. Thromboembolic disease can be the 

 earliest clinical sign of a tumor, as originally reported by the French  clinician Armand 

 Trousseau over a century ago and recently confirmed by controlled prospective  clinical 

trials.1,2 Conversely, patients already diagnosed with cancer have a  significantly higher 

risk of developing “secondary” thrombosis in specific conditions.3,4 Important in 

this setting is the triggering role of antitumor therapies (ie, surgery, chemotherapy, 

 radiotherapy,  hormone therapy, and angiogenesis inhibitors) and of supportive 

therapies (ie, steroids, blood transfusion, white blood cell growth factors, and 

 erythropoiesis-stimulating agents such as erythropoietin), which further increase the 

cancer-associated  thrombotic risk.5,6

The interaction and relative effects of the risk factors associated with venous 

thromboembolism (VTE) in cancer patients is highly complex, making the  pretreatment 

assessment of VTE difficult. Recently, a VTE risk-assessment model for patients 

undergoing chemotherapy was published and is based on five predictive variables in 

cancer patients, including cancer site, prechemotherapy platelet count, hemoglobin 
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levels or the use of erythropoiesis-stimulating agents, pre-

chemotherapy leukocyte count, and body mass index.7

Even in the absence of overt thrombosis, cancer patients 

commonly present with abnormalities in laboratory coagula-

tion tests, underlying a subclinical hypercoagulable condi-

tion, characterized by varying degrees of blood clotting 

activation.5,8,9 The results of laboratory tests demonstrate that 

there is a continuous process of fibrin formation and lysis 

during the development of malignancy.10–13 The pathogenesis 

of thrombophilia in cancer is multifactorial. An important 

role is attributed to the tumor cell capacity to interact with 

and activate the host hemostatic system through the expres-

sion of procoagulant factors (ie, tissue factor and cancer 

procoagulant), the production of inflammatory cytokines 

(ie, interleukin-1β and tumor necrosis factor-α), and the 

direct adhesion to vascular cells, including platelets, endothe-

lial cells, and monocytes.14,15

Treatment of VTE in cancer patients is challenging 

because of the high rates of anticoagulant-associated bleed-

ing and treatment failures compared with patients with 

thrombosis and no cancer.16 According to a study of Prandoni 

et al, patients with cancer and VTE were approximately four 

times more likely to develop recurrent thromboembolic 

complications and twice as likely to develop major bleeding 

while receiving anticoagulant treatment than those without 

malignancy.17 Notably, cancer-associated VTE has important 

clinical and economic consequences, including increased 

morbidity consequential to hospitalization and anticoagu-

lation use, bleeding complications, increased risk of VTE 

recurrences, and delays in cancer treatment.18

The standard treatment for acute VTE is an initial 

therapy with low-molecular-weight heparins (LMWHs), 

unfractionated heparin (UFH), or fondaparinux followed 

by long-term therapy with a vitamin K antagonist (VKA). 

However, this approach for long-term therapy is not highly 

effective in patients with cancer.17 Many aspects make 

problematic the administration of oral anticoagulant therapy 

in patients with cancer, including the frequent interruption 

of anticoagulant therapy due to invasive procedures and 

chemotherapy-induced thrombocytopenia, the difficulty 

of laboratory monitoring due to poor venous access, drug 

interactions, malnutrition, vomiting, and liver dysfunction. 

Altogether, these limitations can lead to unpredictable levels 

of anticoagulation and might be responsible for the increased 

risk of VTE recurrence and bleeding in cancer patients. 

Unlike VKA, LMWHs have predictable pharmacokinetic 

properties and drug interactions – the subcutaneous injection 

of LMWHs overcomes poor gastrointestinal absorption, and 

laboratory monitoring is not routinely required as the thera-

peutic dosage is based on the patient’s weight.19 The rapid 

onset of action and the predictable clearance, render LMWHs 

suitable for patients frequently requiring interruptions of 

anticoagulant therapy. For all these reasons, LMWHs have 

been tested versus VKA in prospective randomized clinical 

trials (RCTs) of efficacy in the treatment of VTE in cancer 

patients. The results clearly show a superiority of LMWHs, 

which are now the drugs of choice for initial and long-term 

therapy of VTE in the cancer patient.20

Overview of pharmacology  
and pharmacokinetics of LMWHs
Heparin, a naturally occurring glycosaminoglycan, is a mix-

ture of sulfated polysaccharide chains of different molecular 

weight. Heparins are synthesized by mast cells and distrib-

uted widely throughout the organs of mammalian species. In 

medicine, heparins are used as antithrombotic drugs. Heparin 

preparations are heterogeneous with respect to molecular size, 

anticoagulant activity, and pharmacokinetic properties. The 

molecular weight (MW) of UFH ranges from 3 to 30 kDa, with 

a mean MW of 15 kDa (about 45 monosaccharide chains). 

Heparins exert their major anticoagulant activity in blood by 

binding to and potentiating the activity of the natural anti-

coagulant antithrombin (AT) through a unique glucosamine 

unit contained within a pentasaccharide sequence19 (Figure 1). 

Only about one-third of administered UFH binds to AT, 

and is responsible for most of its anticoagulant effect. The 

heparin-AT complex inactivates a number of coagulation 

enzymes, including activated factor II (thrombin), factor X, 

factor IX, factor XI, and factor XII. Thrombin and activated 

factor X (FXa) are the most responsive to inhibition, and 

human thrombin is about tenfold more sensitive than FXa to 

inhibition by the heparin-AT complex. For thrombin inhibi-

tion, heparin must bind to both the coagulation enzyme and 

AT, whereas binding of heparin to the enzyme is not required 

for inhibition of FXa. The formation of a ternary complex 

between AT, thrombin, and heparin results in the inactiva-

tion of thrombin. For this reason, heparin’s activity against 

thrombin is size dependent, the ternary complex requiring at 

least 18 saccharide units for efficient formation. In contrast, 

anti-FXa activity requires only the pentasaccharide binding 

site. The heparin molecules with fewer than 18 saccharides 

lack the chain length to bridge between thrombin and AT 

and therefore are unable to inhibit thrombin. By inactivat-

ing thrombin, heparins not only prevent fibrin formation but 

also inhibit thrombin-induced activation of platelets and of 

factors V and VIII. In contrast, very small heparin  fragments 
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containing the high-affinity pentasaccharide sequence catalyze 

inhibition of FXa by AT. This size difference has led to the 

development of LMWHs and, more recently, to fondaparinux, 

a synthetic pentasaccharide, as anticoagulant drugs. LMWHs 

target FXa activity rather than thrombin (IIa) activity, with 

the aim of facilitating a more subtle regulation of coagulation 

and an improved therapeutic index.

After administration by intravenous infusion or by sub-

cutaneous injection, UFH binds to a variety of plasma pro-

teins, including histidine-rich glycoprotein, platelet factor 4, 

vitronectin, and von Willebrand factor, thereby lowering 

its bioavailability and producing a variable anticoagulant 

response. Heparin exhibits complex pharmacokinetics and 

is cleared by two mechanisms. The rapid, saturable phase 

of elimination consists of receptor-mediated internalization 

of heparin by endothelial cells and macrophages, while the 

slower, nonsaturable mechanism is represented by renal 

elimination. The anticoagulant effect of heparin, therefore, 

is not linearly related to the dose when in the therapeutic 

range. The biologic half-life of heparin increases from 

30 minutes following an intravenous bolus dose of 25 U/kg 

to 150  minutes following a bolus dose of 400 U/kg.

LMWHs can be obtained by controlled chemical, enzy-

matic, physical, and radiochemical depolymerization of 

UFH. They possess a mean MW of between 3 and 6 kDa 

and chain lengths of 12–18 saccharide units (Table 1). 

Unfractionated heparin

Antithrombin

Pentasaccharide
sequence

Factor Xa

Thrombin

Pentasaccharide
sequence

Low-molecular-weight heparin

Antithrombin

Factor Xa

Figure 1 Anticoagulant mechanisms of unfractionated and low-molecular-weight heparins.

Table 1 Primary prophylaxis in the cancer patient: recommendations

Patient group Recommended Not recommended

Patients undergoing surgery Prophylaxis with low-dose UFH or LMwH for at least 7–10 days 
Extended prophylaxis up to 4 weeks after discharge in patients  
with high-risk features

Contraindication to anticoagulation:  
consider mechanical methods alone

Hospitalized patients VTE prophylaxis with anticoagulants Contraindication to anticoagulation
Ambulatory patients receiving  
chemotherapy

Only patients with multiple myeloma receiving thalidomide or 
lenalidomide prophylaxis with LMwH or adjusted dose warfarin

All other patient categories

Abbreviations: LMwH, low-molecular-weight heparin; UFH, unfractionated heparin; VTE, venous thromboembolism.
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 Different LMWHs show distinct structural differences and 

MW component distribution, which determine differences 

in their chemical and biological activities, particularly, 

 different anti-FXa and anti-FIIa activities, which translates 

to a particular anti-FXa/anti-FIIa ratio.21

Compared with UFH, LMWHs have an increased anti-Xa/

anti-IIa activity ratio, reduced plasma protein binding, lower 

tendency to bind to endothelial cells,22 decreased interaction 

with platelets and platelet factor 4, a prolonged half-life, and 

increased bioavailability after subcutaneous  administration. 

All these characteristics translate to a consistent and 

predictable absorption rate and bioavailability patterns. 

Bioavailability of LMWHs is different according to molecule 

features, ranging from 87% to 98%.21–22 The apparent volume 

of distribution of the anti-FXa activity of LMWHs following 

subcutaneous injection is close to plasma or blood volume; 

the volume of distribution of enoxaparin (5.3 L) has been 

shown to be significantly lower than dalteparin (7.7 L) and 

nadroparin (6.8 L).23

UFH and LMWHs are metabolized by depolymerization 

and desulfation.22,24 After being degraded by the liver, hepa-

rins are eliminated by the kidneys as metabolites, retaining 

their biologic activity.24 The clearance of LMWHs does not 

change as a function of administered dose (unlike that of 

UFH, which is dose dependent), which may be attributed to 

the lower cellular uptake of LMWHs compared with UFH.25 

The average apparent total body clearance of enoxaparin 

has been shown to be lower than that of UFH,25 and further 

differences also have been observed between enoxaparin, 

dalteparin, and nadroparin.26

Management of VTE in cancer 
patients – focus on the use  
of LMWHs
Prophylaxis of VTE
The efficacy of prophylactic strategies to prevent VTE in 

at-risk hospitalized patients has been well demonstrated. For 

example, pharmacological prophylaxis reduces the risk of pul-

monary embolism (PE) by 75% in general surgical patients27 

and by 57% in medical patients.28 However, VTE preven-

tion in cancer patients is more complicated compared with 

non-cancer patients, as they are prone to greater recurrence 

rates and a higher incidence of bleeding complications.16,17 

It has been shown that cancer patients undergoing surgery 

benefit from effective pharmacological prophylaxis,29 and 

that extended duration of thromboprophylaxis with LMWHs 

is beneficial to patients undergoing major abdominal or 

 pelvic surgery.30 This is reflected in current guidelines, which 

 recommend that all cancer patients undergoing major surgery 

should receive heparin-based prophylaxis for a minimum of 

7–10 days, with supportive mechanical prophylaxis in those 

patients at highest risk.31 Clinical trials have demonstrated 

the benefit of VTE prophylaxis either with low-dose UFH 

or LMWHs in hospitalized general medical patients, includ-

ing patients with cancer. In contrast to hospitalized cancer 

patients, the primary prevention of thrombosis in ambulatory 

cancer patients is still debated. Although there is evidence 

that LMWHs are effective in reducing VTE in selected out-

patients receiving chemotherapy, the optimal dose, duration, 

and specific patient populations remain to be defined.

Thromboprophylaxis in surgical cancer patients
The most commonly used thromboprophylaxis regimens 

in general surgery consist of a single preoperative dose 

of UFH or LMWH followed by postoperative doses every 

8–24 hours. UFH is typically administered at a prophylactic 

dose of 5000 IU twice or three times daily. A meta-analysis 

of eight trials that included patients undergoing surgery for 

cancer showed no differences in asymptomatic deep-vein 

thrombosis (DVT), clinical PE, death, and major  bleeding 

between patients administered LMWH or UFH.27 The 

results of these studies provide evidence that once-daily 

LMWH is as safe and effective as several injections of UFH 

per day for the prevention of postoperative DVT in onco-

logical patients. However, the risk of VTE complications is 

increased in patients who undergo cancer-related surgery 

for at least two reasons: (1) cancer-related surgery tends to 

be more extensive and often involves venous trauma, and 

(2) there is a tendency for these patients to be immobilized 

for prolonged periods. In addition, cancer treatments, the 

use of central venous catheters, and the hypercoagulable 

state associated with malignancy also heightens the VTE 

risk for cancer patients undergoing surgery. In a subgroup 

analysis of the MC-4 randomized trial, over 6000 surgi-

cal patients with malignant disease receiving periop-

erative UFH or LMWH certoparin, were compared with 

17,000 surgical patients without malignancy. In this trial, 

despite the use of thromboprophylaxis, the rate of fatal 

PE was 3.7 times higher in patients with cancer than in 

non-cancer patients.32 The hypothesis that a higher dose 

of LMWH would be associated with a lower incidence of 

postoperative thromboembolic complications was tested in 

a study of over 2000 patients undergoing elective general 

surgery for malignant and benign abdominal disease. In 

this trial, increasing the dose of the LMWH dalteparin 
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sodium from 2500 to 5000 IU once daily was associated 

with a reduction in the frequency of postoperative DVT 

in cancer surgery from 14.9% to 8.5%, without signifi-

cant increase in bleeding complications.33 Conversely, in 

patients without malignant disease, the reduction in 

postoperative DVT rate was associated with a significant 

increase in perioperative bleeding complications.33 In 

recent years, a number of trials have shown that LMWHs 

can reduce venographic DVT with extended out-of-hospital 

prophylaxis in patients undergoing major joint-replacement 

surgery. A  meta-analysis of these trials has suggested 

that the rate of clinical DVT after hip replacement is also 

reduced with a longer treatment.34 On the basis of these 

results, the double-blind RCT ENOXACAN II evaluated 

the effect of extended prophylaxis in patients undergo-

ing surgery for cancer. Particularly, patients undergoing 

planned curative open surgery for abdominal or pelvic 

cancer, received enoxaparin (40 mg subcutaneously) daily 

for 6–10 days and were then randomly assigned to receive 

either enoxaparin or placebo for another 21 days.30  Bilateral 

venography was performed at the end of treatment. There 

was a statistically significant reduction in DVT from 

12% with placebo to 4.8% with extended prophylaxis, 

which persisted at 3 months of follow-up. There were no 

significant differences in the rates of bleeding or other 

complications. Similar results were provided by an open 

study of patients undergoing major abdominal surgery 

randomized to receive regular postoperative prophylaxis 

(7 days) or extended prophylaxis (28 days) with LMWH 

dalteparin.35 The results of the randomized, double-blind 

study CANBESURE have been published. In this study, 

patients admitted for abdominal or pelvic surgery for 

cancer received 3500 IU of bemiparin for 8 days and then 

were randomized to receive either bemiparin or placebo 

for 20 additional days. This trial did not find an advantage 

of 4 weeks compared with 1 week of prophylaxis with 

bemiparin in reducing the primary composite efficacy 

outcome (ie, DVT, nonfatal PE, and all-cause mortality). 

However, a significant decrease of major VTE (4.6% 

vs 0.8%, P = 0.010) was observed without concomitant 

increase in bleeding complications.36

Thromboprophylaxis in medical cancer patients
There are two main clinical situations in which to consider 

VTE prophylaxis in the medical patient with cancer: the first 

involves the patient who is hospitalized for an acute illness, 

and the second, the ambulatory patient who is receiving 

chemotherapy or radiation.

Hospitalized cancer patients
Clinical trials have demonstrated the benefit of VTE prophy-

laxis in hospitalized general medical patients. In particular, 

in the last few decades, the use of prophylaxis with LMWHs 

has been extensively explored. Although no studies have 

been designed ad hoc for cancer patients, different propor-

tions of these subjects have been enrolled in the clinical trials 

conducted so far. The first important study was the MEDE-

NOX study,37 a double-blind trial that randomly assigned 

1102 hospitalized patients to receive 40 mg of enoxaparin, 

20 mg of enoxaparin, or placebo once daily for 6–14 days. 

The incidence of VTE was significantly lower in patients 

randomized to 40 mg of enoxaparin compared with placebo 

(5.5% vs 14.9%; P , 0.001), while there were no significant 

differences between patients that received 20 mg enoxaparin 

or placebo. A post-hoc analysis of this study demonstrated a 

50% risk reduction (95% confidence interval [CI]: 0.14–1.72) 

of objectively confirmed VTE (either symptomatic and 

asymptomatic) in the subgroup of cancer patients receiving 

40 mg LMWH enoxaparin compared with placebo.38 These 

results were substantially confirmed by the PREVENT trial, 

which randomized acutely ill medical patients (n = 3706) to 

receive either LMWH dalteparin 5000 IU daily or placebo for 

14 days and followed up for 90 days. Overall, the incidence 

of VTE was reduced from 4.96% in the placebo group to 

2.77% in the group treated with dalteparin.39 A retrospec-

tive post-hoc analysis revealed that in the subset of cancer 

patients, the VTE rate fell from 8.3% with placebo to 3% 

with LMWH (63% risk reduction).40 A third study is the 

ARTEMIS trial on the efficacy and safety of 2.5 mg once-

daily fondaparinux versus placebo in older acute medical 

inpatients at moderate to high risk of VTE.41 Of the 890 

enrolled patients, about 15% of the patients had previous or 

current cancer. Fondaparinux reduced the incidence of VTE 

by 46.7% (P = 0.029 vs placebo), with a same frequency of 

major bleeding (0.2% in each group). Therefore, it would 

seem reasonable that patients with advanced malignancy 

who are bedridden should receive prophylaxis with either 

low dose UFH or LMWH.

Ambulatory cancer patients
The evidence on the primary prevention of thrombosis in 

ambulatory cancer patients is under investigation. The first 

evidence of the benefit of thromboprophylaxis in this set-

ting came from a double-blind RCT, in which patients with 

metastatic breast cancer were given either very low-dose 

warfarin (1 mg for 6 weeks followed by an adjusted dose 

to a target prothrombin time international normalized ratio 
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[INR]: of 1.3–1.9), or placebo, during chemotherapy.42 There 

was an 85% risk reduction in VTE rate in patients receiving 

warfarin, with no increase in bleeding. However, oncologists 

do not routinely use prophylaxis with oral anticoagulants 

in cancer patients receiving chemotherapy, for a series of 

reasons, including the concern for bleeding, an underesti-

mation of the impact of the thrombotic complications, the 

logistics of laboratory monitoring, and dose adjustment in 

patients with cancer.

In the last decade, LMWHs, which possess many advan-

tages over warfarin, have been tested in the ambulatory 

setting. The two most recent trials, conducted in patients 

with advanced pancreatic cancer who receive systemic 

chemotherapy, have shown positive results with LMWH 

prophylaxis. In particular, the CONKO-004 trial found a 

87% risk reduction of VTE (9.9% vs 1.3%; P , 0.01) using 

the LMWH enoxaparin at 1 mg/kg once daily for 3 months, 

compared with no prophylaxis;43,44 while the FRAGEM 

study reported a 61% risk reduction of VTE (31% vs 12%; 

P = 0.02) using the CLOT20 study therapeutic scheme of 

LMWH dalteparin.45

Results from the CONKO-004 and FRAGEM trials are, 

however, in contrast with other studies evaluating LMWHs 

given at prophylactic doses in ambulatory cancer patients. In 

particular, TOPIC-1 and TOPIC-2 RCTs, conducted to evalu-

ate the effect of LMWH certoparin prophylaxis in patients 

with advanced breast cancer or non-small cell lung cancer 

(NSCLC), respectively, did not show statistically significant 

reduction of VTE rate with the use of LMWHs compared with 

placebo.46 In the PRODIGE study, the VTE rate in patients 

with malignant glioma treated with prophylactic doses of 

LMWH dalteparin (9%) was lower compared with placebo 

(14.9%) but not statistically significant.47

On the basis of these contrasting evidences, it seems that 

standard prophylaxis doses of LMWHs may be insufficient 

in patients with cancer to prevent thrombosis. Nevertheless, 

another interpretation is that thromboprophylaxis is beneficial 

in only certain tumor types. Recently, the results of a large 

Italian study (ie, the PROTECHT study) on the efficacy of 

thromboprophylaxis with LMWH nadroparin in reducing 

the rate of VTE in ambulatory cancer patients receiving 

chemotherapy have been published.48 Patients (n = 1150) 

with metastatic or locally advanced lung, gastrointestinal, 

pancreatic, breast, ovarian, or head and neck cancer were 

randomly assigned to receive LMWH nadroparin (3850 

anti-Xa UI/day) or placebo for the overall duration of che-

motherapy or up to a maximum of 4 months. The results 

showed that 15/769 (2%) patients treated with nadroparin 

had thromboembolic events versus 15/381 (3.9%) patients 

treated with placebo. VTE accounted for 22 events, 14 of 

which occurred in patients with lung cancer.48 Overall, there 

is sound evidence that LMWHs are effective in reducing 

clinically important VTE in selected outpatients receiving 

chemotherapy, but the optimal dose, duration, and specific 

patient populations have to be further defined.

Recommendations
Based on the well-established VTE risk and emerging 

evidence showing the benefits of prophylaxis, a number of 

guidelines and consensus statements have been published 

on the use of VTE prophylaxis for cancer patients. Most 

noteworthy are those by the American College of Chest 

Physicians,49 the International Union of Angiology,50 the 

National Comprehensive Cancer Network,51 the Italian 

Association of Medical Oncology,52 the French National 

Federation of the League of Centers Against Cancer,53 the 

European Society of Medical Oncology,54 and the most 

recent guidelines from the American Society of Clinical 

Oncology.55 Table 2 summarizes the recommendations of 

the various guidelines in the different clinical settings. There 

is a broad agreement among the scientific panels on the 

importance of thromboprophylaxis in hospitalized patients 

with cancer, including prolonged prophylaxis in high-risk 

surgical patients. Prophylaxis is not currently recommended 

for ambulatory patients with cancer (with exceptions) or 

for central venous catheters. All of the panels agree that 

LMWHs are preferred for the long-term treatment of VTE 

in cancer. Areas that warrant further research include the 

Table 2 Comparison of the main characteristics of the commercially available LMwH cited in the article

LMWH Method of depolymerization Mean molecular weight (kDa) Anti-Xa/anti-IIa ratio Half-life (hours)

Dalteparin Nitrous acid 6.0 1.9–3.2 2.3–2.8
Enoxaparin Alkaline 4.5 3.3–5.3 4.0–4.4
Nadroparin Nitrous acid 4.3 2.5–4.0 3.7
Tinzaparin Enzymatic 6.5 1.5–2.5 3.0
Certoparin Isoamyl nitrite 5.6 2.0–2.4 3.5
Bemiparin Alkaline 3.6 8.0 5.2–5.4

Abbreviation: LMwH, low-molecular-weight heparin.
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benefit of prophylaxis in the ambulatory setting, the risk–

benefit ratio of prophylaxis for hospitalized patients with 

cancer, an understanding of incidental VTE, and the impact 

of anticoagulation on survival.

Treatment of VTE
The standard treatment regimen for a first acute VTE epi-

sode consists of initial therapy with heparins (either UFH, 

LMWHs, or fondaparinux), followed by long-term therapy 

with a VKA agent for 3–6 months. Today, the monotherapy 

with LMWHs is recommended for an established VTE event 

in the cancer patient.56,57

Initial treatment
LMWHs are at least as efficacious as UFH in reducing 

recurrent thrombosis and are associated with a lower risk 

of major bleeding, as demonstrated by different RCTs and 

meta-analyses of these trials.58 Data for cancer patients are 

limited; however, a meta-analysis of 11 studies shows a 

statistically significant reduction in mortality at 3 months of 

follow-up with LMWH compared with UFH.59 Fondaparinux 

shows similar efficacy and safety as heparins for the initial 

treatment of VTE in the general population.60,61 However, 

a recently published post-hoc, subgroup analysis of the 477 

cancer patients in the MATISSE DVT and PE trials sug-

gests that fondaparinux may be less effective than LMWHs 

but more effective than UFH.62 There were no statistically 

significant differences in bleeding among these parenteral 

agents for initial therapy in cancer patients.59

Long-term treatment
The effects of LMWHs have been compared with those 

of VKAs in different RCTs of long-term VTE therapy in 

patients with cancer.20,63–65 The largest of these trials, the 

CLOT study, randomized 676 cancer patients with acute 

proximal DVT, PE, or both to receive treatment with the 

LMWH dalteparin (200 IU/kg once daily) for 5–7 days and 

VKA for 6 months (target INR: 2.5) or dalteparin alone for 

6 months (200 IU/kg once daily for 1 month, followed by a 

daily dose of approximately 150 IU/kg for 5 months)20. The 

cumulative risk of recurrent VTE at 6 months was reduced 

from 17% in the VKA group to 9% in the dalteparin group, 

resulting in a statistically significant risk reduction of 52% 

(log-rank P = 0.002). Overall, there were no differences in 

bleeding and mortality between the two treatments. The other 

trials differ in design from the CLOT study, mainly in the 

type of LMWH (ie, enoxaparin and tinzaparin), the dose used, 

and/or duration of treatment (3 or 6 months). Although none 

of these trials, other than CLOT, demonstrated statistically 

significant differences between LMWHs and warfarin, 

there was a strong trend favoring LMWHs in all the studies. 

Based on published evidence, the use of LMWHs alone for 

the treatment of VTE in patients with cancer is endorsed by 

international guidelines,56,57 and the therapeutic scheme used 

in the CLOT study is currently the only LMWH regimen with 

regulatory approval for extended use in preventing recurrent 

VTE in cancer patients.

Treatment of recurrent thrombosis
Despite anticoagulation, up to 9% of patients with cancer-

associated thrombosis treated with LMWHs or 20% treated 

with VKA can develop recurrent VTE. As suggested by some 

trials, the presence of metastasis, younger age, or a short 

interval between VTE and cancer diagnosis (,3 months) 

are predictors of recurrent thrombosis during anticoagulant 

treatment.66,67 Data coming from RCTs to guide optimal 

 management in oncology patients with recurrent thrombosis 

are lacking. Observational data and increasing clinical experi-

ence support the use of LMWHs in this setting. In patients who 

developed a recurrence while on warfarin therapy, the simple 

increase in warfarin administration is not recommended 

because it is associated with an augmented bleeding risk 

without a benefit in reducing recurrent VTE. Therefore, the 

recommended practice is to switch these patients to LMWHs. 

In addition, dose escalation of LMWHs is often effective in 

patients who develop a recurrence while on therapy with this 

drug. In a small cohort study of cancer patients with recur-

rent VTE while on LMWH or warfarin, escalating the dose of 

LMWH by 20%–25% or switching to LMWH, respectively, 

was effective in preventing further thrombotic episodes.68

Impact of different LMwHs on patient-
specific outcomes: focus on survival
Since the early 1980s, a beneficial effect of heparins on 

overall survival has been reported by several retrospective 

evaluations of cohorts of cancer patients enrolled in RCTs of 

perioperative prophylaxis with UFH versus no prophylaxis; the 

one conducted by Kakkar et al being the most representative 

study.69 Lebeau et al70 evaluated, for the first time in a 

prospective manner, the effect of UFH on survival in patients 

with small cell lung cancer (SCLC) undergoing chemotherapy. 

The results of this RCT showed a higher complete response 

rate, median survival, and survival rates in patients receiving 

UFH together with chemotherapy, these being statistically 

significant differences only in the group of patients with 

limited disease (P = 0.03). However, a later systematic review 
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of all methodologically correct clinical trials in cancer patients 

without VTE and comparing UFH with placebo or no treatment 

failed to provide convincing evidence of either positive or 

negative effects of UFH on cancer survival.71 Meanwhile, the 

use of LMWHs progressively increased and therefore data 

about the impact of these drugs on cancer survival started 

to arise. In 1999, a meta-analysis of all clinical trials testing 

the efficacy of LMWHs versus UFH for the initial treatment 

of VTE showed a pooled odds ratio for 3-month mortality 

in cancer patients of 0.61 (95% CI: 0.40–0.93) in favor of 

LMWHs.72 Positive suggestions came also from the CLOT 

study; a post-hoc analysis of this trial found an advantage 

in survival in the subgroup of patients with limited disease 

receiving long-term LMWH dalteparin compared with 

 warfarin.73 This indication, together with the known advantages 

of LMWH administration and the feasibility of long-term 

treatment, has prompted researchers to continue to investigate 

the potential role of LMWH as an antineoplastic agent. 

Prospective RCTs have therefore been designed to address 

as primary endpoint the survival of cancer patients receiving 

LMWHs.74 Table 3 summarizes the studies specifically 

designed for this purpose. The Fragmin Advanced Malignacy 

Outcome Study (FAMOUS)75 was a placebo- controlled RCT 

that examined the possible effects of the LMWH dalteparin 

on survival among patients with cancer without any evidence 

of thrombosis. Patients with different types of advanced solid 

malignant tumor were assigned to receive for 1 year either 

dalteparin (5000 IU/day, subcutaneously) or placebo along 

with standard cancer therapies. A statistically significant 

survival advantage at 2 and 3 years of randomization was 

found in those patients receiving dalteparin, with a relatively 

good prognosis at enrolment. The single-institution study 

by Altinbas et al revealed promising results on the benefit 

of a prophylactic administration of LMWH dalteparin 

(5000 IU/day, subcutaneously) given in combination with 

chemotherapy in patients with SCLC.76 The results showed 

an overall tumor response rate significantly higher (69.2% 

vs 42.5%; P = 0.07), as well as the median progression-free 

survival (10 months vs 6 months; P = 0.01) in patients receiving 

dalteparin. The randomized, placebo-controlled Malignacy 

and Low Molecular Weight Heparin Therapy (MALT) study 

evaluated the effect on survival of a therapeutic dose of the 

LMWH nadroparin in patients with metastatic or locally 

advanced solid malignancies, and no evidence of VTE.77 A 

modest but significant survival benefit was observed among 

patients treated with LMWHs, particularly in those with a 

life expectancy at entry of at least 6 months. In 2006, another 

RCT evaluated the effect on survival of the LMWH dalteparin 

(5000 IU) in addition to standard clinical care in patients with 

advanced cancer.78 No statistically significant differences were 

found in the median survival time for the combined standard 

care and placebo groups (10.5 months) compared with the 

combined LMWH arm (7.3 months). Kuderer et al performed 

the first meta-analysis and systematic review of all RCTs on 

the efficacy and safety of anticoagulants (LMWHs, UFH, and 

VKA) in the treatment of patients with cancer without VTE.79 

The results obtained from eleven eligible trials show that the 

administration of any sort of anticoagulation significantly 

decreased overall 1-year mortality with a relative risk of 

0.905 (95% CI: 0.85–0.97, P = 0.003 vs no anticoagulation). 

Interestingly, for LMWHs, the relative risk of mortality 

was 0.88 (95% CI: 0.79–0.98, P = 0.015), compared with a 

nonsignificant effect of warfarin, resulting in an absolute risk 

reduction of mortality of 8% for LMWHs, with also less major 

bleeding events in the LMWH group compared with warfarin. 

These findings have been confirmed in subsequent reviews.80 

Table 3 Randomized clinical trials testing the effect of LMwHs on survival of cancer patients

Study Cancer type Control LMWH (regimen) Effect on survivala

Altinbas et al76 SCLC None Dalteparin (5000 IU/day, 18 weeks) +
FAMOUS75 Advanced cancer Placebo Dalteparin (5000 IU/day, 1 year) +/- (+ patient with 

better prognosis)
MALT77 Metastasized and advanced cancer Placebo Nadroparin (therapeutic dose 2 weeks +  

half dose 4 weeks)
+/- (+ patient with 
better prognosis)

Sideras et al78 Advanced cancer None Dalteparin (5000 IU/day, 2 years) +
INPACT82 NSCLC, prostate, pancreatic None Nadroparin (therapeutic dose 2 weeks +  

half dose 4 weeks, weight adjusted, followed 
by up to six cycles)

None

ABEL94 Limited SCLC None Bemiparin (3500 IU/day, 26 weeks) +
TILT (ongoing,  
NCT 004775098)

NSCLC Placebo Tinzaparin (100 IU/kg once-daily, 12 weeks) N/A

Notes: a+, positive effect of LMwH on survival; N/A, results not yet available; +/-, inconclusive.
Abbreviations: LMwH, low-molecular-weight heparin; NCT, National Clinical Trial; NSCLC, non-small cell lung cancer; SCLC, small cell lung cancer.
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Since then, other studies have been published or started. In 

a group of patients with pancreatic carcinoma, the addition 

of LMWH nadroparin (2850 IU/day) to chemotherapeutic 

regimen (gemcitabine plus cisplatinum) signif icantly 

increased the median time to progression and survival (13.0 

vs 5.5 months, P = 0.0001) for both metastatic and locally 

advanced carcinoma.81 However, this was a nonrandomized 

study performed in a very small group of patients (n = 69). 

In 2011, the results of the INPACT study, a multicenter, 

randomized, open-label study, did not show any survival benefit 

of nadroparin in addition to standard anticancer treatment in 

patients with different types of cancer (ie, NSCLC, hormone-

refractory prostate cancer, or locally advanced pancreatic 

cancer).82 Ongoing studies on the effect of LMWHs on VTE 

prevention in cancer patients, including the CONKO-004,44 

the FRAGEM,45 and the FRAGMATIC trials,83 incorporate as 

secondary objective the effect of LMWHs on cancer survival. 

These results are yet unknown.

Mechanisms of antitumor  
effect of heparins
The suggestions coming from clinical trials of the beneficial 

effects of LMWHs on survival from cancer have triggered 

basic research to investigate on the potential antitumor effects 

of LMWHs in vitro and in animal models. Several differ-

ent and possibly interrelated biological mechanisms have 

been proposed, including both coagulation-dependent and 

-independent activities (Figure 2). Indeed it has been dem-

onstrated that heparin can interfere with tumor progression 

by inhibiting: (1) heparin-binding growth factors that drive 

malignant cell growth; (2) tumor angiogenesis; (3) tumor cell 

heparanase that mediates tumor cell invasion and metastasis; 

(4) cell surface selectin-mediated tumor cell metastasis; and 

(5) blood coagulation activation that may provide an environ-

ment leading to tumor growth.

Particularly, the inhibitory effects of heparins on angio-

genesis have been actively investigated in both in vivo and 

in vitro systems.84 The molecular mechanisms involved in 

LMWH angiogenesis modulation include heparin binding to 

endothelial cells, induction of anti-angiogenic factors (such 

as tissue factor pathway inhibitor), and inhibition of pro-

angiogenic factor release (such as tissue factor). Table 4 sum-

marizes the most important studies conducted in vitro on the 

effects of LMWHs on endothelial cells exposed to angiogenic 

growth factors or tumor derived products.85–88 While it is well 

known that the anticoagulant properties of heparins are related 

to their chain length, the biochemical properties that could 

contribute to different in vitro antitumor efficacies are still not 

well elucidated. A study conducted by Khorana et al suggests 

that the different anti-proliferative and anti-angiogenic activi-

ties on endothelial cells of various commercial LMWHs, or 

purified heparin fractions, may be ultimately dependent on 

their mean MW and possibly by the sulfatation rate.86

Along this line of research, we have recently demonstrated 

that, in an in vitro system of interaction of cancer cells with 

microvascular endothelial cells, two LMWHs, ie, dalteparin 

and enoxaparin, prevents the formation of endothelial cell 

capillary formation induced by breast cancer and leukemic 

cells, and by standard proangiogenic factors (ie, vascular 

endothelial growth factor and fibroblast growth factor-2).85 

Very recently, a similar anti-angiogenic activity has also been 

described for the “second generation” LMWH bemiparin and 

for the ultra-LMWH RO-14.87 The authors of this present 

paper are currently extending their studies by exploring the 

in vitro antitumor effect of LMWH on pancreatic cancer. This 

type of tumor carries the highest risk of thrombotic events 

amongst any other gastrointestinal cancers, with an incidence 

range of 17%–57%.89 Furthermore, the diagnosis of VTE in 

pancreatic cancer is associated with poor overall survival.90 

As shown in Figure 3, the LMWH dalteparin, bemiparin and 

the ultra-LMWH RO14 significantly prevented the capillary-

network formation induced by a pancreatic cancer cell line. 

Interestingly, the anti-angiogenic effect was higher for the 

LMWH compared with the ultra-LMWH RO14. In addition, 

the same heparins showed a direct inhibitory effect on the 

migration of pancreatic cancer cells (Figure 4). Altogether, 

these in vitro data further contribute to support the evidence 

of a possible antitumor in vivo effect of LMWHs.

Increased cancer patient
survival

Prevention of thrombosis

Anticoagulant therapy in
cancer

Antitumor effect

Figure 2 Antitumor properties of low-molecular-weight heparins. The rationale for 
an antitumor effect of anticoagulant drugs may rely on their capacity to inhibit blood 
coagulation. However, these agents, particularly heparins, exhibit the capacity to 
block hemostatic pathways specifically implicated in tissue malignant behavior, and 
show a number of coagulation-independent activities against cancer.
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Table 4 In vitro studies exploring the effect of LMwH on tumor-induced endothelial cell angiogenesis

LMWH Experimental model Anti-angiogenic effect LMWH mechanism proposed Reference

Dalteparin TCM-stimulated HMEC-1  
and HUVEC

Inhibition of endothelial cell tube formation Interference with bFGF and VEGF  
binding to their receptors

Marchetti et al85

bFGF-stimulated HUVEC Inhibition of endothelial cell tube formation  
and proliferation

Interference with bFGF binding  
to its receptor

Khorana et al86

Enoxaparin bFGF-stimulated HUVEC Inhibition of endothelial cell tube formation  
and proliferation

Interference with bFGF binding  
to its receptor

Khorana et al86

Tinzaparin bFGF and TF/FVIIa  
stimulated HUVEC

Inhibition of endothelial cell tube formation Increased release of TFPI Mousa and
Mohamed88

bFGF-stimulated HUVEC Inhibition of endothelial cell tube formation  
and proliferation

Interference with bFGF binding  
to its receptor

Khorana et al86

Bemiparin TCM-stimulated HMEC-1 Inhibition of endothelial cell tube formation,  
proliferation, and wound healing

Interference with angiogenic factor  
binding to their receptor, increased  
released of TFPI

Vignoli et al87

Nadroparin – – – N/A
Certoparin – – – N/A

Note: Selected works from the literature on the commercially available LMwH cited in the article.
Abbreviations: bFGF, basic fibroblast growth factor; HMEC-1, human microvascular endothelial cell line-1; HUVEC, human umbilical vein endothelial cells; LMWH, 
low-molecular-weight heparin; N/A, not applicable; TCM, tumor-conditioned medium; TF, tissue factor; FVIIa, activated coagulation factor VII; TFPI, tissue factor pathway 
inhibitor; VEGF, vascular endothelial growth factor.
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Figure 3 LMwHs inhibit endothelial angiogenesis induced by conditioned medium from pancreatic tumor cells. Endothelial cells were incubated with TCM from a human 
pancreatic carcinoma (MIA Paca2) cell line, in the presence or absence of 1 IU/mL LMwH bemiparin, dalteparin, and the ultra-LMwH Ro14. After 24 hours incubation, 
capillary-like tube formation was evaluated as previously described.85 (A) The three heparins significantly inhibited the increase of tube formation induced by TCM. 
(B) Representative pictures of selected experiments showing the inhibition by the different heparins of pancreatic tumor cell-induced endothelial cell capillary-like tube.
Notes: Data are means + standard deviations of three experiments performed in duplicate. #P < 0.05 vs control; *P < 0.05 vs Paca2 CM.
Abbreviations: LMwH, low-molecular-weight heparin; TCM, tumor-conditioned medium.

Future trials should be designed to study the effect of 

LMWHs in specific tumor types and stages.

Moreover, since emerging evidence shows that the use 

of specific angiogenesis inhibitors or erythropoiesis stimu-

lating agents91 is associated with a further increase of VTE 

risk in cancer patients, it would be of interest to consider 

Implications for future work  
and enhanced patient care
Taken together, the results of the available evidence on the 

beneficial effect of LMWH on the survival of cancer patients 

are inconclusive. The majority of the studies described above 

included heterogeneous populations of cancer patients. 
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Figure 4 LMWHs inhibit the proliferation/migration of pancreatic tumor cells. The human pancreatic carcinoma (MIA Paca2) cells were grown to confluence at 
37°C in a 5% CO2 atmosphere in incubator, wounded, and grown in presence or absence of 1 IU/mL LMwH bemiparin, dalteparin, and the ultra-LMwH Ro14. 
After 48 hours of incubation, the rate of proliferation/migration was evaluated as previously described.87 (A) Heparins significantly affect the proliferation/migration 
features of pancreatic cancer cells. (B) Representative pictures of selected experiments showing the inhibition by the different heparins of proliferation/migration of 
pancreatic tumor cells.
Notes: Data are means + standard deviations of three different experiments performed in duplicate and are expressed as percentage of regrowth area, assuming the area 
occupied by cells in absence of fetal calf serum as 100% of regrowth. #P < 0.05 vs control; *P < 0.05 vs serum.
Abbreviation: LMwH, low-molecular-weight heparin.

ad-hoc trials to evaluate the potential beneficial role of 

LMWH prophylaxis on these therapeutic regimens.

Interestingly, new LMWHs characterized by a lower 

mean MW, and a more defined composition of polysac-

charidic chain content, have been made available. These 

new heparins, called ultra-LMWHs, are characterized by a 

high anti-FXa activity and only residual anti-FIIa activity, 

thus the ratio anti-FXa/anti-FIIa is much greater compared 

with classical LMWHs. Some ultra-LMWHs are in clini-

cal development. One of these, semuloparin, is currently 

being evaluated in cancer patients in the SAVE ONCO 

trial.92 This is a double-blind study in patients with meta-

static or locally advanced cancer of lung, colon-rectum, 

stomach, ovary, pancreas, or bladder, initiating a new 

chemotherapy course. Patients are randomized to receive 

semuloparin, or placebo, until change of chemotherapy. 

The primary efficacy outcomes are the composite of any 

DVT-, nonfatal PE-, and VTE-related death. The results of 

the 3212 patients enrolled so far demonstrate a 64% risk 

reduction of VTE (hazard ratio: 0.36, 95% CI: 0.21–0.60, 

P , 0.0001 intention-to-treat analysis) with ultra-LMWH 

semuloparin (VTE incidence: 1.2%) compared with placebo 

(3.4%), with no significant difference in major bleeding 

(semuloparin 1.2% vs placebo 1.1%).

Conclusion
Cancer patients present a high risk of developing VTE. 

All efforts must be made to prevent this potentially life-

threatening complication. As in noncancer patients, the first 

prophylactic and therapeutic approach was based on VKA, 

eg, warfarin. Then, UFH was increasingly used as an alterna-

tive to VKA. However, in the last few decades, there has been 

a progressive shift towards the use of LMWHs, which pres-

ent some advantages compared with the parental drug UFH, 

which are now the drugs of choice for thromboprophylaxis 

and VTE prevention in cancer patients. Clinical data on the 

comparison of LMWHs is very limited. Even if the different 

LMWHs may show similar therapeutic profiles, it must be 

noted that they possess different molecular, pharmacokinetic, 

and functional patterns.21

Recent studies, although partially conflicting and incon-

clusive, suggest a beneficial impact of LMWHs on cancer 

patient survival, which cannot be explained with only the 

prevention of VTE, but may be attributable to an antican-

cer action of these drugs.93 Several trials are ongoing to 

 understand which categories of cancer patients may better 

benefit from an adjuvant use of LMWHs, while the very 

recent availability of ultra-LMWHs may open even more 

 promising perspectives.
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Abstract
Adhesion of acute promyelocytic leukemia (APL) cells to endothelial cells (EC) is among the mechanisms of the APL-associated
coagulopathy, responsible for early hemorrhagic deaths in affected patients. We compared the effects of dalteparin and
enoxaparin, two low-molecular-weight heparins (LMWH), and unfractionated heparin (UFH), on APL NB4 adhesion to
micro- (HMEC-1) and macro-vascular EC (HUVEC), in resting and interleukin-1β (IL-1β)-stimulated conditions. The heparin
effect on EC adhesion molecule (ICAM-1, VCAM-1, E-selectin) expression was also assessed. In HMEC-1, dalteparin inhibited
IL1β-induced NB4 adhesion by 80%, enoxaparin by 52%, and UFH by 44%. Similar results were obtained in HUVEC. This was
associated with a significant decrease of VCAM-1 and ICAM-1 expression. In conclusion, we show that LMWH significantly
counteract APL cell adhesion to the vessel wall, by modulating EC adhesion molecule expression. This property of heparins may
represent one approach for hampering excess clotting activation and microthrombi deposition in APL.

Keywords Acute promyelocytic leukemia . Endothelium . Cell adhesion . Low-molecular-weight heparin . Cancer and
thrombosis

Introduction

Acute promyelocytic leukemia (APL) is a distinct subtype of
acute myeloid leukemia (M3) genetically characterized by the
t(15;17) chromosomal translocation and the PML–RARα fu-
sion gene. Blood coagulation abnormalities consistent with
the diagnosis of disseminated intravascular coagulation
(DIC) and thrombo-hemorrhagic symptoms [1, 2] are typical-
ly associated with the onset of this myeloid leukemia.
Currently, the use of induction therapy with all-trans retinoic
acid (ATRA)-based regimens yields complete remission rates
of > 90% and long-term disease-free survival rates exceeding
80%. However, the severe coagulopathy remains a relevant
cause of early hemorrhagic death in these patients [3, 4].

Several leukemic cell-dependent pathogenic mechanisms
are involved in clotting activation in APL [1] and include
the following: (1) the production byAPL cells of procoagulant

factors, non-specific proteolytic enzymes, fibrinolytic pro-
teins, and pro-inflammatory and pro-angiogenic cytokines
[i.e., interleukin-1β (IL-1β) and tumor necrosis factor
(TNF-α)]; and (2) the direct interaction of leukemic cells with
host vascular and blood cells (i.e., endothelial cells, leuko-
cytes, and platelets) by means of adhesion molecules. The
adhesion of APL cells to endothelial cells (EC) promotes lo-
calized clotting activation and thrombus formation. The leu-
kemic cells attached to the endothelium can release their cy-
tokine content into a protected milieu that favors their pro-
thrombotic and pro-angiogenic activities [5–7]. Impairing
APL cell-EC adhesion mechanism may be relevant for
preventing the associated coagulopathy and organ infiltration
by APL blasts.

Heparins, a group of glycosaminoglycans with a wide
spectrum of biological activities [8], are widely used as anti-
coagulant drugs for the prevention and treatment of thrombo-
sis in a variety of conditions, including cancer [9]. Heparins
are known to have additional biological effects that are unre-
lated to their anticoagulant activity [10, 11]. Experimental
evidences suggest that heparins have the capability to interfere
withmechanisms of tumor cell/EC interaction [12]. Along this
line, our group could demonstrate that heparins (both
unfractionated heparin (UFH) and low-molecular-weight
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heparins (LMWH) significantly counteract the pro-angiogenic
and pro-thrombotic stimuli exerted by different tumor cells,
including APL cells, on the endothelium [6, 13, 14]. In addi-
tion, both UFH and LMWH can inhibit leukocyte adhesion
and infiltration in vitro and in vivo [11]. There are no studies
evaluating the role of heparins on the adhesion of APL cells to
the endothelium.

In this in vitro study, we investigate whether and to what
extent two LMWH and UFH can interfere with the adhesion
process of the humanAPL-NB4 cell line to ECmonolayers. In
particular, we evaluate the capacity of all three heparins to
inhibit the APL cell to adhere to EC monolayer of two differ-
ent origins, i.e., the microvascular (HMEC-1 cells) or
macrovascular (HUVEC) beds, in both resting and IL-1β-
stimulated condition. We also assess whether the effects of
LMWH on the adhesive properties of the two EC types differ
from those of UFH.

Methods

Drugs

Heparins used in this study were two LMWH, i.e., dalteparin
sodium (Pfizer, Milan, Italy; mean Mw 6.0 kDa) and
enoxaparin sodium (Sanofi, Milan, Italy; mean Mw
4.5 kDa), and a sodium unfractionated heparin (BUFH^,
Parke-Davis, Lainate, Milan, Italy; mean Mw 15.0 kDa).
The two LMWH are produced by the depolymerization of
heparin derived from porcine mucosa. Particularly, dalteparin
is prepared by nitrous acid depolymerization, and enoxaparin
by benzylation and alkaline hydrolysis. The three heparins
were in the form of their respective commercially available
pharmaceutical products. The heparins were used at 0.1-1-
10 IU/ml, chosen on the basis of their plasma concentrations
achieved in vivo during treatment of thrombosis or
thromboprophylaxis [15].

Cells and culture conditions

The immortalized human microvascular EC line-1 (HMEC-1)
was kindly supplied by Dr. F.J. Candal (CDC, Centers for
Disease Control and Prevention, Atlanta, GA, USA). To date,
this is the best-characterized microvascular EC line available
[16]. HMEC-1 was grown in RPMI 1640 medium supple-
mented with 10% fetal calf serum (FCS, Gibco,
Gaithersburg, MD, USA), 100 μg/ml streptomycin, 100 U/
ml penicillin, 5 μg/ml amphotericin-B (Bristol-Myers
Squibb, Princeton, NJ, USA), 2 mM/l L-glutamine (Gibco),
10 ng/ml epidermal growth factor (ICN, Costa Mesa, CA,
USA), and 1 μg/ml hydrocortisone (ICN). HMEC-1 was se-
rially passaged in T25 flasks (Falcon, Becton Dickinson,
Mountain View, CA, USA) and, at passages 8th to 16th, used

for the assays [17]. Human umbilical vein EC (HUVEC) were
freshly isolated from umbilical cord veins and grown in T25
flasks in RPMI 1640 medium supplemented with 20% FCS,
100 μg/ml streptomycin, 100 U/ml penicillin, 5 μg/ml
amphotericin-B, and 2 mM/l L-glutamine [18]. When conflu-
ent, HUVEC were harvested using 0.25% trypsin/0.02%
EDTA solution (Sigma, St Louis, MO, USA) and then used
for the assays. Both endothelia were grown in a humidified
incubator in an atmosphere of 5% CO2/95% air.

The NB4 cell line established in vitro from an APL patient
was a kind gift from Dr. M. Lanotte (INSERM Unit 301, St.
Louis Hospital, Paris, France). These cells were continuously
grown in suspension in RPMI1640 containing 10% FBS,
2 mM L-glutamine, 100 IU/ml penicillin, and 100 μg/ml strep-
tomycin [5], in T75 flasks.

Trypan blue exclusion dye test was used to determine
HUVEC, HMEC-1, and NB4 cell viability. Only cell cultures
with more than 95% of viable cells were used for the subse-
quent experiments.

Adhesion assay

Adhesion of NB4 cells to EC was evaluated by a static
assay. Confluent EC cultures were harvested by enzymatic
detachment, washed in PBS, counted, resuspended in com-
plete medium, and then seeded on the bottom of 8-well
cell culture slide (Falcon). At confluence, EC were incu-
bated with complete medium containing 100 IU/ml of
recombinant human IL-1β (Sigma), as standard stimulus,
in the absence or presence of 0.1-1-10 IU/ml of each
heparin (i.e., dalteparin, enoxaparin, and UFH), for 24 h
in cell incubator at 37 °C. In preliminary experiments
performed to establish the optimal IL-1β concentration,
the maximum concentration of 100 IU/ml was the most
effective in increasing NB4 cell adhesion to EC and there-
fore used in the subsequent experiments. Control EC were
incubated, in the same conditions, with complete medium
only. At the end of the incubation, EC monolayers were
gently washed three times with warm medium so that the
monolayer was not disturbed, NB4 cells were then seeded
and left to adhere for 1 h in RPMI1640. Thereafter, non-
adherent blast cells were removed by three washes with
warm medium, and culture wells were examined at the
microscope to verify the EC monolayer integrity. Then,
the chamber of cell culture slide was removed, and NB4
cells and EC on slide surface were fixed and stained with
Diff-Quick system (Medion Diagnostics, Düdingen,
Germany). Adherent NB4 cells were counted in 20 differ-
ent microscope fields (magnification ×100; ZEISS model
467058, Germany), randomly selected, per each treatment
of each experiment. Results are expressed as the mean
number of adherent NB4 cells per field.

1556 Ann Hematol (2018) 97:1555–1562

120



Flow cytometric analysis

The expression of main adhesion molecules on HMEC-1,
HUVEC, and NB4 cells was determined by direct immunofluo-
rescence, using a FACSCanto flow cytometer (Becton
Dickinson). Particularly, EC at 80–90% confluence in T25 flasks
were treated with 100 IU/ml IL-1β, in the absence or presence of
10 IU/ml of each heparins (i.e., dalteparin, enoxaparin, and
UFH), for up to 24 h in the cell incubator at 37 °C. At the end
of the incubation, EC were washed three times with PBS, col-
lected by enzymatic detachment, washed with PBS by centrifu-
gation, and resuspended in PBS at the concentration of 1 × 106

cells/ml. Then, cell suspension aliquots of 100 μl were incubated
with 20 μl of fluorescein isothiocyanate (FITC)-conjugated
monoclonal antibodies directed against human ICAM-1
(CD54), VCAM-1 (CD106), and E-selectin (CD62E)
(BenderMedSystems, Vienna, Austria). NB4 cells at 24 h of
culture were collected, washed three times with PBS, and resus-
pended in PBS at the concentration of 1 × 106 cells/ml. Then,
100 μl aliquots of cell suspension were incubated for 20 min in
the dark with 20 μl of monoclonal antibodies (Becton
Dickinson) directed against LFA1 (CD11a/CD18*FITC),
MAC-1 (CD11b/CD18*PE), CD11c/CD18 (*FITC), very late
antigen 4 or VLA4 (CD49dCD29*FITC), and ICAM-1
(CD54*FITC). IgG1 FITC- or IgG2 PE-conjugate isotype-
matched antibodies (Becton Dickinson) of irrelevant specificity
were used as negative controls. At the end of incubation, EC and
NB4 cells were centrifuged, resuspended in 100 μl of PBS, and
analyzed. Results are expressed as % percentage of positive cells
and mean fluorescence intensity (MFI). The MFI was calculated
by subtracting the value of the mean fluorescence channel of the
respective isotypic control from that value obtained from the
sample incubated with adhesion molecule specific MAb.

Statistical analysis

All the experiments were performed at least in duplicate, and
each experiment was repeated ≥ two times under independent
conditions. Data from in vitro experiments and from morpho-
metric analyses were compared by one-way ANOVA analysis
of variance for repeated measures and the Bonferroni’s post
hoc test. The p values < 0.05 were considered significant. All
statistical analyses were performed using SPSS® software
(SPSS, Chicago, IL, USA statistical software program).

Results

NB4 cell adhesion to EC

We first analyzed the interaction of NB4 cells with HMEC-1
and HUVEC monolayers (Fig. 1). In resting conditions, the
number of NB4 cells attached to HUVEC was significantly

greater compared to HMEC-1 (9.39 ± 5.39 vs 5.07 ± 0.78 cell/
field; p < 0.05) monolayer. Incubation of HMEC-1 and
HUVEC with IL-1β caused a significant increase in the num-
ber of leukemic cells adherent to both endothelia compared to
resting conditions. This increment reached a maximum at 6–
8 h of stimulation and then started to decline. After 24 h, we
observed 11.4 ± 2.45 cells/field on HMEC-1 (p < 0.05) and
16.4 ± 2.23 cells/field on HUVEC (p < 0.05).

We then explored the effects of heparins on the NB4/EC
interaction. Treatment of EC with heparins up to 24 h, in the
absence of IL-1β stimulus, did not significantly affect NB4
cell interaction with either EC type, at any time. Differently,
we observed a lower number of NB4 cells adhered to endo-
thelium treated with IL-1β in the presence of increasing doses
of heparins, compared to IL-1β alone (Fig. 2). The effect was
statistically significant (p < 0.01) after 24 h of incubation with
the heparin concentration of 10 IU/ml in both endothelial
types. Particularly, in HMEC-1 (Fig. 2a), a NB4 cell adhesion
reduction of 80% was achieved with dalteparin, 52% with
enoxaparin, and 44% with UFH, compared to IL-1β alone.
Similarly, in HUVEC, dalteparin reduced IL-1β-stimulated
NB4 cell adhesion by 91%, enoxaparin by 47%, and UFH
by 74% (Fig. 2b).

NB4 cell adhesion molecule expression

The characterization of cell adhesion molecule on NB4 cell
surface showed that 83.02 ± 9.46% of cells were positive for
VLA4, 19.78 ± 9.23% for CD11b/CD18, 15.5 ± 2.1% for
CD11c/CD18, and 33.8 ± 5% for ICAM-1, while CD11a/
CD118 was almost absent (1.79 ± 0.89%).

Effect of heparins on EC adhesion molecule
expression

To explore whether the reduced adhesive properties towards
NB4 cells of IL-1β-stimulated HMEC-1 and HUVEC mono-
layer treated with heparins were related to a modification in
the expression of cell adhesionmolecules, both EC types were
treated for 24 h with IL-1β in the presence and absence of the
three heparins. Thereafter, expression of the main EC cell
adhesion molecules was characterized by flow cytometry. As
shown in Figs. 3a and 4a, under resting conditions, HMEC-1
cells presented significantly higher expression of ICAM-1
compared to HUVEC (57.2 ± 7.9 vs 27.7 ± 9.8% positive
cells; p < 0.05). Differently, VCAM-1 levels were highest in
HUVEC (13.1 ± 3.4%, Fig. 4b) compared to HMEC-1 (3.1 ±
0.5%; p < 0.05, Fig. 3b). E-selectin was detectable only in
HUVEC (Fig. 4c), although at very low levels (2 ± 0.79%).
Stimulation of ECwith IL-1β caused a progressive increase in
ICAM-1 and VCAM-1 levels by both HUVEC (ICAM-1
93.4 ± 5.7%; VCAM-1 58 ± 8.3%; Fig. 4) and HMEC-1
(ICAM-1 85.9 ± 10.2%; VCAM-1 12.1 ± 2.4%; Fig. 3), and
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in E-selectin by HUVEC only (29.5 ± 4.1%; Fig. 4c), over the
24 h incubation period. In these conditions, heparins
counteracted IL-1β-induced expression of cell adhesion mol-
ecules in both EC. Particularly, in HMEC-1, IL-1β-induced
expression of ICAM-1 was 70, 54, and 45% inhibited by
dalteparin, enoxaparin, and UFH, respectively (Fig. 3a). The
two LMWH, dalteparin and enoxaparin, also significantly
(p < 0.05) reduced VCAM-1-induced expression by 38 and
28%, respectively, while UFH did not (14%; p = n.s.) (Fig.
3b). In HUVEC, all the heparins significantly (p < 0.05) re-
duced ICAM-1 (Fig. 4a) and VCAM-1 (Fig. 4b)-induced ex-
pression by IL-1β with % of inhibition ranging from 28 to
40%, without affecting E-selectin levels (Fig. 4c).

Discussion

Early hemorrhagic deaths due to the severe thrombo-
hemorrhagic coagulopathy associated with APL onset still
remain an important cause of treatment failure in APL, an
otherwise highly curable leukemia in the ATRA era. The in-
teraction of APL cells with EC is one of leukemic cell-
dependent pathogenic mechanisms involved in the clotting
activation in APL, as it promotes localized clotting activation
and thrombus formation by the release of cytokines and

proangiogenic factors. Preventing leukemic cell-EC interac-
tions may represent one approach for hampering excess
clotting activation and microthrombi deposition. In this study,
we evaluated in an in vitro model, whether heparins may di-
rectly interfere with APL cell adhesion to EC, and verified, in
parallel, whether changes in the expression of EC adhesion
molecules may occur by heparin treatment. Particularly, we
employed the APL NB4 cell line, and two types of human EC
of either micro- (HMEC-1) or macro-vascular (HUVEC)
origins.

First, we analyzed the interaction of leukemic blast cells
with the two types of endothelia in resting conditions, i.e., in
the absence of both IL-1β and heparins. The results revealed a
greater adhesion of NB4 cells to HUVEC compared to
HMEC-1. Examination of the main EC surface adhesion mol-
ecules, i.e., ICAM-1, VCAM-1, and E-selectin, showed a dif-
ferent pattern of expression by the two endothelia.
Particularly, ICAM-1 is expressed by both HMEC-1 and
HUVEC, although HMEC-l has a relatively higher baseline
expression of ICAM-l and lower expression of VCAM-1
compared to HUVEC, as previously observed [19]. The ex-
pression of E-selectin was detected in HUVEC-1 alone [19,
20]. The analysis of leukemic cell ligands that bind adhesion
molecules present on EC confirmed the presence on NB4 cell
surface of CD11c and CD11b (all ligands of ICAM-1) and of
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the α4β1 integrin VLA4 (the ligand of VCAM-1) [21, 22].
The different patterns of cell adhesion molecule expression on
endothelia and the respective counter receptors on leukemic
cells may well explain the higher adhesion potential of
HUVEC compared to HMEC-1 towards NB4 cells. In our
experimental system, treatment of HUVEC and HMEC-1
with IL-1β caused a significant increase in leukemic cell ad-
hesion to both EC types. Adhesion molecule expression anal-
ysis showed a significant increase of ICAM-1 and VCAM-1
expression on IL-1β-stimulated EC above the constitutive
levels, although in HMEC-1, a relatively small expression of
VCAM-1 was detectable. E-selectin significantly increased in
HUVEC alone.

This is in line with data from other groups, who described
the cytokine response by HMEC-1 in terms of low VCAM-1
and E-selectin induction [23]. Adhesion studies performed
under static conditions by our and other groups have shown
that NB4 cell adhesion to cytokine-activated HUVEC is main-
ly mediated by E-selectin, ICAM-1, and VCAM-1 [22, 24].

We then investigated the possible anti-adhesive effect of
heparins in the same experimental conditions. In the absence
of any cytokine stimulation, none of the heparins significantly

affected leukemic cell-EC interaction. Differently, experi-
ments performed with EC treated with heparins in the pres-
ence of IL-β demonstrated that both LMWH and UFH are
indeed effective in reducing NB4 cell adhesion. We hypothe-
size that heparins protect the endothelium from inflammatory
stimulus and consequently reduce the expression of cell adhe-
sion molecules. In agreement with that, previous studies
showed that heparins might interfere with EC adhesion mole-
cule expression [25–27]. However, in one of these studies,
heparins (UFH and dalteparin) had an effect on cytokine-
stimulated ICAM-1 and E-selectin expression by HUVEC
only when used at a very high concentration, i.e., 1000 IU/
ml, well above the therapeutic range of these drugs (0.1–1 IU/
ml) [25]. In another study by Manduteanu et al., the LMWH
enoxaparin could counteract LPS or TNF-induced adhesion of
the monocyte-like cell line U937 and monocytes to valvular
EC, by inhibiting E-selectin and ICAM-1 expression on EC
[27].

In our study, we found that heparins produced a relevant
inhibition of NB4 cell adhesion to IL-β-stimulated EC (> 50%
inhibition) which was associated to a significant reduction
effect on the levels of adhesion molecules expression by EC.
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Therefore, the observed anti-adhesive mechanism of heparins
appears to be at least partially linked to quantitative changes in
EC surface adhesion molecule expression, as previously sug-
gested [25]. We cannot exclude that other mechanisms related
to the known capacity of heparins to bind to cell adhesion
molecules, including P- and L-selectin, VLA-4 and β2
integrins (i.e., CD11b and CD11c), interfered with the adhe-
sion process [28]. It is possible that in our experimental sys-
tem, EC adhesion molecules are bound to heparins, which
prevents the adhesive interactions with their ligands on the
APL cells. However, in our conditions, heparins are removed
from EC by repeated washings before seeding NB4 cells.
Furthermore, pre-activation of EC is necessary to exploit the
anti-adhesive effects of heparins. In vivo activation of vascu-
lar endothelium in APL is a plausible situation sustained by
the evidence that leukemic promyelocytes actively release
proinflammatory cytokines, including IL-1β, able to activate
EC [6].

Although all three heparins counteracted NB4 cell adhe-
sion, we could observe that the LMWH dalteparin was more
effective than the other two heparins, particularly in microvas-
cular HMEC-1. This is in line with results of our previous
studies, demonstrating that this LMWH inhibits tumor cell-
induced procoagulant [29] and proangiogenic [13] features of
HMEC-1 more efficiently than other heparins.

The interference of heparins with APL cell adhesion to
activated EC is important for many reasons. First, the role of
heparins in the context of supportive therapy to reverse the
coagulopathy associated to the onset of APL is unknown [2].
Old clinical studies, which used UFH, were small, retrospec-
tive, and uncontrolled [30, 31]. No systematic studies have
been reported so far on the use of LMWH in these patients,
who carry a very high bleeding risk. The relatively favorable
safety profile of LMWH, together with their capacity to inhibit
multiple mechanisms of microthrombi formation, including
APL cell adhesion to EC, particularly in microcirculation,
may encourage the design of clinical trials to test the efficacy
of these molecules to affect early hemorrhagic deaths in APL.
In the absence of these studies, lower doses of LMWH, indi-
vidualized on the basis of the specific clinical and laboratory
characteristics of APL patient, might be considered to switch
off the prothrombotic and pro-inflammatory drive of leukemic
cells [32]. In addition, the adherent cells may extravasate and
infiltrate surrounding tissues, leading to organ distress and
death. Further, adhesion of leukemic cells to endothelium
strongly supports their survival, protects them from drug-
induced apoptosis, and extensively modifies their gene ex-
pression profile [33]. Therefore, interfering with leukemic
cell-EC interaction is of relevance also in the setting of other
hematological diseases characterized by hyperleukocytosis,
leukostasis, and leukemic tissue infiltration [34]. Finally, in
the case of APL, during treatment with ATRA, differentiating
blasts may infiltrate several organs, particularly the lung,

triggering the differentiation syndrome (DS) [35], a life-
threatening complication, characterized by respiratory dis-
tress, multiple organ failure, thrombo-hemorrhagic complica-
tions [36]. The first step of this phenomenon is necessarily the
adhesion of the APL blasts to the vascular wall [21, 22].

One limitation of our work resides in that in vivo interac-
tion is complex and difficult to replicate in the in vitro envi-
ronment. It is possible that many other factors, absent in this
setting, might modify the observed interactions between leu-
kemic end endothelial cells. The addition of plasma in our
system might be useful in exploring the activity of heparin
as it occurs in vivo. However, studying this condition in our
system is not possible. NB4 cells constitutively express TF,
while EC express TF upon activation by proinflammatory
stimuli (like IL-1β), as also demonstrated by our group [6,
29]. Therefore, the plasma in contact with TF-bearing cells,
becomes activated with subsequent thrombin generation and
fibrin formation, which renders it difficult the evaluation of
the cell adhesion phenomenon. In addition, it has to be con-
sidered that activated coagulation proteases can further inter-
fere with the process.

Since heparins interference with APL cell adhesion in our
system occurs when the endothelium is activated by inflam-
matory cytokines, one might think that other anti-
inflammatory agents, devoid of anticoagulant activity, might
have a similar effect, without carrying a risk of bleeding.
Along this line, it has been indeed demonstrated that steroids
can counteract the increased expression of APL cell adhesion
molecules induced by ATRA, thus potentially reducing APL
cell adhesion to the endothelium [37]. However, we consider
that, in the complex scenario of the APL coagulopathy, the
anticoagulant activity of LMWH is very important by
blocking the extreme activation of coagulation, which is main-
ly triggered by cellular TF in this condition. This is well dem-
onstrated in experiments in rat models of DIC, where LMWH
was effective in counteracting TF-induced DIC (as it occurs in
APL) [38].

In conclusion, our study not only adds further background
to the observed beneficial effect of heparins in cancer but also
interestingly suggests that these drugs may play a role in dif-
ferent clinical settings, including the coagulopathy and organ
failure of APL. Of course, this suggestion needs to be support-
ed by further studies in both animal and human models, par-
ticularly aimed to evaluate the efficacy and safety of this
approach.

Our group has previously shown that LMWH are able to
inhibit the angiogenic activities of EC induced by tumor-
derived products, including those from NB4 cells [13, 14],
and moreover, that these agents can effectively counteract
the prothrombotic stimuli of APL cells towards EC [6].
Taken together, all these data provide strong evidence that
heparins may affect the interactions of leukemic cells with
the vascular endothelium.
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The presence of a tumor in a given subject predisposes the 

host to thrombotic complications, that have a negative impact 

on the patient’s quality of life and life expectancy. Vice versa, 

the activation of the hemostatic system increases the risk of 

cancer progression, while a thrombosis may indeed be the 

first sign of an undiagnosed malignancy. 

New therapeutic approaches, aimed to effectively disrupt this 

two-way connection, are strongly needed. 

Heparins are well known drugs, widely used in the clinic for 

thromboprophylaxis and treatment of VTE, but these agents 

are also equipped with an array of potential anti-tumor 

properties. Among possible anti-tumor targets, the vascular 

endothelium is a fascinating target since it plays a role both 

in hemostasis and in tumor progression. 

In the last decades, so-called low-molecular-weight heparins 

(LMWH), obtained by fractionation of the classical "old" 

unfractionated heparin (UFH), have progressively replaced 

UFH in daily clinical use, due to some clinical and biological 

advantages [1]. While LMWH have been successfully 

introduced for the clinical management of a wide range of 

patients with thromboembolic disorders (both for prevention 

and treatment), conflicting evidence points to potential 

targets beyond anticoagulation, in particular related to 

improved survival of patients with cancer as summarized in 

the Chapter 2. However, the biological mechanisms 
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underlying this dual action of heparins have not been 

completely clarified yet, as reported in Chapter 3. 

In the present thesis, we then aimed to verify whether 

heparins, both LMWH and UFH, can exert anticoagulant and 

antitumor effects by means of multiple actions on the 

vascular endothelium, so to impair the tumor-hemostasis 

mutual relationship. 

As illustrated in Chapter 4, we started by demonstrating that 

both LMWH (dalteparin) and UFH have an antithrombotic 

effect on endothelial cells (EC) by suppressing bacterial 

endotoxin inflammatory stimulus-mediated procoagulant 

tissue factor expression and by enhancing anticoagulant 

thrombomodulin expression and tissue factor pathway 

inhibitor release. Previous studies have reported an inhibitory 

effect of heparins (both UFH and LMWH) on EC tissue factor 

expression. However, these studies were conducted mainly 

in macrovascular EC, while we included also microvascular 

EC, the endothelial type most involved in pathological 

processes. Although the effects reported in Chapter 4 may 

have impact on hemostatic activation, no tumor cell was 

involved in that system.  

We then employed the same experimental model by 

exposing the vascular endothelium to products derived from 

breast cancer and leukemic cells. As shown in Chapter 5, 

these tumor products elicit a rise in the procoagulant tissue 

factor expressed by the endothelium, but, similarly to what 
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was observed with the standard bacterial endotoxin in 

Chapter 4 and interleukin-1β in the same Chapter 5, heparins 

are able to counteract also this tumor cell-induced 

prothrombotic response. 

Next step was to evaluate the interference of heparins on 

angiogenesis promoted by tumor cell derived products. In 

Chapter 6 we explored for the first time the effect of heparins 

on the interaction of tumor cells with human microvascular 

EC on two steps of angiogenesis: the EC proliferation, and 

the capillary-tube formation by the matrigel assay, which 

evaluates the final differentiation of EC into capillary-like 

tubule structures. HMEC-1 cells were incubated with tumor 

cell conditioned media (TCM) derived from human breast 

cancer and leukemic cells  

or recombinant cytokines (i.e. VEGF, FGF-2, TNF-α) in the 

absence and presence of heparins. Capillary-like tube 

formation in Matrigel and EC cell proliferation were 

evaluated. The results show that all TCM induced a 

significant increase in total length of tubes formed by HMEC-

1 in Matrigel, and that these increases were significantly 

counteracted (62 to 100% mean inhibition) by the LMWHs 

enoxaparin and dalteparin, but were significantly less 

affected by UFH. Similar results were obtained with the 

standard purified proangiogenic factors. Next, using the 

same experimental model (see Chapter 7), we observed a 

similar anti-angiogenic activity also for the “second 
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generation” LMWH bemiparin and for the “ultra-LMWH” RO-

14. Ultra-LMWH are prepared by further heparin 

fractionation, and very few data are available about their 

biological activities. 

We then extended our study by exploring the in vitro 

antitumor effect of LMWH on a pancreatic cancer cell line. 

This type of tumor carries the highest risk of thrombotic 

events amongst any other gastrointestinal cancers, with an 

incidence range of 17%–57%. Furthermore, the diagnosis of 

venous thrombosis in pancreatic cancer is associated with a 

poor overall survival. As shown in Chapter 8, the LMWH 

dalteparin, the "second generation" bemiparin and the ultra-

LMWH RO-14 significantly prevented the capillary network 

formation induced by a pancreatic cancer cell line. 

Interestingly, the anti-angiogenic effect was higher for the 

LMWH compared with the ultra-LMWH RO-14. In addition, 

the same heparins showed a direct inhibitory effect on the 

migration of pancreatic cancer cells in vitro.  

Finally, in Chapter 9, we report data about the interference of 

heparins in the adhesion of cancer cells to the vascular 

endothelium. The adhesion of tumor cells to the endothelium 

and its matrix, particularly in the microvascular bed, is a 

crucial step in the metastatic process [2] and organ 

infiltration. Here, we could demonstrate that heparins impair 

the adhesion of leukemic cells to endothelial monolayer, and 

that this is associated with a significant decrease of main 
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endothelial surface adhesion molecule expression. We are 

currently extending our studies by exploring the in vitro anti-

adhesive effect of heparins on breast cancer cells. 

Altogether, these in vitro data further contribute to support 

the evidence of a possible antitumor in vivo effect of 

heparins, particularly LMWHs. 

 

Research perspectives 

The association between cancer and thrombosis was first 

described by Armand Trousseau in 1865 [3]. Since that time, 

it has become clear that cancer increases the risk of 

thrombosis [4]. We also know now that the activation of the 

clotting system may favour the progression of cancer [5-6]. In 

the last two decades, the research in this field has clarified 

many of the mechanisms that underlie the dialogue between 

the tumor and the hemostatic system. However, this has not 

led to significant improvements of the cancer patients’ quality 

of life and life expectancy yet. This is likely because we first 

needed to reach a good comprehension of the biological 

pathways, before trying to hypothesize possible effective 

clinical strategies. 

Antithrombotic agents, particularly heparins, are able to 

interfere with tumour cell proliferation and growth, 

angiogenesis, the development of distant metastases, 

resistance to chemotherapy and immune responses [7]. 

Therefore, it seemed feasible that antithrombotics with 
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antineoplastic properties may improve cancer survival. A 

review of older trials comparing LMWH with UFH or oral 

anticoagulants for the treatment or prophylaxis of VTE 

revealed an advantage with respect to survival rates in 

patients receiving LMWH, although these studies were not 

designed to evaluate the effect of the anticoagulants on 

cancer mortality [8]. More recent studies have been designed 

to assess the effect of LMWH on cancer survival rates, in 

addition to their efficacy in preventing VTE. However, data 

coming from these recent clinical trials are still 

insufficient/contradictory in terms of demonstrating a clear 

advantage given by heparins with regard to cancer patient 

survival. Particularly, it is unclear whether the possible 

beneficial effect of heparins is influenced by patient-related 

variables, such as tumor type, tumor stage and 

aggressiveness (metastatic or localized), or by administration 

timing, or by the intrinsic characteristics of the employed 

heparin preparation. 

 

With our work we tried, on one hand to shed more light on 

the mechanisms underlying the possible beneficial effect of 

heparins in cancer, by studying the effect of these drugs on 

the vascular endothelium, on the other hand to understand 

whether these effects are restricted at particular tumor types 

and/or to some heparins.  
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With regard to the question of whether heparins are able to 

interfere with the prothrombotic and protumor actions of 

vascular endothelium, the answer is affirmative. Our studies 

clearly show that heparins impair the EC prothrombotic 

switch and the neoangiogenesis process triggered by tumor 

cells. This does not appear restricted by tumor type or 

aggressiveness. Heparins show to be effective even against 

tumor cells derived from very aggressive breast and 

pancreatic cancers. 

The second question we tried to answer is whether some 

heparins are more effective than others. In line with other 

studies [9], we have observed that EC show different 

responses to UFH and LMWH. One explanation for this 

difference may reflect differences in the chemical 

composition of heparins. Heparins are heterogeneous 

preparations, derived from mammalian tissues, containing 

polysaccharide chains of different lengths and molecular 

weights (MW). UFH has a mean molecular weight of 12-15 

kDalton (kDa), with molecules ranging from 3 to 37 kDa in 

weight. LMWHs are derived from UFH by controlled 

enzymatic or chemical depolymerization, and have mean 

molecular weights ranging from 3 to 8 kDa. LMWHs are, 

therefore, characterized by a much higher proportion of short 

chains compared with UFH. This leads to an increased anti-

Xa/anti-IIa activity ratio, a greater bioavailability, a lower 

effect on platelets, and a longer half life, compared with UFH 
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[10]. It is possible that the different effects of heparins on EC 

observed in the present studies might result from the 

different proportion of short and long polysaccharide chains 

within the two heparins as proposed by other authors [11]. It 

has been indeed demonstrated that heparin fragments with 

MWs of 4.8- to 5.4-KDa inhibit the in vitro binding of VEGF165 

to VEGF165 receptors on cultured bovine aortic arch EC, 

while fragments with MWs of more than 6.9 kDa enhance the 

binding [12]. As a consequence of the lower mean MW of the 

heparin fragments, it is possible that the LMWHs used here 

might prevent the binding of growth factors to their receptor 

on EC and thus inhibit their functions. As a consequence of 

these considerations, we can also hypothesize that the lower 

mean Mw of enoxaparin (4.5 kDa) compared to dalteparin 

(6.0 kDa) should be responsible for the major effect of 

enoxaparin over dalteparin in inhibiting capillary tube 

formation. Our results are in line with those of other studies 

that have explored the effects of heparins on angiogenesis in 

different experimental in vivo and in vitro models. In an 

animal model of angiogenesis, it has been shown that FGF-

2- and VEGF165-induced angiogenesis is more suppressed 

by a LMWH, or heparins enriched in 2.5 kDa and 5.0 kDa 

species, than by UFH and high-molecular-weight heparins 

[13-14]. Similarly, in an in vitro model of angiogenesis in 

HUVEC, LMWH in the range of 3-6 kDa significantly inhibited 

FGF-2- and VEGF- induced angiogenesis, whereas no 
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inhibition was observed with UFH, tetrasaccharide, 

pentasaccharide and octasaccharide [15]. 

 

So, we show here that LMWHs in low range of mean MW 

appear to be the most effective. However, during the course 

of our studies, heparins prepared by further fractionation of 

LMWH were made available by some pharma companies: 

these are called ultra-low molecular weight heparins 

(ULMWH). Since these ULMWH present an even higher anti-

Xa/anti-IIa activity ratio (indeed anti-IIa acrivity is almost 

completelety absent in these preparations), that renders 

them very promising by the clinical point of view, we tested 

one representative of this new subclass of heparins in our 

models, i.e. the RO-14 (mean Mw 2.2 kDa), together with 

bemiparin, a “second-generation” LMWH characterized by a 

mean Mw of 3.6 kDa, that can be considered intermediate 

between the “first-generation” LMWH and the ULMWH. Our 

studies show that RO-14 and bemiparin possess an anti-

angiogenic activity similar to those shown by LMWH. RO-14 

also possesses a direct inhibitory effect on the migration of 

the pancreatic cancer cells. Of note, in clinics these ULMWH 

are under consideration for thromboprophylaxis in a variety 

of clinical conditions, including cancer. Although they seem 

equally effective as LMWH for the prevention of thrombosis, 

with less bleeding complications, little is known about their 

effect on cancer patient survival.  
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Our results provide background of, but also need for 

confirmation, by further studies. 

The employment of tumor animal models would be of great 

help to further confirm the anticancer effects of heparins. 

Many approaches could be used. One of these could be the 

grafting of tumor in mice in the orthotopic site or by direct i.v. 

injection of tumor cells in the circulation as described by 

some authors [16-20]. Mice would then be treated with 

heparins. Many conditions could be explored: the drugs 

could be administered before tumor grafting, at the time of 

grafting, during malignant progression, or after the surgical 

removal of the primary tumor. Also, different tumor cell types 

could be employed (metastatic/non metastatic, different 

organ origin, etc.). Mice would then be monitored all along 

and sacrificed at the beginning and at the end of treatment, 

as well as after a period of drug washout. The rate of the 

primary tumor growth could be then evaluated. Metastatic 

dissemination could also be grossly monitored by optical 

imaging while at sacrifice the metastatized organs could be 

examined  [17, 20]. Hemostatic activation of the mice could 

be analyzed in parallel to the oncologic study. In these 

models, all heparins studied for this thesis could be 

employed, particularly the new second-generation LMWH 

and the ULMWH. For the latter no data at all is available in 

cancer animal models. 
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A next step of our studies could also be the evaluation, in our 

models, of the so-called “non-anticoagulant” heparins [21]. 

Indeed, some heparin preparations have been modified so 

that while they have lost the anticoagulant properties they 

still retain other features, including anti-cancer effects [21]. 

This could render these modified heparins of interest in the 

cancer setting, when one aims to target tumor progression 

without altering the hemostatic status of the host and thus 

avoiding heparin side-effects (namely hemorrhages). 

 

The last step should be to understand how to translate the 

new and the future information into better clinical strategies. 

Indeed, those studies that have evaluated the benefits 

coming from the treatment with anticoagulants on survival of 

cancer patients show conflicting results [22]. However, the 

majority of these studies have evaluated the effects of 

anticoagulants in cancer patients that also had a thrombosis. 

We still lack studies in which the evaluation of the effect of 

anticoagulants on cancer progression is the primary target 

[23], independently from their effect in preventing the 

hemostatic system activation and thrombosis-related deaths. 

So, we strongly need this type of clinical studies. Data 

coming from in vitro research and animal models could help 

to design clinical trials of such type with narrow, clear targets. 
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Cancer patients are at high risk of developing venous 

thromboembolism (VTE), including deep venous thrombosis 

and pulmonary embolism.  

Indeed, in cancer patients VTE represents the second cause 

of death after the tumor itself, and significantly worsens their 

morbidity and the quality of life. 

It is now well established that while the presence of a tumor 

predisposes the onset of VTE in the host, the activation of 

the hemostatic system in cancer may have a role not only in 

thrombosis but also in tumor growth and dissemination.  

The effort of the current research aims to find valuable tools 

able to break down this mutual, vicious relationship. 

In this respect, heparins, particularly the low molecular 

weight (LMWH) subcategory, are good candidates in that not 

only they are the drug of choice for the prophylaxis and 

treatment of VTE in a wide spectrum of pathological settings, 

including cancer, but they also appear to be endowed with 

direct and indirect anti-tumor features. 

This has led to the development of a number of prospective 

randomized clinical trials to test LMWH to improve cancer 

survival as a primary end-point in cancer patients. Although 

the results are controversial, the interest in this research area 

remains high. Given the potential benefit of increased 

survival in oftentimes still fatal disease, any benefit, even 

small effects, may be clinically relevant. Therefore, it makes 

sense to dig deeper into the biology of cancer cells and to 
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better establish the effects of different types of heparins, on 

growth and proliferation of tumor cells.  

We choose to study the impact of heparins on the vascular 

endothelium, this because endothelial cells play multiple 

roles in several patho-physiological processes, including 

hemostatic activation and cancer progression, so they 

appear an ideal target when you aim to impair the 

cancer/thrombosis association. 

We could demonstrate that heparins may prevent the pro-

thrombotic switch of the endothelial cells when exposed to 

tumor-derived products, as well as standard cytokines. This 

is relevant because the inhibition of fibrin formation has been 

considered a possible tool against the progression of 

malignant disease.  

Endothelial cells take also part in tumor-driven angiogenesis. 

We could observe that heparins are able to impair the tumor-

induced formation of capillary-like tubules (a key step in the 

neo-angiogenesis process) by endothelial cells in the well-

known matrigel-based model. By counteracting the formation 

of new blood vessels, one could limit the tumor growth. 

Then, we showed that heparins are able to counteract the 

direct adhesion of tumor cells to the vascular endothelium 

monolayer, by employing leukemic cells (but data are 

ongoing also with cells from solid tumor). This has important 

implications in that this effect may prevent tumor 

dissemination. We also showed that heparins counteract the 
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migration of cells from pancreatic cancer, a very aggressive 

subtype of cancer. 

It has to be noted that we employed only cells of human 

origin, with regard to both endothelium and tumor. In 

particular, we used in all studies endothelial cells of the 

microcirculation, the most involved type in the pathological 

conditions, while the majority of published studies with the 

vascular endothelium have utilized cells from the 

macrocirculation. 

Moreover, in our studies, we used not only the classical 

unfractionated heparin (UFH) and various types of LMWH, 

but also one representative of the very new ultra-low 

molecular weight heparin (ULMWH) subclass, i.e. RO-14. 

These newest heparins are characterized by a lower mean 

MW, and a more defined composition of polysaccharidic 

chain content. They are also characterized with a high anti-

FXa activity and only residual anti-FIIa activity, thus the ratio 

anti-FXa/anti-FIIa is much greater compared to classical 

LMWH [1], that means that they should be endowed with a 

better efficacy/risk ratio compared to LWMH. Some ultra-

LMWH are in clinical development [1-2]. However, little is 

known about their anti-cancer effects. Indeed, we first 

describe here that one of these ultra-LMWH i.e. RO-14 

possess an anti-angiogenic activity similar to those shown by 

LMWH [3]. RO-14 also possesses a direct inhibitory effect on 

the migration of the pancreatic cancer cells.  
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With all the limitations coming from being in vitro studies, 

taken together these data further contribute to support the 

evidence of a possible in vivo anti-tumor effect of LMWH. 

They also provide ground for future extensive studies, both in 

animal models and in clinical trials, about a possible role for 

LMWH and ULMWH in the cancer/thrombosis setting. 

In summary, the potential therapeutic benefit of heparin 

derivatives for patients with malignant disease, is still out of 

reach. This does not mean that the promising findings from in 

vitro and animal studies could not translate into effective 

therapies. The use of specific fractions, such as non-

anticoagulant heparins with reduced bleeding potential, and 

the application of better experimental models of disease, 

should be able to advance our knowledge. This gain in 

knowledge should translate into feasible focused clinical 

trials in highly selected patients with cancer, as to obtain 

proof of principle data on efficacy and mechanisms of action. 

The use of biomarkers, both for cancer cell death, as well as 

for vascular damage, hypercoagulability and other markers of 

vascular disease related to cancer, should help to explore 

the underlying mechanisms further.   

 

References 

 [1] Z. Liu, S. Ji, J. Sheng, F. Wang, Pharmacological effects 

and clinical applications of ultra low molecular weight 

heparins, Drug Discov Ther 8(1) (2014) 1-10. 

149



 
 

[2] G. Agnelli, D.J. George, A.K. Kakkar, W. Fisher, M.R. 

Lassen, P. Mismetti, P. Mouret, U. Chaudhari, F. Lawson, 

A.G. Turpie, Semuloparin for thromboprophylaxis in patients 

receiving chemotherapy for cancer, N Engl J Med 366(7) 

(2012) 601-9. 

[3] A. Vignoli, M. Marchetti, L. Russo, E. Cantalino, E. Diani, 

G. Bonacina, A. Falanga, LMWH bemiparin and ULMWH 

RO-14 reduce the endothelial angiogenic features elicited by 

leukemia, lung cancer, or breast cancer cells, Cancer Invest 

29(2) (2011) 153-61. 

  

150



 
 

Curriculum Vitae 
  

151



 
 

Alfonso Vignoli was born on January 22nd, 1970, in 

Vimercate, Italy. 

After a 5-year course, in 1988 he obtained a Secondary 

School Diploma in Electrotechnical Engineering in Bergamo, 

Italy.  

Then, he started his scientific training at the University of 

Milan, Italy: here, he obtained in 1998 the title of Master of 

Science in Biological Sciences, with a thesis prepared at the 

Hematology Department of the Bergamo Hospital (currently 

named "Papa Giovanni XXIII", formerly "Ospedali Riuniti"). 

Then, he continued his research activities at the Bergamo 

Hospital in the research laboratory led by Prof. Anna 

Falanga, first at the Hematology Department, and then at the 

Immunohematology and Transfusion Department, until today.  

In 2007 he obtained a Board Certification in Microbiology and 

Virology, after a 4-year course, at the University of Brescia, 

Italy.  

In 2014, Dr. Vignoli became part of the permanent staff of the 

Immunohematology and Transfusion Department, where is 

still continuing his research activities in parallel to the 

ordinary duties typical of a  blood bank. 

In the last years he has also completed his studies related to 

the present PhD thesis, in the frame of the Maastricht-

Bergamo collaboration, under the supervision of Professor 

152



 
 

Hugo ten Cate for the Dutch side (from Maastricht 

University), and of Professor Anna Falanga for the Italian 

side (from Bergamo Hospital). 

He has published about 20 full papers and more than 100 

abstracts in International peer-reviewed scientific journals, 

along with books and book chapters, and he has presented 

his research data all over the world at the most relevant 

National and International Congresses.  

 
  

153



154



 
 

Publications 
  

155



 
 

Papers 

1. Falanga A, Marchetti M, Evangelista V, Vignoli A, Licini M, 

Balicco M, Manarini S, Finazzi G, Cerletti C, Barbui T. 

Polymorphonuclear leukocyte activation and hemostasis in 

patients with essential thrombocythemia and polycythemia 

vera. Blood. 2000;96(13):4261-6.  

2. Falanga A, Vignoli A, Marchetti M, Barbui T. Defibrotide 

reduces procoagulant activity and increases fibrinolytic 

properties of endothelial cells. Leukemia. 2003;17(8):1636-

42.  

3. Marchetti M, Vignoli A, Bani MR, Balducci D, Barbui T, 

Falanga A. All-trans retinoic acid modulates microvascular 

endothelial cell hemostatic properties. Haematologica. 

2003;88(8):895-905.  

4. Falanga A, Vignoli A. Venous thromboembolism in 

oncology. Eksp Onkol. 2004;26(1):11-4. Review. 

5. Falanga A, Marchetti M, Vignoli A, Balducci D, Barbui T. 

Leukocyte-platelet interaction in patients with essential 

thrombocythemia and polycythemia vera. Exp Hematol. 

2005;33(5):523-30. 

6. Falanga A, Marchetti M, Vignoli A, Balducci D. Clotting 

mechanisms and cancer: implications in thrombus formation 

and tumor progression. Clin Adv Hematol Oncol. 

2003;1(11):673-8. Review. 

156



 
 

7. Vignoli A, Marchetti M, Balducci D, Barbui T, Falanga A. 

Differential effect of the low-molecular-weight heparin, 

dalteparin, and unfractionated heparin on microvascular 

endothelial cell hemostatic properties. Haematologica. 

2006;91(2):207-14. Erratum in: Haematologica. 

2006;91(5):620. 

8. Cella G, Marchetti M, Vignoli A, Randi ML, Saggiorato G, 

Pasetto L, Pagnan A, Barbui T, Falanga A. Blood oxidative 

status and selectins plasma levels in healthy donors 

receiving granulocyte-colony stimulating factor. Leukemia. 

2006;20(8):1430- 

9. Falanga A., Marchetti M., Vignoli A. Cancer and 

thrombosis in women: mechanisms. Thrombosis research 

2007;119 (Suppl. 1):S33-S35.  

10. Falanga A, Marchetti M, Vignoli A, Balducci D, Russo L, 

Guerini V, Barbui T. V617F JAK-2 mutation in patients with 

essential thrombocythemia: relation to platelet, granulocyte, 

and plasma hemostatic and inflammatory molecules. 

Experimental Hematology 2007;35(5):702-11. Erratum in: 

Exp Hematol. 2007 Sep;35(9):1476. 

11. Marchetti M, Vignoli A, Russo L, Balducci D, Pagnoncelli 

M, Barbui T, Falanga A. Endothelial capillary tube formation 

and cell proliferation induced by tumor cells are affected by 

low molecular weight heparins and unfractionated heparin. 

Thrombosis Research 2008;121(5):637-45. 

157



 
 

12. Falanga A, Vignoli A, Marchetti M. Coagulation in 

Hematological Malignancies. Cancer Investigation 2009; 27: 

1-10. 

13. Cella G, Marchetti M, Vianello F, Panova-Noeva M, 

Vignoli A, Russo L, Barbui T, Falanga A. Nitric oxide 

derivatives and soluble plasma selectins in patients with 

myeloproliferative neoplasms. Thrombosis Haemostasis 

2010;104(1):151-6. 

14. Monreal  Bosch M, Vignoli A, Lecumberri Villamediana R, 

Prandoni P. Bemiparin in oncology. Drugs. 2010;70 Suppl 

2:35-42. 

15. Vignoli A, Marchetti M, Russo L, Cantalino E, Diani E, 

Bonacina G, and Falanga A. LMWH bemiparin and ULMWH 

RO14 reduce the endothelial angiogenic features elicited by 

leukemia, lung cancer, or breast cancer cells. Cancer 

Investigation 2010; 29:153-61. 

16. Falanga A., Vignoli A., Diani E., Marchetti M. 

Comparative assessment of low-molecular-weight heparins 

in cancer from the perspective of patient outcomes and 

survival. Patient Related Outcome Measures 2011;2:175-

188.  

17. Falanga A, Marchetti M, Vignoli A. Coagulation and 

cancer: biological and clinical aspects. Journal Thrombosis 

Haemostasis 2013;11(2):223-33. Review.  

158



 
 

18. Vignoli A, Giaccherini C, Marchetti M, Verzeroli C, 

Gargantini C, Da Prada L, Giussani B, Falanga A. Tissue 

Factor Expression on Platelet Surface during Preparation 

and Storage of Platelet Concentrates. Transfusion Medicine 

Hemotherapy 2013;40(2):126-32.  

19. Vignoli A, Marchetti M, Falanga A. Heparins inhibit the 

endothelial pro-thrombotic features induced by tumor cells. 

Thromb Res. 2017;157:55-57. 

20. Falanga A, Russo L, Milesi V, Vignoli A. Mechanisms and 

risk factors of thrombosis in cancer. Critical reviews in 

Oncology/Hematology. 2017;118:79-83. 

21. Vignoli A, Marchetti M, Falanga A. Acute promyelocytic 

leukemia cell adhesion to vascular endothelium is reduced 

by heparins. Annals of Hematology. 2018 Sep;97(9):1555-

1562. 

Book 

Falanga A, Marchetti M, Balducci D, Vignoli A. Trombosi e 

Tumori. Springer, 2004. ISBN: 8847002931. 

 

Book chapter 

-Falanga A, Marchetti M, Vignoli A. Pathogenesis of 
thrombosis in cancer. In: Thrombosis and Cancer. Lugassy 
G, Falanga A, Kakkar AJ, and Rickles FR. (Eds). Martin 
Dunitz, London 2003, Chapter 2. 

159



160



 
 

Acknowledgements 

  

161



 
 

I would like to express my heartfelt thanks to all the people 

who have accompanied me in my life as a researcher, and 

who have made possible the development and conclusion of 

this PhD thesis. 

 

First of all my gratitude goes to Professor Anna Falanga, that 

welcomed me in her lab more than 20 years ago.  

In all this time, Professor Falanga has never made me miss 

her support and has always encouraged me not to give up 

my research activity. 

 

In all these years I have also been lucky enough to work with 

Doctor Marina Marchetti, who taught me the basic principles 

of research.  

Professor Falanga and Doctor Marchetti are the main 

architects of my research training, and I have shared and still 

share all my research with both. 

 

I also thank all those colleagues with whom I have shared 

more or less long parts of my life as a researcher, particularly 

Donatella, Erika, Carmen, Sara, Cristina, Cinzia, Elena, 

Annamaria, and all those (too many to be mentioned here) 

that have followed other paths for the reasons of life.  

A special thank goes to Dr. Laura Russo, that will be at my 

side for the PhD defense. 

 

162



 
 

This is for the “Italian” side of the PhD preparation.  

However, in the last years I’ve had the opportunity to get 

acquainted and work with many nice people from Maastricht 

in the Netherlands. I warmly thank all of them for their 

kindness, particularly Arina, Paola, Johan, Frauke, Henri, 

and Elisabetta (I apologize if I forget someone!).  

A special thank goes to Professor Hugo ten Cate, that has 

supervised this thesis and relentlessly supported me from the 

beginning to the very end of this adventure.  

I also warmly thank Trees for her precious assistance and 

advices given for all the cumbersome administrative duties.  

 

I thank all the prestigious members of my thesis assessment 

committee for their kind comments to my work, and their 

presence at the defense. 

 

Last but not least my gratitude goes to my family, i.e. my 

parents and my brother: without their continuous support it 

would not have been possible to me to become and be a 

researcher for so many years. My parents aren’t in this world 

anymore, but I’m certain they are still following me in this and 

other adventures of life. 

 
 
 

163



 
 

 

 
 
 

 

 

 

 

 
 

 

 

164


	Table of Contents
	Chapter 1
	Chapter 2
	Chapter 3
	Chapter 4
	Chapter 5
	Chapter 6
	Chapter 7
	Chapter 8
	Chapter 9
	Chapter 10: General Discussion and Summary
	Valorisation
	Curriculum Vitae
	Publications
	Acknowledgements

	Nimber of times reviewed: 
	Publication Info 2: 


