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A correlation between cancer and prothrombotic states has long been described. More recently, a number of studies have
focused on the procoagulant mechanisms exhibited by tumor cells. In the present study, we dissected the molecular
mechanisms responsible for the procoagulant activity of MV3, a highly aggressive human melanoma cell line. It was observed
that tumor cells strongly accelerate plasma coagulation as a result of: i) expression of the blood clotting initiator protein, a tissue
factor, as shown by flow cytometry and functional assays (factor Xa formation in the presence of cells and factor VIIa), and ii)
direct activation of prothrombin to thrombin by cells, as evidenced by hydrolysis of the synthetic substrate, S-2238, and the
natural substrate, fibrinogen. This ability was highly potentiated by the addition of exogenous factor Va, which functions as a cofactor for the enzyme factor Xa. In contrast, prothrombin activation was not observed when cells were previously incubated with
DEGR-factor Xa, an inactive derivative of the enzyme. Moreover, a monoclonal antibody against bovine factor Xa reduced the
prothrombin-converting activity of tumor cells. In conclusion, the data strongly suggest that MV3 cells recruit factor Xa from the
culture medium, triggering an uncommon procoagulant mechanism.
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Introduction
Blood coagulation involves a series of zymogen activation reactions that are mainly performed by enzymatic complexes consisting of a serine protease, a protein
co-factor and membranes containing anionic phospholipids (1). Tissue factor (TF) is a 47-kDa membrane-bound
protein that serves as a receptor and co-factor for the
enzyme factor VIIa (FVIIa), with subsequent formation of
the extrinsic tenase complex that converts factor X (FX)
to FXa (2). Further recruitment of activated platelets, which
expose phosphatidylserine on their membranes, allows
the assembly of the intrinsic tenase (FIXa/FVIIIa) and
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prothrombinase (FXa/FVa) complexes, resulting in additional FX activation and conversion of prothrombin to
thrombin, respectively (3).
A correlation between cancer and procoagulant states
has been described for more than a century (4,5) and a
number of mechanisms have been proposed to explain
such observations, including (6): i) increased expression
of procoagulant proteins by tumor cells; ii) production of
inflammatory cytokines by tumor cells and/or the host with
subsequent activation of vascular cells, including platelets, endothelial cells and monocytes; iii) direct tumor-cell
interactions also resulting in activation of vascular cells; iv)
exposure of procoagulant lipids, in particular phosphatidyl-
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serine, by tumor cells (7,8). Therefore, tumor cells may
activate blood clotting by promoting the assembly of procoagulant complexes on their surface (9-11).
Several studies have indicated that coagulation proteins play significant roles in cancer biology. Studies employing cultured cells as well as patient samples have
demonstrated a strong correlation between TF expression
and an aggressive pattern (12,13). Also, the presence of
TF correlates with production of vascular endothelial growth
factor and/or increased microvessel density (13,14). Aberrant expression and activation of the coagulation enzyme
receptors (proteinase-activated receptors) on tumor cells
have also been associated with many aspects of tumor
biology including migration, survival and production of
angiogenic factors, enzymes and cytokines (15-17).
Melanoma is a highly metastatic cancer, and there is
strong evidence that a procoagulant behavior contributes
to this aggressive pattern (18,19). MV3 is a human melanoma cell line that has been established after subcutaneous implantation of fragments of a fresh human melanoma
metastasis sample in nude mice (20). This cell line is highly
tumorigenic and metastatic in nude mice and represents a
useful tool for studying the expression and regulation of
molecules in human melanoma cells involved in the process of metastasis. In the present study, we demonstrate
that MV3 cells display potent procoagulant activity, an
ability partially due to the presence of functional TF on MV3
cells. In addition, tumor cells directly activated prothrombin
to thrombin, this effect being strongly potentiated by FVa
and significantly inhibited by DEGR-FXa or a monoclonal
antibody against FXa.

Material and Methods
Material
Human prothrombin was purified according to a previously reported procedure (21). FXa and human fibrinogen
were purchased from Calbiochem (USA). Human FVa, FX
and monoclonal anti-bovine (ABX-5051) and anti-human
(AHX-5050) FX were purchased from Haematological Technologies (USA). According to the manufacturer, an antibody raised against the human protein does not recognize
bovine FX. Human FVIIa was purchased from American
Diagnostica (USA). Chromogenic substrates for FXa
(S-2765, N-α-benzyloxycarbonyl-D-Arg-Gly-Arg-p-nitroanilide) and thrombin (S-2238, H-D-phenylalanyl-Lpipecolyl-L-arginine-p-nitroaniline dihydrochloride) were
purchased from Diapharma. MV3 cells were kindly provided by Dr. C. Marcinkiewicz (Temple University, USA).
Ethylenediaminetetraacetic acid (EDTA) and polyethyleneglycol were purchased from Sigma (USA).
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Cell culture
The human melanoma cell line, MV3, was grown at
37°C in a humidified 5% CO2 atmosphere in culture flasks
by subconfluent passages in Dulbecco’s modified Eagle’s
medium (DMEM, Gibco-BRL, USA) supplemented with 2
g/L HEPES, 60 mg/L penicillin, 100 mg/L streptomycin, 2 g/
L sodium bicarbonate. Subconfluent tumor cells were detached with Hank’s EDTA buffer (0.4 g/L potassium chloride, 0.06 g/L potassium phosphate monobasic, 8 g/L
NaCl, 0.048 g/L sodium phosphate dibasic, 1 g/L D-glucose, 350 mg/L sodium bicarbonate, 1.86 g/L EDTA, pH
7.2), resuspended in DMEM and transferred to another
culture flask with DMEM containing 10% fetal bovine serum.
Procoagulant activity measured by recalcification time
The ability of MV3 melanoma cells to potentiate plasma
coagulation was assessed by measuring the recalcification time on an Amelung KC4A coagulometer (Labcon,
Germany), using plastic tubes. Fifty microliters of citrated
human platelet-poor plasma (3.8% sodium citrate, 1:9, v/v)
was incubated with 50 µL MV3 cells at 5 x 103, 5 x 104, or
5 x 105 cells and suspended in PBS for 1 min at 37°C.
Plasma clotting was initiated by the addition of 100 µL 12.5
mM CaCl2 and coagulation time was recorded.
Flow cytometric analyses
Cells grown in culture were resuspended in phosphate
buffer containing 1% BSA and incubated for 30 min, at 4°C,
with a murine monoclonal antibody against TF (4509,
American Diagnostica), that had been directly labeled with
the green-fluorescent Alexa Fluor 488 dye using the Alexa
Fluor® 488 Monoclonal Antibody Labeling Kit (A-20181,
Molecular Probes/Invitrogen, USA). After washing to remove unbound antibody, cells were analyzed using a
FACScalibur (Becton-Dickinson, USA). Data were analyzed with the BD CellQuest 3.3 software.
FX activation as followed by hydrolysis of chromogenic
substrate
Activation of FX to FXa catalyzed by FVIIa was performed in 50 mM HEPES, 100 mM NaCl, 5 mM CaCl2, 1
mg/mL BSA, pH 7.5 (HEPES-BSA buffer), as follows:
FVIIa (1 nM) was incubated for different times at 37°C with
MV3 cells (0 to 5 x 104 cells/mL) in the presence of 100 nM
FX. After the addition of 50 µL 300 µM S-2765 prepared in
50 mM Tris-HCl, 150 mM NaCl, 20 mM EDTA, 1 mg/mL
polyethyleneglycol 6000, pH 7.5 (Tris-EDTA buffer), absorbance at 405 nm was recorded at 37°C for 30 min at 6s intervals using a Thermomax Microplate Reader (Molecular Devices, USA) equipped with a microplate mixer and
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heating system as described (22). Velocities (mOD/min)
obtained in the first minutes of reaction were used to
calculate the amount of FXa formed, as compared to a
standard curve using known enzyme concentrations. In
some experiments, cells were previously incubated with
anti-TF antibody (4509, American Diagnostica), before
starting the FX activation reaction. Appropriate controls
performed in the absence of FVIIa showed no significant
formation of FXa.
Prothrombin activation as followed by hydrolysis of
chromogenic substrate or fibrinogen
Activation of prothrombin to thrombin was performed in
50 mM HEPES, 100 mM NaCl, 5 mM CaCl2, 1 mg/mL
BSA, pH 7.5 (HEPES-BSA buffer), as follows: 500 nM
prothrombin was incubated for different times at 37°C with
0 to 5 x 104 cells/mL MV3 cells in the presence or absence
of 1 nM FVa. After the addition of 50 µL 300 µM S-2765
(prepared in Tris-EDTA buffer) or 2 mg/mL fibrinogen
(prepared in HEPES-BSA buffer), absorbance at 405 nm
was recorded at 37°C for 60 min at 6-s intervals using a
Thermomax Microplate Reader (Molecular Devices) as
described above. Velocities (mOD/min) obtained in the
first minutes of reaction were used to calculate the amount
of thrombin formed, as compared to a standard curve
using known enzyme concentrations. In some experiments,
MV3 cells were pre-incubated with DEGR-FXa (130 nM)
overnight or with monoclonal anti-bovine or anti-human FX
antibodies (10 µg/mL) for 10 min, before starting the prothrombin activation reaction.
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increasing concentrations of a monoclonal anti-TF antibody progressively decreased FX activation, confirming
that this effect is dependent on the presence of the FVIIa
co-factor, TF.
In addition to TF expression, other mechanisms have
been proposed to explain the procoagulant activity of
tumor cells (6). In this context, MV3 cells were able to
directly convert prothrombin to thrombin, i.e., in the absence of additional blood clotting proteins in the assay
medium (Figure 3, open squares). Remarkably, this ability
was strongly potentiated by the addition of the FXa cofactor, FVa (Figure 3, filled squares), suggesting that MV3
cells display previously bound enzyme.
The ability of MV3-generated thrombin to cleave fibrinogen was further evaluated. Figure 4A shows that
incubation of prothrombin with MV3 cells results in fibrinogen clotting, as detected by increased absorbance at 405
nm. No significant clotting was detected when fibrinogen
was incubated only with MV3 cells or prothrombin. As
observed with the chromogenic substrate, addition of FVa
to the assay medium efficiently potentiated thrombin formation which resulted in a significant decrease of the time
for fibrinogen clotting, as compared to curves in the absence of the protein co-factor (Figure 4B).
Finally, to better understand the mechanism of pro-

Results
In order to determine whether MV3 melanoma cells
display procoagulant properties, we first tested the effect
of these cells on the recalcification time of human plasma.
As shown in Figure 1, increasing cell concentrations strongly
decreased the coagulation time, demonstrating that these
cells display potent procoagulant activity. Previous studies
employing other human melanoma cell lines have demonstrated this ability as a result of TF expression (18,23).
Accordingly, by means of flow-cytometric analysis using a
monoclonal antibody, we demonstrated positive staining
for TF on MV3 cells (Figure 2A). Further enzymatic assays
showed that TF expressed on MV3 cells is functional.
Figure 2 shows that FXa formation was both FVIIa- (Figure
2B) and time-dependent (Figure 2C), indicating the formation of the extrinsic tenase complex. Negligible zymogen
activation was observed in the absence of FVIIa (Figure
2C), possibly indicating that MV3 cells are not able to
directly activate FX. In addition, Figure 2D shows that
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Figure 1. Procoagulant activity of MV3 melanoma cells. MV3
cells (in PBS) at the indicated concentrations were incubated
with human plasma followed by recalcification with 12.5 mM
CaCl2. Each point represents the mean ± SD of three assays.
The open square represents controls performed in the absence
of cells.
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Figure 2. MV3 cells express functional tissue factor (TF) and assemble the extrinsic tenase complex. A, Flow-cytometric analysis of
TF expression in MV3 melanoma cells. The solid line represents staining with monoclonal anti-TF antibody labeled with greenfluorescent Alexa Fluor 488 dye. The grey region represents control cells with no staining. B, FVIIa-dependence for activation of FX
(100 nM) in the presence of 5 x 104 cells, after 8 min of reaction. C, Kinetics of the activation of FX (100 nM) in the presence of FVIIa
(1 nM) and MV3 cells (5 x 104 cells/mL; squares), or MV3 cells (5 x 104 cells/mL) in the absence of FVIIa (asterisk). D, Effect of
increasing concentrations of monoclonal antibody against human TF on the activation of FX. Each point represents the mean ± SD of
three determinations. FVIIa = factor VIIa; FX = factor X.
Figure 3. Prothrombin activation by MV3 cells, as detected by S2238 hydrolysis. MV3 cells (5 x 104 cells/mL) were incubated
with 0.5 µM prothrombin in the absence (open squares) or in the
presence (filled squares) of FVa (1 nM). Each point represents
the mean ± SD of three determinations. FVa = factor Va.
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Figure 4. Fibrinogen clotting by MV3-generated thrombin. A, MV3 cells at the indicated concentrations were incubated with human
fibrinogen (2 mg/mL) and 0.5 µM prothrombin. Fibrinogen clotting was monitored by the increase in absorbance at 405 nm. The filled
circles indicate controls performed in the presence of MV3 cells (5 x 104 cells/mL) and in the absence of prothrombin (No PT). B, MV3
cells (5 x 104 cells/mL) were incubated with human fibrinogen (2 mg/mL) and 0.5 µM prothrombin in the presence (filled squares) or in
the absence (open squares) of FVa (1 nM). Each point represents the mean ± SD of three determinations. FVa = factor Va.

Figure 5. DEGR-FXa and bovine anti-FX (factor X) decrease prothrombin activation by MV3 cells. A, Kinetics of the activation of
prothrombin (0.5 µM) in the presence of 5 x 104 MV3 cells/mL cultured overnight in the presence (open squares) or in the absence
(filled squares) of 130 nM DEGR-FXa. B, Effect of the indicated monoclonal anti-FX antibodies (10 µg/mL) on prothrombin (0.5 µM)
activation by 5 x 104 MV3 cells/mL after 90 min of incubation, as determined by S-2238 hydrolysis. Each point represents the mean ±
SD of three determinations. DEGR-FXa = an inactive derivative of the enzyme.

thrombin activation by MV3, cells were pre-incubated with
DEGR-FXa, an inactive FXa derivative, prior to zymogen
activation assay. As seen in Figure 5A, treatment with the
inactivated enzyme rendered MV3 cells unable to activate
prothrombin. In addition, assays were performed in the
presence of specific anti-FX monoclonal antibodies. As
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seen in Figure 5B, anti-bovine but not anti-human FX
significantly decreased zymogen activation. Overall, these
data strongly suggest that MV3 cells recruit FXa from the
fetal calf serum-enriched culture medium, with this mechanism being, at least in part, responsible for the procoagulant ability of these tumor cells.
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Discussion
Several lines of evidence indicate that the procoagulant properties of cancer cells play a significant role in
tumor biology, with this observation being particularly evident in melanoma. In the present study, we identified two
major procoagulant mechanisms in the highly aggressive
human melanoma cell line, MV3. These cells express
functional TF on their surface as demonstrated by flow
cytometric and functional assays. In fact, the presence of
TF in melanoma cell lines has been well documented and
the levels of protein expression seem to be correlated with
the aggressiveness (23). TF levels seem to be also involved in the metastatic potential of melanoma cells, although procoagulant activity is not required for this ability
(19). In addition, the production of vascular endothelial
growth factor was directly correlated with TF expression in
melanoma cell lines, with this property being dependent on
the cytoplasmic tail but not on the extracellular domain of
the protein (24).
Our data strongly suggest that MV3 cells recruit small
amounts of active FXa, resulting in an unusual mechanism
of procoagulant activity in which cells directly activate
prothrombin to thrombin in the absence of additional exogenous blood clotting factors. In fact the ability of tumor cells
to recruit FXa and promote prothrombin activation has
been previously reported for B16-F10 melanoma (10),
colon adenocarcinoma (25), human pleural mesothelial
cells (26), and others. In the last case, it was reported that
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a number of monoclonal antibodies raised against FXa
impaired the function of tumor cell-bound enzyme, offering
a potential means to prevent local thrombin formation (27).
In addition to TF, thrombin seems to play a key role in
melanoma progression. Thrombin increases the metastatic potential of B16 melanoma cells in mice (28,29)
while the inhibition of the enzyme by hirudin decreases
tumor growth, metastasis and seeding into blood (30-32).
In fact, a number of thrombin actions in melanoma cells are
mediated by the protease-activated receptor (33-35), which
requires catalytically active enzyme.
The presence of fibrin in the tumor stroma has been
well documented (36) and in fact the cross-linked fibrin
provides a provisional matrix that facilitates tumor angiogenesis (37). In this context, TF-induced generation of
thrombin with subsequent fibrin deposition is usually referred to as the main clotting-dependent mechanism in
tumor progression. Herein we demonstrate that incubation
of prothrombin with MV3 cells results in fibrinogen cleavage.
As a consequence, tumor cells displaying this ability could
support fibrin deposition despite presenting low levels of TF.
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