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Background
Thrombin, the final enzyme of blood coagulation, is a multifunctional serine protease also
involved in the progression of cancer. Tumor cells may activate blood coagulation proteases
through the expression of procoagulant activities. However, specific information about the
thrombin generation potential of malignant tissues is lacking. In this study we applied a single
global coagulation test, the calibrated automated thrombogram assay, to characterize the specific
procoagulant phenotypes of different tumor cells. 

Design and Methods
Malignant hematologic cells (i.e. NB4, HEL, and K562) or solid tumor cells (i.e. MCF-7 breast can-
cer and H69 small cell lung cells) were selected for the study. The calibrated automated thrombo-
gram assay was performed in normal plasma and in plasma samples selectively deficient in factor
VII, XII, IX or X, in the absence or presence of a specific anti-tissue factor antibody. Furthermore,
cell tissue factor levels were characterized by measuring antigen, activity and mRNA expression.

Results
In normal plasma, NB4 induced the highest thrombin generation, followed by MCF-7, H69, HEL,
and K562 cells. The anti-tissue factor antibody, as well as deficiencies of factors VII, IX and XII
affected the thrombin generation potential of malignant cells to different degrees, allowing differ-
entiation of the two different pathways of blood clotting activation – by tissue factor or contact
activation. The thrombin generation capacity of NB4 and MCF-7 cells was tissue factor-depen-
dent, as it was highly sensitive to inhibition by anti-tissue factor antibody and factor VII deficien-
cy, while the thrombin generation capacity of H69, HEL and K562 was contact activation-depen-
dent, as no thrombin was generated by these cells in factor XII-deficient plasma.

Conclusions
This study demonstrates that the calibrated automated thrombogram assay is capable of quan-
tifying, characterizing, and comparing the thrombin generation capacity of different tumor
cells. This provides a useful tool for understanding the key factors determining the global pro-
coagulant profile of tumors, which is important for addressing specific targeted therapy for the
prevention of thrombosis and for cancer.
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Introduction

Venous thromboembolism is one of the most frequent
complications in cancer patients and significantly con-
tributes to morbidity and mortality.1 Even without clinical
manifestations, cancer patients commonly have hemostatic
abnormalities, which worsen as the cancer progresses.2 In
acute leukemia, the systemic activation of blood coagula-
tion results in life-threatening consumption coagulopathy
and a thrombo-hemorrhagic syndrome.3
The acquisition of a prothrombotic phenotype by tumor

cells is an oncogenic-driven event, and is one of the main
mechanisms responsible for blood clotting activation in can-
cer.4-6 The expression of procoagulant proteins, including tis-
sue factor (TF) and cancer procoagulant, as well as the expo-
sure of anionic phospholipids, contribute to different
extents to the prothrombotic phenotype of tumor cells.7,8
Activation of blood coagulation leads to the generation of

thrombin, the final effector enzyme of blood coagulation,
and to fibrin formation. Thrombin is a multifunctional ser-
ine protease and, as well as its role in coagulation, is able to
stimulate tumor cell proliferation and the pro-angiogenic
cytokine release8,9 involved in cancer progression.
Understanding how tumor cells can induce the generation
of thrombin is, therefore, of pivotal importance and may
provide potential targets for the prevention of thrombosis
and for cancer therapy.
Several assays to measure the procoagulant capacity of

tumor cells are available. Some, such as the quantitative
measurement of cell-associated TF, can be very specific; oth-
ers measure the capacity of cells to induce fibrin formation
(clotting-based assays). However, specific information
about the thrombin generation potential of malignant tis-
sues is lacking. The calibrated automated thrombogram
(CAT) is a standardized, global hemostatic assay used to
determine the procoagulant and anticoagulant potentials of
a plasma sample.10 This dynamic assay, by monitoring
thrombin generation in real time, allows measurement of
the total amount of thrombin produced and how it is gen-
erated and inhibited in a plasma sample incubated with
standard preparations of TF and phospholipids. The result
of this assay is the thrombin generation curve, which can be
described by four parameters, i.e. lag-time, endogenous
thrombin potential, peak height and time to peak (ttPeak).
An additional parameter is the speed of thrombin genera-
tion (or slope), which can be calculated from some of the
above mentioned parameters. The endogenous thrombin
potential is the quantity of thrombin produced during a
given time, and is reduced in bleeding disorders and
increased in thrombophilic conditions.11
The purpose of this in vitro study was to determine the

procoagulant profiles of different cultured tumor cells using
the CAT assay. To evaluate the sensitivity to cell-associated
procoagulants, the assay was performed in different exper-
imental conditions, i.e. in normal pooled plasma, in plasma
selectively deficient in factor VII (FVII), factor IX (FIX), fac-
tor X (FX) or factor XII (FXII) and in the presence of anti-TF
antibody. TF expression was also characterized in each cell
sample.

Design and Methods

Cell cultures
All the tumor cell lines, with the exception of NB4 (kindly pro-

vided by Dr M. Lanotte), were purchased from the American Type
Culture Collection (ATCC) (Manassas, VA, USA). MCF-7 is an
estrogen receptor-positive breast cancer cell line (ATCC HTB-22),
characterized by a low metastatic potential in vivo.12 NB4 is a
promyelocytic leukemia cell line, characterized by a t(15;17) chro-
mosomal translocation, and expresses the PML/RARα fusion pro-
tein.13 K562 is a chronic myeloid leukemia cell line, while HEL is a
human erythroleukemia cell line (ATCC TIB-180) with erythro -
blastic characteristics. Finally, H69 is a small cell lung carcinoma
cell line (ATCC HTB-119). 
All cell lines, except MCF-7, were grown in RPMI 1640 medium

(Euroclone, Milan, Italy) supplemented with 10% fetal calf serum
(Gibco, Gaithersburg, MD, USA), 100 μg/mL streptomycin, and 2
mM L-glutamine. MCF-7 was cultured in Dulbecco’s modified
Eagle’s medium (Gibco, Gaithersburg, MD, USA) supplemented
with 10% fetal calf serum, non-essential amino acids, 2 mM L-glu-
tamine, and 20 ng/mL gentamycin.14

Cells were allowed to grow in a cell incubator at 37°C in a
humidified atmosphere of 5% CO2 in air. Cell viability was esti-
mated before and after any experiment by the trypan blue exclu-
sion technique. Only samples with greater than 95% viability
were used. For the experiments exponentially growing cells were
collected, centrifuged at 1,500g for 5 min and diluted in the respec-
tive complete culture medium at a concentration of 3¥105 cells/mL
in T75 culture flasks (Orange Scientific, Belgium). After 24 h of
growth, cells were collected, washed three times by centrifugation
in phosphate-buffered solution, counted and re-suspended in dif-
ferent buffers according to the assay conditions being used. 

Tissue factor activity
Cells were re-suspended and lysed at a concentration of 3¥106

cells/mL in an assay buffer (10 mM HEPES, 137 mM NaCl, 4 mM
KCl, 5 mg/mL bovine serum albumin, 2.5 mM CaCl2; pH 7.45).
The TF activity of the samples was measured in duplicate using a
chromogenic assay for FXa.15 Results are expressed as pmol
FXa/106 cells.

Tissue factor antigen
TF antigen levels were measured in cell lysates (3¥106/mL phos-

phate-buffered saline, 1% Triton X-100) by an enzyme-linked
immunosorbent assay using a commercial kit (Imubind Tissue
Factor ELISA Kit; American Diagnostica).15 Results are expressed
as pg/mL/106 cells.

Tissue factor  mRNA
mRNA was purified using the RNEasy RNA extraction kit

(Qiagen, Milan, Italy). The mRNA concentration was measured
using a NanoDrop ND-1000 UV-Vis spectrophotometer
(NanoDrop Technologies, Wilmington, DE, USA). Single-strand
cDNA was prepared using a commercially available kit (Alert PCR
RT-kit plus, Nanogen Advanced Diagnostics, Turin, Italy) on the
Techne TC-412 thermocycler. Simultaneous amplification of the
housekeeping gene glyceraldehyde-3-phosphate dehydrogenase
(GAPDH) was performed to normalize the data. Polymerase chain
reaction (PCR) amplification was performed in the presence of
2.25 mM MgCl2, 0.08 μM of each primer, 0.2 mM dNTP, 1.25 U of
Taq polymerase (Roche Diagnostics, Mannheim, Germany) and 5
µL of each cDNA to a final volume of 50 μL. Thermocycling con-
sisted of 5 min at 94°C, followed by 35 cycles of 1 min at 94°C, 1
min at 56°C and 1 min at 72°C. The following primers were used:
TF-forward: AACCCGTCAATCAAGTCTAC; TF-reverse:
GAAAGTGTTGTTCCTTCTGA; GAPDH-forward: TCACGC-
CACAGTTTCCCGGAGG; GAPDH-reverse: GCTTT-
TAACTCTGGTAAAGTGG, (Eurofins, MVG Operon, Ebersberg,
Germany). PCR products were run on 1.5% agarose gel and TF
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mRNA expression evaluated by Image-J software. Results are
expressed as a ratio between TF and GAPDH mRNA.

Thrombin generation assay
Tumor cells were lysed in phosphate-buffered saline at a con-

centration of 3¥106 cells/mL by three repeated freezing-thawing
cycles. Cell samples were then tested for their capacity to induce
thrombin generation using the CAT assay.10 Eighty microliters of
platelet-free normal pooled plasma (obtained from 20 different
normal control subjects, by double centrifugation), or plasma
selectively deficient in FVII, FIX, FX and FXII (Siemens, Eschborn
Germany) were incubated for 10 min with 20 μL of a cell sample
or standard preparations of 1pM and 5pM TF, both containing 4
μM phospholipids (Thrombinoscope) in round-bottomed 96-well
microtiter plates (Immulon 2HB, M-Medical). To highlight cell
thrombin generation dependence on TF, the CAT assay was per-
formed after pre-incubation of cell samples with an inhibitory
anti-TF antibody (AD #4502, polyclonal rabbit anti-human TF,
American Diagnostica Inc., Stamford, CT, USA).16 A non-specific
antibody (Rabbit IgG fraction, Dako, Denmark) was used as the
control in this assay. Thrombin generation was started by the
addition of 20 μL of a CaCl2/fluorogenic substrate (Z-Gly-Gly-Arg-
AMC; Bachem, Bubendorf, Switzerland) mixture; fluorescence
was read using a Fluoroskan Ascent® reader (Thermo Labsystems,
Helsinki, Finland) and thrombin generation curves were calculated
using Thrombinoscope software (Thrombinoscope BV,
Maastricht, The Netherlands). The thrombin generation curves
generated by cell samples were considered cell lysate-specific
when the signal was higher than that obtained with only phos-
phate-buffered saline (i.e. in the absence of cells).

Statistical analysis
The results are reported as mean ± standard deviation. Student’s

paired and unpaired t-tests were used for the determination of lev-
els of statistical significance. Differences were considered statisti-
cally significant for P values less than 0.05.

Results

Cell tissue factor expression 
The expression of TF, measured by its activity, antigen

or mRNA levels, showed significant variability among the
different cell lines (Figure 1). The acute promyelocytic

leukemia NB4 cell line was characterized by the highest
expression of TF, followed by MCF-7 and H69. We did not
detect significant expression of TF by either the K562
myelogenous leukemia or the HEL erythroblastic cell line. 

Cell-induced thrombin generation in platelet-free plasma
In the first series of experiments, the sensitivity of the

CAT assay was tested at three different cell concentrations
(1, 2, 3¥106 cells/mL) of the NB4 and H69 cell lines. As
shown in Figure 2, thrombin generation was induced in a
cell concentration-dependent manner. A linear decrease in
lag-time and ttPeak, with a parallel increase in thrombin
peak, occurred with increasing cell concentration.
Compared to NB4, H69 cells were characterized, at each
cell concentration tested, by a lower thrombin generation
potential, i.e. longer lag-time and ttPeak and lower peak
height and endogenous thrombin potential. To avoid the
risk of missing the thrombin signal from cells with a low
thrombin generation potential, like the H69, we chose the
highest cell concentration (i.e. 3¥106 cells/mL) for testing
for all the other cell lines. Figure 3 shows the comparison
of the thrombin generation curves of all the different cell
lines included in study, and Table 1 reports the values of
each parameter. NB4 cells induced thrombin generation
very quickly and produced the highest amount of throm-
bin, as demonstrated by the values of the endogenous
thrombin potential, followed by the breast cancer MCF-7
and small cell lung cancer H69 cell lines. The leukemic
HEL and K562 cell lines required about 13 min to start the
generation of a significant amount of thrombin, and pro-
duced the lowest endogenous thrombin potential and
peak height values. The slope (i.e. the speed of thrombin
generation) with the highest value was that associated
with the NB4 cell line, followed by the MCF-7 and H69
cell lines. The lowest slope values were obtained from the
K562 and HEL cell lines.

Cell tissue factor contribution to thrombin generation
in platelet-free plasma 
To understand the role of cell associated-TF in determin-

ing thrombin generation in platelet-free plasma, a CAT
assay was performed after pre-incubation of cell lysates
with anti-TF antibody for 1 h at 37°C (0.09 mg/mL, f.c.).
The anti-TF antibody concentration was selected on the
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Figure 1. Expression of TF
by the different tumor cell
lines. Cells were collected
after 24 h of seeding,
washed and lysed in the
appropriate buffer for the
different TF assays, as
described in the Design
and Methods section. (A)
TF activity measured by a
chromogenic assay. (B) TF
antigen measured by an
ELISA, (C) TF mRNA levels
expressed as a percent-
age of the ratio between
GAPDH and TF cDNA
measured in PCR experi-
ments.
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basis of dose-finding experiments performed in NB4 cells
(data not shown). 
Figure 4 shows the effect of cell TF inhibition on the

thrombin generation assay performed in platelet-free
plasma. In the majority of cell types, anti-TF antibody sig-
nificantly affected all the thrombin generation parame-
ters, especially the kinetic ones. Anti-TF antibody signifi-
cantly (P<0.05) prolonged the lag-time of thrombin gener-
ation by NB4 (2.29±0.92 versus 10.7±3.11 min), and, to a
lesser extent, MCF-7 cells (7.27±1.01 versus 12.0±5.32
min). On the other hand, cellular TF inhibition did not
significantly affect the lag-time of thrombin generation
by K562 (12.4±2.68 versus 12.7±1.97 min), HEL (14.6±1.50

versus 16.4±1.65 min) or H69 (11.5±1.10 versus 11.3±1.11
min) cells. 

Cell-induced thrombin generation in factor
VII-deficient plasma
To further explore the contribution of TF to thrombin

generation, the CAT assay was performed in FVII-defi-
cient plasma. The results (Figure 5) showed that FVII
depletion caused an increase in the thrombin generation
kinetic parameters (i.e. lag-time and ttPeak) compared to
platelet-free plasma. This effect was more evident for NB4
(lag-time: 727% increase; ttPeak: 460%) and MCF-7 (lag-
time: 77%; ttPeak: 52%) cells than for K562 (lag-time:
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Figure 2. Influence of
increasing cell numbers on
thrombin generation
parameters. Thrombin gen-
eration in platelet-free plas-
ma was induced by lysates
from NB4 (panel A) and
H69 (panel B) cell lines.
Three different concentra-
tions (i.e. 1, 2, 3 x106

cells/mL) of cells were test-
ed and compared to 1 and
5 pM TF standard prepara-
tions. Results are the
mean±SD of three experi-
ments performed in tripli-
cate. 
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25%; ttPeak: 18%), HEL (lag-time: 33%; ttPeak: 26%) and
H69 (lag-time: 36%; ttPeak: 29%) cells. In NB4 and MCF-
7 cells a significant decrease in both peak height and
endogenous thrombin potential was also seen.  

Cell-induced thrombin generation in factor XII- 
and factor IX-deficient plasmas
In FXII- and FIX-deficient plasmas, only NB4 and MCF-

7 cells retained the capacity to induce thrombin generation
(Figure 6A). While for NB4 cells, no significant differences
were observed between the thrombin generation curves
produced in FXII-deficient plasma compared to platelet-
free plasma (i.e. lag-time: 2.29±0.92 versus 2.23±0.31 min),
for MCF-7 cells the lag-time (7.30±1.0 versus 11±0.9 min)
and ttPeak (11.9±2.8 versus 21±1.9 min) were significantly
prolonged. Pre-incubation of cell samples with anti-TF
antibody significantly reduced thrombin formation
induced by NB4 (lag-time: 2.29±0.92 versus 24±8 min) and
MCF-7 cell lines (lag-time 11.0±0.49 versus 22.3±2.32 min)
in FXII-deficient plasma. Finally, in FIX-deficient plasma,
thrombin generation could be induced by NB4 cell lysates
only (Figure 6B).

Thrombin generation in factor X-deficient plasma
None of the cell lines studied was capable of generating

thrombin in FX-deficient plasma (data not shown).

Discussion

In this study we used the CAT assay, a global hemosta-
tic test, to characterize the procoagulant profiles of differ-
ent human tumor cell lines of breast cancer (MCF-7),
leukemia (NB4, HEL, K562), and lung cancer (H69) origin.
The CAT assay is typically utilized to evaluate the throm-
bin generation potential of different plasma samples trig-
gered by standard concentrations of TF and phospho-
lipids. In plasma studies, endogenous thrombin potential
is considered one of the most important parameters of the
thrombin generation curve,17 although some studies have
also highlighted the importance of peak height.18 In cell
studies, however, it has not been established which is the
more important parameter and, therefore, the entire

thrombin generation curve profile should be taken into
consideration. For example, despite the fact that H69 and
MCF-7 cells produce similar amounts of thrombin
(endogenous thrombin potential), the kinetic profiles of
the two curves are different. Indeed, compared to MCF-7,
thrombin generation by the small cell lung cancer cell line
H69 is characterized by a longer lag-time, time-to peak,
and lower peak height, suggesting slower production of
thrombin associated with a lower inhibition. In vivo this
type of tumor might be responsible for a continuous gen-
eration and/or weaker inhibition of thrombin, thus giving
a microenvironment favorable to tumor growth and pro-
gression.19 These differences are not detected by global
assays based on a single end-point measurement, support-
ing the evidence that the CAT assay has an analytical
advantage. 
Analysis of cell-induced thrombin generation showed

that NB4 cells rapidly generate large amounts of thrombin.
Among the leukemic cell lines included in this study, the
promyelocytic leukemia NB4 cells expressed the highest
levels of TF mRNA, antigen, and activity. Increased
expression of TF by tumor cells has been ascribed to onco-
genic events,6 which directly link the hemostatic system
activation, typical of cancer, to tumor transformation. In
this subtype of leukemia, the fusion product of the t(15-
17) translocation PML/RARα, can transactivate the TF
promoter.20 Our finding of elevated thrombin generation
capacity and TF expression in NB4 cells is in agreement
with results of a previous study, showing that blast cells
isolated from patients with acute promyelocytic leukemia
express the highest amount of procoagulant activity com-
pared to blasts from other types of myeloid leukemia.21 In
addition, acute promyelocytic cell-associated procoagu-
lants have been involved in the pathogenesis of life-threat-
ening coagulopathy associated with this disease.22 The use
of the CAT assay may have a significant impact on pro-
phylactic approaches and early intervention in controlling
this fatal complication. HEL and K562 cell lines are derived
from myeloid leukemia subtypes characterized by a low
thrombotic risk (i.e. erythroid leukemia and chronic
myeloid leukemia, respectively).23 Accordingly, in our
assay, these cells slowly generated small amounts of
thrombin. It is known that the lag-time of the thrombin
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Figure 3. Thrombin generation curves. The graph shows the throm-
bin generation curves in platelet-free plasma induced by the differ-
ent tumor cell lines or buffer (phosphate-buffered saline, dashed
line). 

Table 1. Thrombin generation parameters of the different cell lines and of stan-
dard TF in platelet-free plasma (PFP). Cells were collected, washed and lysed
in PBS at 3x106 cells/mL. Standard preparations of lipidated TF at 1 and 5 pM
(Thrombinoscope) were used in the same experiments. Results are the mean
± SD of at least three different experiments. 

Lag-time ETP Peak ttPeak Slope
(min) (nM*min) (nM) (min) (nM/min)

Tumor cell lines

MCF-7 7.3±1.0* 1291±151 271±30.6 11.9±2.8* 78±13.6*
H69 10.1±1.2* 1076±82* 114±14* 15.5±1.4* 22±3.5*
NB4 2.3±0.9* 1407±118 325±53 4.5±1.2* 152±52*
K562 12.1±2.0* 628±168* 38.9±6.3* 18.1±1.8 6.6±1.7*
HEL 12.9±3.0* 646±120* 39.8±5.0* 19.0±2.6* 6.6±1.1*

Standard TF

1pM TF 3.8±0.1 1345±86 280±13.8 6.4±0.3 108±0.1
5pM TF 1.7±0.2* 1427±81* 341±16.2 3.8±0.2* 156±14.4*

ETP: endogenous thrombin potential; ttPeak: time to peak. *P<0.05 vs. 1 pM TF.
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generation curve describes the initiation phase of coagula-
tion, which is particularly dependent on TF. Indeed, in this
phase cell-membrane TF binds to FVIIa to activate both FX
and FIX; then FXa converts small amounts of prothrombin
(FII) to thrombin, which activates FV, FVIII, FIX, and FXI in
a positive feedback manner. At the end of the lag-phase,
the burst of thrombin starts, with the maximum value rep-
resented by the peak height. During this step, known as

the propagation phase,10 TF becomes less important,
because the reaction is mainly driven by the FVIIa/FXa
and FVa/FXa complexes.18,24
To further understand to what extent tumor cell TF con-

tributes to thrombin generation, two different strategies
were used: (i) inhibiting cell-associated TF with a specific
anti-TF antibody, and (ii) performing the assay in FVII-
deficient plasma. In both cases, the thrombin generation
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Figure 4. Effect of anti-TF
antibody on thrombin gen-
eration in platelet-free plas-
ma (PFP). Cell lysates were
preincubated with 0.09
mg/mL anti-TF antibody or
negative antibody and then
tested for thrombin genera-
tion in PFP. Inhibition of TF
determined a more pro-
nounced reduction of
thrombin generation in NB4
and MCF-7 cells than in
HEL, K562 and H69 cells.
Results represent the mean
± SD of three experiments
performed in triplicate.
*P<0.05 vs. cotrol antibody.

Figure 5. Thrombin
generation in platelet-
free plasma and in
FVII-deficient plasma.
FVII depletion signifi-
cantly reduced the
thrombin generation
capacity of MCF-7 and
NB4 cell lines. H69,
HEL and K562 cell
lines were poorly
affected by FVII deple-
tion. Results repre-
sent the mean±SD of
three experiments
performed in tripli-
cate. *P<0.05 vs.
PFP.
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capacity of all cell lines was significantly reduced, and the
decrease was proportional to cell TF content. This
decrease was significant for the NB4 and MCF-7 cells
lines, and negligible for the K562, HEL and H69 cell lines.
The kinetic parameters were most sensitive to cell-TF
inhibition, confirming the role of this procoagulant in the
initiation phase of coagulation. The endogenous thrombin
potential and the peak height were partially affected by
anti-TF antibody, confirming that the propagation phase
of thrombin generation is not totally dependent on TF
activity, but also requires the presence of FVIIa. 
The residual capacity of the cells to induce thrombin

generation after TF inhibition or in FVII-deficient plasma
suggests that a TF-FVII independent pathway of thrombin
generation occurs with cancer cells. This may be via can-
cer procoagulant, a protease that can directly activate FX25

or by contact activation of coagulation via procoagulant
phospholipids (such as phosphatidylserine) exposed on
the cell surface of active cells or microparticles. Initiation
of coagulation via charged surfaces (the intrinsic coagula-
tion pathway) is widely thought to be surface activation
of the blood zymogen FXII (Hageman factor) into an
active-enzyme form, FXIIa.26,27
To investigate the role of cell-dependent contact activa-

tion, experiments were performed in FXII-deficient plas-
ma. The absence of FXII specifically abolished the throm-
bin generation capacity of H69, HEL, and K562 cells, sug-
gesting an important role for FXII in blood-clotting activa-
tion by these cells. This finding confirms the observations
of Kunzelmann et al.,28 who demonstrated that HEL cells
can trigger blood coagulation through phosphatidylserine
exposure. This mechanism might also explain the occur-
rence of blood clotting activation in some leukemia sub-
types, other than acute promyelocytic leukemia, even if
they do not express TF.29 The absence of FXII did not sig-
nificantly impair NB4 cell-induced thrombin generation;
the high cell TF content could be responsible for this find-
ing.30 Finally, FXII deficiency caused a significant reduction
in MCF-7 cell-induced thrombin generation, indicating a
contribution to the contact pathway for these cells, in
addition to TF, in blood clotting activation. Accordingly,
anti-TF antibody abolished MCF-7-induced thrombin gen-
eration in FXII-deficient plasma.
The CAT assay in FIX-deficient plasma was used to

investigate the role of tumor cells in the propagation

phase. In this system, the major route to generate throm-
bin is via the direct activation of FX by TF-FVIIa. Only
NB4 cells, which express a very high TF content, retained
the ability to generate thrombin in the absence of FIX.
This extreme experimental condition is, therefore, suitable
only for comparing thrombin generation profiles of cells
with a high procoagulant phenotype. 
We can exclude the possibility that tumor cells can

directly convert prothrombin to thrombin as the depletion
of FX completely abolished the thrombin generation
capacity of all cell lines.
In conclusion, the CAT assay allows the identification of

procoagulant phenotypes of different tumor cell lines,
which can only be partially done with other assays. The
overall analysis of all the thrombin generation parameters
is important in defining the phenotype of tumor cell proco-
agulant potential. The assay seems to be very sensitive to
cell-associated TF, but can also detect other cell-associated
procoagulant mechanisms (i.e. contact activation), when
performed in the appropriate experimental conditions.
Furthermore, the CAT assay is a simple and standardized
method that can be used as a new tool to investigate the in
vivo role of tumor cells in triggering thrombin generation.
This may provide the basis for evaluating new specifically
targeted therapies for cancer and the prevention of throm-
bosis.31 Randomized clinical trials have suggested a benefi-
cial effect of heparins on cancer survival. However, for can-
cers expressing high levels of TF, the inhibition of FXa or
FIIa alone might be not enough to control the procoagulant
phenotype of tumor cells. In these cases, TF silencing could
represent an important goal for preventing thrombotic
complications and decreasing tumor progression. For other
tumor cells for which blood-clotting activation is not TF-
driven, a possible anticoagulant strategy might be the inhi-
bition of FXI with antisense technology.32,33
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Figure 6. Thrombin generation in FXII- and
FIX-deficient plasma. All the cell lines were
tested in both FXII- and FIX-deficient plasma.
Only MCF-7 and NB4 cells retained the
capacity to induce thrombin generation in
FXII-deficient plasma (A). In FIX-deficient
plasma only the NB4 cell line could generate
thrombin (B). 
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