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Summary
Background—Tissue factor (TF) is an initiator of coagulation. The serine protease factor Xa
(FXa) is the convergence point of the extrinsic and intrinsic components of the coagulation
cascade. In addition to its hemostatic function, FXa elicits inflammatory responses in endothelial
cells that may be important in surgical procedures in which inflammation is triggered. This study
tested the hypothesis that FXa can upregulate TF on vascular endothelial cells by a MAPK- and
NF-κB- dependent pathway.

Methods and results—Incubation of cultured human umbilical vein endothelial cells
(HUVECs) with FXa increased TF protein expression and activity in a dose–dependent manner.
Pre-incubation of HUVECs with the serine protease inhibitor antithrombin, which targets not only
thrombin but also FXa and FIXa, inhibited FXa-induced TF expression, but the selective thrombin
inhibitor hirudin did not inhibit FXa-induced TF expression, ruling out a thrombin-mediated
pathway. After 10 min incubation with HUVECs, FXa rapidly induced P44/42 MAPK activation
(immunoblotting of phosphorylated P44/42 MAPK) with a peak at 30 minutes. The MEK 1/2
inhibitor PD98059 partially reduced FXa-induced TF expression and activity (3.82±0.11 vs
6.54±0.08 fmol/min/cm2, P<0.05). NF-κB was activated by FXa, confirmed by cytoplasmic IkB α
degradation and increased NF-κB P65 nuclear translocation. Interruption of the NF-κB pathway
by the IkB α phosphorylation inhibitor Bay 11-7802 abrogated FXa-induced TF protein expression
and activity (1.93± 0.02 vs 6.54±0.08 fmol/min/cm2, P<0.05). However, inhibition of PI3 kinase
by LY 294002 did not attenuate FXa-induced TF protein expression and activity.

Conclusions—1) FXa upregulates TF protein expression and activity in HUVECs 2) FXa-
induced upregulation of TF is independent of the thrombin-PAR1 pathway, and 3) the MAPK and
NF-kB pathways, but not PI3 kinase pathway, are involved in FXa-induced TF expression on
human umbilical endothelial cells. FXa may be a feed-forward alternative mechanism of
activating TF expression and activity, thereby increasing a procoagulant state or inflammation.
This mechanism may be important in the pro-inflammatory state initiated by cardiac surgical
procedures.
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Introduction
Tissue factor (TF) is a 47 kDa transmembrane glycoprotein that is involved in initiation of
coagulation in vivo. Normally TF is absent from vascular cells that come in contact with
blood. However, in pathological conditions and in cardiac surgery requiring ischemia and
cardiopulmonary bypass, many factors such as cytokines, oxidants and reperfusion can
induce the expression of TF on the surface of vascular endothelium [1–4]. Thrombin, the
downstream product of TF activity, has been reported to enhance TF expression on human
vascular endothelial cells [4]. During thrombosis, cells in the vascular wall (tunica media)
are exposed to platelet activating factors as well as to procoagulant factors, including the
serine proteases (serpins) thrombin and factor Xa (FXa). Both thrombin and FXa are known
to induce cell signaling. FXa is the convergence point of the extrinsic and intrinsic
components of the coagulation cascade. Factor X, the precursor of FXa, circulates as an
inactive zymogen until activated to FXa by proteolytic cleavage between Arg52 and Ile53
by the Factor VIIa (FVIIa)–TF complex, which acts as a high-affinity receptor for FX [5].
Activation of FX to FXa occurs through multiple pathways. The FVIIa–TF complex
(extrinsic pathway) and the FIXa–FVIIIa complex (intrinsic pathway) are the principle
modes of activation in blood coagulation. In addition, FX bound to CD11b/CD18 (MAC-1)
on monocytes can be activated to form FXa by cathepsin G.[6] During hemostasis, FXa
associates with FVa and negatively charged phospholipids on platelets to form the
prothrombinase complex, which in turn converts prothrombin to thrombin by proteolytic
cleavage and formation of fibrin, thereby forming clots and potentially microemboli.

In addition to its essential roles in hemostasis FXa, like thrombin, functions as a signaling
molecule. Recent studies have indicated that FXa upregulates TF expression [7;8], and
induces expression of both pro-inflammatory cytokines, chemokines (MCP-1, IL-6, IL-8)
and adhesion molecules (ICAM-1, VCAM-1) on human endothelial cells[9;10]. However,
the signaling mechanisms involved in FXa–induced TF expression are not well-known. The
present study tested the hypothesis that FXa upregulates TF protein expression and activity
on human umbilical vein endothelial cells (HUVECs) through kinase (PI3-kinase and
extracellular signal-regulated kinase (ERK, P44/42 MAPK) and NF-kB - dependent
pathways. Inhibitors to each pathway were used to show a functional link between FXa-
induction of TF expression and activity and the specific target pathway.

Methods and materials
Materials

Antibodies—Antibodies used were goat anti-human tissue factor (American Diagnostica,
Inc., Stamford, CT); mouse anti-human NFκB p65, mouse anti-human IκBα (Santa Cruz
Biotechnology, Inc., Santa Cruz, CA); rabbit anti-phosphor P44/42 MAPK (ERK1/2 ) and
phosphor Akt(Cell Signaling Technology, Beverly, MA); Mouse anti-Actin (Sigma). All
secondary antibodies were obtained from Santa Cruz Biotechnology, Inc.(Santa Cruz, CA)

Protein and inhibitors—Anhibitors of MEK 1/2 - P44/42 MAPK, PI3 kinase and NF-κB
pathways were used to demonstrate a functional link between FXa-induced TF xpression
and activity to the related pathways. Factor VII/VIIa, Factor X and Xa, Antithrombin-III
were purchased from Enzymatic Research Laboratories. Hirudin was urchased from Sigma.
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Cell culture: HUVECs were isolated as previously described [11] and were cultured in 199
medium (GIBCO BRL, Grand Island, NY) supplemented with 10% fetal bovine serum
(FBS; GIBCO BRL, Grand Island, NY), 30 μg/mL of endothelial cell growth supplement
(ECGS; Biomedical Technologies), 16 U/mL of heparin sodium (Elkins-Sinn Inc. Cherry
Hill, NJ) and 1% penicillin/streptomycin (GIBCO-BRL). Cells were incubated at 37°C in a
humidified atmosphere of 5% CO2/95% air. For all experiments, confluent monolayers at
passage 2–5 were grown in 35, 100mm culture dishes, or in 6, 24 well plates coated with
0.15% gelatin.

Cell treatment
Confluent HUVECs were pre-incubated for 1 hour in heparin-free and serum-free medium
with 10 μM PD98059 (MEK1/2 inhibitor which inhibits downstream P42/44 - ERK1/2
phosphorylation, Santa Cruz Biotechnology, Inc., Santa Cruz, CA), 10μM Bay11-7802
(Calbiochem) and 10μM Ly294002 (PI3 kinase inhibitor, Calbiochem). The doses of PD
98059 (IC50 = 2 μM), Ly294002 (IC50 = 1.4 μM) and Bay 11-7802 (IC50 = 10 μM) were
chosen according to previous studies. We performed preliminary studies which showed that
HUVECs became detached when the doses of the three inhibitors were increased to 30 uM,.
PD98059 and Ly294002 are well documented to exert non-specific effects only when they
are used in large doses (>50 μM). Ly294002 does not affect the activities of EGF receptor
kinase, MAP kinase, PKC, Pl 4-kinase, S6 kinase, and c-Src even at 50 μM. In our study, the
dose of PD98059 was 10 μM, which may not exert non-specific effects.[23,27,33] For
protease inhibitory experiments, 100 nmol/L Hirudin or 150 nmol/L Antithrombin III were
preincubated with HUVECs for 1 hour before FXa was added to the medium. Cultures were
incubated with (range 10nM to 100nM) or without (controls) increasing concentrations of
FXa.

Functional TF activity assay
TF activity on the surface of HUVECs was quantified by measuring the enzymatic
conversion of factor X to FXa by the TF/FVIIa complex[10] [12]. In brief, monolayers of
HUVECs were washed with Hank’s Balanced Salt Solution (HBSS), followed by addition of
a reaction buffer containing10mM HEPES, 140mM NaCl, 5 mM Ca2+, 10 nM FVIIa, and
100 nM FX (Enzymatic Research Laboratories, South Bend, IN). After 60 minutes
incubation at 37°C, the reaction was stopped using a buffer containing 7.5 mM EDTA. After
the addition of the chromogenic substrate Spectrazyme Xa (America Diagnostica), aliquots
of samples were assayed for absorbance at 405 nm with the reference absorbance set at 492
nm. The rate of formation of FXa in various samples was calculated, based on a standard
curve, which had been established by using known amounts of FXa (Enzymatic Research
Laboratories). To confirm the specificity for TF, HUVECs were pre-incubated for 30
minutes with anti-human monoclonal TF antibody (10 μg/mL) or goat anti-human
polyclonal TF antibody (15 μg/mL; American Diagnostica Inc, Greenwich, CT).

Whole cell lysates, nuclear, and cytosolic fraction extraction protocol
HUVEC monolayers were washed twice with ice cold PBS prior to scraping in extraction
buffer containing 50 mM Tris, 150 mM NaCl, 1mM EGTA, 1% Triton X-100, 1% sodium
deoxycholate, 1 mM sodium vanadate, 50 mM sodium fluoride, 2 mM EDTA (pH 8.0), 1
mM phenylmethylsulfonyl fluoride, 10 μg/ml of leupeptin/pepstatin A/aprotinin. After
solubilization on ice for 15 min with intermittent vortexing, the whole cell extracts were
centrifuged at 16,000 × G for 15 minutes, and the supernatants were collected. Nuclear and
cytosolic fractions were prepared by NE-PERR nuclear and cytoplasmic protein extraction
kit (PIERCE Biotechnology, Rockford, IL) according to the manufacturer’s instructions. All
steps were carried out at 4°C. The final protein concentration of the samples was determined
by the Bio-Rad DC protein assay (Bio-Rad Laboratories, Hercules CA).
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Western Blot Analysis
Samples containing equal amounts of protein (30ug) were reduced with 100 mM DTT, and
denatured at 95°C for 5 minutes. The samples were separated by SDS-polyacrylamide gel
electrophoresis at 200 V for 30 minutes, and proteins were transferred to nitrocellulose
(Hybond ECL, Amersham ) at 100 V for 1 hour. The blot was blocked overnight at 4°C with
5% non fat milk in Tris-buffered saline (TBS, pH 7.6), containing 0.1% Tween-20 (TBS-T),
followed by three washes with TBS-T. The blot was incubated overnight at 4°C with
primary antibody, followed by washing in TBS-T, and incubation with a goat anti-rabbit or a
goat anti-mouse IgG secondary antibody conjugated to horseradish peroxidase (Santa Cruz
Biotechnology, Santa Cruz CA) at room temperature for 1 hour. After washing, the
immunoblots were incubated with ECL detection system to enhance visualization of the
immunoreactive bands, and then exposed to ECL chemiluminescent film for 2–5 minutes.

Statistical analysis
All experiments were repeated at least four separate times. In each of the at least four
experiments, either duplicate or triplicate plates were analyzed for each parameter observed.
All values are expressed as means ± standard error of the mean (SEM). Comparisons
between groups were analyzed using one way analysis of variance (ANOVA) followed by
Student-Newman-Kuels post hoc analysis for multiple comparisons. A p value <0.05 was
considered significant.

Results
Factor Xa increases TF protein expression and activity in HUVECs

To determine if Factor Xa increases the expression of TF in HUVECs, cells were treated
with increasing concentrations of Factor Xa (10nM to 100nM) for 6 hours, after which FXa
was washed out. TF protein was almost undetectable in cells in the absence of FXa (Figure
1A). Western blot results show that incubation of HUVECs with FXa for 6 hours induced
TF protein expression in a concentration-dependent manner (Fig 1A). Increased TF protein
levels may suggest an increased level of activity. Accordingly, we measured TF activity on
the surface of HUVECs (Fig 1B) after incubation with incremental concentrations of FXa.
FXa increased TF activity in a concentration-dependent manner, consistent with the
increases in protein level. Therefore, incubation of HUVECs with FXa increased both TF
protein levels and activity. Next we investigated the expression of TF on HUVECs
incubated with FXa (50 nM) for incremental periods of time. Western blots showed that FXa
- induced TF expression appeared after 1 hour treatment, had peaked by 6 hours and
persisted for 24 hours (Figure 1A). In the presence of Ca2+ and phospholipids, FXa converts
prothrombin to thrombin (accelerated by FVa)[13]. To verify that increased TF expression
was not stimulated by thrombin generated by the TF/FVIIa/FXa complex, the HUVECs
were incubated in medium containing FXa and either antithrombin-III (AT-III), which
inhibits both FXa and thrombin, or the thrombin-specific inhibitor hirudin for 30 minutes.
The cells were then washed and co-incubated with 50 nM FXa for 6 hour, and TF protein
and activity were again quantified. AT-III completely inhibited FXa-induced TF expression
and activity (Fig 1B, C). However, hirudin had no effect on Factor Xa-induced TF protein
expression and activity. These data suggest that FXa induces TF expression via a thrombin-
independent mechanism.

Activation of the MEK 1/2 - P44/42 MAPK (ERK-1/2) pathway is required for FXa-induced TF
expression

To define the signal transduction pathways that link FXa-induced TF expression, we
investigated whether FXa induction of TF expression and activity could be inhibited by
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antagonists to MEK 1/2/P44/42 MAPK (ERK1/2), PI3 kinase, or NF-κB. P44/42 MAPK
(ERK-1/2) phosphorylation (Fig 2 Panel A) increased as early as 5 minutes after treatment
with FXa, peaking 30 minutes after exposure to FXa. This entire time course was inhibited
by the MEK1/2 inhibitor PD 98059 (data not shown). To determine a functional link
between the P44/42 MAPK - ERK1/2 pathway and FXa-induced TF protein expression,
HUVECs were pre-incubated for 1 hour with the selective MEK1/2 inhibitor PD 98059 (10
μM), after which HUVECs were incubated with FXa (50 nM) for an additional 6 hours;
parallel controls without inhibitor and FXa were incubated for a similar time course. As
shown in Figure 2 (Panel B), PD 98059 alone in the absence of FXa (Control) had no effect
on TF protein expression. In contrast, 10 μm PD 98059 inhibited FXa-induced TF protein
expression. TF activity, quantified by generation of FXa from FX substrate, was unaffected
by PD 98059 alone; the activity stimulated by transient incubation with FXa was partially
inhibited by 10 μm PD 98059 by approximately 40% (Figure 2C). These data suggest that
the stimulation of TF protein expression and activity by FXa involves, at least in part, the
P44/42 MAPK - ERK-1/2 pathway.

Inhibition of PI-3 Kinase did not attenuate Factor Xa - induced TF expression
To investigate whether the PI3 kinase pathway is involved in TF expression by Factor Xa,
we first determined whether FXa can induce the activation of PI3 Kinase/Akt pathway.
HUVEcs were incubated with 50nM FXa for different periods of 0, 10, 30 and 60 minutes
and whole lysates were extracted. Western blot analysis showed that phosphor-Akt
significantly increased after 30 minutes incubation of FXa (Figure 3A). To further
investigate the functional link of PI3 kinase/Akt activation in FXa-induced TF expression,
HUVECs were pre-incubated with or without (controls) 10μM LY294002, a specific
inhibitor of PI-3 kinase, for 1 hour, followed by 6 hours incubation with 50 nM Factor Xa.
LY294002 alone did not affect TF protein expression (Figure 3B) or TF activity assessed by
generation of FXa (Figure 3C). The FXa-induced increase in TF activity was not attenuated
by inhibition of PI-3 kinase by Ly294002 (Figure 3C). These results suggest that FXa-
induced increases in TF expression are not mediated via the PI-3 kinase pathway.

FXa - induced TF expression involves activation of NF-κB
Stimulation of TF expression by FXa involves activation of the transcription factor NF-kB.
In unstimulated HUVECs, NF-kB is sequestered in the cytoplasm by IkB. Upon stimulation,
IkB is phosphorylated and subsequently degraded, allowing NF-kB to translocate to the
nucleus to initiate transcription.[14] To test the hypothesis that the stimulation of TF
expression by FXa involves activation of NF-kB, the levels of IkBα in the cytoplasm of
HUVECs and nuclear translocation of P65 fraction of NF-κB were determined with and
without stimulation by FXa. HUVECs were incubated with 50nM FXa for incrementally
increasing periods of time. At each time point, HUVECs were harvested and the cytoplasmic
and nuclear protein fractions were extracted, and Western blot analysis was performed. FXa
rapidly induced IκBα degradation starting at 10 minutes of incubation, which continued up
to 60 minutes of incubation with FXa (Figure 4A). Accordingly, FXa increased the
appearance of NF-κB P65 in the nuclear fraction in a similar time course to IκBa, suggesting
nuclear translocation of P65 (Figure 4A). This finding suggests that FXa activates NF-kB
through the classic pathway via activating IκB Kinase (IKK). To determine whether the NF-
kB pathway is functionally involved in FXa-induced TF expression in HUVECs, Bay
11-7802 was used to selectively inhibit IkBα phosphorylation by IKK, and thereby inhibit
IkBα degradation and subsequent NF-kB (P65) translocation to the nucleus during
incubation of HUVECs with FXa. Bay 11-7802 alone had no effect on TF expression
compared to controls (Figure 4B). However, TF expression was inhibited by Bay11-7802. In
addition, Bay11-7802 alone did not alter TF activity, but significantly inhibited FXa-induced
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TF activity (Figure 4C). These data suggest that FXa upregulates TF protein and activity in a
NF-kB–dependent manner.

Regulation of NF-kB by the MEK 1/2–P44/42 MAPK pathway
We have demonstrated that both the MEK 1/2–P44/42 MAPK and NF-kB pathways are
involved in the induction of TF by FXa. To determine whether FXa–induced MEK 1/2–
P44/42 MAPK activation is involved in the activation of NF-κB, we analyzed cytoplasmic
and nuclear extracts from HUVECs incubated with FXa in the presence or absence of
PD98059 for NF-kB activation. Western blot analysis was performed to determine whether
MEK 1/2 inhibitor PD98059 inhibits FXa induced IκBα degradation and P65 nuclear
translocation (Figure 4A). PD 98059 completely inhibited IκBα degradation and attenuated
P65 nuclear translocation (Figure 4D). This finding suggests that the activation of NF-κB is
at least partially regulated by MEK 1/2–P44/42 MAPK pathway.

Discussion
The present study demonstrates that stimulation of HUVECs with FXa increases TF protein
expression and activity, consistent with previous studies.[7;8] This stimulation of TF
expression and activity was independent of thrombin since the substrate for thrombin
formation was absent from the medium, and further confirmed by the failure of the direct
thrombin inhibitor hirudin to block FXa-induced TF expression. However, these previous
studies did not investigate the molecular signaling mechanisms by which transient exposure
to FXa stimulates increased TF protein expression and the activity in HUVECs. In the
present study, we demonstrated that the stimulation of TF expression by FXa involved MEK
1/2/P44/42 MAPK (ERK1/2), since blockade with PD98059 partially inhibited TF
stimulation by FXa. However, the specific PI-3 kinase inhibitor LY 294002 did not attenuate
FXa-induced TF expression or activity, suggesting that the PI-3 kinase pathway is not
involved. In addition, stimulation of TF by FXa did involve the transcription factor NF-κB
and translocation of P65 to the nucleus, since inhibition of IκBα phosphorylation by IKK
inhibitor (Bay 11-7802) blocked FXa-induced increased expression of TF. Therefore, the
plasma protease FXa may stimulate TF expression and activity in addition to other
stimulating factors such as reactive oxygen species, cytokines, and exposure of
subendothelial surfaces. This mechanism of TF upregulation may be important in the pro-
inflammatory and procoagulant response of the vascular endothelium to oxidant generation,
ischemia-reperfusion, shock, cardiac surgery involving cardiopulmonary bypass [15], and
septicemia, in which activation of the vascular endothelium is a critical factor leading to
myocardial and endothelial injury.

Recently, it has become evident that in addition to their critical role in hemostasis, plasma
serine proteases trigger a diversity of cellular responses, including pro-inflammatory
responses to cardiopulmonary bypass, reperfusion [16–18], and septic shock. For example, it
is well known that the serine protease thrombin acts via its specific protease activated
receptor type 1 (PAR1) as a potent pro-inflammatory mediator to endothelial cells by
selectively upregulating the surface expression of P-selectin. This event is key in the
recruitment of neutrophils to the endothelial surface and initiation of the process of “rolling”
during reperfusion [19;20]. In addition, thrombin directly increases vascular permeability
and induces cytokine release [8;21]. Factor Xa induces the release of the cytokines IL-6,
IL-8 and TNFα in human endothelial cells.[9;10]. Factor Xa has also been shown to mediate
a variety of biological effects in addition to its hemostatic functions. There is evidence that
factor Xa itself can directly trigger inflammation both in vitro and in vivo[5] [10]. This pro-
inflammatory effect would be consistent with the amplification of TF expression with
subsequent increases in thrombin generation which may contribute to activation of the
vascular endothelium. Herault et al[7] showed that factor Xa-induced TF expression in
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HUVECs was dependent on its serine protease catalytic activity. Data from the present study
support the concept that FXa also directly stimulates both TF expression and activity
independent of thrombin since the increased TF expression and activity were observed in the
absence of prothrombin, and were not inhibited by the direct thrombin inhibitor hirudin.

Relatively few studies have focused on the signaling pathways involved in factor Xa-
induced expression of TF in HUVECs. Recent studies provide compelling evidence that
ERK1/2 and p38 MAPK are important in the upregulation of TF expression by cytokines
and thrombin in vascular endothelial cells.[8;22–24] Although inhibition of P44/42 MAPK -
ERK1/2 by PD 98059 attenuated TF expression, Western blot analysis and TF activity assay
showed that this was only a partial (~40%) attenuation. These data suggest that other
pathways may be involved in the stimulation of TF by FXa.

The present study demonstrates that NF-κB is a major pathway in the stimulation of TF
expression and activity by factor Xa. NF-κB is a heterodimer composed of a 50 kDa DNA
binding subunit and a 65 kDa transactivator unit (p65). The cytoplasmic protein IκB is
phosphorylated by IκB kinases upon stimulation by proinflammatory mediators such as
TNFα and LPS, leaving the P65 subunit free to translocate to the nucleus where it binds to
the promoter region of many genes [14]. Indeed, the TF gene is regulated in part by NF-κB;
the TF promoter contains binding sites not only for NF-κB,[25] but also for other
transcription factors such as Egr-1 and AP-1. For instance, the induction of TF in endothelial
cells and monocytes by agents such as TNFα and the bacterial toxin lipopolysaccharide
(LPS) appears to be regulated primarily by the AP-1, NF-κB and Sp1 transcription factors,
[26–28] whereas the transcriptional factor Egr1 has been shown to be important in
promoting TF activation in endothelial cells under shear stress.[29] The present study
demonstrates that the NF-κB pathway is a key pathway in the induction of TF protein
expression by factor FXa in HUVECs under normoxic conditions since inhibition with Bay
11-7802 attenuated factor Xa-induced TF protein expression and activity. Factor Xa rapidly
induced IκBα degradation necessary for translocation of P65 to the nucleus. Blockade of this
step with Bay 11-7802 prevented translocation and attenuated the increased expression of
TF by FXa.

In this study, we demonstrated that both MEK1/2- P44/42 MAPK and NF-κB pathways are
involved in FXa–induced TF expression in human endothelial cells. The finding that
inhibition of MEK1/2- P44/42 MAPK suppressed FXa–induced IκBα degradation and
attenuated P65 nuclear translocation suggests that MEK 1/2–P44/42 MAPK may play a role
in modulating NF-κB activity associate with FXa.

The PI-3 kinase–Akt pathway is involved in a number of responses, notably in the survival
response to ischemia-reperfusion[30] and potentially postconditioning,[31] although the
latter situation is controversial.[32] This pathway was shown in one study to inhibit TF
expression stimulated by vascular endothelial growth factor (VEGF) in endothelial cells, and
therefore may be a negative regulator of TF expression.[33] In the present study, the PI-3
kinase–Akt pathway is activated by FXa, however, it had no apparent functional
involvement in factor Xa-induced TF expression.

Limitations
The present study used HUVECs, which may phenotypically differ from other endothelial
cells such as coronary arterial and venous cells that undergo inflammatory responses in
clinically relevant pathological situations such as ischemia-reperfusion and cardioplegic
arrest. Factor X is produced in the liver and carried in plasma at concentrations normally
approximating 140 nM. Therefore, the 50 nM concentration of FXa used to stimulate TF
expression may be relevant to local concentrations achieved proximate to intravascular
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thrombi. However, in vivo, FXa generation is tightly regulated by AT and tissue factor
pathway inhibitor (TFPI). Under certain conditions (e.g. cardiopulmonary bypass), AT and
TFPI may be decreased, and FXa levels may increase (e.g. after rFVIIa administration).
Another limitation is that cellular components of coagulation, e.g. platelets/monocytes, are
not included in our model. Finally, we did not study the role of protease activated receptors
in the increased protein expression and activity of TF stimulated by factor Xa. The serine
protease activity of factor Xa cleaves and activates PAR1 or PAR2 receptors on endothelial
cells, which involves many biological responses induced by FXa [8;37–39].

In conclusion, the present data demonstrate that Factor Xa induces the expression of TF via
NF-kB – dependent and MEK 1/2 - ERK1/2-dependent pathways. These data provide
support for a positive feedback mechanism between the coagulation protease Factor Xa and
TF expression on cultured endothelial cells. This pathway may further amplify the TF-
related inflammatory response to ischemia-reperfusion, cardiopulmonary bypass, in addition
to other stimuli such as oxygen radical species and cytokines. Indeed, TF[34] and its
downstream product thrombin [35;36] have been shown to increase in patients presenting
with acute myocardial infarction.
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Figure 1.
A. Factor Xa-induced TF expression in HUVECs in a concentration-dependent manner.
HUVECs were incubated with increasing concentrations of Factor Xa for 6 hours. Lower
panel: Time course of FXa–induced TF expression. HUVECs were incubated with 50 nM
FXa for indicated time periods. Whole cell lysates were extracted and immunoblotted for
TF. Actin was used as a loading control. The immunoblot is representative of 4 independent
experiments.
B. FXa increased tissue factor activity on the surface of HUVECs in a concentration-
dependent manner. HUVECs were cultured and incubated with or without increasing
concentration of FXa for 6 hours. Tissue factor activity was assayed by a chromogenic assay
as described in material and methods. TF activity was not affected by Hirudin pretreatment,
but was inhibited by AT-III. C. TF protein level was not affected by hirudin, but was
suppressed by antithrombin-III.
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Figure 2.
A. Time course of P44/42 MAPK ERK1/2 activation by FXa. HUVECs were incubated with
or without 50 nM FXa for 0, 5, 10, 30, or 60 minutes. Whole lysates were prepared and
immunoblotted for active ERK using phosphospecific antibody. B. TF protein expression
was significantly attenuated by a selective inhibitor of MEK 1/2 (PD 98059). HUVECs were
pre-incubated for 1 hour with or without 10 μM PD 98059. The cultures were then incubated
for 6 hour with or without Factor Xa. Immunoblots are representative of 3 independent
experiments. C. Inhibition of MEK 1/2 - ERK1/2 attenuated FXa-induced TF activity.
HUVECs were cultured in a 24 well plates and pretreated for 1hour with or without 10 μM
of the MEK 1/2 inhibitor PD 98059. The cultures were then incubated for 6 hours with or
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without Factor Xa. Tissue factor activity was assayed by a chromogenic assay as described
in material and methods. * P<0.05, compared to FXa treatment.
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Figure 3.
A. Time course of PI3 kinase/Akt activation by FXa. HUVECs were incubated with 50 nM
FXa for indicated time periods. Whole cell lysates were extracted and immunoblotted for
phosphor-Akt. Actin was used as a loading control. The immunoblot is representative of 3
independent experiments. B. and C. Inhibition of PI3 Kinase had no effect on Xa-induced
TF protein and activity. HUVECs were cultured and pretreated for 1h with or without 10 μM
LY 294002 (an PI3K inhibitor). The cultures were then incubated for 6 hours with or
without 50 nM FXa. TF protein was shown by Western blot and activity was assayed by a
chromogenic assay as described in material and methods.
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Figure 4.
A. Factor Xa stimulated mobilization of NF-κB (P65) to the nucleus. HUVECs were
incubated with 50 nM FXa for the indicated times. Nuclear and cytosolic extracts were
prepared and immunoblotted for IκBα and NF-κB P65. Immunoblots are representative of 4
independent experiments. B. Tissue factor expression was greatly attenuated by NF-κB
inhibitor. HUVECs were preincubated for 1 hour with or without 10 μM Bay 11-7802, an
IKK inhibitor. The cultures were then incubated for 6 hour with or without Factor Xa.
Immunoblots are representative of 3 independent experiments. C. Inhibition of NF-kB
attenuated Xa-induced TF activity. HUVECs were cultured in 24 well plate and pretreated
for 1h without or with 10 μM Bay 11-7802 (an IKK inhibitor). The cultures were then
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incubated for 6 h without or with Factor Xa. Tissue factor activity was assayed by a
chromogenic assay as described in material and methods. * P<0.05, compared to FXa
treatment. D. The effect of inhibition of MEK1/2–P44/42 MAPK on NF- κB. HUVECs were
incubated with 50 nM FXa in the presence or absence of PD 98059 for the indicated times.
Nuclear and cytosolic extracts were prepared and immunoblotted for IκBα and NF-κB P65.
Immunoblots are representative of 4 independent experiments.
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