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Chapter 6 

Abstract 

Tissue factor (TF) and factor Vila (FVIla) are the primary initiators of the blood coagulation 

cascade, but are also implicated in other physiological and pathological events. TF and FVIla 

are established promoters of tumor metastasis, although the molecular background of this 

phenomenon is still unclear. Hence, we investigated the effects of TF and FVIla on both 

serum starvation and apoptosis induced by loss of adhesion. Here we show that FVIla induces 

cell survival in TF-expressing cells that are serum deprived at concentrations that are 

physiologically relevant. FVIla also inhibited starvation-induced activation of caspase-3 and 

this caspase-3 inhibition was reversed using PI3 kinase and MEK inhibitors. Furthermore, 

FVIla was capable of rescueing cells that were grown in suspension and thus lacked intcgrin 

signaling. In accordance, FVIla inhibited loss-of-adhesion-induced caspase-3 activation. Cells 

lacking integrin signaling showed a prolonged activation of PKB and MAP kinase after FVIla 

stimulation, suggesting that both PKB and MAP kinase are important in adhesion-

independent survival of TF-expressing cells by FVIla. Finally, we determined the influence of 

the TF cytoplasmic tail, by making use of a cell line expressing a truncated form of TF. We 

observed that, whereas the absence of this cytoplasmic tail led to decreased survival after 

serum starvation, it enhanced survival in suspension cells. We hypothesize that FVIIa:TF 

complcxation may facilitate metastasis by enhancing cell survival and introducing adhesion-

independence and that the cytoplasmic tail may be of importance for this phenomenon. 
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FVIIa-induced cell survival 

Introduction 

Tissue Factor (TF), a 47 kDa transmembrane protein, is the primary initiator of the 

coagulation cascade, but has also been linked to a variety of coagulation-independent 

processes. Especially, the role of TF in metastasis attracts widespread interest, because of its 

obvious clinical relevance. Metastatic cells show substantial overexpression of TF, often 

amounting to a 1000-fold increase (1). Moreover, TF expression showed to be a significant 

and independent risk factor for hepatic metastasis in patients with colorectal cancer (2,3). In 

experimental models, introduction melanoma cells that overexpress TF in severe combined 

immunodeficient (SC1D) mice, promotes efficient hematogenous metastasis (I). Finally, 

inhibition of TF receptor function and consequent reduction in local protease generation, 

heavily impairs experimental metastasis. The molecular mechanisms responsible for this TF-

mediated metastasis have not been identified but it is most likely that TF fulfills a critical role 

in intracellular processes, evoked by factor Vila (FVIIa), the natural ligand for TF. Indeed, it 

has been demonstrated that ligand binding of Vila to TF is required for metastasis and that the 

FVIIa proteolytic activity is required for TF-mediated metastasis (4). 

The FVIIa:TF complex is thought to target a so-called Protease-activated Receptor (PAR), 

which is a 7x transmembrane protein, linked to a heterotrimeric G-protein, most likely PAR-2 

(5). FVIIa.TF induces a large variety of signal transduction events possibly implicated in 

metastasis. It results in activation of the proto-oncogene p21Ras, leading to activation of the 

MAP kinase pathway and gene expression (6-10). Furthermore, FVIIa induces activation of 

the Protein Kinase B (PKB) pathway (8,11). Activation of this pathway frequently leads to 

protein synthesis and importantly, FVIIa-induced increases in protein synthesis have been 

demonstrated in several cell types ( I I ) and is essential for FVIIa-induced production of 

factors such as IL-8 (12). Strikingly, both the MAP kinase pathway and the PKB pathway are 

also known for their capacity to inhibit programmed cell death, or apoptosis (13-16). 

Inhibition of apoptosis is one of the major features of a tumor cell and often leads to 

adhesion-independence and metastasis. Therefore we asked ourselves whether this FVIIa-

induced activation of MAP kinase and PKB could lead to an inhibition of apoptosis and loss 

of adhesion dependence. To investigate the possibility that FVIIa and TF lead to increased 

cell survival, we made use of a cell line that expresses high levels of TF, a feature common to 

tumor cells and metastatic cells. We show here that FVIIa does indeed inhibit apoptosis in 
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serum-deprived BHK cells stably transfected with TF (BHK ). This inhibition was still 

detectable at physiological concentrations and not affected by thrombin- or FXa-inhibitors. 

Furthermore, we show that FVIIa inhibits caspase-3 activation in serum-deprived cells. 

Therefore we conclude that FVIIa could be a survival factor for TF-expressing cells, 

mediating survival of tumor cells and metastatic cells. 
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FVIIa-induced cell survival 

Experimental Methods 

Materials- The antibodies raised against activated caspase-3 was purchased from Cell 

Signaling Technologies (CST), whereas the antibody against p-actin was from Santa Cruz. 

MTT (3-[4,5-dimethylthiazol-2-yl]-2,5-diphenyltetrazolium bromide) was from Sigma (St. 

Louis, MO). LY294002 as well as PD98059 were from Alexis. Hirudin was from Calbiochem 

and Tick Anti-coagulant Protein (TAP) was a kind gift from Dr George Vlasuk (Corvas 

International, Inc., San Diego, California). Tissue Culture material was from Greiner Bio-one 

(Alphen a/d Rijn, The Netherlands). 

Cell culture- Baby hamster kidney cells, either stably transfected with full length TF or with 

a TF cytoplasmic domain-deleted mutant, were maintained in Dulbecco's Modified Eagles 

Medium, supplemented with 10% Fetal Calf Serum (FCS, Gibco) and penicillin/streptomycin, 

at 37°C. and 5% C02 in a humidified environment. The cells were routinely passaged three 

times per week. Starvation was carried out in DMEM deprived of FCS, for 20 hours. 

PD98059 and LY294002 were preincubated for 30' in the concentrations indicated. 

Coating procedures- For survival assays and caspase-3 analysis in suspension, 24-wells 

plates were coated overnight with 1 ml 10 mg/ml polyHEMA (poly(2-

hydroxyethylmethacrylate)). 

Survival assay- BHKTF cells were seeded in 24-well plates and serum starved for 16 hours in. 

Subsequently, when appropriate, the cells were preincubated with 50 U/ml hirudin or 400 nM 

TAP for 30 min. After that, the cells were stimulated with FVIIa. Cell survival was 

determined at regular intervals, using an MTT assay as described before (17,18). Briefly, 0.5 

mg/ml 3-[4,5-dimethylthiazol-2-yl]-2,5-diphenyltetrazolium bromide (MTT) was directly 

added to the media, for 30 min at 37°C. Subsequently, the media were aspirated and the cells 

were lysed in isopropanol/0.04 N HC1. The OD550 of this solution was determined, using an 

ELISA reader. 

Western Blotting- After incubation, cells were kept on ice and washed with ice-cold 

phosphate buffered saline (PBS). After that, the cells were rapidly harvested by adding 100 ul 

of heated (95°C) sample buffer (125 mM Tris/HCl, pH 6.8; 4% SDS; 2% p-mercaptoethanol; 
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20% glycerol. 1 mg bromophenol blue) lysates were collected by scraping. After a 5 min 

incubation at 95°C. 30 pi of the lysates were loaded onto SDS-PAGE and subsequently 

transferred to a PVDF membrane. The membranes were blocked with tris-buffered saline 

supplemented with 0.1% tween (wash buffer) and 2% low-fat milk powder, and incubated 

with primary antibody over night at 4°C, diluted 1:1000 in wash buffer containing 2.5% BSA. 

Subsequently, the membranes were incubated with a horseradish peroxidase-conjugated 

secondary antibody in wash buffer, containing 2% low-fat milk powder. The bands were 

visualized, using Lumilight plus" ECL substrate from Roche and a chemiluminescence 

detector with a cooled CCD-camera (Genegnome) from Syngene. Antibody bands were 

quantified using Genetools from Syngene. 
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FVIIa-induced cell survival 

Results 

FVIIa inhibits apoptosis induced by serum deprivation, independent of FXa or 

thrombin generation- The primary initiator of coagulation, TF, is frequently uprcgulated on 

the surface of tumor cells and metastatic cells (2,3,19-21). Complexation of TF with its 

natural ligand FVIIa, leads to activation of Protein Kinase B (PKB) also known as c-Akt 

(8,11) in several cell types. Since PKB has anti-apoptotic properties, we decided to investigate 

the potential of FVIIa to inhibit apoptosis. To that end BHKTF cells were seeded in 24-wells 

plates and serum starved to induce apoptosis. After 16 h. cells were treated with 100 nM 

FVIIa or were left untreated. Cell survival was monitored in time, using an MTT assay. As 

can be seen in Fig. 1, serum starvation is a strong inducer of cell death. However, we 

observed that incubation with 100 nM FVIIa considerably inhibits this serum starvation-

induced apoptosis. Furthermore, FVIIa induces survival in a concentration-dependent manner 

at concentrations as low as 1 nM, which is well below the physiological plasma concentration 

of the zymogen FVII (10 nM). Therefore, we conclude that physiological concentrations of 

FVIIa induce cell survival in BHKTF cells. 

FVIIa:TF complexation may lead to formation of FXa and thrombin, coagulation factors that 

are both potent inducers of intracellular processes and thus possibly cell survival. Therefore, 

we preincubated BHK1F cells with 25 u/ml of the specific thrombin-inhibitor hirudin or 200 

150-i 

© 100-

50-

0 

B 
1.00-1 

mock Hirudin TAP time (days) 

Figure 1: FVIIa induces cell survival in BHK cells, transfected with full length TF independent of FXa or 

thrombin. (A) Cells were seeded in 24-wells plates and serum starved for 16 h. At day 0, mock (black dots) 

or I Of) nM of FVIIa (black squares) was added and survival was measured using an MTT-assay. (B) Cells were 

starved and preincubated with 25 U/ml Hirudin or 200 nM TAP. Subsequently, cells were treated mock (white 

bars) or with 100 nM FVIIa (black bars) fori days. Experiments were in triplicate, SEMs are shown. 
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nM of the FXa-inhibitor TAP prior to the administration of 100 nM FVIIa. Fig. shows that 

both hirudin and TAP do not abrogate FVIIa-induced inhibition of apoptosis. and therefore 

involvement of FXa or thrombin in this system is excluded. Hence, the effects of FVIIa on 

cell survival are independent of downstream coagulation. 

Active site-blocked FVIIa inhibits FVIIa-induced survival- We wondered whether a 

proteolytically inactive form of FVIIa (FVIIai) could inhibit survival mediated by FVIIa, thus 

whether proteolytic activity was necessary for this effect. Therefore, we incubated cells for 

30' with 100 nM FVIIai or 1000 nM FVIIai, prior to stimulating cells with 100 nM FVIIa. 

Fig. 2 shows that 1000 nM of FVIIai potently inhibited FVIIa-induced survival, whereas 100 

nM of FVIIai only had a half-maximal effect. Apparently, the proteolytic activity of FVIIa is 

mandatory for FVIIa-induced survival and hence FVIIai could form an interesting candidate 

molecule for anti-cancer strategies. 

Figure 2: Active site-blocked FVIIa inhibits 

FVIIa-induced survival. Cells were starved for 

16 h and subsequently preincubated with 100 

nM or 1000 nM FVIIai. After 30 \ 100 nM 

FVIIa was added for 2 days. Survival was 

measured, using an MTT assay. The experiment 

was performed in triplicate. SEMs are depicted. 

% V \ t %, 
/ . 

' * 

FVIIa-induced survival does not require the presence of TFs intracellular tail- To 

establish whether FVIIa-induced inhibition of apoptosis is dependent on the cytoplasmic part 

of TF we also determined cell survival in BIIK cells expressing a truncated from of TF. From 

Fig. 3 it is clear that FVIIa induces cell survival in BHKTFAc l0 cells, demonstrating that the 

intracellular tail does not play a significant part in FVIIa-induced survival in serum starved 

cells. 
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Figure 3: FVlIa induces cell survival in BHK 

cells transfected with truncated TF. Cells were 

seeded in 24-wells plates and serum starved for 16 

h. At day 0, mock (black dots) or 100 nMo/FVI/a 

(black squares) was added and survival was 

measured using an MTT-assay. The experiment 

was performed in triplicate, SEMs are shown. 

15()-i 

« 100-

50-
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FVIIa inhibits starvation-induced caspase-3 activation via the PI3-kinase and MAP 

kinase pathway- One of the major events in programmed cell death is the activation of 

caspases, which proteolytically cleave targets that play pivotal roles in essential cellular 

processes. Caspase-3 is a major effector caspase and the level of caspase-3 activation directly 

corresponds to the amount of apoptosis. To investigate the influence of FVIIa on starvation-

induced apoptosis, BHKTF cells were seeded in 6-well plates and subsequently starved in the 

Oh 2h 4h 6h lOh 24h Figure 4: FVIIa inhibits serum 

activated casnase-3 starvation-induced caspase-3 activa-
(short exposure) liolu CeUs were serum starved in 

activated caspase-3 
(long exposure) 

[3-actin 

FVIIa 

DMEM with or without 100 nM 

FVIIa for various times. Caspase-3 

activation was determined on 

Western Blot, using an antibody 

against activated caspase-3. A short 

and a long exposure are depicted. 

Equal loading was verified using an 

antibody against /3-actin. 

presence or absence of FVIIa. Cells were lysed at various times and the lysate was analyzed 

on Western Blot, using an antibody directed against activated caspase-3. Fig. 4 represents 

such a Western Blot, which shows a time-dependent activation of caspase-3, after 10 h. 

However, addition of FVIIa to the medium markedly inhibits starvation-induced caspase-3 

activation. Next we wondered which pathways could be involved in FVIIa-induced cell 

survival. Therefore, we preincubated cells with the specific PI3-kinase or MEK-inhibitors 

LY294002 and PD98059, respectively. Whereas FVIIa inhibited caspase-3 activation in this 

experiment, preincubation with PD98059 abolished the FVIIa-induced effect completely, 
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whereas LY294002 partially inhibited the effect (Fig. 5). We conclude that both the MAP 

kinase and PI3-kinase pathway contribute to the FVIIa-induced cell survival. 

Figure 5: MAP kinase and P/-3 kinase contribute to 

FVIla-induced survival. Cells were serum starved in 

DMEM containing mock, PD98059 or L Y294002. After 30' 

F Vila was added for 10 h. Caspase-3 activation was 

determined on Western Blot, using anti-activated caspase-

3. Equal loading was verified using and antibody against 

fi-actin 
mock 

FVI la 

activated 
caspase-3 

(3-actin 

PD LY 

Survival in serum starved cells induced by FVIIa is concentration dependent- Next we 

wanted to know whether this FVIIa-induced cell survival occurs at physiologically relevant 

concentrations. Therefore, we stimulated cells with various concentrations of FVIIa for 2 day 

and analyzed survival by means of an MTT assay. As can be seen in Fig. 6 FVIIa-induced 

survival is concentration dependent and observed at concentrations as low as 1 nM, which is 

well below physiological plasma concentrations of FVII, being 10 nM. 

0.4-1 

Figure 6: Concentration effects of FVIIa on cell 

survival. Cells were serum starved and subsequently 

incubated with various concentrations of FVIIa. 

Survival was measured using an MTT-assay. The 

experiment was performed in triplicate, SEMs are 

shown. 

1 5 10 50 100 
concentration (nM) 

FVIIa induces adhesion independence- Metastasis, a process associated with TF and 

functional FVIIa, is highly dependent on detachment of cells from their environment. Loss of 

adhesion will typically result in anoikis, a form of apoptosis. However, metastatic cells 

develop an adhesion-independence that allows them to migrate through the organism. It did 

not escape our attention that serum starvation cells resulted in detachment of cells from their 

extracellular matrix. However, FVIIa-incubation resulted in a significantly higher survival of 

the suspension cells, compared to non-treated cells (Fig. 7). This survival appeared to be 

more robust in cells expressing the truncated TF mutant. These data indicate that FVIIa-

treatment 
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B 
50 -i 

time (days) time (days) 

F i g u r e 7: FVIIu induces survival in suspension cells. Cells were treated as described in Fig 1A. After 

addition of MTT, the suspension fractions were collected by centrifugation and analyzed for survival. Panel A 

represents BHK" and panel B represents BHK" ''" cells. Connected dots represent untreated cells and 

connected squares represent stimulated cells. Data are presented as fractions of the sur\>ival of adherent cells at 

day 0. The experiments were performed in triplicate. SEMs are depicted. 

dav 1 dav3 

B 

dav 1 dav 3 

c 
1= 300 F i g u r e 8: FVIIa induces adhesion independence. BHK™ (A) 

or BHK J "" cells (B) were grown in polyHEMA-coatedplates in 

DMEM. containing 1% FCS and stimulated mock in the presence 

of TAP and hirudin (white bars). FVIIa in the presence of TAP 

and hirudin (black bars), or FVIIa without inhibitors (striped 

bars). (C) BHK7'' cells grown in tissue culture-treated plates were 

included as a positive control. Experiments were performed in 

triplicate. SEMs are depicted. 
time (days) 
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of TF-expressing cells may induce adhesion-independence. To investigate this possibility we 

decided to measure cell survival in cells that were grown in suspension. To this end, BHK 

cells were plated on polyHEMA-coated 24-wells plates. After 16 h. 100 nM of FVIIa was 

added and survival was monitored for several days. As evident from Fig. 8A and B, 

suspension growth resulted in a decreased viability in both BHK11" and BHKIFAcyl° cells. 

Strikingly, addition of FVIIa resulted in MTT values that were comparable to those observed 

in proliferating cells, grown in tissue culture-treated plates (which enables adhesion signaling 

(Fig. 8C)). In addition. FXa and thrombin inhibitors did not have a significant effect on 

FVIIa-induced adhesion-independence. These results suggest that FVIIa can overcome 

apoptosis induced by loss of adhesion, resulting in serum-induced proliferation. 

Active site-blocked FVIIa inhibits FVIIa-induced survival in suspension-grown cells- To 

test the potency of FVIIai as an inhibitor for FVIIa-induced survival in suspension cells, we 

again pretreated cells for 30' with 100 nM FVIIai or 1000 nM FVIIai, prior to stimulating 

cells with 100 nM FVIIa. Survival we again measured by means of an MTT assay. From Fig. 

9 it is clear that, also in suspension-grown cells, FVIIai potently inhibits FVIIa-induced 

survival. Moreover, FVIIai proved to be much more potent in this system compared than in 

serum starved cells that were treated with FVIIa (Fig 2); preincubation of cells with FVIIai 

concentrations that were as low as the concentrations of FVIIa that were used to stimulated, 

already inhibited survival to subbasal levels. 

0.15 

Q ' J ^ ^ _ Figure 9: Active site-blocked FVIIa inhibits 
Q 0. I 0 ~| j 

1 FVIIa-induced survival. Cells were grown in 

suspension and subsequently preincubated with 

g Q Q5 J n#~ 100 nM or 1000 nM FVIIai. After 30', 100 nM 

FVIIa was added for 3 days. Survival was 

measured, using an MTT assay. The experiment 

0.00 — — — — — was performed in triplicate, SFMs are depicted. 
'O <00 *ly "P 

% %• *<a 
:'o 
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Survival in adhesion-deprived cells induced by FVIIa is concentration dependent- We 

next determined the physiological relevance of FVIIa-induced adhesion-dependence. BHK 

cells were grown in suspension for 16 h and subsequently incubated with various 

concentrations of FVIIa for 3 days. After MTT analysis, it becomes clear that FVIIa-induced 

adhesion-independence is detectable at concentrations as low as 5 nM (Fig. 10), implying that 

this phenomenon could be physiologically relevant. 

O.lOn 

O 

"5 0.05 H 

0.00-

1 5 10 50 100 

concentration (nM) 

Figure 10: FVIIa-induced adhesion-

independence is concentration-dependent. Cells 

were grown in suspension and subsequently 

incubated with various concentrations of FVIIa. 

Survival was measured using an MTT-assay. The 

experiment was performed in triplicate. SEMs are 

shown. 

FVIIa inhibits caspase-3 activation, induced by loss of adhesion- Since FVIIa induced 

survival in cells that were grown in suspension, we also decided to investigate the potential of 

FVIIa to inhibit caspase-3 activation induced by loss of adhesion. Therefore, cells were grown 

in polyHEMA-coated plates in the presence of absence of FVIIa. The cells were kept in 

DM EM, supplemented with 1% FCS to ensure that apoptosis was solely induced by loss of 

adherence and not by serum starvation. Cells were also grown in cell culture plates, in 

DMEM containing 1% FCS as a negative control for caspase-3 activation. Whereas cells 

grown in tissue culture-treated plates only showed a modest activation of caspase-3 after 16 

and 40 h., cells grown in suspension displayed a clearly increased activation of caspase-3 

(Fig. 11). Importantly, this caspase-3 activation was inhibited by FVIIa treatment, suggesting 

that FVIIa can override anoikis. 

FVIIa induces prolonged PKB and MAP kinase activation in suspension cells- In BHK 

cells that were serum starved, FVIIa elicited a strong transient phosphorylation of the anti-

apoptotic kinases PKB and MAP kinase (6,11). We decided to investigate PKB and MAP 

kinase phosphorylation in cells, lacking adhesion signaling. Therefore, cells were adhered to 

poly-L-lysin and stimulated with FVIIa for various times (Fig. 12). Whereas in serum starved 
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16h 40h 

adh susp. adh susp. 

FVIIa 

Figure 11: FVIIa inhibits caspase-

3 activation in suspension. Cells-

were grown on cell culture plates 

(adh) and in suspension in DMEM, 

a c t i v a t e d supplemented with 1% FCS. 30min 

c a s p a s e - 3 uf-ter addin0n of 200 nM TAP, 100 

nM FVIIa was added for the times 

indicated. Caspase-3 activation was 

determined on Western Blot, using an 

antibody against activated caspase-3. 

(3-actin 

+ + 

0' 5' 10' 15' 20' 30' 45' 60' 90' 120' 

phospho-PKB 

phospho-p42/p44 

P-actin 

Figure 12: FVIIa stimulation of suspension cells results in prolonged PKB and MAP kinase phosphorylation. 

Cells were grown in polyHEMA-coated plates and stimulated with 100 nM FVIIa for the times indicated. 

Phosphorylated PKB and MAP kinase levels were determined, usingphospho-specific antibodies on Western Blot. 

BHK cells, PKB has been reported to show a transient phosphorylation between 5" and 20* 

after stimulation with FVIIa, incubation of suspension cells with this protease led to 

prolonged activation of PKB; increased phosphorylation was still evident after 2 h of 

-132-



FVIIa-induced cell survival 

stimulation. In accordance, MAP kinase showed a prolonged phosphorylation profile as well, 

when compared to serum starved cells. This suggests that both MAP kinase and PKB are 

important in FVIIa-induced survival in suspension-grown BHK cells. 
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Discussion 

Programmed cell death or apoptosis is a complex mechanism that is activated upon DNA 

damage or absence of essential input signals from growth factors or binding of the cell to the 

extracellular matrix (22). Aberrant regulation of the apoptotic pathways, resulting from 

mutations or excessive activation of the anti-apoptotic pathways may lead to the formation of 

tumor cells and metastasis. Two of the signal transduction pathways that are frequently found 

involved in anti-apoptosis are the PI3-kinase/PKB pathway and the MAP kinase pathway. TF, 

a protein that is involved in coagulation, but is also associated with metastasis (1-3), has been 

shown to be an important factor for FVIla-induced activation of both pathways (6-8). 

Therefore we sought to find an explanation for the involvement of TF in metastasis, by 

characterizing the FVIla-induced intracellular processes that may lead to inhibition of 

apoptosis. We show that incubation of TF-overexpressing cells with FVIIa leads to cell 

survival, both in serum starved cells and in cells that lack adhesion signaling. We also show a 

FVIla-induced inhibition of caspase-3 activation that, in serum starved cells, is dependent on 

the MAP kinase and PKB pathway. Thus FVIIa, present in the bloodstream may provide 

important survival signals during the first stages of the metastatic process. 

The contribution of TF and FVIIa to the metastatic process are most likely determined by 

their concentrations. Tumor cells and metastatic cells often show over-expressed TF levels (1-

3), but FVII levels, normally reaching plasma levels of 10 nM. do not allow for much 

variation. Therefore it is not likely that metastasis is induced by enhanced levels of FVII. 

Importantly, we show that cell survival, mediated by FVIIa, occurs at levels that correspond 

with plasma levels of FVII, being as low as 1 nM and 5 nM in serum starved cells and 

adhesion-deprived cells respectively. 

We have also shown that the use of active site-blocked FVIIa (FVIIai) prior to exposure of 

cells to FVIIa potently inhibits FVIla-induced survival. With regard to serum starved cells, 

inhibition of FVIla-induced survival by FVIIai was concentration-dependent and only 

reduced viability to base levels at a 10-fold concentration of that used for incubation with 

FVIIa. These data suggest that FVIIai acts as a competitive inhibitor in this experiment. 

However, FVIIai-pretreatment of cells that were grown in suspension, resulted in decreased 

viability to subbasal levels, even at concentrations that were equal to the concentrations of 
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FVIIa used to stimulate the cells. This suggests that FVIIai in this experiment acts as a 'real' 

inhibitor rather than as a competitive inhibitor. The reason for this differential behavior of 

FVIIai is still unclear, but may rely on disturbed internalization of the FVIIa:TF complex in 

suspension-grown cells. 

Another important enigma concerns the TF cytoplasmic tail. So far, a significant role for this 

TF domain in physiology has not been found (23,24). Deletion of the cytoplasmic tail has not 

been found to significantly affect processes such as signal transduction or embryonic 

development. However, there are indications that the cytoplasmic tail could fulfill a role in 

pathological processes. For instance, in monocytes, a cell type that only expresses TF after 

sepsis or inflammatory processes, the cytoplasmic tail has been shown to be essential for 

production of Reactive Oxygen Species (ROS), which are important mediators of 

inflammatory reactions (25). In addition, in melanoma cells, over-expression of the TF 

cytoplasmic domain, but not the extracellular domain, results in enhanced VEGF expression 

(26). Our research seems to point towards a role for the TF cytoplasmic domain in adhesion, 

since absence of this domain results in increased adhesion-independence after incubation of 

cells with FVIIa. This would be in accordance with data from other researchers, showing a 

link between the cytoplasmic tail and the actin cytoskeleton, a structure that is highly 

associated with adhesion. For instance, Ott et al., have shown a high affinity of the 

phosphorylated cytoplasmic tail for Actin-Binding Protein-280 (27). Moreover, Muller et al. 

have localized TF mainly in actin-rich domains of the cell, with a role for the cytoplasmic tail 

in actin-driven movement (28). 

In conclusion, we have shown that FVIIa induces survival in serum starved cells and detached 

cells that over-express TF, pointing out a role for these coagulation factors in metastasis. This 

survival occurs at physiological concentrations of TF and is dependent on the MAP kinase 

and PI-3 kinase pathway. The cytoplasmic domain may play a role in this process. 
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