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Abstract Aims: The association between tissue factor
(TF) expression and increased rate of tumour metastasis
is well established. In this study, we have examined the
hypothesis that the expression of TF by disseminated
tumour cells confers protection against immune recog-
nition and cytotoxicity. Materials and methods: A hybrid
EGFP-TF protein was expressed in HT29 colon carci-
noma and K562 lymphoblast cell lines. To assess the
cytotoxic activity against tumour cells over-expressing
TF, a novel method was used, based on the direct
measurement of fluorescently labelled HT29 or K562
target cells. Results: Upon challenge with peripheral
blood mononuclear cells (PBMC), tumour cells
expressing TF partially evaded cellular cytotoxicity
(4=15-40% reduction in cytotoxicity). Moreover, the
influence of TF was not primarily dependent on its
procoagulant function, although the inclusion of 20%
(v/v) plasma did lower the rate of cytotoxicity against
untransfected cells. However, expression of a truncated
form of TF, devoid of the cytoplasmic domain, did not
mediate any degree of inhibition of cytotoxicity, sug-
gesting that the protective function of TF is principally
due to this domain. Conclusions: We conclude that TF
can promote immune evasion in tumour cells expressing
this protein leading to increased survival and therefore
metastatic rate in such cells.

Keywords Tissue factor - Metastasis - Cytotoxicity

C. Li- L. M. Colman - M. E. W. Collier - C. Ettelaie (D)
Biomedical Section, Department of Biological Sciences,
University of Hull, Cottingham Road, HU6 7RX Hull, UK
E-mail: C.Ettelaie@hull.ac.uk

Tel.: +44-1482-465528

Fax: +44-1482-465458

C. E. Dyer - J. Greenman
Academic Surgical Unit, University of Hull,
Cottingham Road, HU6 7RX Hull, UK

Introduction

Tissue factor (TF) is a 47 kD transmembrane glyco-
protein that forms a complex with circulating factor
VIla to initiate the extrinsic pathway of coagulation [1].
Moreover, the presence of high levels of TF on the
surface of many tumour cells may be one of the under-
lying mechanisms giving rise to the hypercoagulable
state associated with malignancy [2, 3]. In support of
this, direct correlations between elevated TF expression
and advanced stages of malignancy have been reported
in several types of cancer, including non-small cell lung
cancer [4], breast [5, 6], pancreatic [7], glioma [8], pros-
tate [9] and colorectal cancer [5, 10, 11]. These studies
have suggested that TF may also play a major role in
growth, invasion and dissemination of the tumour cells.

Emerging experimental data in the past two decades
suggest a close interaction between elements of the hae-
mostatic and immune systems [12]. The presence of
fibrinoid material in cancer tissue has been reported by
many researchers [13—15]. However, the biological sig-
nificance of the interactions between the haemostatic and
immune systems remains obscure. Furthermore, there is
conflicting data suggesting a possible mechanism by
which the tumour cells form a ‘coat’ of the host’s own
proteins on the surface shielding the tumour cells from
cytotoxic immune recognition [16-20]. This coat is
composed of fibrin together with a polymeric form of
human serum albumin and by contrast to fibrin, is
resistant to fibrinolytic degradation. Hence, as one of the
main initiators of blood coagulation, TF could also play
a vital role in allowing the tumour cells to escape immune
recognition. In this study, by transfection and expression
of TF in tumour cells, we examined the hypothesis that
tumour cells producing high levels of TF possess an
advantage in evading immune recognition. In order to
elucidate further the mechanism by which TF aids
tumour cell evasion of immune recognition, we investi-
gated the involvement of fibrin in this process by incu-
bation in the presence and absence of plasma. Finally, we
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expressed a truncated form of TF, without the cytoplas-
mic domain, to investigate the specific role of this domain.

Materials and methods
Cell culture and fluorescent labelling of cells

Colorectal adenocarcinoma cell line (HT29) and lym-
phoblast cell line (K562) were obtained from the ATCC
(Teddington, UK) and maintained in RPMI medium
[90% (v/v)], foetal calf serum [10% (v/v)], containing
1% (v/v) antibiotic/antimycotic solution (Sigma Chem-
ical Company Ltd., Poole, UK). The cells (5x10* per
well) were labelled by resuspension in 200 pl of serum-
free RPMI media and incubation with 5 uM 5-(and -6)-
chloromethyl seminapthorthohodaflour (SNARF)-1
acetate (Invitrogen, Paisley, UK) for 2 h.

Transient transfection of HT29 and K562 cells

The cDNA sequence for full-length human TF was
cloned into a mammalian expression vector (pEGFP-
C3) (BD Biosciences, Oxford, UK), downstream of the
sequence for green fluorescent protein. Cells (5x10° per
well) pre-adapted to OptiMEM-1 media were trans-
fected with pEGFP-TF construct (1 ug), using Lipo-
fectin (Invitrogen, Paisley, UK), in accordance with the
manufacturer’s instructions for 6 h. Following 6 h
incubation, the medium was replaced and cells were
allowed to express the hybrid protein for at least 72 h
prior to assaying. Following transfection, only cell
populations with >60% transfectants were selected for
further investigations. All assays were carried out
against two sets of controls, one transfected with the
empty pEGFP-C3 plasmid and another untransfected
cells. The values obtained in all the assays, for these
two sets of controls were identical and therefore the
control using pEGFP-C3 vector have been included
throughout.

One-stage prothrombin time assay

A standard curve was prepared using serial dilutions of
recombinant human TF (Dade Behring, Milton Key-
nes, UK). Cells were resuspended in PBS (100 pl) prior
to assaying. 25 mM CaCl, (100 ul) and the cell sus-
pension (4x10° cells in 100 pl) were incubated for 30 s
before the addition of normal human plasma (Helena
Laboratories, Sunderland, UK) (100 ul). The time ta-
ken for the clot formation was recorded using a Cas-
cade-M coagulometer (Helena Laboratories,
Sunderland, UK). In order to prove that the increased
procoagulant activity was as a result of overexpression
of TF, a murine MAb capable of blocking human TF
(Axis-Shield, Cambridge, UK) was used to neutralise
TF activity.

Western blot analysis of total cellular TF antigen

Total protein was extracted by lysing the transfected
HT29 and untransfected HT29 in 200 pl denaturing
buffer (Sigma Chemical Co. Ltd. Poole, UK) and sep-
arated on a 12% (w/v) SDS-PAGE gel and transferred
to a nitrocellulose membrane. Membranes were blocked
in 5% (w/v) skimmed milk in PBS-Tween 20 and probed
with a murine MAb anti human TF (Axis-Shield,
Cambridge, UK) diluted 1:1,000, for 1 h at room tem-
perature. The membrane was then developed with anti-
mouse IgG alkaline phosphatase conjugated secondary
antibody (Promega Corp. Southampton, UK) diluted at
a 1:2,000 in PBS-Tween 20 for 1 h at room temperature.
Finally, the membrane was washed three times with
PBS-Tween 20, for 10 min each time and developed
using TMB stabilised-substrate (Promega Corp. South-
ampton, UK).

Enzyme-linked immunosorbent assay measurement
of cell surface TF antigen

The expression of TF antigen on the tumour cells was
measured by employing a TF antigen enzyme-linked
immunosorbent assay (ELISA) kit (Affinity Biologicals,
Ancaster, Canada). The capture antibody was diluted 1/
100 in coating buffer (15 mM Na,CO; buffer, pH 9.6),
added (100 pl) to each microtitre plate well and incu-
bated overnight at 4°C to allow adherence. The wells
were then blocked with 150 mM phosphate buffered
saline (PBS) buffer pH 7.4, containing 1% (w/v) bovine
serum albumin (BSA) for 90 min followed by four wa-
shes with PBS. Intact cells (2x10°) in serum-free medium
(100 pl) were added to the wells and incubated for
60 min at room temperature to allow capture, and then
washed carefully four times with PBS. The detecting
antibody (anti-TF-HRP) was diluted 1/100 in conjugate
buffer (100 mM HEPES buffer pH 7.4, 10 mM NacCl,
1% (w/v) BSA and 1% (w/v) Tween 20) and added
(100 ul) to each well. The plate was incubated for a
further 60 min at room temperature, washed four times
with PBS and developed by adding 100 pul of TMB
substrate (3,3",5,5” Tetramethylbenzidine; Vector Labo-
ratories Ltd., Peterborough, UK) for 15 min at room
temperature. The reaction was quenched by the addition
of concentrated (18 M) H,SO4 (100 pl) to the wells and
quantified at 450 nm on an Anthos 2010 microplate
reader (Anthos Labtec Instruments, Wals, Austria).

Flow cytometric and Western blot measurement
of cell surface TF antigen

To assess the surface TF expression, cells (2x10°) were
resuspended with PBS (100 pl) containing FITC labelled
murine MAD against human TF (directed against epi-
tope area aa: 203-214; Axis-Shield, Cambridge, UK;
final concentration 1 pg/ml) and incubated for 30 min at
4°C in the dark. The cells were then centrifuged, washed



twice with PBS and resuspended in PBS (100 pl) and
incubated with F(Ab’), rabbit anti-mouse IgG:RPE
(Serotec Ltd., Oxford, UK) (10 pl) for 60 min at 4°C.
Finally, the cells were then centrifuged at 400g for 5 min,
the pellet washed twice with PBS, resuspended in PBS
(300 pul) and measured on a FACSCalibur flow cytom-
eter running CellQuest software version 3.3 (Becton
Dickinson, Oxford, UK).

Site-directed mutagenesis

To express a truncated form of TF, devoid of the cyto-
plasmic domain, mutation of Ser,4o (on the human TF
protein) was carried out using the QuickChange® site-
directed mutagenesis kit (Stratagene, Amsterdam,
Netherlands). Amplification of the pEGFP-TF con-
struct was carried out by polymerase chain reaction at
an annealing temperature of 55°C and an extension time
of 16 min, using the following primers (The specific
mutation TCT — TAA is underlined).

Forward primer: 5% CATCCTGATATAACTACACA-
AGTGTAG

Reverse primer: 5 CTACACTTGTGTAGTTATATC-
AGGATG

Following the reaction, the wild type DNA was digested
by incubation with Dpnl. The construct coding for
truncated TF was selected and confirmed prior to use.
The truncated EGFP-TF,,. protein was expressed in
cells as described above.

Preparation of peripheral blood mononuclear cells

Blood (29 ml) was withdrawn from forearm vein into
syringes containing 1 ml of heparin (1,000 unit/ml) and
placed into two 50 ml polypropylene tubes containing an
equal volume of PBS. This mixture was then layered onto
Histopaque-1077 (Sigma Chemical Company Ltd.,
Poole, UK). The tubes were then centrifuged at 400g for
30 min and the middle layer, containing the peripheral
blood mononuclear cells (PBMC) was transferred into a
fresh tube. An equal quantity of PBS was then added and
centrifuged at 400g for 10 min to sediment the PBMC.
The supernatant was discarded, the pellet resuspended in
10 ml of PBS and cell density was adjusted to 10° cells/ml
in DMSO freeze medium (TCS CellWorks, Botolph
Claydon, UK) and cryopreserved until use.

Visualisation of TF expression in K562 cells by confocal
laser scanning microscopy

K562 cells transfected with pEGFP-TF were resus-
pended in pre-warmed PBS (1 ml) prior to analysis

% Cell loss = (
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using a Radiance 2100 scanning confocal microscope
(Bio-Rad Laboratories Inc, Hemel Hempstead, UK).
In order to permit nuclear visualisation, the cells were
incubated with 4’,6-Diamidino-2-phenylindole (DAPI)
(10 pg/ml) (Sigma Chemical Company Ltd., Poole,
UK) at 37°C for 1 h. Subsequently, the cells were
incubated for 15 min at 37°C with 1,1’-dioctadecyl-
3,3,3’,3’-tetramethylindocarbocyanine perchlorate (Dil)
(10 pg/ml) (Sigma Chemical Company Ltd., Poole,
UK) to identify the cell membrane. The cells were
washed three times with PBS and resuspended in pre-
warmed culture media (1 ml) prior to analysis on the
confocal microscope.

Measurement of the cytotoxic activity of PBMC
by flow cytometry

PBMC (5x10°) and target K562 human lymphoblast
leukaemia cells (5x10%) labelled with 5 pM SNARF-1
were mixed together in serum-free medium (200 pl) and
incubated for 4 h at 37°C. The cells were centrifuged at
400g for 5 min, the cells washed twice and resuspended
in PBS (300 ul) and analysed by flow cytometry. A gate
was placed to include 100% of the labelled and exclude
all of the unlabelled control cells. The number of cells in
this quadrant before and after challenging with PBMC
was used to calculate the cytotoxic activity, and was
defined as the reduction in the cell number in this
quadrant as a percentage of the original number.

Measurement of the cytotoxic activity
of PBMC by fluorescence imaging

HT?29 cells were seeded out (5x10* per well) in 12 well
plates and transfected with the pEGFP-TF as described
above. Only successfully transfected cells, as determined
by flow cytometry or ELISA and the prothrombin time
assays, were used for subsequent investigations. Trans-
fected HT29 and untransfected HT29 cells were labelled
with red fluorescence (SNARF-1) and placed in the wells
in serum-free medium (200 pl) and incubated for 4 h.
Ten random sectors within each well covering approxi-
mately 50% of the well, were imaged on a TS100
microscope (Nikon, Kingston-upon-Thames, UK)
equipped with fluorescence attachments and camera.
PBMC were added to the wells containing the target
cells (HT29) at 10:1 (PBMC: HT29) and incubated for
4 h at 37°C. Subsequently, ten random sectors were re-
corded as before. Analysis was carried out using the
ImagePro plus program (Media Cybernetics, Berkshire,
UK) and the data calculated as the percentage cell loss
after incubation with PBMC against the initial number
of viable HT29 as follows:

No. of cells prior to incubation — No. of cells after incubation)

No. of cells prior to incubation.
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Results

In order to investigate the influence of TF on immune
cytotoxicity towards tumour cells, an active form of
human EGFP-TF protein was expressed in two separate
tumour cell lines (HT29 and K562) and the cytotoxicity
mediated by PBMC was measured. Flow cytometric
analysis confirmed the surface expression of TF indi-
cated by a significant increase in fluorescence in the
transfected HT29 cells labelled with the FITC-conju-
gated anti-TF antibody (not shown) and stained with a
phycoerythrin conjugated secondary antibody and
compared to untransfected and control cells (Fig. 1).
Moreover, Western blot analysis of the TF antigen
showed a clear increase in the cells transfected with
pEGFP-TF (not shown). The presence of surface TF
was further confirmed by ELISA with a mean increase
(SD) from 36+ 3 ng/10° to 68 +4.5 ng/10° cells (n=3).
Thirdly, the expression of EGFP-TF protein in these
cells resulted in a marked decrease in the clotting time
from >180 to 73+5 s (n=3), demonstrating the pres-
ence of active TF at the surface of the transfected cells.
The procoagulant activity was diminished proportion-
ally upon incubation with increasing concentrations of a
TF-blocking antibody (results not shown). The expres-
sion of EGFP-TF in K562 cells was confirmed by flow
cytometry, although these cells did not exhibit any TF
pro-coagulant activity. However, lymphoblastic cells
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Fig. 1 Flow cytometric assessment of TF antigen on the surface of
HT29 cells. HT29 cells were transfected with pEGFP-TF and
allowed to express the hybrid protein over 72 h. The cells were
harvested and labelled with a mouse anti-human TF antibody. The
cells were then washed and stained with a phycoerythrin-conju-
gated secondary antibody. The analysis of transfected and un-
transfected cells was carried out by flow cytometry. A marker was
set containing 5% of the control sample; 20% of untransfected cells
and 49% for pEGFP-TF-transfected cells were in this region. Mean
cell fluorescence intensity for the two samples were 3.7 and 7.5,
respectively. The data is representative of three independent
experiments

such as K562 cells, possess mechanisms to prevent sur-
face exposure of TF, particularly by manipulating the
cell surface phosphotidylserine [21] and explains the lack
of procoagulant activity in these cells. Finally, confocal
microscope analysis of both cell lines indicated the
presence of EGFP-TF intracellularly, localised at the
inner leaf of the cell membrane (Fig. 2) probably asso-
ciated with membrane bodies such as caveolae [22, 23].

In order to investigate the influence of TF in aiding
tumour cells to evade immune recognition, the cytotoxic
capability of PBMC against HT29 cells expressing
EGFP-TF was assessed. The target cells were labelled
with SNARF-1 and ten fields of view analysed in each
sample, using fluorescence image microscopy, before
and after challenge with PBMC. The percentage of
surviving (labelled) cells was calculated in each sample
following incubation with PBMC, against the initial
number of cells. The samples contained parallel sets of
TF-overexpressing or control HT29 cells and were
challenged separately with PBMC obtained from five
donors in duplicate. Overall, there was a 15-40%
reduction in cytotoxicity against TF-overexpressing cells
in comparison to untransfected cells (Fig. 3). Moreover,
PBMC were incubated with pEGFP-TF transfected
K562 cells and cellular toxicity was measured by flow
cytometry. Overall, although no increase in TF function
had been observed with these cells, a 15-20% decrease in
cytotoxicity was seen against TF-overexpressing K562
cells in comparison to untransfected cells (data not
shown).

To investigate whether the mechanism of TF-med-
iated suppression in immune reactivity involved the
formation of fibrin coats on the tumour cells, parallel
sets of control or EGFP-TF-expressing HT29 cells
were pre-incubated with plasma for 15 min to allow
fibrin formation on the cells prior to challenge with
PBMC. Pre-incubation of EGFP-TF expressing cells,
with 10 and 20% (v/v) plasma prior to challenge with
PBMC, resulted in 41 and 34% cell loss, respectively,
while the control cells remained at 60 and 40% cell
loss (Fig. 4). In the absence of plasma, the cytotoxicity
towards cells expressing TF and control cells exhibited
39 and 67% cell loss, respectively. It is also worth
noting that the use of citrate as an anticoagulant did
not affect the assay at the plasma dilutions used here
(not shown).

Finally, to investigate the involvement of the
intracellular domain of TF in the suppression of
cytotoxicity towards tumour cells, a truncated form of
TF (EGFP-TF un) devoid of the cytoplasmic domain
was prepared from the pEGFP-TF plasmid and
transfected into HT29 cells. The expression of EGFP-
TFune resulted in similar procoagulant activity to
those of the parent EGFP-TF,, transfected cells
(78 £5, 73+5 s, respectively; n=3). These cells and
untransfected HT29 cells were labelled and challenged
with PBMC from two donors and assessed using flu-
orescence image microscopy as above. The cytotoxicity
observed against cells expressing full-length TF
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Fig. 2 Confocal laser scanning microscopic localisation of EGFP-
TF in K562 cells. K562 cells were transfected with pEGFP-TF and
allowed to express the hybrid protein over 72 h. The cells were then
labelled with 4’,6-Diamidino-2-phenylindole (DAPI) (10 pg/ml)
and 1,1’-dioctadecyl-3,3,3’,3’-tetramethylindocarbocyanine per-
chlorate (Dil) (10 pg/ml) to visualise the nucleus (blue) and the
cell membrane (red), respectively. Following washing, the cells were
re-suspended in PBS (1 ml) prior to visualisation with the confocal
microscope. The co-localisation of EGFP-TF (green) with the cell
membrane resulted in yellow-coloured foci on the cell membrane
(a) which are absent in the untransfected cells (b). All experiments
were done in duplicate

(EGFP-TF) was diminished (59% %10 cell loss), in
comparison with the control cells (40% =5 cell loss)
(Fig. 5). However, the expression of the truncated
form of TF (EGFP-TF.,) ablated this protection
against PBMC-mediated cytotoxicity (35% +13 cell
loss).
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Discussion

While it has been suggested that more than 95% of cells
disseminated from a primary tumour do not survive in
the circulation [24], the ability of cancer to metastasise
remains a major step in the progression of the disease.
One key event in successful tumour cell metastasis is the
ability to avoid immune recognition. Previous studies
have suggested that fibrin formation may interfere with
immune recognition and hence dampen the cytotoxic
activity of natural and lymphokine-activated killer cells
towards tumour cells [17, 18]. However, other investi-
gations have shown that fibrin formation does not affect
immune evasion by tumour cells [19, 20]. The associa-
tion between blood clots and tumours has been reported
since 1878 [25]. Recently, a number of investigations
have revealed important associations between TF and
tumour pathology, including the upregulation of TF in
aggressive tumours [8, 26-28]. Correlations between TF
expression and invasiveness [6], metastatic properties
[29, 30], susceptibility to doxorubicin [4] and malignant
phenotype [28] have all been reported previously.
Intriguingly, a number of studies have also reported a
requirement for the presence of the intracellular domain
of TF for the full pro-metastatic potential of this protein
[27, 29, 31].

In this study, we have developed a novel in vitro
procedure, employing fluorescence microscopy to mea-
sure the cytotoxic activity of PBMC against two sepa-
rate cell lines. This technique was employed to
investigate (1) whether the expression of TF can directly
influence tumour cell evasion of immune surveillance,

EHT29 mHT29(TF)

% Cell Loss

Prep 1 Prep 3 Prep 4 Prep 5

Prep 2

Fig. 3 Measurement of the cytotoxic activity of PBMC against TF-
overexpressing and control HT29 cells. pPEGFP-TF transfected and
un-transfected HT29 cells (5x10* per well) were labelled with 5 uM
SNARF-1 in culture medium (200 pl final volume). Ten random
views within each well were recorded using a fluorescence
microscope. The cells were then challenged separately with five
preparations of isolated PBMC at a ratio of 10:1 (PBMC: HT29).
After 4 h incubation at 37°C, ten random sectors were analysed as
before. Analysis was carried out using the Image Pro plus program
and the data were calculated as the percentage reduction in cell
number after incubation with PBMC against the initial number of
viable HT29 cells. The data represent the mean of duplicates + stan-
dard deviation
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Fig. 4 Measurement of the cytotoxic activity of PBMC against TF-
overexpressing and control HT29 cells, pre-incubated with plasma.
pEGFP-TF transfected and un-transfected HT29 cells (5x10* per
well) were labelled with SNARF-1 in culture medium (200 pl final
volume). Ten random views within each well were recorded using a
fluorescence microscope. Human normal plasma was added to the
wells at final concentrations of 0, 10 and 20% (v/v) and incubated
for 15 min prior to a 4 h incubation at 37°C, with two preparations
of PBMC at a 10:1 ratio (PBMC:HT29). Subsequently, ten random
sectors were analysed as before. Analysis was carried out using the
Image Pro plus program and the data were calculated as the
percentage reduction in cell number after incubation with PBMC
cells against the initial number of viable HT29 cells. The data
represent the mean of duplicates & standard deviation

and (2) to examine the underlying mechanisms involved
in TF-induced immune avoidance. Studies of cytotox-
icity in vitro are usually carried out employing a target
cell line that is sensitive to natural cytotoxicity. The
determination of the number of targeted cells most

% Cell Loss

HT29

HT29(TFwt) HT29(TFtrunc)
Fig. 5 Measurement of the cytotoxic activity of PBMC against
full-length, truncated TF-overexpressing and control HT29 cells. A
truncated form of the EGFP-TF was expressed by mutating the
Ser,4 into a stop codon. HT29 cells transfected with pEGFP-TF,,,
and pEGFP-TF,. transfected and un-transfected HT29 cells
(5x10* per well) were labelled with SNARF-1 in culture medium
(200 pl final volumes). Ten random views within each well were
recorded using a fluorescence microscope. The cells were then
challenged with preparations of isolated PBM cells at a ratio of
10:1 (PBMC: HT29). After 4 h incubation at 37°C, ten random
sectors were analysed as before. Analysis was carried out using the
Image Pro plus program and the data were calculated as the
percentage reduction in cell number after incubation with PBMC
cells against the initial number of viable HT29 cells. The data
represent the mean of duplicates & standard deviation

commonly relies on a secondary measurement such as
3ICr [32], or other measurable indicator such as an en-
zyme, fluorescent dye or expressed luciferase [33], re-
leased from the lysed cells. These methods rely on the
accurate determination of the measurable agent and
therefore are prone to errors arising from the back-
ground release, poor levels of labelling and inconsistency
between experiments. Ultimately, the most accurate
measurement of cellular cytotoxicity is by determining
the number of viable cells, prior to and following chal-
lenge with immune cells.

Here, HT29 and K562 cells were transfected with a
vector to express EGFP-TF or EGFP and then labelled
with SNARF-1, to easily distinguish the cells from
PBMC with which they were incubated. The TF activity
measured in the transfected cells was comparable to the
ones we have measured in more aggressive TF-express-
ing tumour cells such as the cell line LoVo. The data
indicate a relatively high level of cytotoxicity exhibited
by the PBMC against the adherent HT29 cells when
measured by fluorescence microscopy (up to 68% cell
loss). The assessment of non-adherent K562 cells
showed a lower, but still significant, percentage (up to
47% cell loss). Therefore, we have used this means of
assessment in order to investigate the mechanism by
which TF expression on tumour cells can suppress cel-
lular cytotoxicity.

The transfection of HT29 cells with the pEGFP-TF
construct encoding for a hybrid fluorescent protein re-
sulted in the expression of active TF, while K562 lym-
phoblastic cells expressed an inactive form of the
protein. This lack of activity was attributed to the nature
of these cells which normally do not present this protein
at the surface. Our data clearly show that the expression
of TF protects the cells from lysis (Fig. 3). Moreover,
the lack of procoagulant activity in K562 cells suggests
that TF may be acting via a mechanism not involving
the activation of the coagulation pathway. To examine
further the influence of the procoagulant extracellular
domain of TF, the cells were pre-incubated with either
10 or 20% (v/v) human plasma, to allow fibrin forma-
tion, prior to challenge with PBMC. Our data suggest
that TF can protect cells from the cytotoxic action of
PBMC, independent of fibrin formation (Fig. 4). Fur-
thermore, the protection from PBMC cytotoxicity was
not observed in K562 cells (data not shown). In con-
clusion, our data support the suggestion that fibrin is not
the main mechanism by which tumour cells increase
their chance of surviving cytotoxic activity.

To examine the possibility that TF may mediate
cytotoxic protection through mechanisms involving the
cytoplasmic domain of this protein, a truncated TF
protein lacking the intracellular region was created. As
mentioned previously, the cytoplasmic domain of TF
has been associated with increased tumour metastasis
and invasiveness [29, 31]. It has recently become clear
that this domain possesses signalling capabilities [27, 29,
34-36]. The hybrid EGFP-TF ., and EGFP-TF,
proteins were expressed at similar levels in HT29 cells



and no difference in the procoagulant activity was ob-
served. This is consistent with current understanding
that the cytoplasmic domain is not essential for the
procoagulant activity [37, 38]. However, our data also
indicate that the deletion of the cytoplasmic domain
resulted in tumour cell lysis comparable to that of the
control cells, i.e. the protective influence of TF was re-
moved. Hence, we suggest that the ability of TF to
protect tumour cells from immune cytotoxicity mainly
arises from signalling mechanisms involving the cyto-
plasmic domain of TF. One feasible explanation would
be that TF signalling results in the downregulation of
surface antigens that would otherwise allow the killer
cells to recognise and target the tumour cells.

In conclusion, we have shown that TF has a direct
protective influence on the ability of tumour cells to
escape immune recognition by PBMC. Moreover, it is
clear that this influence is independent of fibrin coat
formation but instead involves the cytoplasmic domain
of TF. TF is known to influence cancer cell metastasis by
a number of suggested mechanisms including increased
angiogenesis [26, 36, 39-42] cellular growth [43-45] and
through antiapoptotic influences [34, 46-48]. Therefore,
we suggest that in addition to these functions, TF also
allows tumour cells to be protected from cellular cyto-
toxicity, increasing the possibility of successful tumour
dissemination and metastasis.
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