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Constitutive Tissue Factor Expression of Human 
Breast Cancer Cell Line MCF-7 is Modulated by 

Growth Factors 
Conrad Fkksel, Thomas Luther, Sybille Albrecht, Matthias Kotzsch 

and Martin Miiller 

Expression of tissue factor, the initiator of the extrinsic coagulation protease cascade, is a feature of certain 
malignant tumours. To study the modulation of tissue factor expression we incubated the breast cancer cell line 
MCF-7 with several growth factors. Epidermal growth factor (EGF), transforming growth factor (Y (TGFa) and 
interleukin-1 (IL-l) rapidly increased tissue factor expression of MCF-7 cells peaking at 6-g h after starting point 
of incubation, as determined by clotting test, enzyme linked immunosorbent assay and flow cytometry. The data 
presented support the hypothesis that modulation of constitutive tissue factor expression in tumour cells by 
TGFa and IL-1 could also occur in vivo possibly resulting from interactions of stromal and cancer cells. The 
meaning for tumour biology, however, remains unclear. 
EurJ Cancer, Vol. 28A, No. 12, pp. 1999-2002,1992. 

INTRODUCTION 
TISSUE FACTOR (TF) is a 47 kDa transmembrane glycoprotein 
receptor and the essential cofactor for factors VIINIIa, thereby 
triggering the cell surface assembly of coagulation protease 
cascade, finally leading to formation and deposition of fibrin 
[l-3]. The human TF gene has been cloned [4]. Its molecular 
biology of expression and function has been reviewed and 
discussed recently [S]. The constitutively expressed TF is prefer- 
entially detectable in cells corresponding to biological boundary 
layers (skin, epithelia of respiratory and gastrointestinal tract, 
cerebral cortex and adventitia of vessels) as described by Drake 
et al. [6] and Fleck et al. [7]. Within the vasculature, endothelia 
and monocytes can be induced by endotoxins or cytokines to 
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start synthesis of TF (for review, see [5]), a phenomenon 
which is commonly accepted as a link between haemostasis and 
inflammation [5]. TF can be also detected in cells of certain 
malignant tumours [8, 91. Furthermore, fibrin deposits have 
been localised in several tumours and metastases (10, 111, 
and clotting abnormalities are frequently observed in tumour 
patients [12, 131. But until now, there is no clear evidence what 
role, if any, TF expression and activation of blood coagulation 
cascade proteases would play in tumour growth. 

Recent studies from our laboratory have shown that human 
primary breast cancer tissues express TF in a highly individual 
manner [ 141. The amount of immunohistochemically detectable 
TF apoprotein showed a close correspondence to the procoagu- 
lant activity (PCA) of those tumour tissues. Besides the individ- 
ual variations of TF in 115 primary cancers, a highly hetero- 
geneous distribution of TF-positive cancer cells was the 
predominant pattern. The latter could reflect genomic hetero- 
geneity of the cancer cell populations, as well as different 
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functional states of tumour cells, depending on regulatory 
factors. 

The aim of the present study was, therefore, to explore the 
possible regulation of TF expression in the human breast cancer 
cell line MCF-7 by growth factors. The findings to be detailed 
reveal that TF in MCF-7 cells can be modulated by certain 
growth factors. 

Reagents 
MATERIALS AND METHODS 

Ham’s FlZ-medium, trypsin-EDTA solution, EDTA 
(disodium salt), recombinant human cytokines tumour necrosis 
factor (TNFa), interleukin 6 (IL-6), granulocyte/macrophage 
colony stimulating factor (GM-CSF), epidermal growth factor 
(EGF), and gentamycin were purchased from Boehringer 
(Mannheim, FRG). HEPES and n-octyl-P-D-glycopyranoside 
were both from Sigma Chemical Co. (St. Louis, Missouri). 
Dulbecco’s minimal essential medium (DMEM), Tris, the 
recombinant cytokines platelet-derived growth factor (PDGF), 
transforming growth factor a and B (TGFa and J3), and inter- 
feron y (IFNy) were obtained from Serva (Heidelberg, FRG). 
Phosphate-buffered saline (PBS) was from SIFIN (Berlin, FRG) 
and fluorescein-isothiocyanate (FITC)-conjugated rabbit anti- 
mouse Ig was from Dako Diagostika (Hamburg, FRG). Formal- 
dehyde was from Merck (Darmstadt, FRG), fetal calf serum 
(FCS) from HyClon Laboratories (USA), and human brain 
thromboplastin from AWD (Dresden, FRG). o-Phenylene- 
diamine (OPD) was obtained from Fluka (Switzerland). Mono- 
clonal antibodies to human brain-derived TF (VI C12, V D8, 
VI C7) were generated in our laboratory [15]. Control mouse 
IgGl was obtained from Becton Dickinson (Heidelberg, FRG). 

Cell culture 
The human breast cancer cell line MCF-7 was kindly provided 

by Dr Theile (Central Institute of Cancer Research, Berlin- 
Buch, FRG). Cells were cultured in a humidified atmosphere of 
5% CO2 and 95% air in a mixture of 45% DMEM, 45% Ham’s 
F12 and 10% FCS with 2 mmol/l L-glutamine, non-essential 
aminoacids, 15 mmolil HEPES and 60 t.&nl gentamycin. Cells 
were maintained in monolayer culture and passaged with trypsin- 
EDTA weekly. 

Treatment of MCF-7 cells 
For stimulation, cells were harvested from subconfluent 

monolayer cultures after detachment by 0.05% trypsin/O.O2% 
EDTA (v/v) and seeded in 75 cm* culture flasks (ICN Biomedi- 
cals, Meckenheim, FRG) with complete medium at a concen- 
tration of 5 X 10’ cells. After 3 days of culture the medium was 
replaced by fresh complete medium containing the cytokines 
and growth factors at the following final concentrations: TNFa, 
IFN?, IL-6 and GM-CSF, 100 U/ml; IL-l, 20 U/ml; TGFB, 
EGF and PDGF, 5 ng/ml; TGFa, 2 ng/ml. The cell culture was 
continued and the tumour cells were mechanically harvested at 
desired culture intervals with a rubber policeman, washed three 
times with PBS containing 5 mmol/l EDTA, and adjusted to 5 
x 104 cells per ml for further use. Viability of tumour cells was 
80-95% as examined by Trypan blue exclusion. 

ELZSA 
For the detection of tissue factor in cell preparations, a 

sandwich enzyme linked immunosorbent assay (ELISA) was 
used, as described by Albrecht et al. [15]. Briefly, cells were 
pelleted by centrifugation and the supernatant was decanted. 

The cell pellets were frozen at -20°C and cells were disrupted 
by repeated freezing and thawing. Tissue factor was solubilised 
by incubation with 60 ~10.05 moY1 Tris-HCl, 0.1 mol/l NaCl, 
0.1% Triton X-100, pH 7.6 containing 5 mmohl EDTA for 30 
min at 37°C. 

For ELISA, microtiter plates (Nunc, Denmark) were coated 
with 50 ~1 of purified monoclonal antibody (10 ,ug/ml VIC12) 
at 4°C for 20 h. Plates were washed twice with 200 ~1 of wash 
buffer (0.02 moY1 phosphate buffer, 0.15 mol/l NaCI, 4% gelatin, 
0.05% Tween 20, pH 7.6). To minimise non-specific binding, 
the plates were incubated for 1 hat room temperature with wash 
buffer. Plates were incubated for 2 h at 37°C with 50 ~1 of TF- 
containing samples. Dilutions were performed with 0.05 mmol/l 
Tris-HCI, 0.1 moY1 NaCl, 0.1% Triton X-100, pH 7.6 contain- 
ing 5 mmol/l EDTA. Following three wash steps with wash 
buffer, 50 ~1 of peroxidase-conjugated anti-TF monoclonal 
antibody (Mab) (VIC7) were added and incubated for 2 h at 
room temperature. OPD was used as substrate. The absorbance 
was read at 492 m-n with a SUMAL one-channel photometer 
(Zeiss, Jena, FRG), and converted into ng of TF by reference 
to a standard curve developed from immunopurified human TF- 
apoprotein. 

Clotting test 
The procoagulant activity of cell preparations was assayed by 

determination of the acceleration of the clotting time of recalc- 
ified titrated normal human platelet-poor plasma in an one-stage 
clotting test. After washing, cells were pelleted by centrifugation 
and the supernatant was decanted. The cell pellets were frozen 
at -20°C for l-4 days. After thawing, the pellets were incubated 
with 30 ~1 of 15 mmoV1 n-octyl-J.&D-glycopyranoside for disrup- 
tion and solubilized in 70 pl25 mmol/l HEPES-saline at 37°C. 
In the coagulation assay, 100 ~125 mmol/l CaCl, were added to 
100 ~1 of titrated normal human platelet-poor plasma and 
100 ~1 of the cell lysate. The clotting time was measured in 
polypropylene tubes (Greiner, Nurtingen, FRG) by means of the 
wire loop technique at 37°C. The time recorded was converted to 
milliunits (mu) per 5 x lo4 cells of PCA by reference to a 
standard curve derived from a human brain thromboplastin 
standard. 

For neutralisation experiments, 50 ~1 of cell lysate and 50 p,l 
of anti-TF Mab (VIC7, 5 ng/ml) were mixed and incubated for 
30 min at 37°C. The coagulation time was measured with 
prewarmed titrated human plasma. Percentage of neutralisation 
was calculated using cell lysate incubated without antibody as 
100% coagulation (= 0% neutralisation). 

Flow cytometric analysis of tissue factor expression 
A cocktail of two monoclonal anti-TF antibodies (VD8 and 

VIC7, IgGl) was utilised for flow cytometric analysis of TF 
expression on tumour cells. After washing, cells were resus- 
pended in cold PBS, fixed for at least 30 min by adding 1 ml of 
cold 1% formaldehyde buffer and then washed twice. The fixed 
cells were seeded in polypropylene tubes (8 x 38 mm, Polyplast 
Halberstadt, FRG) and incubated for 30 min at 4°C with anti- 
TF Mab-cocktail. As negative control served control mouse 
IgGl. After washing, cells were stained with FITC-conjugated 
rabbit anti-mouse Ig for 10 min at room temperature. The 
stained cells were washed twice, resuspended in PBS and 
analysed by flow cytometry using a FACScan (Becton Dickinson, 
Heidelberg, FRG). 
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Fig. 1. (a) 525 nm fluorescence histogram of MCF-7 cells stained 
with anti-TF/rabbit anti-mouseF’Tc (-) in comparison with the 
negative antibody control (----). (b) Representative kinetics of TF 
expression of EGF (5 &ml) stimulated MCF-7 cells over 72 h 
analysed by flow cytometry (determination of mean cellular 525 nm 
fluorescence after anti-TFkabbit anti-mouseF’TC staining, negative 

control level over O-72 h (215 2 10). 

Statistical analysis 
Results were analysed for statistical significance by Student’s 

t-test. P values less than 0.05 were considered to indicate 
statistically significance differences. 

RESULTS 
Constitutive TF expression 

In the presence of serum without additional growth factors and 
cytokines MCF-7 cells harvested from subconfluent monolayer 
cultures showed both constitutive PCA by clotting test (19.2 
? 3.4 mU/S x lo4 cells) and molecular TF expression by flow 
cytometric analysis (Fig. la). PCA was TF as determined with 
factor VII- and factor X-deficient plasma (data not shown). 

Modulation of TF activity 
In a series of experiments we incubated the MCF-7 cells in 

the presence of various cytokines and growth factors over 20 h 
as indicated in Materials and Methods and measured the PCA, 
to determine if any modulation of clotting activity took place 
during this time. From the factors tested in three to five separate 
experiments IL-l, TGFol and EGF enhanced PCA of tumour 
cells up to 2-fold (IL-l: 166 i 45% PCA, P 5 0.03; TGFa: 196 
? 37% PCA, P 5 0.03; EGF: 212 ? 34% I’CA, P 5 0.02; 
control = 100% PCA). TNFa, IFN?, IL-6, TGFP, PDGF and 
GM-CSF had no significant modulatory effects on PCA of MCF- 
7 cells. 

Kinetics of TF modulation 
To study the time-course of growth factor-stimulated TF 

synthesis, tumour cells were cultured with EGF (methods) over 
a period from 0 to a maximum of 72 h and TF expression was 
analysed by PCA, ELISA technique and flow cytometry (Figs 
lb, 2). There was a rapid increase in TF expression during the 
first hours, reaching the maximum at 6-8 h, declining after 
12 h and meeting the value of the starting point after 48 h. 
Neutralisation of PCA with anti-TF Mab was 93 + 5%. Interest- 
ingly, functional TF expression (PCA), and immunoreactive TF 
content in cell lysates (ELISA) showed a close correspondence. 
On the other hand, increase of TF expression at the cell surface 
measured by flow cytometry was less, when compared with the 
total increase of immunoreactive TF protein in cell lysates (Figs 
lb, 2a). This could be explained assuming that only a limited 
amount of de novo synthesised TF becomes accessible for 
antibodies at the cell surface. 
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Fig. 2. Kinetics of TF expression analysed by a sandwich ELISA (a) 
and PCA analysed by clotting test (b) of cell lysates from MCF-7 
cultures with EGF (5 @ml) over 24 h. Results are presented as mean 

(SD) of three experiments. 

DISCUSSION 
The data presented here have shown constitutive TF 

expression in MCF-7 cells to be up-regulated by EGF/TGFa 
and also by IL- 1. The modulation of constitutive TF expression 
in other systems has been, so far, only initially inveestigated. In 
COS-7 cells, expressing high levels of TF in culture, a novel 
serum response element has been found in the TF promoter 
region [ 161. In general, the TF gene has been classified as an 
immediate early gene responsive to serum, purified growth 
factors or certain hormones (review in [S]). Exposure of mono- 
cytes to LPS [17] or endothelial cells to TNFa [18] rapidly 
induces transcription of TF gene. In murine AKR-2B fibro- 
blasts, TGFRP, is a strong inducer and PDGF, EGF and insulin 
are weak inducers of transcriptional TF gene activation [19]. 
All these data suggest that TF may participate in biological 
processes other than hemostasis including cell proliferation, 
inflammatory responses, wound healing and the effector limb of 
the immune system [5]. 

Since constitutive TF expression of MCF-7 breast cancer cells 
can be modulated by mononuclear cell products as, for example, 
TGFa and IL-l, it seems possible that similar modulations 
could occur in vivo, resulting from interactions of stromal and 
cancer cells. The cell-bound assembly of a thrombin generating 
protease cascade can evoke other signals, which mediate acti- 
vation of a variety of cell types and functions [20]. However, 
the possible meaning for tumour biology remains a subject of 
speculation. 

In our laboratory experiments are in the process of investigat- 
ing possible interactions of TF-triggered tumour cell surface 
assembly of proteases and extracellular matrix with regard to 
tumour cell proliferation, differentiation and invasion. 
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Modulation of Tumour Marker CA-125 Expression 
in Cultured Ovarian Carcinoma Cells 

C. Marth, A.G.Zeimet, G. Beck and G. Daxenbichler 

The aim of this study was to elucidate whether proliferation of ovarian carcinoma cells may affect the biosynthesis 
and release of CA-125. In a cell culture model the tumour marker CA-125 expression in cytosol, surface 
membrane, and release into culture medium was studied in six human carcinoma cell lines. Cell cycle analysis of 
propidium iodide stained nuclei was performed using a fluorescent activated cell sorter. The turnover of CA-125 
is very rapid, within 24 h the equivalent amount found in each cell was also released in the supematant culture 
medium. A good relation between cytosolic, membrane, and released CA-125 was observed. CA-125 expression 
was associated predominantly with the GJG, phase of the cell cycle and was dependent on cell density. The 
results presented here demonstrate that factors associated with tumour cell proliferation could influence the CA- 
125 serum level in ovarian cancer patients. 
EurJ Cancer, Vol. 28A, No. 12, pp. 2002-2006,1992. 

INTRODUCTION 
THE CA-125 TUMOUR marker, an antigenic determinant which 
is recognised by the monoclonal antibody OC125 is associated 
with high molecular weight glycoproteins [l]. These antigens 
are expressed by more than 80% of non-mutinous epithelial 

ovarian tumours as well as by other tissues of Miillerian origin 
[2, 31. Due to its clinical value in pre-operative diagnosis and 
monitoring of ovarian cancer, CA-125 is the leading tumour 
marker in this disease. The function of the glycoproteins carrying 
CA-125 is unknown and, because of their complex nature, 
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only little information about the physical and immunological 
properties of these antigens is available. It is important to know 
the factors regulating the expression of CA-125 to be able to 
further evaluate the definite role of CA-125 in monitoring 
patients. It is well known that CA-125 serum levels are closely 

related to tumour mass. The level of the tumour marker is 
elevated in only a small proportion of patients with microscopic 
disease, but in more than 70% of patients presenting with a 
tumour mass greater than 1 cm [4, 51. A persistently rising 
serum CA-125 concentration is commonly associated with pro- 
gression of the disease and is frequently observed several months 
prior to clinical evidence of progression. Apart from the number 
of tumour cells, other factors possibly influencing the level of 
CA-125 are still unknown. The aim of our study was to elucidate 
whether proliferation of tumour cells may affect the biosynthesis 

and release of CA-125. Moreover, we were interested in the 
kinetics of CA-125 turnover and its interactions with expression- 
inducing agents, such as interferons [6]. 


