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Background and Objectives. Clotting activation and
thromboembolic manifestations are common features in
patients with cancer. The two-way interaction between
tumor cells and host cells is of crucial importance in this
context. In the present study we investigated the effect
of tumor cell-endothelial cell co-culture on the expression
of procoagulant activity in the mixed cell populations.

Design and Methods. Human tumor cell lines (HL60
promyelocytic leukemia and Hela uterine cervical cancer)
and human umbilical vein endothelial cells (HUVEC) were
cultured in vitro according to standard procedures. Pro-
coagulant activity was studied in a coagulometer and
was found to be tissue factor-like. A calibration curve
was obtained with decreasing concentrations of rabbit
brain thromboplastin (RBT) and the procoagulant activ-
ity of both tumor cells and HUVEC was expressed as RBT
U/10s cells.

Results. Before incubation procoagulant activity (meanz
SE) was found to be 0.18+ 0.04 U in HUVEC, 9.8+1.9 U
in HL60 cells, 11.9+2.2 U in Hela cells, 7.2£1.4 Uin a
mixed HL60 cell-HUVEC population (ratio 2:1) and
8.54£2.0 in a mixed HelLa cell-HUVEC population (ratio
2:1). Incubation at 37°C for up to 4 hours of tumor cells
or HUVEC alone did not produce any change in procoag-
ulant activity. In contrast, co-incubation of tumor cells
with HUVEC for 4 hours was followed by a significant
increase in procoagulant activity of the mixed cell popu-
lations. Addition of supernatants from tumor cells, HUVEC
or tumor cell-HUVEC co-cultures to HUVEC or tumor cells
showed that the tissue factor-like procoagulant activity
generated during coincubation was localized on HUVEC.

Interpretation and Conclusions. Our results show that
the close interaction of tumor cells with endothelial cells
may induce surface expression of tissue factor in the lat-
ter. This effect could represent an additional mechanism
of clotting activation in patients with cancer.

©2002, Ferrata Storti Foundation

Key words: tissue factor, tumor cells, endothelial cells.

haematologica vol. 87(6):june 2002

Hemostasis b

research paper

haematologica 2002; 87:624-628
http://www.haematologica.ws/2002_06/624.htm

Correspondence: Prof. Guido Grignani, MD, Department of Internal
Medicine and Medical Therapy, Institute for Medical Care

“Citta di Pavia”, viale Parco Vecchio 27, 27100 Pavia, Italy.
Phone: international +39.0382.433651. Fax: international
+39.0382.576821. E-mail: grignani@unipv.it

plication in cancer patients and may even be

the first sign of malignancy.# It has been esti-
mated that 50% of all cancer patients, and 95% of
those with metastasis, exhibit abnormalities in blood
clotting.> Tumor-associated activation of blood
coagulation may occur by either direct (tumor cell-
mediated) or indirect (host cell-mediated) mecha-
nisms. The direct activation of blood coagulation is
related to several tumor-associated procoagulant
agents, including tissue factor,5-° a membrane gly-
coprotein which binds coagulation factor VII and
cancer procoagulant, a cysteine proteinase which
directly activates factor X.4620 On the other hand, the
interaction of tumor cells with host cells may induce
the expression of procoagulant activity in the latter,
thus enhancing clotting activation in cancer
patients. This effect has been clearly documented in
tumor-associated macrophages as well as in circu-
lating monocytes.1-12

Experimental and clinical evidence also suggests
that the functions of host endothelial cells may be
altered by the presence of a growing tumor. In fact,
resting and activated endothelial cells were found to
be increased in peripheral blood of cancer patients,?
several tumor-derived factors may induce tissue fac-
tor activity on endothelial cells in vitro'*5 and
expression of tissue factor in endothelial cells with-
in the tumor vasculature was found to be correlat-
ed with the malignant phenotype in human breast
disease.1® However, the mechanisms of such activa-
tion of endothelial cells by tumor cells have not yet
been clearly identified.

The purpose of the present study was to elucidate
whether the interaction of tumor cells and endothe-
lial cells could induce the expression of procoagu-
lant activity in the mixed cell populations and
whether this effect is related to soluble factors
released by cells in culture or requires the close
interaction between the two cell types.

Thromboembolic disorders are a common com-
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Design and Methods

Cell culture

Human umbilical vein endothelial cells (HUVEC)
were isolated from umbilical cord by digestion with
0.1% collagenase (Sigma, St. Louis, MO, USA) as
previously described.ts Human tumor cell lines
(HL60 promyelocytic leukemia and Hela uterine
cervical cancer) were purchased from the American
Type Culture Collection (Rockville, MD, USA).

All cell lines were grown in 95% air and 5% CO-
in tissue culture flasks (Costar, Cambridge, MA,
USA) in RPMI-1640 medium (KC Biological, Lenexa,
KA, USA), supplemented with 10% fetal calf serum,
2 mM L-glutamine and 1% streptomycin-penicillin.
HL60 cells grew in suspension. Confluent mono-
layers of HUVEC or Hela cells were washed three
times with Ca* - Mg?* -free Hanks' balanced salt
solution (HBSS) and cells were harvested in the
absence of proteolytic enzymes by exposing the
monolayers to 5 mM EGTA in HBSS for 1 hour at
37°C. The cells were then washed three times in
HBSS and counted in a hemocytometer. Cell via-
bility, as determined by trypan blue exclusion,
ranged between 90 and 95% for all cell lines.

Tumor cell-endothelial cell co-culture

Cells were resuspended in pre-warmed (37°C),
serum-free RPMI-1640 medium at the final concen-
tration of 106 cells/mL and incubated for up to 4
hours at 37°C in plastic tubes. Experiments were per-
formed by incubating each cell line alone and also by
studying, in parallel, mixed cell populations, obtained
by adding HL60 cells to HUVEC (ratio 2:1) and HelLa
cells to HUVEC (ratio 2:1). Aliquots of the different
cell suspensions were removed after appropriate
incubation times (O min, 120 min and 240 min) for
the assays of procoagulant activity (see below). At
the end of incubation cells were counted again; no
significant change was ever observed compared to
pre-incubation values, indicating that in these exper-
imental conditions no significant adhesion of cells to
the test tube occurred. Furthermore, in crossover
experiments HUVEC, tumor cells or tumor cell-
HUVEC co-cultures (ratio 2:1) were resuspended in
serum-free RPMI-1640 medium at the final concen-
tration of 108 cells/mL and incubated for 4 hours at
37°C. The cells were then sedimented by centrifuga-
tion at 900 x g for 10 min at room temperature.
Supernatants were collected and used to resuspend
HUVEC or tumor cells cultured in parallel and pel-
letted in a similar way. Incubation was then resumed
and continued for 4 additional hours at 37°C. Pro-
coagulant activity of HUVEC and tumor cells was
determined at the end of the second incubation.

Assay of procoagulant activity

Procoagulant activity of HUVEC, tumor cells or of
mixed cell populations was studied as previously
described.5 Briefly, 100 uL of serum-free RPMI-
1640 medium or of cell suspension (10° cells/mL in
the same culture medium) were incubated with
100 uL of human normal plasma for 2 min at 37°C
in an Elvi 820 coagulometer (Logos, Milan, Italy).
The reaction was started by addition of 100 uL of
0.025 M CaCl; and the time required for clotting
was recorded. The dependence on factor VIl or fac-
tor X was assayed by using human factor VII-defi-
cient plasma or factor X-deficient plasma (Sigma).

The procoagulant activity of all cell lines was
found to be tissue factor-like and was expressed as
specific activity in arbitrary units as already
described.s Briefly, a calibration curve was obtained
with decreasing concentrations (from 101 to 10-9)
of rabbit brain thromboplastin (RBT, Sigma) and
the procoagulant activity of HUVEC, tumor cells or
of mixed cell populations was expressed as RBT
U/105 cells. One unit corresponds to the procoagu-
lant activity of the 10-3 dilution of RBT.

Statistical analysis

Statistical analysis of data was performed by
one-way analysis of variance (ANOVA) for repeat-
ed measures. A probability value of less than 0.05
was considered statistically significant.

Results

Procoagulant activity of tumor cells and of
HUVEC

In basal conditions HL60 cells and HelLa cells
were able to shorten significantly the recalcifica-
tion time of human normal plasma, while HUVEC
showed a much less evident effect (Table 1). Mixed
tumor cell/HUVEC populations (ratio 2:1) possessed
a procoagulant activity which was slightly lower
than that of tumor cells alone. No activity was ever
present in factor Vll-deficient plasma or in factor
X-deficient plasma, suggesting that the procoag-
ulant activity of all cell lines was attributable to
membrane-bound tissue factor. The activity was
then expressed as RBT U/105 cells as described in
the Design and Methods.

Effect of tumor cell-HUVEC co-incubation
on tissue factor expression

Incubation at 37°C for up to 4 hours of tumor cells
or HUVEC alone did not produce any change in pro-
coagulant activity (Table 2). In contrast, when tumor
cells were co-incubated with HUVEC, tissue factor
expression in the mixed cell populations was sub-
stantially unchanged after 120 min, but after a 4

haematologica vol. 87(6):june 2002



626 A. Maiolo et al.

Table 1. Effect of tumor cells, HUVEC and of mixed cell pop-
ulations (10¢ cells/mL) on the recalcification time of dif-
ferent human plasma substrates.

Recalcification time (sec.)*

Normal Factor VIl Factor X
plasma deficient plasma  deficient plasma
HL60 48-56 >300 >300
Hela 45-55 >300 >300
HUVEC 114-155 >300 >300
HL60/HUVEC
(ratio 2:1) 54-63 >300 >300
HeLa/HUVEC
(ratio 2:1) 52-61 >300 >300
RPMI-1640 medium >300 >300 >300

*Range of values obtained with duplicate measurements in 3 independent
experiments.

Table 2. Effect of incubation of tumor cells, HUVEC or of
mixed cell populations on cell-associated procoagulant
activity (RBT U/105 cells) (means + S.E. of data from 5
independent experiments).

Time of incubation at 37°C

0 120° 240’

HL60 98+19 10.7+£16 103+19
Hela 11.9+22 108+18 123+26
HUVEC 0.18+0.04 0.21+0.06 0.20+0.06
HL60/HUVEC

(ratio 2:1) 72+14 82+17 138 +3.4*
HelLa/HUVEC

(ratio 2:1) 85+20 102+£25 16.8 £ 4.1%*

*p < 0.05 versus 0' values; **p < 0.02 versus 0' values.

hour incubation at 37°C it was significantly
increased. These results demonstrate that co-incu-
bation of tumor cells with HUVEC for an appropri-
ate time may produce an increase in the clot pro-
moting activity of the mixed cell populations.

Localization of tissue factor generated
during tumor cell-HUVEC co-incubation

As described in the Design and Methods, super-
natants of tumor cells, HUVEC or tumor cell/HUVEC
co-cultures were used to resuspend HUVEC or
tumor cells cultured in parallel and the procoagu-
lant activity was determined at the end of a sec-
ond 4-hour incubation at 37°C.

The effects of the different supernatants on the
procoagulant activity of HUVEC are reported in Fig-
ure 1. This activity was significantly increased after
addition of supernatants from tumor cells incu-
bated alone, but the increase was even greater
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Figure 1. Effect of supernatants from HUVEC, tumor cells or
tumor cell-HUVEC co-cultures on the procoagulant activity
of HUVEC (means#S.E. of data from 5 independent experi-

ments).
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Figure 2. Effect of supernatants from HUVEC, tumor cells or
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when supernatants from tumor cell-HUVEC co-cul-
tures were used.

In contrast, supernatants from HUVEC, tumor
cells or tumor cell-HUVEC co-cultures had no
appreciable effect on procoagulant activity of HL60
cells (Figure 2) or of HeLa cells (Figure 3).

These data suggest that tissue factor generated
during tumor cell-HUVEC co-incubation is local-
ized on endothelial cells.

Discussion

Our study has shown that the procoagulant
activity of the cell lines investigated was exclu-
sively related to membrane-bound tissue factor
and that in basal conditions HUVEC showed a very
low procoagulant capacity with the same charac-
teristics. Tissue factor expression on both tumor
cells and HUVEC was unchanged when the cells
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Figure 3. Effect of supernatants from HUVEC, tumor cells or
tumor cell-HUVEC co-cultures on the procoagulant activity
of Hela cells (means+S.E. of data from 5 independent
experiments).

were incubated alone for up to 4 hours, indicating
that in these experimental conditions no sponta-
neous activation of cells occurred. As far as
endothelial cells are concerned, our data confirm
the results of a previous study,” in which cell asso-
ciated procoagulant activity was found to be low
and stable when these cells were incubated alone.

Our study has also shown that co-incubation of
tumor cells with HUVEC for 4 hours is followed by
a significant increase in procoagulant activity of
the mixed cell populations. This activity was iden-
tical to that observed in basal conditions, i.e. it was
totally dependent on factor VIl (data not shown).
Therefore, although tissue factor mRNA levels were
not measured, this procoagulant activity may be
attributed to membrane-bound tissue factor.® Dif-
ferent hypotheses may be put forward to explain
this effect. Tumor cells are known to produce and
release various cytokines, including interleukin (IL)-
1 and tumor necrosis factor (TNF), which can
induce procoagulant activity on endothelial cells.t
Furthermore, several other tumor cell-derived fac-
tors have been identified which demonstrate
pleiotropic activities on endothelial cells and may
induce upregulation of tissue factor expression and
potentiation of TNF activity; these include vascu-
lar endothelial growth factor,'8 endothelial-mono-
cyte activating peptides | and 11,4 and other less
well characterized agents.t> On the other hand,
endothelial cells activated by IL-1 or TNF are them-
selves the source of different cytokines, including
various chemokines, colony-stimulating factors, IL-
6 and IL-1 itself;° this can lead to amplification of
cytokine release in tumor cell-HUVEC co-cultures
with further activation of endothelial cells and pos-

sibly also of tumor cells themselves, as it is known
that expression of tumor cell procoagulant activi-
ty may be increased by cytokines such as TNF,
interferon (IFN)-o. or IFN-y.%0

The great complexity of the two-way interaction
between tumor cells and endothelial cells and the
consequent possible modulation of procoagulant
activity of both cell types may well explain why in
previous studies the mechanisms responsible for
the increase in procoagulant activity of the mixed
cell populations remained largely obscure.

The crossover experiments presented in this
paper may help to clarify some of these issues.
Supernatants of tumor cells cultured alone pro-
duced a significant increase in procoagulant activ-
ity of HUVEC, but the increase was even greater
when supernatants from tumor cell-HUVEC co-cul-
tures were used. In contrast, tumor cell procoagu-
lant activity was not significantly modified by addi-
tion of supernatants from HUVEC, tumor cells or
tumor cell-HUVEC co-cultures. These data demon-
strate that upregulation of tissue factor expression
on endothelial cells is responsible for the increase
in procoagulant activity generated during tumor
cell-HUVEC co-incubation. Evaluation of tissue
factor pathway inhibitor on endothelial cells before
and after their interaction with tumor cells could
be of importance to elucidate the mechanisms
responsible for modulation of tissue factor activi-
ty and may be the subject of future investigations.
In any case, we have clearly shown that products
released by tumor cells in culture are partly respon-
sible for the increase in procoagulant activity, but
that close interaction between the two cell types
is essential for a complete activation of endothe-
lial cells to occur, which requires cell-cell contact
and cross-talk. Although the nature of cytokines or
other factors involved remains to be determined,
our observation is of interest because it could offer
an explanation for the enhanced expression of tis-
sue factor activity found on the endothelium with-
in tumor vasculature,® where a close interaction
exists between tumor cells and endothelial cells.

One can also speculate that overexpression of
tissue factor inside tumor microvessels could even
affect tumor growth, as it is known that tissue fac-
tor may play an important role in angiogenesis and
in cancer progression.2-23

In conclusion, co-incubation of tumor cells with
endothelial cells may induce surface expression of
tissue factor in the latter. Products released by
tumor cells in culture are partly responsible for this
effect, but the close interaction between the two
cell types leads to further upregulation of tissue
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factor expression on endothelial cells. This effect
could represent an additional mechanism of clot-
ting activation in patients with cancer and could
even affect tumor progression and angiogenesis.
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What is already known on this topic

There is much evidence indicating that tumor cells and
host cells interact to induce clotting activation in patients
with cancer.

What this study adds

This study investigates the effect of tumor cell-endothe-

lial cell coculture on the expression of procoagulant

activity (tissue factor) on the endothelial cells.
Potential implications for clinical practice

These in vitro data suggest that the close interaction of
tumor cells with endothelial cells could represent a
mechanism of clotting activation in patients with cancer.
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