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Colon cancer metastasis in mouse liver is not affected by
hypercoagulability due to Factor V Leiden mutation
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Abstract

Clinical trials have shown life-prolonging effects of antithrombotics in cancer patients, but the molecular
mechanisms remain unknown due to the multitude of their effects. We investigated in a mouse model whether
one of the targets of antithrombotic therapy, fibrin deposition, stimulates tumour development. Fibrin may pro-
vide either protection of cancer cells in the circulation against mechanical stress and the immune system,
or form a matrix for tumours and/or angiogenesis in tumours to develop. Mice homozygous for Factor V Leiden
(FVL), a mutation in one of the coagulation factors that facilitates fibrin formation, were used to investigate
whether hypercoagulability affects tumour development in an experimental metastasis model. Liver metas-
tases of colon cancer were induced in mice with the FVL mutation and wild-type littermates. At day 21, num-
ber and size of tumours at the liver surface, fibrin/fibrinogen distribution, vessel density and the presence of
newly formed vessels in tumours were analysed. Number and size of tumours did not differ between mice
with and without the FVL mutation. Fibrin/fibrinogen was found in the cytoplasm of hepatocytes and cancer
cells, in blood vessels in liver and tumour tissue and diffusely distributed outside vessels in tumours, indicat-
ing leaky vessels. Vessel density and angiogenesis varied widely between tumours, but a pre-dominance for
vessel-rich or vessel-poor tumours or vessel formation could not be found in either genotype. In conclu-
sion, the FVL mutation has no effect on the development of secondary tumours of colon cancer in livers of
mice. Fibrin deposition and thus inhibition of fibrin formation by anticoagulants do not seem to affect tumour
development in this model.
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Introduction

Cancer patients are at an increased risk of develop-
ing venous thromboembolism (VTE) as compared
with the general population [1,2]. Cancer itself can
induce a hypercoagulable state by pressure on veins,
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damage of vessel walls and by direct or indirect
activation of the coagulation system [3]. Evidence is
accumulating that this hypercoagulable state may
help cancer progression: fibrin and platelets may
aggregate on cancer cells and protect them against
mechanical stress and the host immune system in the
circulation, and/or provide a matrix for tumour
development and tumour-associated angiogenesis
and/or facilitate adhesion to endothelium [4-7]. The
coagulation system may also activate platelets and
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endothelial cells to release growth factors that
facilitate cancer cell proliferation [3, 6, 8].

Clinical trials have shown life-prolonging effects of
anticoagulants in cancer patients [9—13], but the
molecular mechanisms are not understood yet [5, 7].
Anticoagulants have many effects besides inhibition of
fibrin formation in biological systems [5, 7]. Therefore,
we decided to study the effects of fibrin formation per
se on the formation of secondary tumours. A mouse
model of hypercoagulability on the basis of the factor
V Leiden (FVL) mutation [14] was used to determine
effects of elevated fibrin deposition on the development
of metastases of colon cancer in the liver [15]. Factor
V is an important co-factor in the coagulation cascade
and the Leiden mutation makes it resistant to degrada-
tion by activated protein C, thereby inhibiting an impor-
tant negative feedback loop in the system [16,17].
Mice that have been ‘knocked-in’ with the same mutation
show an increased tendency to develop thrombosis [14].
Moreover, increased fibrin deposition in tissues including
the liver has been demonstrated in these mice [14].

Number and size of tumours were determined on
the surface of livers of mice homozygous for the FVL
mutation and their wild-type littermates at day 21 after
inoculation of syngenic colon cancer cells. Furthermore,
fibrinffibrinogen distribution was analysed in liver and
tumour tissue and density of blood vessels and
angiogenesis were studied in tumours as well because
in vitro experiments have indicated that angiogenesis
is affected by anticogulants and particularly
low-molecular-weight heparin [18].

Materials and methods

Animals

FVL mice carrying a single amino acid mutation (arginine
to glutamine mutation at position 504) have been described
previously by Cui and coworkers [14]. FVL mice were back-
crossed to C57BI/6J mice for four generations (N4).
Inter-crossing of N4 FVL heterozygous mice resulted in the
homozygous and wild-type mice used in the current study.
Since the difference in genetic background between these
mice and C57BI/6J mice may affect the results, wild-type
littermates were used as controls. All mice were bred and
maintained at the animal care facility at the Academic
Medical Center, with free access to food and water. The
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data of two separate experiments were combined. In total,
18 homozygous FVL mice and 17 wild-type littermates
were used. Three homozygous FVL mice and four wild-
type littermates were used as sentinels in the first experi-
ment (see below). The experiments were performed in
agreement with the Animal Ethics Committee of the
Academic Medical Center.

Cancer cells

An established syngenic murine colon adenocasein cell
line, MCA-38, was kindly provided by Dr. E. Nelson,
National Cancer Institute, Frederick MD, USA. Cells were
cultured at 37°C as monolayers in RPMI 1640 Dutch mod-
ification without L-glutamine (GIBCO/BRL, Grand lIsland
NY, USA) supplemented with 10% (v/v) fetal calf serum, 2
mM L-glutamine, 1 mM sodium pyruvate, 10 mM HEPES,
0.1 mM non-essential amino acids for minimum essential
medium Eagle, 0.001% (v/v) B-mercaptoenthanol, 100 U
penicillin/ml and 100 mg streptomycin/ml. Cells were
washed with phosphate-buffered saline (PBS) and, after
detachment with trypsin (0.05% w/v) and EDTA (0.02%
w/v) in PBS followed by centrifugation (250 g, room
temp, 10 min), single cell suspensions were obtained
with a viability of at least 95% as checked with Evans
blue staining.

Surgery

An established liver metastasis model was used, previously
described by Giriffini et al. [15]. Briefly, a small midline inci-
sion was made in the abdominal wall of the mice under
anaesthesia with FFM mix (1ml Hypnorm, 1 ml Midazolam,
and 2 ml water (FFM), 0.07 ml/10 g body weight, intraperi-
toneally administered). A suspension containing the cancer
cells (3 x 10° in the first experiment and 2.5 x 10 in the sec-
ond experiment) in 100 W PBS was injected into the portal
vein using a 30-gauge needle. In order to prevent peritoneal
seeding, the portal vein was closed by applying
pressure with a piece of Spongostan (Medical Workshop,
Groningen, The Netherlands) until bleeding had stopped. The
abdomen was closed using stitches (Perma-hand woven
non-absorbable sutures 5/0; Ethicon, Johnson & Johnson,
New York NY, USA).

Monitoring of the animals

In order to prevent overgrowth of the experimentally-
induced metastases in the liver, seven sentinel mice were
used in the first experiment, three homozygous FVL mice
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and four wild-type littermates. These animals were injected
with cancer cells at the same time as the other mice, but
their abdomen was opened on day 14, 16 and 17 of the
experiment to inspect the liver for overgrowth. It allowed for
earlier termination of the experiment when the animals
would show signs of excessive tumour growth. However,
this was not the case in any of the animals. Therefore, the
experimental mice were kept for 21 days after administra-
tion of the cancer cells. The sentinel mice were excluded
from further analysis.

Preparation of liver tissue and
evaluation of tumour growth

The animals were sacrificed at day 21 with an
overdose of FFM mix (0.1 ml/10 g body weight). The livers
were removed immediately and the surfaces of the liver
lobes were macroscopically examined for the presence of
tumours. The size of all tumour nodules was measured using
callipers [19]. The livers were weighed and subsequently
frozen in liquid nitrogen and stored at —80°C until used.
Serial sections (6 LLm thick) were cut at a cabinet tempera-
ture of —25°C using a motor-driven cryostat (Bright,
Huntingdon, UK), collected on clean glass slides (Star Frost;
Knittel Glaser, Braunschweig, Germany) and stored at
—20°C until further use.

Statistics

Because of the small numbers of animals, data of groups
of animals were pooled over the two experiments. Variables
that were normally distributed within the groups were com-
pared using a Student’s t-test and those that were not nor-
mally distributed were compared using a non-parametric
Mann-Whitney test. Values of < 0.05 were considered to
indicate significant differences between animal groups.

Histochemistry

Immunohistochemical staining of serial cryostat
sections was performed as described previously [15] with the
use of both the goat polyclonal antibody against fibrin/fibrino-
gen (Accurate, Westbury NY, USA) in a dilution of 1:500 and
the rat monoclonal antibody against mouse CD105 or
endoglin (Clone MJ7/18; BD Biosciences, Erembodegem,
Belgium) in a dilution of 1:10 [20] as primary antibodies and
secondary rabbit anti-goat or rabbit anti-rat antibodies cou-
pled with horseradish peroxidase (Dako, Glostrup, Denmark),
in a dilution of 1:100 or 1:200, respectively. Visualization was
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performed by using the chromogen diaminobenzidine (Fluka,
Buchs, Switzerland).

The anti-fibrin/fibrinogen antibody stains fibrin and fibrino-
gen equally well and the anti-CD105/endoglin antibody stains
newly-formed vessels [21, 22]. Sections were counterstained
with haematoxylin for 5 sec and mounted in glycerin—gelatin.
Control incubations were performed in the absence of the pri-
mary antibody in the incubation medium.

Furthermore, we performed staining of alkaline phos-
phatase activity [23], that is expressed by endothelial cells in
general in various types of tumours [24]. After incubation, sec-
tions were rinsed and mounted in glycerin—gelatin. Control
incubations were performed in the absence of substrate.

Staining of the tumours was performed semi-quantita-
tively using the following grading system: 0, absence of
staining; 1, moderate staining in patches in the tumour
area; 2, moderate staining all over the tumour area; 3,
strong staining all over the tumour area.

Results

In the second experiment, two FVL mice and one
wild-type mouse died during or directly after surgery,
leaving a total of 13 homozygous FVL mice and
12 wild-type littermates for analysis.

Tumour load

Twenty-one days after cancer cell inoculation,
tumours were macroscopically visible on the livers
of all animals. Numbers and sizes of tumours in
each animal varied strongly irrespective of the
genotype (Fig. 1 and Table 1). Differences between
mice with and without FVL were not statistically
significant. The mean values of numbers and sizes
of tumours were similar (Fig. 1). The median values
(Table 1) differed considerably (4.5 tumour per FVL
mouse and one per wild-type mouse, whereas
48.3% of the tumours were larger than 1 mm in
diameter in the FVL mice and 28.6% in the
wild-type mice). However, these differences were
not significant either.

Fibrin/fibrinogen localisation

Since the antibody against fibrin cross-reacted
with fibrinogen, both forms were demonstrated.
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Fig. 1. Numbers (A) and sizes (expressed as percentage of tumours larger than 1 mm in diameter; (B) of experimentally-
induced colon cancer metastases in homozygous FVL mice and wild-type mice at 21 days after cancer cell inoculation.

Horizontal bars represent the mean values.

Table 1. Quantitative analysis of colon cancer metastases in livers of mice with a homozygous FVL

mutation and wild-type littermates

Parameter * Homozygous Wild-type
FVL mutation
(n=13) (n=12)
Liver weight 1.5+0.5 1.6+0.9
Number of tumours 4.5 (1-104) 11 (1-67)
Percentage of large tumours 48.3 (0—100) 28.6 (0—100)

* Liver weight is given in g as mean =+ standard deviation, numbers of tumours are given as median value and range in
between brackets, and percentage of large tumours as median value and range in between brackets.

Weak staining was detected in the cytoplasm of both
liver parenchymal cells and cancer cells (Fig. 2A and
B and Fig. 3A-D). This was expected for the former
cell type as it produces fibrinogen. Staining of the
cytoplasm of cancer cells indicated production of fib-
rinogen by these cells as well. In addition, strong
staining was present in the lumen of vessels both in
liver tissue and tumours (Fig. 2C and D), probably
representing clots formed during postmortem stasis
of blood in these vessels. Endothelial cells of vessels
both in liver parenchyma and tumours were also
positive for fibrinogen/fibrin (Fig. 2C and D). Staining
was also diffusely localized around vessels in
tumours (Fig. 2D and 3), which would be in line with
earlier observations of fibrinogen leakage from intra-
tumoural vessels with subsequent conversion into
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fibrin in cancer stroma [25-27]. We expected to find
increased fibrin deposition in the homozygous FVL
mice, but differences in distribution patterns of
fibrin/fibrinogen between tumours of these mice and
their wild-type littermates could not be detected by
semi-quantitative analysis (Fig. 3).

Vascularization of tumours

Since fibrin provides a scaffold for angiogenesis
[4, 5, 8, 18], we investigated whether there were dif-
ferences in vascularization of the tumours in animals
with and without the FVL mutation. In tumours,
strand-like structures that co-localized with fibrin/fib-
rinogen were positive for either CD105/endoglin, the
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Fig. 2. Immunolocalization of fib-
rin/fibrinogen in cytoplasm of liver
parenchymal cells (A) and colon
cancer cells (B) and in the lumen

of a branch of the vena portae »

(vp) and sinusoids (arrows) in ¢ 4 “1*
liver parenchyma (C) and in a : .
vessel in colon cancer liver ..I."" 1

metastasis (D) of a homozygous
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marker for newly-formed endothelial cells or alkaline
phosphatase activity, the marker for endothelial cells
in general or both (Fig. 3E-I).

Semi-quantitative analysis revealed that the ves-
sel content of tumours varied largely in individual
mice and intra-individually. Vascularization appeared
to be independent of tumour size since vessels were
present in both small and larger tumours. Vessels
were not distributed homogeneously in tumours.
Some areas were rich in vessels, whereas other
areas in the same tumour were without any staining
for endoglin or alkaline phosphatase activity. These
large individual variations in vascularization and
angiogenesis in tumours were independent of the
FVL genotype of the mice.

Discussion

In our search for molecular mechanisms of the life-
prolonging effects of anticoagulants in cancer
patients [9—13], we have studied metastasis of colon
cancer in the liver in a mouse model of hypercoagu-
lability. The FVL mutation is a risk factor for thrombo-
sis because of a defective negative feedback loop in
the formation of fibrin by the coagulation system.
Cancer patients with the FVL mutation have a higher
risk to develop thrombosis than patients without the
mutation [28]. On the other hand, there are no clear
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indications that the FVL mutation is a risk factor for
developing cancer [29, 30]. However, an effect of the
FVL mutation on tumour development in our animal
model was expected for at least two reasons. Firstly,
fibrin around cancer cells may protect the cells from
the host immune system. Secondly, fibrin can act as
a scaffold for growth of tumours or the development
of angiogenesis. Since FVL has been found to affect
the amount of fibrin in tissues including the liver [14],
indirect effects on both tumour development and
angiogenesis in tumours were expected. However,
statistically significant differences were not found in
the present study in numbers of tumours or size of
the tumours between homozygous FVL mice and
wild-type littermates.

We realize that inter-individual variation in number
and size of tumours is large and therefore, subtle dif-
ferences are not detectable. This is inherent to the
cancer model, but biologically-significant effects can
be detected [15]. The effects of anticoagulants in
cancer patients were rather dramatic. For example,
Klerk et al. [11] found that survival was prolonged by
6 months after treatment with low-molecular-weight
heparin for 6 weeks. Therefore, we like to conclude
that the FVL mutation does not affect tumour devel-
opment in this model, indicating that the life-prolong-
ing effects of antithrombotics in cancer patients are
not simply due to inhibition of fibrin formation.
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Fig. 3. Staining of fibrin/fibrinogen and endothelial cells in colon cancer liver metastases in mice varied strongly irrespec-
tive of the FVL genotype. Serial sections of livers of both mice with FVL mutation and wild-type littermates with tumours
were stained for fibrin/fibrinogen (A-D), CD105/endoglin (E-H) and alkaline phosphatase activity (I-L). (A, E, 1)
Micrographs of a tumour (T) and liver parenchyma (P) of a mouse homozygous for the FVL mutation. In this tumour,
CD105/endoglin, but not alkaline phosphatase activity co-localized with fibrin/fibrinogen depositions indicating that virtually
all vessels were newly formed. (B, F, J) Micrographs of a tumour and liver parenchyma of a mouse with FVL mutation. In
this tumour alkaline phosphatase activity, but not CD105/endoglin co-localized with fibrin/fibrinogen depositions. (C, G, K)
Micrographs of a vessel-poor tumour in a wild-type littermate. (D, H, L) Micrographs of a tumour with vessels that were pos-
itive for all three markers in a wild-type littermate. Bar = 100 LLm.
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Antithrombotics do not appear to exert their effects
on primary tumours, but rather on metastases [7]. On
the basis of the findings in the present study, we like to
suggest that the effects of antithrombotics in cancer
patients are involving specific cancer cell-platelet
and/or cancer cell-endothelial cell interactions rather
than inhibition of thrombus formation and blood coagu-
lation. This is in agreement with the fact that chemical-
ly-modified heparins with no or limited antithrombotic
activity also have shown anti-metastatic properties [7].
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