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Abstract
Malignant melanoma cells are known to have altered expressions of growth factors as compared to
normal melanocytes. Thrombomodulin (TM) is a thrombin receptor on endothelial cells that
converts thrombin from a procoagulant to an anticoagulant enzyme. TM expression is
downregulated in tumor cells, and this phenomenon correlates with tumor cell invasiveness and a
poor prognosis in cancer patients. In this study, we evaluated TM expression in two human
melanoma cell lines that are known to have either low (WM35) or high (A375) aggressive
phenotypes. Analysis by quantitative real-time PCR (qPCR) showed that the mRNA expression of
TM is modestly (WM35) or dramatically (A375) downregulated in melanoma cells, as compared
to human primary melanocytes. TM expression levels inversely correlated with in vitro migration
properties of tumor cells. In addition, interleukin-8 (IL-8) expression also correlated with the
degree of aggressiveness, as indicated by high expression levels of this cytokine in A375 cells.
Overexpression of TM in A375 cells by transient transfection reversed their aggressive phenotype
and dramatically decreased IL-8 expression by these cells. Taken together, these results suggest
that down-regulation of TM plays a crucial role in melanocyte transformation and melanoma
progression.
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Introduction
Malignant melanoma is an aggressive tumor that arises from melanocytes and is resistant to
most current therapeutic approaches [1]. Metastatic melanoma develops when tumor cells
dissociate from the primary lesion, migrate through the surrounding stroma and invade
blood and lymphatic vessels to form a tumor at a distant site [2]. Invasion and spread of
melanoma are related to alterations in adhesion properties of cells that regulate their
migration, tissue organization, and organogenesis [3].
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An important link between cancer and coagulation has long been established [4,5]. The
clotting initiator protein tissue factor (TF) is expressed in many types of cancer cells.
Additionally, research on cultured cells and patient specimens point to a strong correlation
between TF expression level and aggressive tumor behavior [6–8]. The TF procoagulant
activity is known to be associated with tumor cells suggesting that the coagulation system
contributes to pro-tumoral responses, metastasis, modulation of the inflammatory
microenvironment and thrombosis [9–12]. By contrast the anticoagulant potential of tumor
cells inversely correlates with their aggressive phenotype [13].

Thrombomodulin (TM) functions as receptor for the coagulation protease thrombin and
plays critical modulatory roles in inflammation, thrombosis, and carcinogenesis [13–15].
TM is expressed on several human tissues, including endothelial cells, syncytiotrophoblasts
of the placenta, platelets, megakaryocytes, leukocytes, mesothelium, keratinocytes, and
astrocytes [16,17]. The complex formation of TM with thrombin switches the substrate
specificity of protease, thereby inhibiting its cleavage of prothrombotic substrates, which
include fibrinogen, factor V, factor VIII, factor XI, factor XIII, and protease-activated
receptors (PARs). The TM-thrombin complex promotes the proteolytic activation of the
anti-coagulant/antiinflammatory protease zymogen, protein C, and the carboxypeptidase
zymogen, thrombin-activatable fibrinolysis inhibitor (TAFI) [14,18,19]. Thus, TM has been
considered an important natural protective receptor involved in the maintenance of the
fluidity of circulating blood.

In addition to its marked role in regulating the clotting cascade, TM plays an important role
in tumor biology, as its increased expression within tumor tissue correlates with better
prognosis in colorectal [20], lung [21], prostate [22] and breast cancers [23]. Several studies
have postulated that modifying TM expression by tumor cells can alter key aspects of the
transformed phenotype, including tumor cell migration and invasion in vitro and in vivo
[24–26]. The antiinflammatory effect of TM appears to be mediated, at least in part, by its
N-terminus lectin-like domain [27]. However, research has indicated that the anti-
proliferative effects of TM on tumor cells also require cytoplasmic and/or transmembrane
domains [28].

To understand the protective role of TM in melanocytes, we measured TM expression levels
in different melanoma cell lines and in primary cultured melanocytes. We found that TM
expression inversely correlates with the aggressive melanoma phenotype, as measured by in
vitro migration assays. TM levels were found to inversely correlate with TF procoagulant
activity and IL-8 levels. Furthermore, enforced TM expression in A375 cells by transient
transfection decreased IL-8 expression and migration properties of this aggressive
melanoma cell line. On the basis of these findings, we propose that down-regulation of TM
may be associated with melanocyte transformation and melanoma progression.

Materials and methods
Proteins

Human protein C (PC), human activated protein C (APC), catalytically inactive Ser-195 to
Ala substitution mutant of protein C and thrombin were prepared as described [29].

Cell culture
Primary epidermal melanocytes and A375 cell line were purchased from ATCC (Manassas,
VA). WM35 cell line was purchased from Wistar Institute Collection (Philadelphia, PA).
Primary epidermal melanocytes were grown in Dermal Cell Basal Medium (ATCCR

PCS-200-030) supplemented with Adult Melanocyte Growth Kit (ATCCR PCS-200-042).
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The A375 cell line was grown in DMEM (Dulbecco’s Modified Eagle Medium, Life
Technologies) supplemented with 10% FBS (Fetal Bovine Serum). The WM35 cell line was
grown in 4:1 ratio of MCDB153 (M7403, Sigma-Aldrich) and Leibovitz L-15 (L1518,
Sigma-Aldrich) containing 1.68 mM CaCl2 and 5 μg/mL insulin (I9278, Sigma-Aldrich) and
2% of FBS. All cell lines were grown at 37°C in a humidified, 5% CO2 atmosphere in
culture flasks.

TM transient expression
The TM cDNA was inserted into HindIII/XbaI cloning sites of the mammalian expression
vector pRc/RSV (Invitrogen, San Diego, CA) and transfected to A375 cells (80% of
confluence) using the lipofectin reagent (Invitrogen, San Diego, CA). 24 h after transfection,
cells were transferred into assay plates. The transfected A375 cell line was designated A375-
TM.

Tumor cell tranendothelial migration assay
Migration assays were performed in transwell plates of 6.5 mm diameter, with 8 μm pore
size filters (Corning, Lowell, MA). Transformed human umbilical vein endothelial
(EA.hy926) cells (1 × 105) (obtained from Dr. C. Edgell from University of North Carolina
at Chapel Hill, NC) were grown for 24 h at 37°C to obtain confluent monolayers. The inserts
were washed twice with PBS. Melanocytes, WM35, A375 and A375-TM cells (2 × 105)
were resuspended in serum free media and added to the upper compartment. FBS (10%) was
added as a chemoattractant in the lower chamber. After incubation for 24 h, membranes
were washed with PBS. The upper side of the membrane was gently wiped with a cotton
swab and fixed with methanol. The membrane was then stained with 0.2% crystal violet
(Sigma, St. Louis, MO) in 2% ethanol. Each experiment was repeated in duplicate wells and
cell counting was done in four randomly selected microscopic high-power fields. In some
cases, EA.hy926 cells were previously exposed to the following proteins: APC (20 nM) or
thrombin (2 nM) or PC (80 nM) or PC (80 nM) plus thrombin (2 nM). Cells were treated for
4 h, at 37°C, in a humidified, 5% CO2 atmosphere. EA.hy926 cells were further washed
with PBS and A375 cells (2 × 105) were added to the upper compartment.

RNA extraction and real-time PCR
Total RNA was isolated from cultured cells (2.5 × 105) using the Trizol reagent (Invitrogen)
following the manufacturer’s instructions. Total RNA (1 μg) was reverse transcribed into
cDNA using cDNA Archive (Applied Biosystems, Carlsbad, CA, USA) according to the
manufacture’s protocol. A 1:10 template dilution of the resulting cDNA was used to
quantify the relative content of mRNA by qRT-PCR with Syber Green PCR Master Mix
(Applied Biosystems, Foster City, CA) using the PTC 200 real-time PCR detection system.
The specific primers for EPCR (5′Forward- TCC GGA GTG GTC ACC TTC A-3′;
5′Reverse- GGA ATT CCC GCA GTT CAT ACC-3′) and GAPDH (5′Forward- ACC CAC
TCC TCC ACC TTT GA-3′; 5′Reverse- CTG TTG CTG TAG CCA AAT TCG T-3′) were
designed with Oligo Primer Analyses Software (Cascade, CO, USA) and synthesized by
IDT (IA, USA). A melt-analysis was run for all products to evaluate the specificity of the
amplification. Evaluation of TM, TF and IL-8 expression was performed by qRT-PCR with
TaqMan® Universal PCR Master Mix (Applied Biosystems). TM, TF, IL-8 and GAPDH
mRNA levels were measured using Pre-developed TaqMan® Gene Expression Assays:
Hs00264920_s1 (human Thbd), Hs01076029_m1 (human F3), Hs00174103_m1 (human
IL-8) and Hs03929097_g1 (human GAPDH), respectively. The expression level of each
gene was normalized to the expression level of the endogenous control (GAPDH) and
expressed as the fold change relative to the control group at each time point using the 2−ΔCt

method as described [30]. Each sample was measured in triplicate. The mRNA (no reverse
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transcription) or H2O (no DNA sample) were included in the real-time PCR reaction as
negative controls.

Factor X (FX) activation
Activation of FX by factor VIIa (FVIIa) was carried out in 50 mM HEPES, 100 mM NaCl, 5
mM CaCl2, 1 mg/mL BSA, pH 7.5 (HEPES-BSA buffer) in a 48-well plate as follows:
FVIIa (1 nM, final concentration) was incubated with cells (5 × 104) at 37 °C in the absence
and presence of plasma-derived FX (150 nM, final concentration). Following 30 min
incubation, aliquots of 25 μL were removed into a 96-well microplate containing 25 μL of
Tris-EDTA buffer (50 mM Tris-HCl, 150 mM NaCl, 20 mM EDTA, 1 mg/mL polyethylene
glycol 8000, pH 7.5). After addition of 50 μL of the chromogenic substrate, Spectrozyme
FXa, absorbance at 405 nm was recorded, at room temperature, for 5 min using a
Thermomax Microplate Reader (Molecular Devices, Menlo Park, CA, USA). The total
amount of FXa generated in each well was calculated from a standard curve prepared by
using calibrated concentrations of FXa.

Flow cytometry
Flow cytometric analyses were performed in order to determine TM expression in
melanoma cells. Briefly, 2.5 × 105 cells were washed with phosphate buffered saline (PBS)
and further fixed in 0.1% paraformaldehyde. Cells were further stained for 30 min at 4 °C
with mouse anti-human TM conjugated with allophycocyanin (Biolegend, USA) in PBS
containing 5% FBS. After the incubation period, cells were washed with PBS and analyzed
by FACSCalibur flow cytometer (Becton and Dickinson). Ten thousand cells were acquired
on the basis of forward and side scatter. Data analyses were performed via Summit 4.3
software.

Statistical analysis
Comparison between groups was made using the Student’s unpaired t-test or One-way
ANOVA test. All calculations were performed using the GraphPad Prism software
(GraphPad Software Inc., San Diego, CA, USA).

Results
Analysis of melanoma cell invasiveness

To evaluate invasive properties of different stages of melanoma cells, we established a
transmigration assay and monitored the migration of primary melanocytes, WM35 (as a
model of in-situ melanoma) and A375 cells (as a model of malignant melanoma) across
EA.hy926 endothelial cell monolayers. Elevated cell migration in this model is a hallmark of
the metastatic phenotype. As shown in Fig. 1, the ability of A375 melanoma cells and to a
lesser extent WM35 cells to migrate toward the chemotactic stimuli was dramatically
improved (142 ± 42 and 72 ± 45 migrated cells per field, respectively). In contrast to
melanoma cell lines, primary melanocytes exhibited insignificant migratory properties (10 ±
5 migrated cells per field).

Expression of IL-8, TM and EPCR in melanoma cell lines
The migration properties of melanoma cells have been demonstrated to correlate with the
production of IL-8. Indeed, in malignant melanoma, IL-8 level has been found to be
significantly up-regulated which correlates with an advanced disease stage and overall
patient survival [31,32]. In this context, we employed Real-time PCR (qRT-PCR) to analyze
mRNA levels of IL-8 in primary melanocytes and melanoma cells. Results presented in Fig.
2A show that melanocytes express a very low level and WM35 melanoma cells express
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intermediate levels of IL-8. By contrast, A375 cells express high levels of this cytokine.
Therefore, IL-8 levels correlate with the degree of cell migration in vitro.

Loss of TM expression in tumor cell lines has been associated with increased motility and
invasion in vitro [24–26]. Thus, we analyzed expression levels of TM in primary
melanocytes and melanoma cells. Results presented in Fig. 2B demonstrate that WM35 and
A375 cells express significantly lower levels of TM when compared to primary
melanocytes. Flow cytometric analyses of TM antigen demonstrate that WM35 exhibits a 4-
fold increased global geometric mean of fluorescence intensity (MFI) in relation to A375
cells (data not shown). In addition to TM, endothelial protein C receptor (EPCR) also
contributes to activation of the anticoagulant protein C pathway by thrombin [33]. However,
analysis of results presented in Fig. 2C suggests that differences in the EPCR expression
levels are not statistically significant between melanocytes and melanoma cell lines.

Tissue factor expression and procoagulant activity of melanoma cell lines
TF is a 47 kDa transmembrane protein that initiates the coagulation cascade and has been
demonstrated to be over-expressed in different tumor types [34]. In this context, we
employed qRT-PCR to analyze the mRNA levels of TF in melanocytes and melanoma cell
lines (Fig. 3A). Surprisingly, melanocytes expressed more TF mRNA than both melanoma
cell lines including the most aggressive cell line, A375 (p < 0.05). The TF procoagulant
activity level was further evaluated employing a specific enzymatic assay by monitoring
activation of exogenously added FX by FVIIa on the surface of these cell lines.
Interestingly, results of this functional assay did not show a correlation between the TF
mRNA expression level and its cell surface procoagulant activity. Thus, the activation rate
of FX by FVIIa was the highest on the surface of A375 cells (Fig. 3B). FX activation was
strictly FVIIa-dependent, indicating that assembly of the protease into the extrinsic tenase
complex (FVIIa-TF) at the cell surface is responsible for FX activation. No significant FX
activation was observed in the absence of FVIIa (Fig. 3B). These results suggest that the
more aggressive A375 cells support FX activation more efficiently than both WM35 and
melanocytes. The basis for enhanced FX activation by A375 cells is not known. Whether the
total cell surface TF level of A375 cells is higher or if TF is differentially in a decrypted
form [35] in the aggressive melanoma cells needs further investigation. Taken together,
these results demonstrate that, melanoma progression correlates with increased functional
cell surface TF activity, suggesting a procoagulant phenotype for metastatic cells.

Enforced TM expression decreases A375 aggressive phenotype
TM expression within tumor tissue correlates with a better prognosis in cancer patients
[20,21]. Further support for this hypothesis was provided by transfecting A375 cells with a
construct expressing TM. The over-expression of TM was confirmed by qPCR analysis (Fig.
4A). Flow cytometric analyses confirmed the higher level of TM antigen on the surface of
A375-TM (Fig. 4B) which presented an approximately 20-fold increase in global geometric
mean of fluorescence intensity (MFI) in relation to non-transfected A375 cells. Remarkably,
Fig. 4C shows that enforced TM expression by A375 cells dramatically decreases IL-8
expression. In addition, A375-TM showed markedly decreased capacity to migrate across
the endothelial cell monolayer (Fig. 4D and Fig. 4E) when compared to non-transfected
tumor cells (28 ± 11 and 82 ± 11 migrated cells per field, respectively).

Thrombin enhances and APC inhibits melanoma cell migration
In light of the observation that cell migration and invasive melanoma progression showed a
direct correlation with TF procoagulant activity, but an inverse correlation with the
expression level of TM, we decided to investigate the migration properties of A375 cells
across endothelial monolayer stimulated with either thrombin or activated protein C (APC).
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It has been demonstrated that these two procoagulant and anticoagulant proteases elicit
paradoxical proinflammatory and antiinflammatory responses in endothelial cells,
respectively [36]. Both proteases have been demonstrated to exert their intracellular
signaling effects through the activation of PAR-1 [36]. Results presented in Fig. 5A show
that pre-treatment of endothelial cells with thrombin significantly improves migratory
properties of A375 cells. By contrast, APC exhibits a protective activity by significantly
inhibiting the migration of melanoma cells across the APC-pretreated endothelial cell
monolayer (Fig. 5A). Interestingly, the occupancy of endothelial EPCR by protein C is
sufficient to elicit a protective effect since pretreatment of cells with the catalytically
inactive Ser-195 to Ala substitution mutant of protein C switches the signaling specificity of
thrombin. This is evidenced by thrombin inhibiting migratory properties of melanoma cells
across the endothelial cell monolayer (Fig. 5B). These findings support the overall
hypothesis that the procoagulant pathway promotes cancer progression but the anticoagulant
protein C pathway plays a protective role in the metastatic process [37].

Discussion
A correlation between tumor metastasis and blood coagulation has been well established.
Thus, an elevated level of TF procoagulant activity has been shown to be associated with
efficient metastasis of several cancer cell types including melanoma [7, 8,12]. In this study,
we used two melanoma cell lines at different stages of invasiveness (WM35 as a non-
metastatic model and A375 as a metastatic model) to determine whether the procoagulant
potential of these tumor cells correlates with migration and aggressive phenotype. The
procoagulant potential of A375 cells was markedly improved as evidenced by these cells
supporting the FVIIa/TF-mediated activation of FX on their surfaces. It was interesting to
note that, although the mRNA level of A375 cells was significantly higher than that of the
less aggressive WM35 cells, nevertheless, its TF expression level was less than the mRNA
level detected in normal melanocytes. The basis for the lack of a correlation between TF
mRNA levels and procoagulant phenotypes of these cells was not investigated. However,
assuming that high mRNA levels of melanocytes translate to a similar higher cell surface
protein expression level, the results may suggest that the majority of cell surface TF on
melanocytes but not on A375 cells are in an inert and encrypted state [35]. This hypothesis
is consistent with the report that cancer cells lack this regulatory pathway [38]. It is worth
noting that other studies have also reported a high TF expression level in melanocytes, but
TF levels have not been found to correlate with the metastatic status in tumor cells derived
from melanoma patients [39,40].

Several studies suggest that the expression level of the anticoagulant receptor TM inversely
correlates with metastasis and tumor progression [21–26]. Remarkably, most human
melanomas lack TM expression, a process associated with epigenetic mechanisms [41]. In
this study, we observed that the expression level of TM is markedly down-regulated in A375
malignant melanoma when compared to normal human melanocytes. Further support for an
important role for the loss of TM in melanoma progression was provided by the observation
that the transient transfection of A375 cells with a construct coding for human TM inhibited
the capacity of these cells to effectively migrate across the endothelial monolayer, reflecting
a decreased metastatic phenotype for cells expressing elevated levels of TM. These results
are consistent with the study performed by Kao and colleagues which demonstrated that the
expression levels of TM inversely correlate with tumor cell migration in vitro in a carcinoma
model [26]. We observed that enforced expression of TM strongly interfered with IL-8
expression by A375 cells. Expression of IL-8 by melanoma cells has been shown to
correlate with in vitro migratory properties and metastatic potential in vivo [31,32,42–44]. In
addition, increased IL-8 levels have been observed in serum of patients with metastatic
melanoma, inversely correlating with survival [45–46]. Taken together, loss of TM during
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melanoma progression may trigger a transcriptional program involving distinct genes
associated with the metastatic phenotype.

Thrombotic events have been demonstrated to promote metastasis in several animal models
[47,48]. Thus, TM can exert its anti-metastatic effect by inhibiting thrombin generation
under in vivo settings [24,25]. However, in the absence of exogenously added thrombin, the
mechanism by which the enforced expression of TM in A375 cells inhibits cell motility and
migratory properties of melanoma cells is not known. Nevertheless, TM has been shown to
play an important protective role in modulating inflammatory responses [14,15,18–20].
Thus, it has been found that soluble TM can inhibit migratory properties of murine B16F10
melanoma cells by a thrombin-independent mechanism. The inhibitory effect of TM in
inhibiting B16F10 cell migration has been demonstrated to require the lectin-like domain of
the receptor as evidenced by lack of an inhibitory effect for a recombinant TM fragment
lacking this domain [25]. This has raised the possibility that the interaction of the lectin-like
domain with a cell surface molecule/receptor modulates the expression of proinflammatory
cell adhesion molecules involved in the invasion and cell migration process [27]. In support
of an antiinflammatory signaling function for TM, it has been demonstrated that the lectin-
like domain suppresses the expression of cell adhesion molecules through modulation of the
NF-kB and MAP kinase pathways in vitro and in vivo settings [26]. Thus, the enforced
expression of TM on A375 melanomas is likely down-regulating the expression of cell
adhesion molecules/integrins involved in promoting the adhesion-dependent migration of
these cells across the endothelial monolayer in our assay system.

The other interesting finding of this study is the observation that the pretreatment of
endothelial cells with APC also potently inhibits migratory properties of A375 cells. It is
known that APC can enhance the vascular barrier function and inhibit expression of cell
adhesion molecules through the inhibition of the NF-kB pathway [49]. Noting that the
vascular hyperpermeability and expression of adhesion molecules on tumor cells are
prerequisite steps in metastasis, the results suggest that, in addition to its anticoagulant role,
APC plays a critical protective role in inhibiting melanoma progression through its
antiinflammatory function. The antiinflammatory function of APC is mediated through the
protease binding to EPCR and activating PAR-1 [36], thereby promoting the cellular barrier
function and inhibiting the NF-kB-dependent up-regulation of cell adhesion molecules and
cytokines (i.e., IL-8) that are involved in cell migration and extravasation [31]. By contrast
to APC, the activation of PAR-1 by thrombin elicits opposite proinflammatory responses
and thus promotes metastasis by stimulating the expression of adhesion molecules and
matrix metalloproteases involved in the degradation of a variety of extracellular matrix
(ECM) proteins [50,51]. However, we have demonstrated that PAR-1, EPCR and TM are all
colocalized within membrane lipid-rafts and that the occupancy of either EPCR by protein C
or TM by thrombin alters the signaling specificity of PAR-1, thus the activation of PAR-1
by both APC and thrombin elicits antiinflammatory responses as long as one or both of
related receptors are occupied by their natural ligands [52]. In agreement with this
hypothesis, the thrombin treatment of endothelial cells promoted the migratory potential of
A375 cells, however, pretreatment of endothelial cells with the catalytically inactive protein
C zymogen, switched the signaling specificity of thrombin to a protective response, thereby
inhibiting the migration of melanoma cells. Thus, the anticoagulant receptors can play key
physiological roles in inhibiting the migration of circulating tumor cells, which may have
escaped immune surveillance, across the vascular endothelium, thereby inhibiting their
metastatic potential. Taken together, these results suggest metastasis and melanoma
progression have positive correlation with procoagulant/proinflammatory and negative
correlation with anticoagulant/antiinflammatory phenotypes.
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Figure 1. In vitro cell migration assay
(A) Primary melanocytes and the indicated melanoma cell lines were analyzed for their
ability to migrate toward the chemoattractant (conditioned medium containing 10% FBS)
across EA.hy926 endothelial cell monolayers as descried in “Material and methods”. Each
bar represents the number of migrated cells per well (n=3), counted in 4 fields. **p < 0.01.
(B) Representative pictures of each cell line.
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Figure 2. Analysis of IL-8, TM and EPCR expression
Quantitative analyses of (A) IL-8, (B) TM and (B) EPCR gene expression were performed
by qRT-PCR, as described in “Material and methods”. Bars represent mean ± SD of three
independent experiments. *** p < 0.001 relative to melanocytes.
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Figure 3. Analysis of TF expression and procoagulant activity
(A) qRT-PCR analysis of TF gene expression. Quantitative gene expression analysis was
performed as described in “Material and methods”. Bars represent mean ± SD of three
independent experiments. * p < 0.05. (B) Analysis of TF procoagulant activity. Activation of
FX by the extrinsic tenase complex assembled on primary melanocytes, WM35 or A375 cell
lines was performed as described in “Material and methods”. Bars represent mean ± SD of
three independent experiments. *** p < 0.0001.
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Figure 4. Effect of enforced TM expression on A375 phenotype
(A) qRT-PCR analyses confirmed the efficient TM transfection in A375-TM cells as
compared to non-transfected A375 cells. Bars represent mean ± SD of three independent
experiments. *p <0.05 (Student’s t-test). (B) Analysis by flow cytometry of TM expression.
Black line represents staining with monoclonal anti-human TM antibody labeled with
allophycocyanin. Gray region represents control cells with no staining. Representative
histograms of five independent experiments are presented. (C) qRT-PCR analyses of IL-8
expression. Bars represent mean ± SD of five independent experiments. * p < 0.05
(Student’s t-test). (D) A375 migration was determined by transwell assay as described in
“Materials and methods”. *** p < 0.0001 (Student’s t-test). Each bar represents the number
of migrated cells per well (n=3), counted in 4 fields. (E) Representative pictures of each cell
line.
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Figure 5. Treatment of endothelial cells with thrombin or activated protein C differentially
modulates melanoma cell migration
(A) Migration of A375 cells was determined by transwell assay as described in “Material
and methods”. EA.hy926 endothelial cells were treated (4 h) with the following proteins:
APC (20 nM), thrombin (Th, 2 nM), PC (80 nM), or PC (80 nM) plus thrombin (Th, 2 nM)
prior to addition of melanoma cells to the upper compartment. * p < 0,05, ** p < 0.01, *** p
< 0.0001. Each bar represents the number of migrated cells per well, counted in 4 fields. (B)
Representative pictures of each treatment condition.
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