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with the production of vascular endothelial growth factor
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Abstract. The expression levels of tissue factor (TF), the
clotting initiator protein, have been correlated with angio-
genesis and the histological grade of malignancy in glioma
patients. The pro-tumor function of TF is linked to a family
of G protein-coupled receptors known as protease-activated
receptors (PARs), which may be activated by blood coagu-
lation proteases. Activation of PARs elicits a number of
responses, including the expression of vascular endothelial
growth factor (VEGF) and interleukin-8 (IL-8). In the present
study, we analyzed the expression of TF signaling pathway
elements (TF, PAR1 and PAR2) and evaluated their correla-
tion with the expression of downstream products (VEGF
and IL-8) in human astrocytoma patients. Quantitative PCR
(qPCR) showed a significant increase in TF expression in
grade IV (glioblastoma) tumors, which was inversely corre-
lated with the expression of the tumor-suppressor PTEN.
Immunohistochemistry and qPCR analyses demonstrated
a highly significant elevation in the expression of PARI, but
not PAR2, in tumor samples from high-grade astrocytoma
patients. The elevated VEGF expression levels detected in the
high-grade astrocytoma samples were positively correlated
with TF, PAR1 and PAR2 expression. In addition, IL-8 was
significantly increased in glioblastoma patients and positively
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correlated with TF and PAR2 expression. Further in vitro
assays employing the human glioma cell lines U87-MG and
HOG demonstrated that a synthetic peptide PAR2 agonist
stimulated VEGF and IL-8 production. Our findings suggest
a role for TF signaling pathway elements in astrocytoma
progression, particularly in glioblastoma. Therefore, TF/PAR
signaling elements may be suitable targets for the development
of new therapies for the treatment of aggressive glioma.

Introduction

Astrocytomas, among gliomas, are the most common type
of primary brain malignancies, accounting for 40-50% of
central nervous system tumors. Malignant astrocytomas
constitute a spectrum of clinicopathological entities, from low
to high-grade malignancies. The World Health Organization
(WHO) classifies these tumors into 4 grades according
to their histological and anaplastic characteristics, which
include: grade I (pilocytic astrocytoma), grade II (low grade
astrocytoma), grade III (anaplastic astrocytoma) and grade IV
glioblastoma (GBM) (1). GMB is characterized by rapid cell
proliferation and a marked propensity to invade and damage
the surrounding tissues. In addition, intense angiogenesis is a
distinguishing pathological characteristic of GBM relative to
lower-grade astrocytomas (2).

Tissue factor (TF), the primary initiator of the coagulation
cascade, is a 47-kDa transmembrane protein receptor. Upon
disruption of vascular integrity, TF functions as a cofactor
for circulating blood factor VIla, which leads to thrombin
activation, platelet aggregation and fibrin deposition (3). TF
is constitutively expressed in a cell type specific manner and
upregulated in a number of pathological processes (3,4). A
strong correlation between TF expression and malignancy
grade has been reported for a number of tumors (5). In addition,
several studies have implicated the TF-factor VIla-initiated
coagulation pathway in several aspects of tumor biology
including cancer progression, cancer-associated thrombosis
and metastasis (6,7).
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The occurrence of intratumoral thrombosis in GBM has
recently been shown to be an additional distinct feature of
grade IV glioma in relation to lower-grade gliomas (8). It
has been proposed that intratumoral thrombosis is mainly
driven by upregulated TF expression. This increase in TF
expression contributes to the establishment of hypoxic areas,
further stimulating the production of pro-tumor factors such as
vascular endothelial growth factor (VEGF) and interleukin-8
(IL-8) (9,10). In vitro studies demonstrated that hypoxia as
well as loss of the PTEN tumor-suppressor upregulate TF gene
expression in human GBM cell lines (11). In addition, analysis
of human GBM specimens revealed increased TF expression
in pseudopalisades, which constitute a dense collection of
neoplastic cells that surround a central necrotic focus (11).

In addition to TF, protease-activated receptors (PARs), a
family of G protein-coupled receptors, have been implicated
in tumor biology (6,12). PARs comprise a family of receptors
(PAR1, PAR2, PAR3 and PAR4) that are uniquely activated
by proteolytic cleavage of their extracellular domain (13).
This cleavage unmasks a new N-terminus, which serves as a
tethered ligand that binds to the second extracellular domain
of the protein, resulting in a variety of cellular responses. In
particular, PAR1 and PAR2 are overexpressed in a variety of
tumor types (14). Several studies have demonstrated a strong
correlation between PAR1 and/or PAR2 activation with a
number of pro-tumor responses, including primary growth,
invasion, metastasis and angiogenesis (6,12,15). It was recently
demonstrated that TF-mediated signaling through PAR2
modulates proliferation, migration and invasion of malignant
glioma cell lines (16).

In the present study, we analyzed the expression of TF
signaling pathway elements (TF, PAR1 and PAR2) as well
as downstream products (VEGF and IL-8) in samples from
human astrocytoma patients. Our data suggest a role for TF
signaling pathway elements in astrocytoma progression,
particularly in GBM. Collectively, our results suggest that
blood clotting proteins may offer additional strategies for new
therapies against aggressive glioma.

Materials and methods

Reagents. Anti-PAR1 (clone ATAP2), anti-PAR2 (clone
SAMI1), and anti-actin antibodies were obtained from Santa
Cruz Biotechnology, Inc., (Santa Cruz, CA, USA). Secondary
antibodies conjugated with biotin and peroxidase-conjugated
streptavidin were obtained from Zymed Invitrogen Corp. The
PARI1 agonist peptide (PAR1-AP, TFLLR-NH?2) and the PAR2
agonist peptide (PAR2-AP, SLIGKL-NH?2) were synthesized
by Bio-Synthesis Inc.

Tissue samples. Human astrocytomas of different malignant
grades were obtained during therapeutical surgical manage-
ment, as previously described (17). The specimens were
immediately snap-frozen in liquid nitrogen upon surgical
removal. The astrocytoma specimens were categorized
according to the WHO classification system. Then, the tissue
samples were analyzed and graded independently by histopath-
ological analysis into the following groups: non-tumor (n=14);
pilocytic astrocytoma, grade I (n=15); low-grade astrocytoma,
grade II (n=15); anaplastic astrocytoma, grade III (n=15); or
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GBM, grade IV (n=30). Non-tumor tissue samples, surgically
resected from the anterior temporal lobe tissue, were obtained
from patients selected for surgical treatment of temporal-lobe
epilepsy associated with hippocampus sclerosis (TLE-HS).
The present study was performed according to the ethics
guidelines approved by the Department of Neurology, School
of Medicine, at the University of Sao Paulo and by the Brazilian
Health Ministry.

RNA isolation and cDNA synthesis. Total RNA from the astro-
cytomas and non-tumor samples was isolated with RNeasy
Mini kit (Qiagen). Total RNA from the cell cultures was
isolated and the mRNA expression levels were determined as
previously described (18). The sequence-specific primers were
designed using Primer Express (Applied Biosystems) and
validated using BLAST and BLAT. Primers used were: TF (F,
5'-CAGGCACTACAAATACTGTGG-3' and R, 5-TGTAGA
CTTGATTGACGGGTT-3"); PTEN (F, 5'-CGGTGTCAT
AATGTCTTTCAGC-3' and R, 5"-TGAAGGCGTATACAGG
AACAAT-3"); PAR1 (F, 5-GCAGGCCAGAATCAAAAG
CAA-3'and R, 5-CATTTTTCTCCTCATCCTCCC-3'); PAR2
(F, 5'-GCACCATCCAAGGAACCAAT-3' and R, 5-TGTGC
CATCAACCTTACCAATAA-3"); VEGF (F, 5-AGTGGT
GAAGTTCATGGATGT-3' and R, 5'-GCACACAGGAT
GGCTTGAAGA-3"); IL-8 (F, 5-CTGGACCCCAAGGAAA
ACTG-3' and R, 5"TGTGCCATCAACCTTACCAATAA-3");
GAPDH (F, 5'-ACCCACTCCTCCACCTTTGA-3' and R,
5'-ACCGAGCCCATTTCATTTCTG-3') and HBMS (F,
5"TGGACCTGGTTGTTCACTCCTT-3' and R, 5-CAACAG
CATCATGAGGGTTTTC-3"). A normalization value was
generated employing the geNorm program, which selected
GAPDH and HBMS as housekeeping genes. The relative
expression levels were estimated utilizing a previously
described method, using the mean of control non-tumor
samples as calibrator (19).

Immunohistochemistry. Tissue staining was performed on
paraffin-embedded sections (4 ym thick), which were incu-
bated overnight following heat antigen retrieval at 122°C for
3 min using an electric pressure cooker (BioCase Medical,
USA) with the primary antibodies anti-PAR1 or anti-PAR2
at 1:400 dilution. The sections were further examined using a
NovoLink kit (Newcastle upon Tyne, UK) with 3,3'-diamino-
benzidine as the chromogen and counterstained with Harris
hematoxylin. Optimization using positive controls suggested
by the manufacturer of each antibody was performed in order
to obtain optimal dilution. The negative control sections
were obtained by omitting the primary antibody in each
staining batch. The slides were independently analyzed by
2 observers (SKNM and SMOS). The immunoreactivities
of PAR1 and PAR2 were determined semi-quantitatively in
5 cases of each grade of malignancy and non-tumor brain
tissue, considering both intensity of staining and percentage
of cells. Intensity of staining was applied as follows: O (nega-
tive); 1 (weak), 2 (moderate) and 3 (strong). The percentage
of stained cells was determined according to the following
scale: negative (no cells stained), low (1-25%), moderate
(26-50%), high (51-75%), and strong intensity (>75%). The
total score for each case was calculated as the percentage vs.
intensity.
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Cell culture. The human GBM cell line U87-MG and oligo-
dendroglioma cell line HOG were cultured as previously
described (18). Adult primary human astrocytes were isolated
from non-tumor tissues collected as described above and
further cultured as previously described (20). Primary cultures
were used until the third passage in the present study. For
the experiments, the cells were maintained in DMEM-F12
(Gibco-BRL) supplemented with 10% FBS (Cultilab, Brazil),
60 mg/1 penicillin, 100 mg/1 streptomycin and 1.2 g/l sodium
bicarbonate in culture flasks. The cells were incubated in 5%
CO, at 37°C. The subconfluent cultures were washed twice
with PBS, and the cells were detached with Hank's solution
containing 10 mM HEPES and 0.2 mM EDTA.

Western blotting. Adult primary human astrocytes, U87-MG
and HOG cells were seeded at 5x10° cells/well in 6-well plates
for the quantitative analysis of PAR1 and PAR2, as previously
described (21) the cells were washed with phosphate-buffered
saline and lysed in cold buffer containing a phosphatase
inhibitor cocktail. The cell lysates (20 ul) were separated by
SDS-polyacrylamide gel electrophoresis (SDS-PAGE, 10%).
The proteins were transferred onto polyvinylidene fluoride
(PVDF) membranes (Millipore) and further blocked with Tris-
buffered saline (TBS) containing 5% BSA and 0.1% Tween-20
for 1 h at room temperature. Then, the membranes were probed
with the primary antibodies overnight at 4°C. The membranes
were washed 3 times with TBS/Tween before addition of the
secondary antibody for 1 h at room temperature, and further
washed and probed with peroxidase-conjugated streptavidin
for 1 h at room temperature. Immunodetection was carried out
with a chemiluminescent method using a Western Lightning
ECL kit (Amersham Pharmacia Biotech).

Immunoassay for IL-8 and VEGF. U87-MG and HOG cells
were seeded at 5x10° cells/well in 6-well plates. The cells were
serum-starved for 30 min prior to stimulation with PAR1-AP
or PAR2-AP for 8 h at 37°C. IL-8 and VEGF protein secretion
into the cell supernatants was measured using human ELISA
kits from PeproTech, Inc. (Rocky Hill, NJ, USA), according to
the manufacturer's instructions.

Statistical analysis. All statistical analyses were performed
using the GraphPad Prism program. The gene expression assays
were analyzed using the Mann-Whitney test (Student's t- and
non-parametric test). Immunohistochemistry was analyzed
by one-way analysis of variance (ANOVA) complemented by
the Bonferroni post-hoc test. The Spearman's correlation test
was used for correlation analysis. Immunoassay for IL-8 and
VEGF were analyzed by unpaired t-test. The differences were
considered to be statistically significant at p<0.05.

Results

Expression of TF and PTEN are inversely correlated in
human astrocytoma patients. Previous studies demonstrated
that TF expression correlates with the histological grade of
malignancy in glioma patients (22,23). In the present study,
we analyzed TF expression in 89 samples which included
non-tumor tissues and astrocytoma patient specimens clas-
sified into different grades. Analysis by qPCR demonstrated
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Figure 1. Analysis of TF and PTEN RNA expression in human astrocytomas
of different grades of malignancy. (A) TF and (B) PTEN gene expression
levels evaluated by qPCR were normalized to GAPDH and HBMS as
housekeeping genes. Mean value (= SEM) for each group is indicated by a
horizontal line. Statistical significance was assessed by the Mann-Whitney
test. “p<0.05, “'p<0.01, *"p<0.001. TF, tissue factor.

that TF expression was positive in all the samples (Fig. 1A).
However, as shown in Fig. 1A, a significantly elevated TF
expression was only observed in the GBM samples relative
to grade II (p=0.0356) and grade III (p=0.0312) astrocytoma
patients.

In vitro studies suggested that upregulation of TF in high-
grade gliomas is associated with loss of the tumor-suppressor
PTEN (11). Consistent with this hypothesis, Fig. 1B shows that
PTEN expression levels were inversely correlated with the
malignancy in astrocytoma patients. We found a significant
correlation between PTEN and TF mRNA expression levels in
GBM samples (Table I).

Expression of PARI, butnot PAR2, is correlated with the malig-
nancy in human astrocytoma patients. The pro-tumor role of
TF has been correlated with its ability to generate thrombin
and indirectly promote the activation of the G protein-coupled
receptor PAR1 (5,6). Furthermore, elevated expression levels
of PAR1 have been demonstrated in studies employing tumor
cell lines and patient specimens (14).
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Figure 2. Analysis of PAR1 expression in human non-tumor tissue and
astrocytoma samples of different grades of malignancy. (A) PAR1 mRNA
expression levels evaluated by qPCR were normalized to GAPDH and HBMS
as housekeeping genes. Mean value (+ SEM) for each group is indicated by
a horizontal line. Statistical significance was assessed by the Mann-Whitney
test. p<0.03, *"p<0.001. (B) Immunohistochemical staining for PAR1 in non-
tumor and astrocytoma surgical specimens. Mean value (= SEM) for each
group is indicated by a horizontal line. Statistical significance was assessed
by one-way ANOVA followed by post-hoc Bonferroni test. “p<0.05, “p<0.01.
(C) Representative immunostaining demonstrates that PAR1 expression is
present within cells at the inner aspect of hypoxic pseudopalisades (arrows)
surrounding necrosis (N) of human GBM specimens (original magnification,
x200). The staining procedure is described in the Materials and methods
section. GBM, glioblastoma.

Analysis by qPCR showed that PAR1 expression levels
were positively correlated with malignancy in astrocytoma
patients, as shown in Fig. 2A. PAR1 mRNA expression levels
were significantly more abundant in GBM when compared
to the non-tumor tissue (p<0.0001) and to lower grade astro-

cytoma samples (p<0.0001, relative to grade I; p<0.0001,
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Figure 3. Analysis of PAR2 expression in human non-tumor tissue and
astrocytoma samples of different grades of malignancy. (A) PAR2 mRNA
expression levels evaluated by qPCR were normalized to GAPDH and
HBMS as housekeeping genes. Mean value (+ SEM) for each group is
indicated by a horizontal line. Statistical significance was evaluated by the
Mann-Whitney test. (B) Immunohistochemical staining analysis for PAR2
in non-tumor and astrocytoma surgical specimens. Statistical significance
was evaluated by one-way ANOVA followed by post-hoc Bonferroni test.
(C) Representative immunostaining demonstrates that PAR2 expression is
present within cells at the inner aspect of hypoxic pseudopalisades (arrows)
surrounding necrosis (N) of human GBM specimens (original magnification,
x200). The staining procedure is described in the Materials and methods
section. GBM, glioblastoma.

relative to grade II; p=0.0146 relative to grade III). These
results were further confirmed by immunohistochemistry
analyses, as shown in Fig. 2B. PARI staining in the tumor-
associated endothelium was significantly elevated in GBM
when compared to non-tumor tissue (p=0.001) and samples
from lower-grade astrocytoma (data not shown).
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Table I. Relationship between the expression levels of TF,
PAR1, PAR2 and analyzed genes in GBM.

TF PARI PAR?2

P r P r P r

PTEN 0.0004 03979 NS
VEGF 0.0018 0.3550 <0.0001
IL-8 <0.0001 0.9997 NS

-0.1748 0.0002 0.4246
0.5939 0.0115 -0.3003
0.1572 0.1563 0.1688

P, Spearman's rank test; r, correlation coefficient, Spearman's rank
test; NS, non-significant; TF, tissue factor; GBM, glioblastoma;
VEGTF, vascular endothelial growth factor; IL-8, interleukin-8.

In addition to PAR1, PAR2 has been shown to be overex-
pressed in several types of cancer (14). Therefore, we further
employed qPCR and immunohistochemistry for analysis of
PAR?2 expression in tissue samples. Fig. 3A shows that mRNA
encoding PAR2 was detected in all the samples analyzed, but
no significant difference was observed between the non-tumor
tissue and astrocytoma samples. These observations were
further confirmed by immunohistochemistry, as shown
in Fig. 3B. The immunohistochemistry results were somewhat
heterogeneous and some astrocytoma samples demonstrated
high antigen reactivity either in tumor cells (Fig. 3B) or in
tumor-associated endothelium (data not shown).

A stronger positive staining was observed around the
perinecrotic area mainly in pseudopalisading cells for either
PARI1 (Fig. 2C) or PAR2 (Fig. 3C), although PAR?2 staining
was more intense than that observed in PAR1.

Expression of VEGF and IL-8 correlates with TF signaling
pathway elements. A key event that accompanies astrocy-
toma progression is the upregulation of VEGF levels. Intense
angiogenesis is a pathological hallmark of GBM relative to
lower-grade gliomas (2). GBM is a highly vascularized malig-
nant tumor and there is strong evidence that VEGF plays a key
role in this process (24). In this context, Fig. 4A shows that
VEGEF expression is significantly upregulated in GBM rela-
tive to non-tumor tissues (p<0.0001) and grade I (p<0.0001),
grade II (p<0.0001) and grade III (p<0.0001) astrocytomas.

In addition to VEGF, the chemokine IL-8 has been
recognized as an important factor in astrocytoma progres-
sion and GBM angiogenesis (25,26). Accordingly, our data
demonstrate that GBM samples exhibit increased expression
of IL-8 when compared to grade II (p=0.0098) and grade III
(p=0.0420) astrocytomas (Fig. 4B). Furthermore, we evaluated
the correlation between the TF mRNA expression levels of the
angiogenic factors. We found a significant correlation between
TF and VEGF expression, as well as between TF and IL-8
expression (Table I). Analysis of the correlation between the
mRNA expression levels of PAR1 or PAR2 and the angiogenic
factors in GBM samples showed a significant correlation
between PAR1 and VEGF expression (Table I). There was no
significant correlation between PAR1 and IL-8 expression.
Furthermore, PAR2 expression was correlated with VEGF, but
not with IL-8 (Table I).
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Figure 4. Analysis of VEGF and IL-8 mRNA expression in human non-tumor
tissue and astrocytoma samples of different grades of malignancy. (A) VEGF
and (B) IL-8 gene expression levels evaluated by qPCR were normalized to
GAPDH and HBMS as housekeeping genes. Mean value (+ SEM) for each
group is indicated by a horizontal line. Statistical significance was assessed
by the Mann-Whitney test. “p<0.05, “p<0.01, ““p<0.001. VEGF, vascular
endothelial growth factor; IL-8, interleukin-8, GBM, glioblastoma.

A PAR?2 agonist stimulates VEGF and IL-8 production
in vitro. Several studies demonstrated that PAR1 and PAR2
are constitutively expressed in a variety of tumor cell lines.
Accordingly, Fig. 5A compares the expression of PAR1 and
PAR2 in primary astrocytes to the human GBM cell line
U87-MG and the human oligodendroglioma cell line HOG.
Western blot analysis showed no detectable levels of PAR1
or PAR?2 in the astrocytes, while both the tumor cell lines
constitutively expressed PAR1 and PAR2. Both receptors
have been implicated in VEGF and IL-8 production by tumor
cells (15,21,27). To determine the effect of PAR1 and PAR2
activation on VEGF and IL-8 production in the U§7-MG
and HOG cell lines, we employed synthetic agonist peptides
and further quantified VEGF and IL-8 in the conditioned
medium. Fig. 5B shows that activation of PAR2, but not PAR1,
increased VEGF production in both cell lines. In addition, the
PAR?2 agonist peptide induced IL-8 production in U87-MG,
but not in HOG, cells.
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Figure 5. PAR2 activation induces VEGF and IL-8 secretion in human glioma
cell lines. (A) Western blotting using PAR1 and PAR2 antibodies. Primary
astrocytes, U87-MG and HOG cell lines were serum-starved overnight. Adult
primary human astrocytes were isolated from non-tumor tissues and further
cultured following procedures described in the Materials and methods
section. Total levels of PAR1, PAR2 and actin were determined by immunob-
lotting as described in the Materials and methods section. (B and C) VEGF
and IL-8 levels were quantified in the conditioned media after treatment of
the indicated cell lines with PAR1-AP (100 M) or PAR2-AP (100 uM) for
20 h, in serum-free conditions. VEGF and IL-8 secretion into cell superna-
tants were quantified as described in the Materials and methods section. The
data are shown as the means + SD of 3 independent experiments. Statistical
significance was assessed by an unpaired t-test. “p<0.05, “p<0.01. VEGF,
vascular endothelial growth factor; IL-8, interleukin-8.

Discussion

A marked shift in biological behavior occurs following the
transition from low- to high-grade astrocytoma. These changes
include the acquisition of proliferative and invasive pheno-
types, which account for the extensive damage in normal brain
tissue. Intense angiogenesis is another pathological hallmark
of high-grade glioma. Indeed, GBM is one of the most highly
vascularized malignant tumors. Despite significant advances
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in diagnostics and characterization of molecular markers asso-
ciated with aggressive astrocytoma, the search for new targets
remains a challenge (28). The present study provides evidence
that the signaling pathways triggered by the clotting initiator
protein TF may play a role in GBM progression. Expression
of TF, as well as PAR1 and PAR2, correlated with increased
levels of VEGF and IL-8, which are well recognized factors in
astrocytoma progression and GBM aggressiveness.
Intratumoral thrombosis has been documented as an
additional distinguishing pathological feature in GBM relative
to lower grade astrocytoma (8). According to our results, this
may be explained by the significant elevation of TF expression
in GBM. Different mechanisms have been proposed for the
increased expression of TF in high-grade glioma including
hypoxia and oncogenic events (10,11,27). In vitro studies
employing tumor cell lines have demonstrated that loss of the
tumor-suppressor PTEN is directly correlated with upregula-
tion of TF (11). In accordance with these observations, we
demonstrated that decreased PTEN mRNA levels correlate
with increased TF expression in astrocytoma patients.
Studies employing tumor cell lines demonstrated that
simultaneous TF expression and phosphatidylserine exposure
contribute to massive generation of clotting enzymes (29,30),
which may account for the activation of signaling pathways
elicited by cleavage of PARs. PAR1 and PAR2 activation have
been associated with transcriptional programs regulating
increased expression of angiogenic molecules (6,15). Our
results demonstrate that PAR1 expression is correlated with
malignancy and is highly expressed in high-grade astrocy-
toma. This is in agreement with the immunohistochemistry
data from a study performed by Zhang er al (31), which also
demonstrated that PAR1 expression levels are an indepen-
dent prognostic factor in GBM patients. Notably, the authors
reported the significant upregulation of metalloprotease-1
(MMP1) in high-grade glioma. MMP-1 has been described
as a possible PAR1 activator and may possibly elicit PAR1
pro-tumor effects through a TF-independent route (32). PAR1
supports oncogenic transformation and angiogenesis by
upregulating VEGF in vitro and in vivo (33). In this context,
elevated levels of PAR1 in GBM may directly contribute to
the angiogenic switch during astrocytoma progression. This
hypothesis is reinforced by the observation that thrombin,
which activates PAR1, upregulates VEGF production in vitro
and co-localizes with VEGF in vivo in a rat glioma model (34).
TF-dependent activation of PAR2 has recently been
implicated in increased proliferation, migration and invasion
of GBM cell lines (16). Antibodies that specifically target
TF-dependent signaling without affecting TF procoagulant
activity diminish these pro-tumor properties. Inhibition of
proliferation, migration and invasion of GBM cell lines has
also been attained by independently silencing TF or PAR2.
Studies employing a spontaneous mammary tumor model in
mice demonstrated that the TF/PAR?2 signaling axis is coupled
to angiogenesis in breast cancer (35,36). Thus, PAR2-deficient
mice have delayed mammary tumor progression, as well as
decreased angiogenesis in the initial phase of tumor develop-
ment. Svensson et al demonstrated that PAR2 activation in
endothelial cells may be triggered by TF-bearing microvesicles
derived from GBM cells (37). This phenomenon is observed
particularly under hypoxic conditions and is consistent with



ONCOLOGY REPORTS 31: 679-686, 2014

the observation that TF is more highly expressed proximal to
the necrotic areas in GBM samples (11). Recently, Harter ez al
demonstrated that PAR?2 is heterogeneously overexpressed in
GBM (38). These findings may explain our observation that
analyses of PAR2 expression by qPCR or immunohistochem-
istry show no differences between GBM and lower-grade
gliomas as well as between GBM and non-tumor samples.

Targeting the blood clotting cascade may be a feasible
therapeutic approach for treatment of GBM (39). In this regard,
argatroban, a specific thrombin inhibitor, has been shown to
reduce the in vivo growth of rat GBM. However, argatroban
treatment in this model displayed only a modest improve-
ment in survival (40). It was demonstrated that Ixolaris, a TF
inhibitor that blocks PAR2 signaling in vitro (41), blocks the
in vivo growth of human GBM (U87-MG) cells in a xenograft
model (18). This phenomenon was accompanied by a signifi-
cant decrease in VEGF expression as well as diminished tumor
angiogenesis. Additionally, Harter et al demonstrated that a
monoclonal anti-TF antibody reduces tumor cell invasiveness
in a xenograft model (38).

Collectively, our results strongly suggest that signaling
pathway elements comprising TF, PAR1 and PAR2 are
connected to the upregulation of VEGF and IL-8 expression
in high-grade glioma. Therefore, these proteins may offer
additional targets for the development of new therapies to treat
aggressive glioma.
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