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Evidence for increased expression of tissue factor and protease-
activated receptor-1 in human esophageal cancer
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Abstract. It has been suggested that the blood clotting
initiator protein, tissue factor (TF), participates in tumor
growth, metastasis and angiogenesis. In addition, a family
of G protein-coupled-receptors known as protease-activated
receptors (PARs) has also been implicated in tumor biology.
These receptors might be activated by blood coagulation
proteases thus eliciting a number of pro-tumoral responses,
including the expression of interleukin-8 (IL-8). Therefore,
in this study we analyzed the expression of TF, PAR-1,
PAR-2 and IL-8 genes in patients with esophageal cancer,
one of the most aggressive neoplastic diseases. Total RNA
was extracted from tissue samples (tumor and the corres-
ponding normal mucosa) obtained from patients submitted
to esophagectomy or endoscopy and further analyzed by
semi-quantitative reverse transcriptase-polymerase (RT-PCR)
and/or real-time quantitative PCR (qPCR). Expression of full-
length transmembrane TF was significantly higher in tumor
samples whereas no differences were observed in alternatively
spliced TF transcripts. Tumor tissue showed increased
mRNA levels for PAR-1 but not PAR-2. Remarkably, IL-8
expression was not detected in most normal tissues but
showed very high expression in tumor samples. As expected,
gqPCR revealed greater differences in the expression pattern
of all transcripts analyzed but the general profile was very
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similar to that observed by RT-PCR. Altogether our data
suggest a possible role for blood clotting proteins in the
biology of human esophageal cancer.

Introduction

Esophageal cancer is the eighth most common cancer in
the world and its overall incidence rate is 2-fold higher in
less-developed compared with more-developed geographic
regions (1). Brazil presents one of the highest incidence areas
in the West, being esophageal cancer the fourth most fatal
malignancy among men and the sixth among women (2). The
main histological types of esophageal cancer are squamous
cell carcinoma (ESCC) and adenocarcinoma. ESCC is
estimated to account for around 90% of esophageal cancers
but the frequency of adenocarcinoma has been continuously
increasing, especially in Western populations (3,4). Despite
advances in multimodality therapy, the prognosis for patients
with ESCC still remains poor, with an average 5-year survival
rate <10% due to difficulties in early diagnosis and treatment
(5-6).

An association between thrombosis and cancer has long
been described (7). In fact, the mechanisms that link throm-
bosis and cancer involve a complex interaction between tumor
and host cells as well as the hemostatic system (7-8). In the
last few years, it has become clear that the processes of cancer
metastasis and invasion are highly dependent on components
of the blood coagulation cascade. In this regard, tissue factor
(TF), the physiological initiator of coagulation, has been
reported as a key determinant of the coagulation/cancer
interaction (8). TF expression has been shown to correlate
with the histological grade of malignancy of several types of
cancer, being particularly associated with tumor dissemination
and angiogenesis (9-12).

In addition to TF, a family of G protein-coupled receptors
known as protease-activated receptors (PARs) has been
implicated in tumor biology (13). These receptors might be
activated through proteolytic cleavage by blood coagulation
enzymes thus eliciting the production of several pro-tumoral
factors including cytokines, angiogenic factors and metallo-
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Table 1. Sequence of primers and conditions used for RT-PCR.
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Gene Accession no.? Primers sequences (5'-3") Product (bp)® Annealing Cycle
temperature (°C)

asTF NM_001993.3 F: ACCGACGAGATTGTGAAGGATGT 815 63 35
R: TCAAAAGTCCACCCAGGATTT

fITF NM_001993.3 F: ACCGACGAGATTGTGAAGGATGT 972 63 35
R: TCAAAAGTCCACCCAGGATTT

PAR-1 NM_001992.3 F: GCCGCCTGCTTCAGTCTGTGC 648 67 37
R: GGCCAGACAAGTGAAGGAAGC

PAR-2 NM_005242.3 F: CCATCCAAGGAACCAATAGATC 643 61 35
R: ATGTCTCCCACCAAGAGCTGCTCA

IL-8 NM_000584.2 F: TGGCTCTCTTGGCAGCCTTC 252 54 30
R: TCTCCACAACCCTCTGCACC

PCNA NM_002592.2 F: CATCAACGAGGCCTGCTGGGAT 722 68 30
R: CCTAAGATCCTTCTTCATCCTCG

B-actin NM_001101.3 F: CCTCGCCTTTGCCGATCC 626 55 27

R: GGATCTTCATGAGGTAGTCAGGTC

3GenBank accession number of corresponding gene available at http://www.ncbi.nlm.nih.gov. "PCR product length in base pairs. F, forward

primer; R, reverse primer.

proteases among others (14,15). In this context, some studies
have demonstrated an increased expression of PAR-1 or
PAR-2 in human cancers (16-19).

The aim of this study was to evaluate the expression
pattern of TF, PAR-1 and PAR-2 genes in patients with eso-
phageal cancer. Our data demonstrate that TF and PAR-1
transcripts are significantly elevated. Therefore, these proteins
might play an important biological role in esophageal cancer
and might offer additional strategies for the development
of new therapies.

Material and methods

Human samples. Tumor samples and the corresponding
normal mucosa were obtained from 36 patients, 30 males and
6 females, submitted to esophagectomy or endoscopy in three
hospitals from the Southern and Southeastern regions of
Brazil: Hospital Universitdrio Pedro Ernesto (RJ), Hospital
de Clinicas (RS), and Hospital de Clinicas-Gastrocentro (SP).
All collected samples were immediately frozen in liquid nitro-
gen. All tumor tissues and their adjacent normal epithelia
were identified by histopathological analysis. The age of
patients ranged from 44 to 83 years (mean 58 years). All
individuals who took part in this study signed an informed
consent and information was obtained by a standardized
questionnaire (approved by the respective Ethics Commit-
tees), showed in a previously published study (20), including
data on tobacco smoking and alcohol drinking.

RNA extraction. Total RNA was extracted from all samples
using the TRIzol® reagent (Invitrogen, USA) following the

manufacturer's instructions. All RNA samples were quantified
by spectrophotometry and their integrity was evaluated by
formaldehyde-agarose gel electrophoresis. The quality of the
RNA samples was determined by the ratio of the 28S, 18S
and 5.8S ribosomal RNA bands and only undegraded RNA
was used for reverse transcription (RT) reactions. One to five
micrograms of total RNA was used in RT-PCR reactions
according to an optimized in situ hot start RT-PCR procedure
(21). Equal amount of RNA from the same patient (tumor and
normal mucosa) was used in the separate RT reaction.

Semi-quantitative RT-PCR. Primers and PCR conditions used
to amplify TF, PAR-1, PAR-2, IL-8, 3-actin and PCNA, are
shown in Table I. A different number of cycles was tested to
determine the linear range of product accumulation for each
gene. All PCR experiments were subsequently performed
using a number of cycles which allowed a semi-quantitative
comparison between samples. PCR reactions were done at
least three times for each gene and, when possible, more than
one RT reaction was performed for each sample. PCR products
were separated by 2% agarose gel electrophoresis, stained
with ethidium bromide, and gel images were digitalized.
Band intensities were quantified with LabImage Software
(Kapelan GmbH, Germany) and the values obtained for each
gene were normalized in relation to the values observed for
the amplification of PCNA, to account for the proliferative
status of normal and tumor tissues, and for the amplification
of the housekeeping gene B-actin.

Quantitative real-time PCR (gPCR). Primers used to amplify
TF, PAR-1, PAR-2, IL-8 and B-actin are shown in Table II.
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Table II. Sequence of primers and conditions used for qPCR.
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Gene Accession no.? Primers sequences (5'-3") Annealing temperature(”C)
TF NM_001993.3 F: CAGGCACTACAAATACTGTGG 60
R: TGTAGACTTGATTGACGGGTT
PAR-1 NM_001992.3 F: GCCAGAATCAAAAGCAACAAA 60
R: TCATTTTTCTCCTCATCCTCC
PAR-2 NM_005242.3 F: AGGAACCAGTAGATCCTCTAA 60
R: AGTGGTCAGTTTTCCAGTGAG
IL-8 NM_000584.2 F: CCAACACAGAAATTATGTAAG 60
R: AGCCCTCTTCAAAAACTTCTC
3-actin NM_001101.3 F: CCAGATCATGTTTGAGACCTT 60

R: CGGAGTCCATCACGATGCCAG

3GenBank accession number of corresponding gene available at http://www.ncbi.nlm.nih.gov. °PCR product length in base pairs. F, forward

primer; R, reverse primer.

Figure 1. Expression of TF, PAR-1, PAR-2 and IL-8 mRNAs in esophageal
tumors. A representative agarose gel electrophoresis shows the RT-PCR
analysis from paired samples, normal mucosa (N) and tumor (T), obtained
from selected patients. B-actin and PCNA mRNAs were amplified to check
for RNA integrity and for the proliferative status of the tissues, respectively.

The reactions were performed in duplicate using Power
SYBR® Green PCR Master Mix (Applied Biosystems, USA)
and were performed using the ABI PRISM 7500 real-time
PCR system (Applied Biosystems). The reaction conditions
were: 95°C for 3 min followed by 40 cycles of 95°C for 1 min
(denaturation) and 60°C for 45 sec; the melt curve protocol
began immediately after amplification and consisted of
1 min at 55°C followed by 80-10-sec steps with a 0.5°C
increase in temperature at each step. Lack of variation in
PCR products and the absence of primer dimers were
ascertained from the melt curve profile of the PCR products.
The Comparative Ct Method (22) was used to compare
changes in gene expression levels. B-actin was used as
endogenous control.

Statistical analysis. Statistical analyses were performed using
GraphPad Prism 3.0 (GraphPad Software Incorporated, San
Diego, CA, USA). The paired Student's t-test was used to
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Figure 2. RT-PCR analysis of TF mRNA expression. Full-length (fITF) and
alternatively spliced (asTF) TF gene expression was evaluated in normal
and tumor samples. Assay conditions are described in Material and methods.
Results were normalized to B-actin expression.

determine significant differences between mRNA expression
in the tumors and paired normal tissues. A p-value <0.05 was
considered to be significant.

Results

Full-length tissue factor (fITF), a 45-kDa transmembrane
protein that initiates the coagulation cascade (23), has been
demonstrated to be overexpressed in different tumor types
(9-12). Therefore, we first employed semi-quantitative
RT-PCR to analyze the mRNA levels of the procoagulant
form of TF. Fig. 1 shows a representative set of tumors
and matched mucosa samples analyzed by RT-PCR. After
normalization to B-actin expression, it was demonstrated
that expression levels of fITF gene in tumor samples were
significantly increased in relation to the normal mucosa
(Fig. 2). We also normalized the expression of this gene to the
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Figure 3. RT-PCR analysis of PAR mRNA expression. (A) PAR-1 and (B)
PAR-2 gene expressions were analyzed in normal and tumor samples as
described in Material and methods. Results were normalized to B-actin
expression.

expression of PCNA, in order to rule out any discrepancies
due to an excessive proliferation of tumor cells (data not
shown). However, we did not observe any differences
between normalization with B-actin and PCNA. Therefore,
we decided to use the expression of B-actin to normalize
the expression of all genes.

An alternatively spliced form of TF (asTF) has been
described as a result of deletion of exon 5 (24). In fact,
asTF lacks the transmembrane and cytoplasmic domains
observed in fITF, being thus considered a soluble form of this
protein. It was recently proposed that asTF is involved in
tumor growth and angiogenesis (25). As shown in Fig. 1,
both normal and tumor esophageal tissues expressed
asTF mRNA, which was identified as an 815 bp product in
contrast to a 972 bp product from the fITF transcript.
However, Fig. 2 shows that no significant differences in
the expression levels of asTF were observed between normal
and tumor samples.

Involvement of blood clotting enzymes in tumor
progression is intimately related to expression of protease-
activated receptors (PARSs), in particular PAR-1 and PAR-2
(13-15). Thus, we next examined the mRNA expression
pattern for both receptors. As seen in Fig. 3, tumor samples
exhibited a significant increase in PAR-1 gene expression
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Figure 4. RT-PCR analysis of IL-8 mRNA expression. IL-8 gene expression
was evaluated in normal and tumor samples as described in Material and
methods. Results were normalized to B-actin expression.
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Figure 5. qPCR analysis of TF, PAR-1, PAR-2 and IL-8 mRNA expression.
Gene expression was evaluated in normal and tumor samples as described in
Material and methods. Results were normalized to $-actin expression.

in relation to normal tissue. In contract, there was no
statistically relevant difference in PAR-2 expression levels.

It was recently reported that ESCC patients present
elevated levels of interleukin-8 (IL-8), which correlates with
tumor size and tumor dissemination (26). In this context, it
has been clearly demonstrated in vitro that IL-8 expression
might be up-regulated by either thrombin/PAR-1 or factor
VIla/TF/PAR-2-mediated cascades (27,28). Therefore, we
further analyzed the IL-8 mRNA levels in the tissue samples.
As demonstrated in Fig. 4, IL-8 expression was not detected
in most of the normal tissues but it was very high in tumor
samples.

In order to corroborate the results obtained by semi-
quantitative RT-PCR, a large number of samples were further
analyzed by qPCR. Fig. 5 shows that qPCR analyses con-
firmed the overexpression of TF, PAR-1 and IL-8 in tumor
samples in relation to non-tumoral tissues. As expected,
quantitative analyses revealed greater differences in the
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expression levels but the general profile previously observed
by conventional RT-PCR was very similar.

Discussion

It has been well documented that blood coagulation is
activated in cancer patients, who are very susceptible to
developing thrombotic complications (29). Thrombosis has
been referred to as a marker of poor prognosis in cancer (30).
In this context, the aberrant expression of the clotting
initiator protein, tissue factor (TF), has been pointed out as a
key determinant for increased blood clotting activation in
cancer (8). Recently, White and co-workers found eso-
phageal cancer amongst the five types of cancer at highest
risk for developing venous thromboembolism (30). Accor-
dingly, in this study a significant elevation in full-length,
procoagulant, TF gene expression was found in esophageal
tumor specimens as compared to normal tissues, either by
semi-quantitative or quantitative PCR analyses. Expression
of fITF was significantly increased in tumor samples, being
elevated (T/N expression ratio >2.0) in 18/34 specimens. This
observation parallels with several other studies that demon-
strated elevated TF expression in breast, colorectal, hepato-
cellular and non-small lung cancers among others (9-12).

Expression of TF by tumor cells and subsequent
generation of blood clotting enzymes has been intimately
related to tumor progression and metastasis. In this regard, a
number of pro-tumoral responses have been associated with
coagulation enzyme-mediated activation of PARs (14,15). In
particular, increased expression of PAR-1 or PAR-2 has been
described in several tumor types including breast, prostate,
colon and melanoma (16-19). Moreover, Depasquale et al
recently reported PAR-1 as a prognostic factor in melanomas
which displayed strong correlation with tumor stage (31).
Herein, we observed that PAR-1 expression is up-regulated
in esophageal tumor samples and was detected in 19/29
patients (T/N expression ratio >2.0). On the other hand, there
was no statistically relevant difference in PAR-2 expression
levels, which presented increased rates in 3/20 tumor
samples.

Acquisition of a highly vascularized tumor phenotype
(angiogenic switch) has been shown to occur during the
precancerous stage of human ESCC (32). This process is
thought to be coordinated by VEGF, which correlates with
histological differentiation, metastasis and survival in ESCC
patients (33,34). In this context, Yin et al have demonstrated
that PAR-1 mediates oncogenic transformation in tumor
cells by a mechanism that includes VEGF production (35).
Therefore, it is possible that PAR-1 mediates the production
of this angiogenic factor in esophageal cancer.

In addition to VEGF, interleukin-8 (IL-8) is a cytokine
that has been strongly associated with angiogenesis as well as
with tumor growth (36,37). ESCC patients present increased
plasma levels of IL-8, which correlates with tumor size and
metastasis (26). In this context, our data demonstrated a
dramatic increase in IL-8 gene expression in esophageal
tumor samples, being elevated in 17/19 (T/N) samples. In
addition, most of the normal tissues showed no IL-8 pro-
duction which is in accordance with the study of Kitadai et al
(32). Production of IL-8 by tumor cells might be modulated
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by either PAR-1 or PAR-2, as demonstrated by in vitro
studies (27,28). Therefore, it is possible that production of
IL-8, as well as other inflammatory mediators (38) by eso-
phageal tumor cells is modulated, at least in part, by PAR
receptors.

Taken together, our data demonstrate that TF and PAR-1
gene expression is up-regulated in human esophageal cancer.
In this regard, it is possible that blood coagulation proteins
play a significant role in this malignant neoplastic disease,
which could offer additional strategies for the development
of new therapies.
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