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Abstract:

Background: Patients with pancreatic cancer frequently suffer from thrombosis as a consequence of excess
thrombin generation. In addition to its role in the plasmatic coagulation cascade, thrombin induces numerous cellular
effects by activating a unique group of G-protein-coupled receptors on the cell membrane, the proteinase-activated
receptors (PARs). At present, PAR-1, PAR-3 and PAR-4 are known to be activated by thrombin. We previously
demonstrated a putative role for PAR-1 in pancreatic cancer progression, but little is known about the physiological
and pathophysiological roles of PAR-3 and PAR-4. In the present study, we examined the expression patterns of
PAR-3 and PAR-4 in pancreatic tissue and pancreatic cancer cells.

Methods: Tissue samples from three patients with pancreatic adenocarcinoma and six human pancreatic
carcinoma cell lines were examined. Gene expression was analysed by RT-PCR and quantified by HPLC. Protein
expression was determined by Western blot analysis. Data analysis was performed using ANOVA in SPSS.

Results and Conclusion: In contrast to PAR-1, both PAR-3 and PAR-4 were expressed in healthy pancreases
but downregulated in pancreatic cancer. The contrasting expression patterns of PAR-3 and PAR-4 compared with
PAR-1 indicate that the mechanism that regulates the cellular effects of thrombin on tumor progression remains to
be fully elucidated.
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receptor [19,20], plays a crucial role in the activation of platelets and is
thought to be the link between thrombin and the activation of the
oncopathogenic potential in both benign and malignant cells via the
aggravation of cell motility, tumor growth and angiogenesis [21-24].

Introduction

Thrombosis is a common complication of cancer; it is the second
most common reason for death after the progression of the tumor
[1,2]. Professor Armand Trousseau first described thrombophlebitis
migrans as the first presenting sign of a gastrointestinal malignancy in
1864 [3,4]. Among gastrointestinal tumors, pancreatic cancer has the
highest rate of thromboembolic complications [5]. Up to 40% of
pancreatic cancer patients display symptoms of deep vein thrombosis
(DVT) [6-9].

We previously demonstrated poor PAR-1 expression in healthy
pancreatic tissue and PAR-1 upregulation in pancreatic cancer tissue
and pancreatic adenocarcinoma cell lines. The level of PAR-1
expression was inversely correlated with the grade of pancreatic cancer
cells differentiation [25]. Furthermore, the activation of PAR-1 in
pancreatic adenocarcinoma cell lines induced intracellular signalling,

The activation of the coagulation cascade leads to the excess resultinginincreased proliferation [26].

generation of the serine protease thrombin, its key enzyme. Thrombin
plays a central role in activating several coagulation factors and
splitting fibrinogen into the active product fibrin [10].

The recently cloned protease-activated receptors PAR-3 and PAR-4
also belong to the PAR family, but they have not been well
characterised. Both PAR-3 and PAR-4 are specifically activated by
thrombin  [27-29], but their role in physiological and
pathophysiological processes is not clearly understood.

In addition to its diverse plasmatic actions, thrombin elicits
numerous cellular responses, such as platelet aggregation, the
secretion of cytokines from endothelial cells and the proliferation of

fibroblasts and smooth muscle cells [11-13]. Thrombin has also been
proposed to activate/aggravate the oncogenic potential of both normal
and malignant cells [14-16]. The cellular effects of thrombin are
mediated by a subgroup of G-protein receptors, the protease-activated
receptors (PARs) [17,18]. PAR-1, the first identified protease-activated

The aim of this study was to determine the expression patterns of
PAR-3 and PAR-4 in pancreatic cancer and to further characterise
their putative role in thrombin-induced cancer progression.
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Methods and Materials

Tissue samples

Tissue samples from three patients with pancreatic adenocarcinoma
were obtained from the tumor and healthy surrounding tissue and
intraoperatively cryoconserved. Written informed consent was
obtained from all the patients prior to surgery.

Cell culture and reagents

The human pancreatic carcinoma cell lines MIA PaCa-2 [30]
(ATCC, Rockville, MD, USA); PATU 8902 and PATU 8988s [31,32],
Capan-1 and Capan-2 [33,34], and DAN-G [35] (all DSMZ,
Braunschweig, Germany) and Capan-1 (a gift from Professor Marc M.
Mareel, University of Gent, Belgium) were cultivated in their
respective media at 37°C in a humidified atmosphere with 5% CO,
(see also Table 1). Human Umbilical Vein Endothelial Cells
(HUVECs) (Boehringer Ingelheim, Heidelberg, Germany), which
express PAR-4 were included as positive controls for PAR-4
expression. The medium and supplements were purchased from
Biochrom Seromed (Berlin, Germany). Cell culture plastic ware was
obtained from Nunc AS (Roskilden, Denmark).

RNA isolation and reverse transcription and polymerase
chain reaction (RT-PCR)

Total RNA was isolated from pancreatic tissue samples, pancreatic
cancer cell lines and HUVECs using a high-purity RNA tissue kit and
a high-purity RNA isolation kit (Roche Diagnostics GmbH,
Mannheim, Germany) according to the manufacturer’s instructions.

For RT-PCR analysis, 250 to 500 ng of total RNA from each
pancreatic adenocarcinoma cell line or tissue sample was used in
SuperScript” One-Step RT-PCR with Platinum” Taq (Invitrogen,
Groningen, Netherlands) according to the manufacturer’s
instructions. Gene specific primer were designed using the web based
primer blast software from ncbi (http://www.ncbi.nlm.nih.gov/tools/
primer-blast/). The gene-specific primers for PAR-3 were as follows:
sense 5- CTG TTG CCC ACT TTT TGT CAG A -3 and antisense 5-
TGT TGC CCA CAC CAG TCC ACA -3. The following PCR
conditions were used to amplify PAR-3: 30 minutes reverse
transcription at 53°C; 5 minutes initial denaturation at 94°C; 30 (tissue
sample analysis) to 35 (cell lines) cycles of 20 seconds denaturation at
94°C, 30 seconds annealing at 60°C and 30 seconds primer extension at
72°C; and 10 minutes at 68°C for the final extension.

The gene-specific primers for PAR-4 were as follows: sense 5- CAC
CGG AGG TGG TGA TGA ACA GCA -3 and antisense 5- GAA
GGT CTG CCG CTG CAG TGT CA -3 The PCR conditions were
identical to those described for PAR-3 except that 38 cycles of
annealing were performed at 66°C.

The B-actin gene served as an internal control. The gene-specific
primers for B-actin were as follows: sense 5-CCA AGG CCA AAC
CGC GAG AAG ATG-3  and antisense 5-GGT ACA TGG TGC CGC
CAG AC-3. The PCR conditions were as follows: 30 minutes of
reverse transcription at 55°C; 3 minutes of initial denaturation at 94°C;
20 cycles of 20 seconds denaturation at 94°C, 30 seconds of annealing
at 66°C and 30 seconds of primer extension at 72°C; and 10 minutes at
68°C for the final extension.

The PCR products were fractionated on agarose gels containing
0.5pg/pl ethidium bromide. The experiments were documented using
a computerised gel documentation system (Gel-Pro Analyzer’, Media
Cybernetics, USA).

The RT-PCR products were quantified by size-fractionation by
anion-exchange High-Performance Liquid Chromatography (HPLC)
on a Waters LCM1 plus system (Waters Cooperation, Milford, MA,
USA). The peak areas corresponding to the RT-PCR product at 260
nm were integrated and normalised to the level of the -actin message
(Millenium Software, Waters Cooperation, Milford, MA, USA).

Cell lysates for protein analysis

Whole-cell lysates of the six pancreatic cancer cell lines (MIA
PaCa-2, PATU 8902, PATU 8988s, Capan-1, Capan-2 and DAN-G)
and HUVECs were prepared by lysing the cells directly in RIPA buffer
(660-900 ul). The surfaces of Falcon flasks were scrapped with a
rubber policeman, and the lysate was removed to a microcentrifuge
tube, homogenised via passage through a 21-gauge needle and
incubated for 60 minutes on ice. The samples were then centrifuged at
10000Xg for 10 minutes at 4°C to remove debris. The protein content
was measured (DC Protein Assay, Bio-Rad, Germany) and the lysates
were stored at -80°C until use.

Western blot analysis

Western blot analysis was performed using 35 pg of protein in each
lane. All antibodies were purchased from Santa Cruz Biotechnology
(Santa Cruz, CA, USA). For immunostaining, the membranes were
incubated with the primary polyclonal anti-PAR-3 antibody (sc-5598;
1:1000; 4°C overnight) or the primary polyclonal anti-PAR-4 antibody
(sc-1807; 1:1000; RT for 90 minutes), followed by incubation with the
horseradish peroxidase-conjugated secondary antibody (sc-2371;
1:10,000; 45 minutes at RT). The immunoblotting results were
visualised with a luminol-based chemiluminescence reagent and
exposed to BIOMAX light-1 film (Kodak via Sigma Aldrich, Munich,
Germany). For normalisation, each membrane was probed with an
antibody against B-actin (sc-130657). The results were scanned and
quantified.

Statistical analysis

All experiments were performed at least three times. Normalised
PAR-3 RT-PCR products (ug/ul) and the results of the PAR-4 Western
blot analysis (Integrated Optical Density, IOD) were used for statistical
analysis with ANOVA in SPSS for Windows (IBM Germany,
Ehningen, Germany). P-values > 0.05 were considered statistically
significant.

Results

Expression of PAR-3 mRNA

The expression of PAR-3 mRNA was determined in healthy
pancreatic tissue and pancreatic adenocarcinoma samples. One
pancreatic cancer cell line, PATU 8988s, was included in this
experiment to compare the results from tissues and cell lines and rule
out technical problems in RNA extraction from tissue samples.

High levels of PAR-3 were observed in healthy pancreatic tissue
(1423 + 669 pg/ul). However, in the corresponding pancreatic cancer
tissue, the expression of PAR-3 (359 + 13 pg/ul) was significantly
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down regulated. The expression levels of PAR-3 were even lower in the
pancreatic cancer cell line PATU 8988s (23 + 3 pg/ul) than in the
pancreatic cancer tissue samples (Figure 1).
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Figure 1: Expression of PAR-3 mRNA in tissue samples from a
healthy pancreas (Lane 2), pancreatic cancer (Lane 3) and the
pancreatic cancer cell line PATU 8988s (Lane 4), which was derived
from a moderately differentiated pancreatic cancer specimen. The
healthy pancreatic tissue showed strong PAR-3 expression. In
pancreatic cancer tissue and in particular, the pancreatic cancer cell
line, PAR-3 mRNA was significantly downregulated. The graph
below shows the results of two independent experiments. The red
dots represent the amounts measured by HPLC, and the grey bars
indicate the mean.

The PAR-3 gene expression levels in the six pancreatic cancer cell
lines with different grades of differentiation differed up to fivefold.
The well-differentiated cell lines Capan-1 (1250 + 145 ug/ul) and
Capan-2 (1120 + 120 ug/pl) exhibited comparatively high levels of
PAR-3 expression. The moderately differentiated cell lines PATU 8902
(785 + 5 pg/ul), DAN-G (756 + 66 ug/ul), and PATU 8988s (706 + 45
pg/ul) exhibited markedly lower PAR-3 gene expression. The
differences between the well-differentiated cell lines (Capan-1 and
Capan-2) and the moderately differentiated cell lines (PATU 8902,
PATU 8988s and DAN-G) were statistically significant (p=0.005 to
p<0.001). Very low levels of PAR-3 expression were observed in MIA
PaCa-2 (232 £ 11 ug/ul), a cell line with poor differentiation and high
malignant potential. This result was statistically significant compared
to both Capan-1 and Capan-2, with p<0.001 (Figure 2).

PAR-3 protein expression

The protein expression of PAR-3 also correlated with the
differentiation level of the pancreatic cancer cell lines. In the well-
differentiated cell lines Capan-1 and Capan-2 and in DAN-G, PAR-3
protein expression was observed, but no difference in expression
between these cell lines was observed.
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Figure 2: PAR-3 gene expression analysed by RT-PCR in six
pancreatic cancer cell lines with varying grades of differentiation.
The agarose gel shows different levels of PAR-3 (640 bp) in the
upper image and P-actin expression as an internal control (585 bp)
in the lower image. Both products were fractionated in ethidium
bromide-stained 2% agarose gel using horizontal gel
electrophoresis. The graph shows the amounts of mRNA in pg/ul
from a set of four independent experiments as box plots. The
differences in PAR-3 gene expression levels between the well-
differentiated pancreatic cancer cell lines Capan-1 and Capan-2, the
moderately differentiated cell lines PATU 8988s, DAN-G, and
PATU 8902 and the poorly differentiated pancreatic cancer cell line
MIA PaCa-2 were statistically significant.

No PAR-3 protein expression was detected in the moderately
differentiated cell lines PATU 8988s and PATU 8902 and the poorly
differentiated cell line MIA PaCa-2 (Figure 3).

Expression of PAR-4 mRNA

High mRNA expression levels of the thrombin receptor PAR-4
were observed in healthy pancreatic tissue. However, PAR-4 mRNA
was downregulated in the corresponding pancreatic cancer tissue to
below the detectable level (Figure 4). Accordingly, PAR-4 gene
expression was below the detectable level in all RNA samples from the
tested pancreatic adenocarcinoma cell lines. Consequently, no
statistical analysis could be performed. As a control, PAR-4 mRNA
was detected in endothelial cells (HUVECs), ruling out primer
dysfunction or technical problems (Figure 5).

PAR-4 protein expression

Weak PAR-4 protein expression was detected in all pancreatic
adenocarcinoma cell lines tested. The expression levels of PAR-4 did
not differ between the different cell lines. In the endothelial cells
(HUVECs) used as a control, a strong PAR-4 protein signal was
observed (Figure 6).
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Figure 3: Representative Western blot analysis of PAR-3 protein
expression in whole cell lysates of six different pancreatic cancer
cell lines (MIA PaCa-2, PATU 8988s, PATU 8902, Capan-1,
Capan-2 and DAN-G). The upper image shows that PAR-3 is only
expressed in the pancreatic cancer cell lines Capan-1, Capan-2, and
DAN-G. The PAR-3 protein has a size of approximately 40 kDA.
The lower image shows the membrane reprobed for $-actin, which
was used as an internal control, at 33 kDA. Although the B-actin
expression varies between the cell lines, all cell lines show
expression, thereby ruling out technical faults.
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Figure 4: Representative RT-PCR analysis of the expression of
PAR-4 mRNA in tissue samples from a normal pancreas (Lane 3),
pancreatic cancer (Lane 4) and the two pancreatic cancer cell lines
MIA PaCa-2 (Lane 2) and DAN-G (Lane 5). Strong PAR-4
expression was observed in healthy pancreatic tissue. PAR-4 mRNA
could not be amplified from the pancreatic cancer tissue and the
pancreatic adenocarcinoma cell lines.

Figure 5: Representative RT-PCR analysis of PAR-4 expression
using total RNA from six different pancreatic cancer cell lines
(Lanes 2-7) and HUVECs (Lane 8). The upper image shows the
PAR-4 PCR product, which has a size of 581 bp. The lower image
shows the PCR products for B-actin, a housekeeping gene that
served as an internal control, at 598 bp. Lane 1 in both pictures
shows the molecular weight marker (100 bp PLUS, PeqLab,
Erlangen, Germany); the band corresponding to 500 bp is indicated
by the arrow.

Discussion

Patients with pancreatic carcinoma frequently suffer from
thrombosis as a result of an excessively activated coagulation cascade
and thrombin generation [6,9,10,36]. The thrombin receptor PAR-1
plays a role in the activation of platelets and is thought to be the link
between thrombin and the activation of oncopathogenic potential in
both benign and malignant cells [22-24]. The effects of thrombin on
pancreatic cancer progression and the associated underlying
mechanisms by which the diverse thrombin receptors, particularly
PARs, are orchestrated are still not completely understood.

In this study, we investigated the expression of the recently cloned
receptors PAR-3 and PAR-4 in pancreatic cancer tissue and cell lines
for the first time.

Gene expression of PAR-3 was detected in healthy pancreatic tissue.
In contrast with its high expression in healthy tissue, the level of
PAR-3 mRNA was significantly decreased in pancreatic cancer tissue
and pancreatic cancer cell lines.

Furthermore, the level of PAR-3 gene expression in six pancreatic
cancer cell lines correlated with the degree of differentiation of the cell
lines. PAR-3 gene expression was lower in the moderately
differentiated pancreatic cancer cell lines (PATU 8988s, DAN-G, and
PATU 8902) compared with the well-differentiated pancreatic cancer
cell lines (Capan-1 and Capan-2). The downregulation of PAR-3
mRNA expression was most evident in the poorly differentiated
pancreatic cancer cell line MIA PaCa-2. PAR-3 expression was up to
fivefold lower in MIA PaCa-2 than in the better differentiated
pancreatic cancer cell lines.
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Figure 6: Representative Western blot analysis of PAR-4 protein
expression using whole cell lysates derived from five pancreatic
cancer cell lines (PATU 8902, PATU 8988s, DAN-G, Capan-1 and
MIA PaCa-2) and HUVECs (Lane 1). The upper image shows
PAR-4, which has a size of approximately 40 kDA. PAR-4
expression was strongest in HUVECs. The expression of PAR-4 did
not vary significantly between the pancreatic cancer cell lines. The
lower image shows the reprobed membrane. In the graph below,
the box plots represent the integrated optical density from three
independent experiments. The graph illustrates the significant
difference in PAR-4 expression in HUVECs and the pancreatic
cancer cell lines (p<0.005 = *).

The analysis of PAR-3 protein expression in the pancreatic cancer
cell lines revealed specific variations. As expected, protein expression
was detected in the well-differentiated cell lines Capan-1 and Capan-2.
However, similar protein expression was confirmed for the moderately
differentiated cell line DAN-G, whereas none of the other cell lines
exhibited protein expression of PAR-3.

The mechanism of PAR-3 activation remains unknown. PAR-3 was
first described in PAR-1-deficient mice, the platelets of which are fully
responsive to thrombin [37]. Although the PAR-3 consensus sequence
contains a putative thrombin cleavage site, no synthetic peptide is able
to mimic receptor activation and function [38]. Interestingly, the
tethered ligand peptide for PAR-3 interacts with PAR-1 and PAR-2 in
Jurkat cells [39]. In mice, PAR-3 functions as a co-factor for PAR-4 in
platelet activation [40].

In human endothelial cells, PAR-3 regulates PAR-1 signalling by
receptor dimerisation, resulting in increased endothelial permeability
[41]. In human rhabdomyosarcoma, PAR-3 inhibits tumor cell
proliferation and growth [42].

Because PAR-3 is an apparent factor in the inhibition of tumor
proliferation, the observed downregulation of PAR-3 emphasises the
PAR-3’s putative role in controlling tumor growth and malignant
potential. Because of receptor heterodimerisation, the downregulation
of PAR-3 further increases the oncogenic potential of PAR-1 in
pancreatic cancer.

The mRNA of the thrombin receptor PAR-4 was expressed in
healthy pancreatic tissue. In the corresponding tissue from pancreatic
cancer, no PAR-4 mRNA was detectable. Accordingly, PAR-4 mRNA
expression was below detectable levels in all of the pancreatic cancer
cell lines.

Contrary to the gene expression results, PAR-4 protein expression
was detectable in all whole-cell lysates of the pancreatic cancer cell
lines, although the detection levels were low. Post-transcriptional and
post-translational modifications, a well-known phenomenon for G
protein-coupled receptors, may explain the discrepancy between the
mRNA and protein results in our experiments [43].

Both PAR-4 and PAR-1 are activated by thrombin via the cleavage
of a specific extracellular domain. Receptor activation and function
can be mimicked by synthetic peptides representing the tethered
ligand sequence. Interestingly, PAR-4 requires much higher
concentrations of thrombin (1 U/ml or greater) than PAR-1 for
activation and might serve as a modulator of the cellular dose-
response to thrombin [28]. Thus, it has been hypothesised that PAR-4
might induce conflicting effects if it serves as a natural shut-off for
PAR-1. This relationship has been confirmed for the effect of PAR-1
(contraction) and PAR-4 (relaxation) on the muscularis mucosae in
the rat oesophagus [44].

If PAR-4 also serves as a shut-off for PAR-1 at high thrombin
concentrations in a cancer setting, our results indicate that the
downregulation of PAR-4 together with the upregulation of PAR-1 in
pancreatic cancer strengthens the malignant potential of thrombin
because the regulatory function of PAR-4 is missing.

Our results are supported by the reported PAR-4 expression in
human lung adenocarcinoma. PAR-4 expression is decreased in lung
adenocarcinoma and is associated with poor differentiation and
metastasis [45].

In a murine model using a melanoma cell line, PAR 4 -/- mice
displayed a significantly lower tumor burden and less distant
metastasis [21], but this model does not address the role of PARs in
the tumor cells themselves.

Our results reveal a contradictory regulatory mechanism for the
expression of the thrombin receptors PAR-3 and PAR-4 compared
with  PAR-1 in pancreatic cancer tissue and pancreatic
adenocarcinoma cell lines. In contrast to PAR-3 and PAR-4, the
thrombin receptor PAR-1 is not expressed in healthy pancreatic tissue.
However, PAR-1 is upregulated during malignant transformation, and
the level of PAR-1 expression correlates with the grade of malignancy
[25]. By contrast, PAR-3 and PAR-4 are downregulated during
tumorigenesis and the de-differentiation of pancreatic cancer.

The downregulation of both PAR-3 and PAR-4 in pancreatic cancer
compared with healthy pancreatic tissue further supports a role of
both receptors in cancer progression.

Furthermore, if PAR-4 act as a shut-off for PAR-1 and PAR-3 also
serves as an important receptor for heterodimerisation in PAR-1
signalling in the pancreas, our experiments would imply that
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pancreatic cancer progression is governed by both the upregulation of
PAR-1 and the downregulation of PAR-3 and PAR-4.

Conclusion

We demonstrated that the thrombin receptors PAR-3 and PAR-4
are both present in healthy pancreatic tissue. Our results show that
both receptors are significantly downregulated in pancreatic cancer
tissue and pancreatic cancer cell lines. The regulation of PAR-3 and
PAR-4 contrasts with that of the thrombin receptor PAR-1, which is
merely detectable in the healthy pancreas but is significantly
upregulated in pancreatic cancer tissue and pancreatic cancer cell
lines.

Although little is known about the role of PAR-3 and PAR-4 in
pathophysiological mechanisms, our results imply their involvement
in the progression of pancreatic cancer. Given the key role of thrombin
in the context of tumor progression, the role of the thrombin receptors
PAR-3 and PAR-4 in pancreatic cancer merits further study.

Acknowledgement

This work was funded by a grant from the Cologne Fortune
Programme (Grant No.: 48/2000). Authors disclose any possible
conflict of interest.

References

1. Ambrus JL, Ambrus CM, Mink IB, Pickren JW (1975) Causes of death in
cancer patients. ] Med 6: 61-64.

2. Chew HK, Wun T, Harvey D, Zhou H, White RH (2006) Incidence of
venous thromboembolism and its effect on survival among patients with
common cancers. Arch Intern Med 166: 458-464.

3. Falanga A, Zacharski L (2005) Deep vein thrombosis in cancer: the scale
of the problem and approaches to management. Ann Oncol 16: 696-701.

4.  Trousseau A (1864) Phlegmasia alba dolens; in Anonymous: Clinique
Medicale de 1'Hotel -dieu de Paris. Paris, ].B.Balliere et Fils 654-712.

5. Stein PD, Beemath A, Meyers FA, Skaf E, Sanchez J, et al. (2006)
Incidence of venous thromboembolism in patients hospitalized with
cancer. Am ] Med 119: 60-68.

6. Baron JA, Gridley G, Weiderpass E, Nyrén O, Linet M (1998) Venous
thromboembolism and cancer. Lancet 351: 1077-1080.

7. Sgouros J, Maraveyas A (2008) Excess premature (3-month) mortality in
advanced pancreatic cancer could be related to fatal vascular
thromboembolic events. A hypothesis based on a systematic review of
phase III chemotherapy studies in advanced pancreatic cancer. Acta
Oncol 47: 337-346.

8.  Landefeld CS, Beyth R] (1993) Anticoagulant-related bleeding: clinical
epidemiology, prediction, and prevention. Am ] Med 95: 315-328.

9. GORE I (1953) Thrombosis and pancreatic carcinoma. Am ] Pathol 29:
1093-1103.

10. Kakkar AK, DeRuvo N, Chinswangwatanakul V, Tebbutt S, Williamson
RC (1995) Extrinsic-pathway activation in cancer with high factor VIIa
and tissue factor. Lancet 346: 1004-1005.

11. Molino M, Bainton DF, Hoxie JA, Coughlin SR, Brass LF (1997)
Thrombin receptors on human platelets. Initial localization and
subsequent redistribution during platelet activation. J Biol Chem 272:
6011-6017.

12. Molino M, Woolkalis MJ, Reavey-Cantwell J, Pratic6 D, Andrade-
Gordon P, et al. (1997) Endothelial cell thrombin receptors and PAR-2.
Two protease-activated receptors located in a single cellular
environment. ] Biol Chem 272: 11133-11141.

13. Cichowski K, Brugge JS, Brass LF (1996) Thrombin receptor activation
and integrin engagement stimulate tyrosine phosphorylation of the

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

proto-oncogene product, p95vav, in platelets. J Biol Chem 271:
7544-7550.

Nierodzik ML, Kajumo F, Karpatkin S (1992) Effect of thrombin
treatment of tumor cells on adhesion of tumor cells to platelets in vitro
and tumor metastasis in vivo. Cancer Res 52: 3267-3272.

Morris DL, Ward JB Jr, Nechay P, Whorton EB Jr, Fenton JW 2nd, et al.
(1992) Highly purified human alpha-thrombin promotes morphological
transformation of BALB/c 3T3 cells. Carcinogenesis 13: 1-7.
Tsopanoglou NE, Maragoudakis ME (2009) Thrombin's central role in
angiogenesis and pathophysiological processes. Eur Cytokine Netw 20:
171-179.

Nierodzik ML, Chen K, Takeshita K, Li JJ, Huang YQ, et al. (1998)
Protease-activated receptor 1 (PAR-1) is required and rate-limiting for
thrombin-enhanced experimental pulmonary metastasis. Blood 92:
3694-3700.

Coughlin SR (1999) How the protease thrombin talks to cells. Proc Natl
Acad Sci U S A 96: 11023-11027.

Coughlin SR, Vu TK, Hung DT, Wheaton VI (1992) Expression cloning
and characterization of a functional thrombin receptor reveals a novel
proteolytic mechanism of receptor activation. Semin Thromb Hemost 18:
161-166.

Coughlin SR, Scarborough RM, Vu TK, Hung DT (1992) Thrombin
receptor structure and function. Cold Spring Harb Symp Quant Biol 57:
149-154.

Camerer E, Qazi AA, Duong DN, Cornelissen I, Advincula R, et al.
(2004) Platelets, protease-activated receptors, and fibrinogen in
hematogenous metastasis. Blood 104: 397-401.

Shi X, Gangadharan B, Brass LF, Ruf W, Mueller BM (2004) Protease-
activated receptors (PAR1 and PAR2) contribute to tumor cell motility
and metastasis. Mol Cancer Res 2: 395-402.

Villares GJ, Zigler M, Dobroff AS, Wang H, Song R, et al. (2011) Protease
activated receptor-1 inhibits the Maspin tumor-suppressor gene to
determine the melanoma metastatic phenotype. Proc Natl Acad Sci U S A
108: 626-631.

Nierodzik ML, Karpatkin S (2006) Thrombin induces tumor growth,
metastasis, and angiogenesis: Evidence for a thrombin-regulated
dormant tumor phenotype. Cancer Cell 10: 355-362.

Rudroff C, Seibold S, Kaufmann R, Zetina CC, Reise K, et al. (2002)
Expression of the thrombin receptor PAR-1 correlates with tumour cell
differentiation of pancreatic adenocarcinoma in vitro. Clin Exp
Metastasis 19: 181-189.

Rudroff C, Schafberg H, Nowak G, Weinel R, Scheele J, et al. (1998)
Characterization of functional thrombin receptors in human pancreatic
tumor cells (MIA PACA-2). Pancreas 16: 189-194.

Ishihara H, Connolly AJ, Zeng D, Kahn ML, Zheng YW, et al. (1997)
Protease-activated receptor 3 is a second thrombin receptor in humans.
Nature 386: 502-506.

Kahn ML, Nakanishi-Matsui M, Shapiro MJ, Ishihara H, Coughlin SR
(1999) Protease-activated receptors 1 and 4 mediate activation of human
platelets by thrombin. J Clin Invest 103: 879-887.

Xu WF, Andersen H, Whitmore TE, Presnell SR, Yee DP, et al. (1998)
Cloning and characterization of human protease-activated receptor 4.
Proc Natl Acad Sci U S A 95: 6642-6646.

Yunis AA, Arimura GK, Russin DJ (1977) Human pancreatic carcinoma
(MIA PaCa-2) in continuous culture: sensitivity to asparaginase. Int J
Cancer 19: 128-135.

Elsasser HP, Lehr U, Agricola B, Kern HF (1992) Establishment and
characterisation of two cell lines with different grade of differentiation
derived from one primary human pancreatic adenocarcinoma. Virchows
Arch B Cell Pathol Incl Mol Pathol 61: 295-306.

Elsdsser HP, Lehr U, Agricola B, Kern HF (1993) Structural analysis of a
new highly metastatic cell line PaTu 8902 from a primary human
pancreatic adenocarcinoma. Virchows Arch B Cell Pathol Incl Mol
Pathol 64: 201-207.

Journal of Surgery [Jurnalul de Chirurgie]
ISSN:1584-9341 JOS, an open access

Volume 10 « Issue 1 « 7


http://www.ncbi.nlm.nih.gov/pubmed/1056415
http://www.ncbi.nlm.nih.gov/pubmed/1056415
http://www.ncbi.nlm.nih.gov/pubmed/16505267
http://www.ncbi.nlm.nih.gov/pubmed/16505267
http://www.ncbi.nlm.nih.gov/pubmed/16505267
http://www.ncbi.nlm.nih.gov/pubmed/15802275
http://www.ncbi.nlm.nih.gov/pubmed/15802275
http://www.ncbi.nlm.nih.gov/pubmed/16431186
http://www.ncbi.nlm.nih.gov/pubmed/16431186
http://www.ncbi.nlm.nih.gov/pubmed/16431186
http://www.ncbi.nlm.nih.gov/pubmed/9660575
http://www.ncbi.nlm.nih.gov/pubmed/9660575
http://www.ncbi.nlm.nih.gov/pubmed/17957501
http://www.ncbi.nlm.nih.gov/pubmed/17957501
http://www.ncbi.nlm.nih.gov/pubmed/17957501
http://www.ncbi.nlm.nih.gov/pubmed/17957501
http://www.ncbi.nlm.nih.gov/pubmed/17957501
http://www.ncbi.nlm.nih.gov/pubmed/8368229
http://www.ncbi.nlm.nih.gov/pubmed/8368229
http://www.ncbi.nlm.nih.gov/pubmed/13104635
http://www.ncbi.nlm.nih.gov/pubmed/13104635
http://www.ncbi.nlm.nih.gov/pubmed/7475548
http://www.ncbi.nlm.nih.gov/pubmed/7475548
http://www.ncbi.nlm.nih.gov/pubmed/7475548
http://www.ncbi.nlm.nih.gov/pubmed/9038223
http://www.ncbi.nlm.nih.gov/pubmed/9038223
http://www.ncbi.nlm.nih.gov/pubmed/9038223
http://www.ncbi.nlm.nih.gov/pubmed/9038223
http://www.ncbi.nlm.nih.gov/pubmed/9111010
http://www.ncbi.nlm.nih.gov/pubmed/9111010
http://www.ncbi.nlm.nih.gov/pubmed/9111010
http://www.ncbi.nlm.nih.gov/pubmed/9111010
http://www.ncbi.nlm.nih.gov/pubmed/8631786
http://www.ncbi.nlm.nih.gov/pubmed/8631786
http://www.ncbi.nlm.nih.gov/pubmed/8631786
http://www.ncbi.nlm.nih.gov/pubmed/8631786
http://www.ncbi.nlm.nih.gov/pubmed/1596884
http://www.ncbi.nlm.nih.gov/pubmed/1596884
http://www.ncbi.nlm.nih.gov/pubmed/1596884
http://www.ncbi.nlm.nih.gov/pubmed/1733560
http://www.ncbi.nlm.nih.gov/pubmed/1733560
http://www.ncbi.nlm.nih.gov/pubmed/1733560
http://www.ncbi.nlm.nih.gov/pubmed/20167556
http://www.ncbi.nlm.nih.gov/pubmed/20167556
http://www.ncbi.nlm.nih.gov/pubmed/20167556
http://www.ncbi.nlm.nih.gov/pubmed/9808563
http://www.ncbi.nlm.nih.gov/pubmed/9808563
http://www.ncbi.nlm.nih.gov/pubmed/9808563
http://www.ncbi.nlm.nih.gov/pubmed/9808563
http://www.ncbi.nlm.nih.gov/pubmed/10500117
http://www.ncbi.nlm.nih.gov/pubmed/10500117
http://www.ncbi.nlm.nih.gov/pubmed/1321504
http://www.ncbi.nlm.nih.gov/pubmed/1321504
http://www.ncbi.nlm.nih.gov/pubmed/1321504
http://www.ncbi.nlm.nih.gov/pubmed/1321504
http://www.ncbi.nlm.nih.gov/pubmed/1339654
http://www.ncbi.nlm.nih.gov/pubmed/1339654
http://www.ncbi.nlm.nih.gov/pubmed/1339654
http://www.ncbi.nlm.nih.gov/pubmed/15031212
http://www.ncbi.nlm.nih.gov/pubmed/15031212
http://www.ncbi.nlm.nih.gov/pubmed/15031212
http://www.ncbi.nlm.nih.gov/pubmed/15280447
http://www.ncbi.nlm.nih.gov/pubmed/15280447
http://www.ncbi.nlm.nih.gov/pubmed/15280447
http://www.ncbi.nlm.nih.gov/pubmed/21187389
http://www.ncbi.nlm.nih.gov/pubmed/21187389
http://www.ncbi.nlm.nih.gov/pubmed/21187389
http://www.ncbi.nlm.nih.gov/pubmed/21187389
http://www.ncbi.nlm.nih.gov/pubmed/17097558
http://www.ncbi.nlm.nih.gov/pubmed/17097558
http://www.ncbi.nlm.nih.gov/pubmed/17097558
http://www.ncbi.nlm.nih.gov/pubmed/11964083
http://www.ncbi.nlm.nih.gov/pubmed/11964083
http://www.ncbi.nlm.nih.gov/pubmed/11964083
http://www.ncbi.nlm.nih.gov/pubmed/11964083
http://www.ncbi.nlm.nih.gov/pubmed/9510143
http://www.ncbi.nlm.nih.gov/pubmed/9510143
http://www.ncbi.nlm.nih.gov/pubmed/9510143
http://www.ncbi.nlm.nih.gov/pubmed/9087410
http://www.ncbi.nlm.nih.gov/pubmed/9087410
http://www.ncbi.nlm.nih.gov/pubmed/9087410
http://www.ncbi.nlm.nih.gov/pubmed/10079109
http://www.ncbi.nlm.nih.gov/pubmed/10079109
http://www.ncbi.nlm.nih.gov/pubmed/10079109
http://www.ncbi.nlm.nih.gov/pubmed/9618465
http://www.ncbi.nlm.nih.gov/pubmed/9618465
http://www.ncbi.nlm.nih.gov/pubmed/9618465
http://www.ncbi.nlm.nih.gov/pubmed/832918
http://www.ncbi.nlm.nih.gov/pubmed/832918
http://www.ncbi.nlm.nih.gov/pubmed/832918
http://www.ncbi.nlm.nih.gov/pubmed/1348891
http://www.ncbi.nlm.nih.gov/pubmed/1348891
http://www.ncbi.nlm.nih.gov/pubmed/1348891
http://www.ncbi.nlm.nih.gov/pubmed/1348891
http://www.ncbi.nlm.nih.gov/pubmed/8287116
http://www.ncbi.nlm.nih.gov/pubmed/8287116
http://www.ncbi.nlm.nih.gov/pubmed/8287116
http://www.ncbi.nlm.nih.gov/pubmed/8287116

Citation: Claudia Rudroff, Annette Richard, Sarah Hilswicht, Edmund AM Neugebauer. The Expression of the Thrombin Receptors
PAR-3 and PAR-4 is Downregulated in Pancreatic Cancer Cell Lines. Journal of Surgery [Jurnalul de Chirurgie] 2014; 10(1):

35-41. doi: 10.7438/1584-9341-10-1-7

Page 41

33.

34.

35.

36.

37.

38.

Kyriazis AA, Kyriazis AP, Sternberg CN, Sloane NH, Loveless JD (1986)
Morphological, biological, biochemical, and karyotypic characteristics of
human pancreatic ductal adenocarcinoma Capan-2 in tissue culture and
the nude mouse. Cancer Res 46: 5810-5815.

Kyriazis AP, Kyriazis AA, Scarpelli DG, Fogh J, Rao MS, et al. (1982)
Human pancreatic adenocarcinoma line Capan-1 in tissue culture and
the nude mouse: morphologic, biologic, and biochemical characteristics.
Am J Pathol 106: 250-260.

Rosewicz S, Stier U, Brembeck F, Kaiser A, Papadimitriou CA, et al.
(1995) Retinoids: effects on growth, differentiation, and nuclear receptor
expression in human pancreatic carcinoma cell lines. Gastroenterology
109: 1646-1660.

Kakkar AK, Chinswangwatanakul V, Tebbutt S, Lemoine NR,
Williamson RC (1998) A characterization of the coagulant and
fibrinolytic profile of human pancreatic carcinoma cells. Haemostasis 28:
1-6.

Connolly A]J, Ishihara H, Kahn ML, Farese RV Jr, Coughlin SR (1996)
Role of the thrombin receptor in development and evidence for a second
receptor. Nature 381: 516-519.

Derian CK, Damiano BP, D’Andrea MR, Andrade-Gordon P (2002)
Thrombin regulation of cell function through protease-activated
receptors: implications for therapeutic intervention. Biochem Biokhimii?
a67: 56-64.

40.

41.

42.

43.

44,

45.

Hansen KK, Saifeddine M, Hollenberg MD (2004) Tethered ligand-
derived peptides of proteinase-activated receptor 3 (PAR3) activate PAR1
and PAR2 in Jurkat T cells. Immunology 112: 183-190.

Kahn ML, Zheng YW, Huang W, Bigornia V, Zeng D, et al. (1998) A dual
thrombin receptor system for platelet activation. Nature 394: 690-694.
McLaughlin JN, Patterson MM, Malik AB (2007) Protease-activated
receptor-3 (PAR3) regulates PARI signaling by receptor dimerization.
Proc Natl Acad Sci U S A 104: 5662-5667.

Wysoczynski M, Liu R, Kucia M, Drukala ], Ratajczak MZ (2010)
Thrombin  regulates the metastatic potential of human
rhabdomyosarcoma cells: distinct role of PAR1 and PAR3 signaling. Mol
Cancer Res 8: 677-690.

Bockaert J, Pin JP (1999) Molecular tinkering of G protein-coupled
receptors: an evolutionary success. EMBO J 18: 1723-1729.

Kawabata A, Kuroda R, Kuroki N, Nishikawa H, Kawai K (2000) Dual
modulation by thrombin of the motility of rat oesophageal muscularis
mucosae via two distinct protease-activated receptors (PARs): a novel
role for PAR-4 as opposed to PAR-1. Br ] Pharmacol 131: 578-584.

Jiang P, Yu GY, Zhang Y, Xiang Y, Hua HR, et al. (2013) Down-
regulation of protease-activated receptor 4 in lung adenocarcinoma is
associated with a more aggressive phenotype. Asian Pac ] Cancer Prev 14:
3793-3798.

Journal of Surgery [Jurnalul de Chirurgie]
ISSN:1584-9341 JOS, an open access

Volume 10 « Issue 1 « 7


http://www.ncbi.nlm.nih.gov/pubmed/3019537
http://www.ncbi.nlm.nih.gov/pubmed/3019537
http://www.ncbi.nlm.nih.gov/pubmed/3019537
http://www.ncbi.nlm.nih.gov/pubmed/3019537
http://www.ncbi.nlm.nih.gov/pubmed/6278935
http://www.ncbi.nlm.nih.gov/pubmed/6278935
http://www.ncbi.nlm.nih.gov/pubmed/6278935
http://www.ncbi.nlm.nih.gov/pubmed/6278935
http://www.ncbi.nlm.nih.gov/pubmed/7557150
http://www.ncbi.nlm.nih.gov/pubmed/7557150
http://www.ncbi.nlm.nih.gov/pubmed/7557150
http://www.ncbi.nlm.nih.gov/pubmed/7557150
http://www.ncbi.nlm.nih.gov/pubmed/9885363
http://www.ncbi.nlm.nih.gov/pubmed/9885363
http://www.ncbi.nlm.nih.gov/pubmed/9885363
http://www.ncbi.nlm.nih.gov/pubmed/9885363
http://www.ncbi.nlm.nih.gov/pubmed/8632823
http://www.ncbi.nlm.nih.gov/pubmed/8632823
http://www.ncbi.nlm.nih.gov/pubmed/8632823
http://www.ncbi.nlm.nih.gov/pubmed/15147561
http://www.ncbi.nlm.nih.gov/pubmed/15147561
http://www.ncbi.nlm.nih.gov/pubmed/15147561
http://www.ncbi.nlm.nih.gov/pubmed/9716134
http://www.ncbi.nlm.nih.gov/pubmed/9716134
http://www.ncbi.nlm.nih.gov/pubmed/17376866
http://www.ncbi.nlm.nih.gov/pubmed/17376866
http://www.ncbi.nlm.nih.gov/pubmed/17376866
http://www.ncbi.nlm.nih.gov/pubmed/20442298
http://www.ncbi.nlm.nih.gov/pubmed/20442298
http://www.ncbi.nlm.nih.gov/pubmed/20442298
http://www.ncbi.nlm.nih.gov/pubmed/20442298
http://www.ncbi.nlm.nih.gov/pubmed/10202136
http://www.ncbi.nlm.nih.gov/pubmed/10202136
http://www.ncbi.nlm.nih.gov/pubmed/11015310
http://www.ncbi.nlm.nih.gov/pubmed/11015310
http://www.ncbi.nlm.nih.gov/pubmed/11015310
http://www.ncbi.nlm.nih.gov/pubmed/11015310
http://www.ncbi.nlm.nih.gov/pubmed/23886184
http://www.ncbi.nlm.nih.gov/pubmed/23886184
http://www.ncbi.nlm.nih.gov/pubmed/23886184
http://www.ncbi.nlm.nih.gov/pubmed/23886184

	Contents
	The Expression of the Thrombin Receptors PAR-3 and PAR-4 is Downregulated in Pancreatic Cancer Cell Lines
	Abstract:
	Keywords:
	Introduction
	Methods and Materials
	Tissue samples
	Cell culture and reagents
	RNA isolation and reverse transcription and polymerase chain reaction (RT-PCR)
	Cell lysates for protein analysis
	Western blot analysis
	Statistical analysis

	Results
	Expression of PAR-3 mRNA
	PAR-3 protein expression
	Expression of PAR-4 mRNA
	PAR-4 protein expression

	Discussion
	Conclusion
	Acknowledgement
	References




