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There is no doubt that pancreatic cancer is one of the most lethal diseases in 
general and current treatment options are limited. Protease activated 
receptors (PARs), which are traditionally known to be activated by blood 
coagulation factors, are emerging as key players in pathophysiology and 
PARs are suggested to play an important role in cancer progression. In 
Chapter 1, we introduce blood coagulation, PAR signaling and discuss the 
potential relevance of PARs in cancer. In Chapter 2, we aimed to elucidate 
the importance of PAR-2 in pancreatic cancer cell proliferation and 
migration. Indeed, PAR-2 is highly expressed in pancreatic cancer cell lines 
and in patient derived neoplasms whereas PAR-2 is rarely expressed in 
healthy pancreatic ducts. In chapter 2, we show that PAR-2 expressed on 
cancer cells does not modify proliferation of pancreatic cancer cells, whereas 
it enhances pancreatic cancer cell migration. Remarkably, PAR-2 only 
seems to enhance pancreatic cancer cell migration in an ATP rich 
environment. This may be particularly important as ATP levels are high in 
solid tumours as compared to healthy tissues and as conventional anticancer 
therapies induce ATP release from necrotic tumor cells. Our data thus 
suggest that PAR-2 driven pancreatic cancer cell migration occurs in clinical 
relevant settings during tumour necrosis and/or treatment-induced cancer 
cell death. In Chapter 3, we show that PAR-2 is not only expressed on 
tumor cells but that it is also abundantly present on cells composing the 
tumor microenvironment. Using an orthotopic pancreatic cancer model, we 
show that genetic ablation of PAR-2 from the stromal compartment inhibits 
primary tumour growth but enhances lymph node metastases. Interestingly, 
pancreatic cancer cells induce tube formation of lymphatic endothelial cells 
which is inhibited by PAR-2 activation on lymph endothelial cells. Our data 
thus identify a novel role of PAR-2 in the tumour microenvironment and 
pinpoint PAR-2 as a negative regulator of lymphangiogenesis. The observed 
dual role of PAR-2 in pancreatic cancer development by potentiating 
primary tumor growth but limiting lymph node metastasis suggests that 
targeting PAR-2 in the setting of cancer should be pursued with great care.  
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PAR-2 antagonists are certainly not applicable for all cancer patients, and 
especially in pancreatic cancer patients such drugs should be used with great 
care. Of note, the nature of the PAR-2-induced lymphangiogenesis inhibition 
remained elusive in chapter 3, and in Chapter 4, we aimed to identity the 
inhibitor. First we show that PAR-2 induced inhibition of 
lymphangiogenesis is pancreatic cancer specific as it does not inhibit 
lymphangiogenesis induced by other cancer types. Next, using a 
comprehensive gene profiling approach we identified ten proteins as 
potential candidates for being the PAR-2-induced inhibitor of 
lymphangiogenesis. Especially two of these proteins, PDGFA and TAC1, 
which have been described to influence lymphangiogenesis seem interesting 
candidates. Currently we are determining whether PDGFA or TAC1, or 
actually any of the other identified candidates, act as inhibitor of 
lymphangiogenesis in the setting of pancreatic cancer. Obviously, the 
identification of a novel inhibitor of lymphangiogenesis may aid pancreatic 
cancer patients. Moreover, the identification of such a new inhibitor of 
lymphangiogenesis would strengthen our current understanding of 
lymphangiogenesis in general which may ultimately lead to beneficial 
effects on cancer patients in general. In Chapters 5 and 6, we shift our 
attention to PAR-1 which is highly expressed in a variety of cancers and 
correlates with disease progression and overall survival in some specific 
cancers. In Chapter 5, we show that PAR-1 is omnipresent in the tumor 
microenvironment of pancreatic cancers. Utilizing the same orthotopic 
pancreatic cancer model as described above, we show that PAR-1 drives 
progression of pancreatic cancer. Moreover, PAR-1 expression in the 
microenvironment induces chemoresistance by regulating macrophage 
recruitment into the tumor. Once recruited, the macrophages subsequently 
induce drug resistance in a PAR-1 independent manner. These data point to 
a novel role of PAR-1 in the tumor microenvironment and indicate that 
targeting PAR-1 may be particular effective in combination with routine 
chemotherapy. As already indicated in chapter 1, PAR-1 may be activated 
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by different proteases. However, thrombin is the prototypical PAR-1 agonist, 
and therefore we addressed the effect of the direct thrombin inhibitor 
dabigatran on pancreatic cancer growth and drug resistance in Chapter 6. 
Dabigatran, as monotherapy, did not affect primary tumor growth but when 
administered in combination with gemcitabine it potentiates the anti-cancer 
activity of gemcitabine. Interestingly however, Dabigatran treatment did not 
modify macrophage influx nor did it affect the desmoplastic reaction. We 
suggest that dabigatran-dependent angiogenesis induces proliferation of 
tumor cells thereby potentiating gemcitabine sensitivity. Overall, dabigatran 
potentiates gemcitabine-induced pancreatic cancer regression in mice 
although not as efficient as PAR-1 deficiency. 

The studies described in this thesis pinpoint PARs as key players in 
pancreatic cancer progression. Inhibition of PAR-1 may be clinical relevant 
for pancreatic cancer patients although the frequently observed bleeding 
complications with PAR-1 inhibitors should be kept in mind. The 
unexpected observed dual role of PAR-2 in the tumour microenvironment of 
pancreatic cancer strongly suggest that PAR-2 inhibition is not the first 
treatment of choice in pancreatic cancer patients. It would probably be more 
relevant to focus on the PAR-2-induced lymphangiogenesis inhibitor but this 
inhibitor still has to be identified. The dual role of PAR-2 may in part 
explain the small effect of anticoagulant treatment on overall survival in 
pancreatic cancer patients. Although blood coagulation seems to contribute 
to cancer progression, randomized clinical trials assessing the potential of 
anticoagulants in the treatment of cancer patients show only very (if any) 
limited benefit. As anticoagulants also inhibit TF/FVIIa- or FXa-induced 
PAR-2 signaling (with subsequent increased lymph node metastasis), the 
beneficial effect of inhibiting thrombin-dependent  PAR-1 activation may be 
overshadowed.   


