Transcriptional regulation of vascular thrombin receptors by vasodilatory prostaglandins
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The vast majority (> 95%) of thrombin is generated at a site of thrombus formation after clotting is completed, suggesting that clotting triggers thrombin formation for purposes others than clotting. These probably involve processes that contribute to recanalization of the thrombus and wound healing, including (re)endothelialization of an endothelium-denuded area. The regulatory mechanism that controls these cellular thrombin actions appears to be the availability of specific binding sites (receptors) for thrombin rather than the amount of thrombin formed. Two classes of thrombin receptors are relevant in this regard: Protease-activated receptors (PAR’s) and thrombomodulin. 

PAR-1, the prototypic thrombin receptor, mediates thrombin-induced proliferation, migration and matrix biosynthesis in human vascular smooth muscle cells (SMC). PAR-1 is constitutively expressed on human SMC and this expression is unchanged by thrombin. In contrast, PAR-1 becomes transcriptionally downregulated by vasodilatory prostaglandins (PGI2, PGE2) via cyclic AMP-dependent protein kinase A (PKA). This regulation is controlled by the NFAT (nuclear factor of activated T-cells) transcription factor in the PAR-1 promoter region. Consequently, the prostacyclin analog iloprost significantly blunted PAR-1 promoter activity and enhanced cytosolic NFAT accumulation via PKA-dependent mechanisms. Iloprost also reduced NFAT binding in a chromatine immunoprecipitation (ChIP) assay. Very similar effects were seen with the calcineurin/NFAT inhibitor cyclosporine A. As a functional consequence of reduced receptor protein expression, there was reduced induction of interleukin-6 (IL-6) mRNA in response to thrombin or PAR-1 activating peptide (TFLLRN) by iloprost or siRNA against NFAT1c. The regulatory effects of iloprost on PAR-1 were mimicked by selective activators of Gs-coupled EP2 or EP4 prostaglandin receptors and were also seen after induction of COX-2, i.e. enhanced endogenous prostaglandin production.
In contrast to PAR-1, vasodilatory prostaglandins were found to transcriptionally upregulate expression of thrombomodulin and the endothelial protein C receptor (EPCR) in SMC. This allows for thrombin-induced enhanced aPC formation and anticoagulant effects, but also aPC-induced PAR-1 mediated stimulation of cell proliferation (remodelling). These actions of thrombin and aPC on remodelling are synergistic in contrast to the antagonism in coagulation pathways.
These studies show that vasodilatory prostaglandins, such as PGE2 or PGI2 are functional antagonists of procoagulatory actions of thrombin but synergize with thrombin with respect to plaque stability and remodelling. Both effects are transcriptionally controlled. They limit thrombus growth to the site of injury and at the same time improve wound healing. These processes may become clinically relevant after (cytokine-induced) upregulation of vascular COX-2 and enhanced PGI2/PGE2 production in advanced atherosclerosis.
