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GENERALL INTRODUCTION 
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Generall  Introduction and outline of the thesis 

NewNew insights on the coagulation cascade 

Recentt experimental and clinical studies have revealed new insights in the physiology and 

pathophysiologyy of the initiation of blood coagulation. The coagulation cascade 

predominantlyy proceeds by the tissue factor-factor Vil a pathway. ' Small amounts of 

activatedd serine protease factor VII (factor Vila) bind to tissue factor, exposed to the blood 

ass a consequence of vascular disruption or expressed on mononuclear cells during 

inflammatoryy challenge. The tissue factor-factor Vil a complex is able to generate factor 

Xaa via direct activation of factor X or indirectly following the activation of factor IX ' and 

subsequentt formation of the tenase complex with the activated co-factor factor VIII . 

Activatedd factor X forms a complex with activated factor V and calcium ions on a 

phospholipidd membrane surface. This complex (the so called prothrombinase-complex) 

catalyzess the conversion of prothrombin in thrombin. 

Duringg the final step in the coagulation cascade, thrombin converts fibrinogen into fibrin 

andd activates factor XII I which subsequently cross-links soluble fibrin monomers to form 

thee insoluble fibrin network. Furthermore, thrombin enhances its own generation by 

activatingg factors V, VII I and XI (Figure 1). These amplification loops are essential for the 

formationn of a stable fibrin clot. At the same time, the generation of thrombin initiates the 

dynamicc pathway of anticoagulation, in order to limit and localize the formation of the 

hemostaticc plug or thrombus at the site of vessel-wall disruption. 

Thee majority of the natural anticoagulants are directed against the formation or action of 

thrombinn and exert their function through various pathways. The first discovered 

thrombin-inhibitionn pathway consists of activation by thrombin of antithrombin, a serine 

proteasee that forms inhibitor complexes with thrombin and other serine proteases such as 

factorr IXa or factor Xa, thereby effectively scavenging the remaining protease activity and 

inactivatingg free coagulation factor activity. Another regulatory pathway is activated by 

complexx formation between thrombin and thrombomodulin, which activates plasma 

proteinn C to activated protein C (APC), which in the presence of its cofactor protein S 

proteolyticallyy cleaves and inactivates factor V(a) and factor Villa , thereby inhibiting 

thrombinn generation. Finally, the most recently unravelled anticoagulant pathway consists 

off  tissue factor pathway inhibitor (TFPI), which interacts rapidly with the tissue factor-

factorr Vila-factor Xa complex to block the tissue factor-initiated activation of both factors 

IXX and factor X. 
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FigureFigure 1. The revised model of the coagulation cascade 

TheThe fibrinolytic system 

Oncee the formation of a fibrin network is completed in order to recover integrity of the 

circulatoryy system, the vessel wall must resume its normal function. Hereafter, the stable 

plugg of polymerized fibrin has to be degraded into fibrin degradation products (FDP's) by 

aa process which is called fibrinolysis. Briefly, the pivotal step in the process of fibrinolysis 

iss the conversion of plasminogen into plasmin. This conversion is mediated by two 

physiologicall  plasminogen activators: tissue-type plasminogen activator (t-PA) and 

urokinase-typee plasminogen activator (u-PA), both synthesized and released from vascular 

endotheliall  cells. Tissue-type-PA has a weak affinity for plasminogen in the absence of 

fibri nn (Km = 65 fiM), but in the presence of fibrin, the affinity of t-PA for plasminogen is 

muchh higher with a Km between 0.15 and 1.5^iM, which facilitates the conversion of clot 

boundd plasminogen to plasmin and localizes the fibrinolyti c activity. ' 

Thee fibrinolyti c process is regulated by the protease inhibitors plasminogen activator 

inhibitorr type-1 (PAI-1) and a2-antiplasmin. PAI-1 is present in plasma, in endothelial cells 

and,, in large quantities, in a-granules of platelets and is released in plasma upon platelet 

activation.. PAI-1 binds to t-PA and u-PA, resulting in the formation of an inactive 

enzyme-inhibitorr complex. Moreover, PAI-1 is retained within a thrombus by binding to 

fibrin,, thereby protecting the clot against thrombolysis. Alpha-2-antiplasmin is a serine 
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proteasee inhibitor which is incorporated into a clot by thrombin-activated factor XIII . 

Thee serine protease inhibitor is the most important and rapid inhibitor of free plasmin in 

thee blood. If plasmin is bound to the fibrin surface, however, its inactivation by a.r 

antiplasminn is 50 times slower. 

Recentt in vitro studies have identified a third inhibitor of the fibrinolytic system: 

thrombin-activatablee fibrinolysis inhibitor (TAFI) or carboxypeptidase B, which is 

activatedd by thrombin and exerts its function by removing the C-terminal lysine binding 

sitess on various proteins in order to prevent binding to plasminogen. ' 

InterventionsInterventions in the coagulation and fibrinolytic system. 

Anticoagulantt therapy has been successfully used for more than 60 years in clinical 

practice.. Historically, three different approaches to inhibit coagulation have emerged: 1. 

selectivee and (in)direct inhibition of the different activated coagulation factors; 2. 

inhibitionn of the vitamin K-dependent synthesis of coagulation factors and 3. interventions 

aimedd at enhancement of the fibrinolytic system. On the other hand, much effort has been 

devotedd to develop safe and effective therapeutic strategies that can be applied in patients 

whoo experience (severe) bleeding. Two different approaches have been used: 1. suppletion 

off  different (recombinant) coagulation factors and/or platelets and 2. inhibition of the 

fibrinolyti cc system. 

Despitee their proven efficacy as therapy for thromboembolic disease and bleeding, the 

anticoagulantt and pro-hemostatic therapies that are currently used in clinical practice are 

relativelyy non-specific and frequently associated with adverse side-effects. Over the years, 

however,, different studies in animals and humans have enabled us to specifically assess the 

rolee of various coagulant or fibrinolytic activators and inhibitors in the pathophysiology 

off  various clinical conditions. Therefore, it has become possible to develop more specific 

interventionss in the systems of coagulation and fibrinolysis, which may result in the 

developmentt of more effective and specific therapy for clinical conditions in which 

coagulationn and/or fibrinolysis appear to be of importance. 

Thiss thesis describes studies that evaluate the efficacy and safety of novel pro-coagulant 

andd anticoagulant agents and strategies in animals, patients and healthy volunteers. 

OutlineOutline of the thesis 

Thee general aim of the studies reported in this thesis was to evaluate the effects of various 

interventionss on different steps in the coagulation system in order to enhance the current 

therapeuticc strategies in patients with hemostatic defects. Chapters two to seven are aimed 

att the evaluation of anticoagulant strategies, whereas chapters eight to thirteen are focussed 

onn pro-coagulant interventions. 



GeneralGeneral introduction 

Inn the first chapters, an in vivo rabbit venous thrombosis model was used to evaluate 

propertiess of new specific anticoagulant agents. Chapter 2 describes the sustained 

antithromboticc effect of several selective, antithrombin-independent thrombin inhibitors, 

suchh as CVS#995, hirudin and hirulog-1 and specific inhibitors of factor Xa. The 

antithromboticc properties of another direct thrombin inhibitor are described in Chapter 
3.. The agent S 18326 induces a greater reduction in thrombus growth as compared with 

LMWH .. One of the major disadvantages of all thrombin inhibitors that are currently 

available,, is the necessity of parenteral administration, due to the low and unpredictable 

bioavailabilityy after oral administration. This drawback obviously hampers the long-term 

treatmentt of patients with these compounds. Therefore, in Chapter 4, the properties of a 

directt thrombin inhibitor, BSF 208791 with a promising bioavailability after oral ingestion 

aree described. The agent showed a superior antithrombotic effect, compared with PEG-

Hirudinn and LMWH, without affecting the bleeding time. Moreover, BSF 208791 reduced 

thrombuss growth after oral administration, which makes the agent a promising candidate 

forr future oral antithrombotic therapy. Chapter 5 evaluates enhancement of fibrinolysis 

inducedd by an inhibitor of PAI-1 (XR5118). The agent binds to PAI-1 and reduces plasma 

PAI-11 activity levels. Moreover, XR5118 was shown to promote thrombolysis and inhibit 

thrombuss growth. The study confirms the hypothesis that thrombus growth can be 

reducedd by blocking PAI-1-induced fibrinolysis inhibition. In Chapter 6, the effects of 

recombinantt apolipoprotein (a) (r-apo(a)) on thrombolysis are described. The 

administrationn of r-apo(a), significantly reduced endogenous fibrinolysis, thereby 

providingg the "in vivo support" for the hypothesis that the atherothrombotic effect of 

Lp(a),, which contains apo(a), is partly caused by inhibition of fibrinolysis. The role of 

factorr XI as an anti-fibrinolytic factor was studied in Chapter 7. The in vivo study showed 

thatt inhibition of factor XI activity by specific anti-factor XI antibodies could enhance 

endogenouss thrombolysis in an experimental venous thrombosis model in rabbits, thereby 

demonstratingg an anti-fibrinolytic role of factor XI, most likely due to diminished 

activationn of TAFI. The results of this study help to understand the bleeding tendency 

observedd in factor XI-deficient patients. 

Thee coagulation system is a delicate physiological balance between coagulation and 

anticoagulation.. Under certain circumstances, however, the hemostatic system fails to 

arrestt bleeding, which might require therapeutic intervention with various exogenous pro-

hemostaticc products, such as platelets. To improve primary hemostasis, platelet 

transfusionss are frequently administered. The administration of platelet transfusions, 

however,, may be compromised by the occurrence of serious immunological or infectious 

complications.. Hence, artificial alternatives to platelet transfusion are currently being 
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developed.. Chapter 8 describes the properties of albumin-microcapsules coated with 

fibrinogenn (Synthocytes*). The microcapsules induced a correction of a prolongedd bleeding 

timee and reduced the volume of blood loss from surgical wounds in thrombocytopenic 

rabbits.. Synthocytes might be a promising alternative for platelet transfusion in the future. 

InIn view of the central role of the tissue factor-factor Vil a pathway in the initiation of 

bloodd coagulation, novel therapeutic strategies aimed at inhibiting this catalytic complex 

aree currently being evaluated. A limitation of this new class of anticoagulants may be the 

lackk of an appropriate strategy to reverse the effect if a bleeding event occurs. Chapter 9 
describess the in vivo potential of recombinant factor Vil a (rFVIIa) to induce thrombin 

generationn in healthy subjects pretreated with recombinant NAPc2 (rNAPc2), a specific 

inhibitorr of the tissue factor-factor Vil a complex, in a double-blind randomized cross-over 

study.. In Chapter 10, plasma samples from the same group of healthy volunteers 

describedd in chapter 9 were used to demonstrate for the first time an in vivo association 

betweenn activation of coagulation and inflammation. Administration of recombinant 

factorr Vil a resulted in increased plasma concentrations of Interleukin (IL)-6 and IL-8, 

indicatingg a small but evident pro-inflammatory response. Chapter 11 discusses the safety 

andd efficacy of the clinical use of rFVIIa and reviews the current insights in the mechanism 

off  action of recombinant factor Vila. In Chapter 12 the influence of a single bolus 

injectionn of recombinant factor Vil a on the volume of peri-operative blood loss and the 

numberr of blood transfusions in patients undergoing abdominal prostatectomy is 

described.. The study represents the first randomized clinical trial which evaluates safety 

andd efficacy of recombinant factor Vil a in patients without coagulation defects. Currently, 

rFVIIaa is exclusively registered for use in hemophilic patients. Chapter 13 describes a case-

reportt in which life-threatening bleeding in a patient with acquired von Willebrand's 

diseasee effectively was stopped by rFVIIa therapy, thereby illustrating that the indications 

forr use of rFVIIa may be extended to other coagulopathies. 
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