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General introduction 

Role of platelets in infective endocarditis 

One of the primary functions of blood platelets is their indispensability in 
hemostasis. However, platelet activation can occur by other stimuli than wounding, 
initiating thrombotic activity with serious pathologic consequences. Infective endocarditis 
(IE) is an example of such a thrombotic disease. IE can be categorized into prosthetic valve 
endocarditis (PVE) and native valve endocarditis (NVE), and involves infection of thrombi 
formed at prosthetic or native heart valves, respectively, or the surrounding endocardium. 
PVE can be further divided into early and late PVE, depending on the time of onset of the 
disease (within or later than 60 days after surgery, respectively). The frequency of PVE is 
approximately 1% with a mortality rate of 60% (6,35). Infective organisms are primarily 
Staphylococcus epiderimidis (about 33%) and S. aureus (17%) in early PVE, and 
streptococci in late PVE (30%), but both can be caused my many other bacterial species (3). 
Incidence of NVE varies between 0.7 and 6.8 per 100,000 inhabitants per year (9,20) with 
mortalities ranging from 13% to 56% (13,20). Etiologic agents in NVE are primarily 
viridans streptococci and S. aureus (20,27). 

The initiating event in the pathogenesis of IE is the formation of a thrombotic 
vegetation (VG), a thrombus mainly consisting of platelets and fibrin (2,18). Valvular 
lesions caused by congenital defects or diseases as rheumatic fever lead to exposure of sub
endothelial or connective tissue surfaces, inducing deposition of platelets and initiation of 
blood coagulation (24). 

The previously sterile vegetation may become infected when bacteria enter the 
bloodstream (10). Viridans streptococci originating from the oral cavity are the most 
frequently encountered IE-causing bacteria (11,20,27). Microbial attachment has been 
found a very important feature in the pathogenesis of IE. For example, streptococcal and 
staphylococcal attachment to vegetations is promoted by a number of adhesins which can 
bind collagen, fibronectin and fibrinogen (1,16,18,22,34). In addition to attachment to a 
sterile vegetation, a variety of bacteria are capable of binding to circulating platelets 
directly (12,14,39). This often causes platelet activation, exposure of integrin fibrinogen 
receptor GPHb-IIIa on the platelet surface, increased binding of fibrinogen and fibrin and 
aggregation of bacteria-platelet complexes (14,30). 

Bacteria entrapped in the VGs can proliferate very rapidly (5). Attraction of 
leukocytes and induction of inflammatory responses at the infected site leads to initial 
symptoms of IE, including fever, malaise, anorexia and weight loss. More serious 
complications such as heart failure can occur when valvular tissue damage increases. 
Furthermore, fragments of vegetations may embolize, resulting in petechiae, hemorrhages 
or infarction of distal organs such as the brain. Treatment of IE by antibiotics in many cases 
is ineffective since bacteria entrapped within VGs cannot easily be reached. 

Although platelets seem to have a dominant role in the development of infective 
endocarditis, indications exist that platelets in fact might limit disease progression, as will 
be discussed below. 
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Chapter 1 

Blood platelets 

Platelets circulate in blood as smooth discoidal cells 5-7.5 urn3 in volume. Thereby 
they are about 15 times smaller than erythrocytes. Human blood contains approximately 3 x 
109 platelets per ml and have a lifespan of approximately 10 days. Dayly, an estimated 3.5 
x lO10 platelets per liter of blood are produced by cytoplasmic fragmentation of their 
mother cells, the megakaryocyte (17). Platelets are anucleated cells and, apart from their 
mitochodria, contain no DNA. Thus, only marginal protein synthesis occurs in platelets, 
and the large majority of stored proteins originates from megakaryocytes. Platelets have a 
large number of secretory intracellular compartments (granules) and a surface-connected 
membrane system (the open canalicular system, OCS) allowing communication between 
the extracellular space with the interior of the cell via granule-excreted products. Platelet 
granules can be categorized into three types, dense granules, a-granules and lysozomal 
granules. Dense granules store a number of low molecular weight compounds, including 
serotonin, thromboxane, ADP, Ca2+, Mg2+, and inorganic phosphate needed to maintain 
vascular tone and to propagate platelet activation. Alpha-granules contain several proteins 
involved in platelet adherence (e.g. fibrinogen) and coagulation (high-molecular-weight 
kininogen and factors V and VIII,). Furthermore, these granules store platelet-specific 
proteins (platelet factor 4 [PF-4], ß-thromboglobulin [ß-TG], connective tissue activating 
protein-III [CTAP-III]) with leukocyte chemoattractant activity, as well as cationic 
antimicrobial proteins. Lysozomal granules contain various acid hydrolases presumably 
involved in degradation of polymers in thrombi. 

Under normal conditions these compounds remain stored, since intact endothelium 
does not provoke any platelet activation. Endothelial damage or the encounter of foreign 
bodies in the bloodstream, however, cause a rapid platelet activation, initiating hemostasis 
or thrombosis. Both are multifactorial processes, involving interaction of platelets with 
multiple celltypes and plasma (glyco)proteins. 

Platelet activation 

Platelet response induced by vascular injury proceeds via four stages, adhesion, 
shape change, aggregation and granule release (28,29). Platelet adhesion through 
membrane-bound glycoproteins (integrins) occurs when subendothelial matrix proteins, 
including collagen, fibronectin, laminin, vitronectin, and von Willebrand factor (vWF) are 
exposed (15). Binding to vWF is of major importance at high shear rates (25,26). 
Subsequent shape change from discoid to spherical form, and formation of pseudopodia 
causes spreading of platelets over the damaged surface. Liberation of thromboplastin from 
the damaged endothelium initiates a cascade of proteolytic reactions leading to the 
formation of thrombin (23). Thrombin activates platelets through binding to its surface-
exposed receptor (32), inducing exposure of the fibrinogen receptor GPIIb-IIIa on the 
platelet membrane (29). Thrombin generates fibrin from fibrinogen, causing platelets to 
stick to fibrin fibers and to each other, and to form a hemostatic plug. In addition, platelet 
activation leads to degranulation and release of additional platelet agonists such as ADP 
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(21) and the fibroblast mitogens (CTAP-III, PDGF) contributing to initiation of wound 
healing (29). 

Antimicrobial proteins in blood platelets 

In addition to the factors mentioned above, platelets are the source of antimicrobial 
proteins, as shown by Hirsch 1960 (19). During coagulation rabbit platelets and to a lesser 
extent also human platelets were able to excrete components with antibacterial activity (19). 
The rabbit antibacterial factors were further characterized as small, cationic, heat stable 
proteins (33) which were designated as ß-lysins (8). Indications that platelet-derived 
antibacterial proteins could have physiological relevance was described by Dankert, who 
observed that in a rabbit IE model the number of streptococci adherent to VGs decreased 
over time (4). Granulocytes might have been partly involved in the clearance of bacteria 
(40), but this could not explain the effects observed in these studies. Evidence was provided 
that proteins designated as thrombodefensins released from platelet a-granules could 
account for the antibacterial effect, which was supported by the observation that 
streptococci resistant to thrombodefensins were removed to a lesser extent from cardiac 
vegetations (4,5). Further evidence that platelet antimicrobial proteins aid in limitating 
progression of IE was provided in a study showing that thrombocytopenic rabbits did 
developed IE, but that valves were colonized by much larger numbers of bacteria than in 
control animals (31). Yeaman et al partially purified rabbit platelet microbicidal proteins 
(PMPs) (37) and showed that these proteins had bactericidal and fungicidal activity (36). 
Furthermore, Candida and S. aureus resistant to platelet microbicidal protein produced 
more severe IE compared to sensitive strains (7,38). 

Thus, platelets seem to play a dual role in the progression of IE. On one hand they 
seem to promote entrapment of microorganisms in vegetations, providing them a shelter, 
and on the other hand they excrete microbicidal proteins limiting disease progression. 

Scope of the thesis 

As discussed above, platelet-borne microbicidal proteins may play a major role in 
antimicrobial host defense. However, the work that has been done in this field almost 
exclusively concerns rabbit platelet proteins. The aim of the work presented in this thesis 
was to investigate the microbicidal proteins in human platelets, which we designated 
thrombocidins. This was part of a joint project with the Department of Biomedical 
Technology of Twente University, Enschede. The aim of the study at this department was 
to develop a biodegradable matrix specifically designed to release cationic microbicidal 
proteins such as thrombocidins in a controlled fashion. Such a system, integrated in 
prosthetic heart valves, could aid in the protection against PVE. 

Our study included the investigation of the functional (protective) role of 
thrombocidins in a rabbit endocarditis model (chapter 2), the chemical characterization of 
thrombocidins (chapter 3), the elucidation of their antimicrobial mechanism (chapter 3), the 
identification of minimal domains of microbicidal activity in these proteins (chapter 4) and 
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structural requirements needed for full activity (chapter 5), as well as their recombinant 
production (chapters 5 and 6). Finally, an overview of recent literature is given on how 
antimicrobial peptides in general may be designed to be used as antiinfective agents in 
clinical practice (chapter 7). 
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