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Impact
Despite current treatment strategies, myocardial infarction and stroke are still major 

causes of death worldwide (1). The underlying pathology for these events is atherosclerosis, 
which is driven by inflammation (2). Damage of an atherosclerotic plaque, either by erosion or 
rupture of the plaque results in exposure of thrombogenic components to the bloodstream. 
This in turn triggers platelet activation and subsequent thrombus formation, a process called 
atherothrombosis (2). The overall aim of this thesis was to provide novel insight in the roles of 
platelets at the intersection of thrombosis and inflammation by developing and implementing 
state of the art methods. Hereby, specific attention was paid to the repurposing of existing drugs.

 In Chapter 2 an overview was given on the currently used atherosclerotic plaque injury-
induced murine thrombosis models and which molecular mechanisms are involved. In addition, 
the translational relevance of the obtained data from murine models for human pathophysiology 
was discussed. In Chapter 4 a novel atherosclerotic plaque coating method for in vitro flow 
assays was developed. This technique allows us to study arterial thrombus formation in vitro by 
incorporating human atherosclerotic plaque material as a thrombogenic surface. These assays 
represent valuable methods to model the pathophysiological environment of human thrombus 
formation upon plaque disruption. Models discussed in Chapters 2 and 4 were used to answer 
various research questions in Chapters 3, 5 and 6. Current treatment strategies for prevention of 
recurrent thrombotic events are primarily directed at targeting platelets via antiplatelet therapy. 
Yet, the high number of recurrent events, 33% (3), indicates that the efficacy of antiplatelet drugs 
might be incomplete (4). Continuous efforts are made to develop new antithrombotic agents, 
such as against the glycoprotein (GP)VI receptor (5). In general, however only 1 in 5.000-10.000 
compounds make it through the drug development program. Furthermore, it takes an average of 
12-15 years to discover and develop a new medicine and it can cost from 1-2 billion dollars (6). 
To limit the costs of drug development it pays off to discontinue failures as early as possible. To 
cope with this challenging perspective, several attempts are made to optimize the development 
of new drugs by target optimization and process optimization. Another approach to improve 
current treatment is to combine or repurpose clinically used drugs. The advantage of clinically 
used drugs is that they already went through extensive clinical testing and adverse side effects 
are already well documented. For instance, the anticoagulant rivaroxaban is already being used 
to treat venous thrombosis. That in combination with the knowledge that both platelets and 
coagulation play an important role in recurrent arterial thrombosis resulted in the COMPASS trail. 
The COMPASS trial showed for the first time that the combination of antiplatelet (aspirin) and 
low dose anticoagulation (rivaroxaban), in patients with stable atherosclerotic vascular disease, 
provided reduced ischemic events with a tolerable bleeding profile, compared to those assigned 
to aspirin alone (7). We continued to study dual pathway inhibition with aspirin and rivaroxaban 
in chapter 3, focussing on the role of aspirin and rivaroxaban on the vascular-directed effects of 
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thrombi. By using a ligation induced endothelial denudation mouse model to inflict a thrombotic 
injury we were able to demonstrate that both aspirin and rivaroxaban suppressed vascular 
stiffening and/or intima-media thickening at the site of ligation. Vascular stiffening is associated 
with an increased risk for cardiovascular disease in humans (8). Rivaroxaban had an additional 
inhibitory effect on platelet-leukocyte aggregate formation ex vivo, showing a potential anti-
inflammatory characteristic of rivaroxaban. Recently, this anti-inflammatory effect of rivaroxaban 
was also observed in non-valvular atrial fibrillation patients treated with rivaroxaban by analysis of 
extracellular vesicles (EVs) obtained from patients plasma samples (9). In chapter 7 we shed light 
on the molecular mechanisms involved in platelet EV release. Over the last years, EVs have gained 
attention as potential diagnostic markers in various cardiovascular diseases including stroke (10, 
11).

In chapter 5 we provided mechanistic insight into the antiplatelet effect of the Bruton 
tyrosine kinase (Btk) inhibitors, ibrutinib, acalabrutinib and MK-1026. Traditionally Btk inhibitors 
are used to treat multiple haematological malignancies but have recently been postulated as 
potential novel (repurposed) antithrombotic agents, specifically in atherothrombosis and 
thromboinflammation (12, 13). Our study showed that ibrutinib, acalabrutinib and MK-1026 
impaired GPVI and C-type lectin-like receptor 2 (CLEC-2) mediated platelet activation, aggregation 
and secretion in isolated platelets, but did not impair platelet adhesion in whole blood perfused 
over Horm type I collagen. Only ibrutinib impaired thrombus formation on surfaces co-coated 
with vWF, while variable responses were seen with CLEC-2 stimulation. We continued to study the 
effect of ibrutinib on atherothrombosis under stenotic shear gradient conditions in vitro in chapter 
6. At a constant arterial shear rate of 1500 s-1 platelet deposition was significantly decreased on 
atherosclerotic plaque material but not on Horm type I collagen in blood from cancer patients 
treated with ibrutinib as compared to untreated patients. The thrombus characteristics: thrombus 
size, stability and height, were reduced on both atherosclerotic plaque material and collagen. 
The increase in shear rate, as induced by 60% stenosis, resulted in similar results. As ibrutinib 
is associated with an increased bleeding risk in patients (14, 15) and MK-1026 showed less off-
target effects compared to ibrutinib and acalabrutinib (chapter 5), I regard the reversible inhibitor 
MK-1026 to have more potential as antithrombotic agent than ibrutinib. A current downside of 
repurposing anti-cancer drugs as antithrombotic therapy is the considerably higher price of these 
drugs (e.g. €62 per 140 mg tablet imbruvica [ibrutinib]) compared to the price of aspirin (€0,20 
per 100 mg tablet) (16, 17). If one or more Btk inhibitors are regarded as potentially suitable 
as antithrombotic agents, the demand of these drugs will likely increase throughout the world 
due to market forces. Therefor it could be interesting for companies to compete and lower their 
prices. In addition, if these repurposed drugs turn out to have a better cardiovascular outcome 
compared to current treatment, this could lead to a reduction hospital admissions and improved 
quality of life, hereby reducing healthcare costs. 
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We extended our research methods with machine learning algorithms in chapter 8 to 
study the role of platelet activation (CXCL4 and CXCL7), neutrophil activation (MPO, S100A8/A9), 
endothelial cell activation (CX3CL1) and vascular inflammation (IL-1β) in the pathophysiology of 
cerebral small vessel disease (cSVD). Basic statistical analysis only showed significantly higher 
levels of MPO in plasma of cSVD patients. Interestingly, logistic regression and random forest 
analysis showed that next to MPO, MPO-DNA, CXCL7, CXCL4 and S100A8/A9 have added value 
in the identification of cSVD patients. Machine learning algorithms are capable of learning from 
the data we provide as input. The more high-quality data is provided, the better the algorithm 
can be trained and the higher the accuracy and efficiency of the prediction model can become. 
An increase in data points may become of use to identify cSVD patients in an early onset phase of 
the disease, which is important as currently cSVD is detected when there are already irreparable 
lesions in the brain. Others have shown that, after proper training, machine learning algorithms 
were better at predicting two-year death rate in lung cancer patients than radiation oncologists 
and guideline-based recommendations (18). As humans are getting older, pressure is mounting 
in healthcare. In my opinion, machine learning algorithms can be extended throughout all fields 
in healthcare and have the potential to contribute to individualized care, shared decision making 
between the machine learning algorithm and clinicians and reduce the pressure in healthcare. 
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