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Aim of the thesis 
In this thesis, we characterized endothelial cell-derived microparticles (antigenic and 

phospholipid composition; Chapters 2 and 3, respectively), investigated their relationship 

with endothelial detachment (Chapters 4 and 5), and studied their putative functions 

(thrombus formation and cellular survival; Chapters 3 and 6, respectively). 

Identification of endothelial cell-derived microparticles (EMP) 
The cellular origin of microparticles (MP) is usually established by measuring the 

exposure of cell-specific antigens. Accordingly, in most studies monoclonal antibodies are 

used that either recognize such (cell-specific) antigens (positive identification), or are 

directed against antigens exposed on MP of non-endothelial origin (exclusion). Both 

approaches are based on the assumption that similar (cell-specific) antigens are exposed 

on the parent cells and their MP. An example of positive identification is the exposure of 

the LPS-receptor CD14 on both monocytes and their MP, hence both can be identified 

using a CD14 antibody. As CD14 is a specific antigen solely present on monocytes, MP 

from monocytes can be specifically detected by e.g. flow cytometry in a MP population 

from various cellular sources. An example of exclusion is the use of anti-CD42 

(glycoprotein Ib) in order to distinguish between EMP (CD42-) and PMP (CD42+) in 

plasma samples. The lack of consensus between different investigators to detect EMP ex 

vivo is clearly illustrated in Table 1 (Introduction; page 18), which shows more than 20 

different antibodies or combinations thereof that have been used to identify EMP, either 

by positive identification (e.g. CD146, CD62E and CD144) or exclusion (e.g. 

CD31+/CD42-). 

The detection of EMP is complicated due to various reasons. In Chapter 2 we 

showed that the integrin 3 (vitronectin receptor; CD51, CD61) is abundantly exposed 

on (human umbilical vein) endothelial cells. In contrast, 3 is only detectable on minor 

subpopulations of EMP under these conditions. In addition, we demonstrated that platelet-

endothelial cell adhesion molecule-1 (PECAM-1; CD31), which is often used to identify 

EMP ex vivo, is also exposed on the much more abundant platelet-derived MP (PMP). 

Furthermore, EMP in our model system, i.e. human umbilical vein endothelial cells 

(HUVEC) treated with a single agonist (interleukin-1 ; IL-1 ), display a substantial 
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antigenic variation. Thus, in vivo, where various types of endothelial cells coexist in a 

continuously changing and dynamic environment, a multitude of different populations of 

EMP are expected to exist, which may show substantial variation in their antigenic 

profile. Therefore, the quest for a single and universal marker or even a combination of 

markers that identify all EMP ex vivo may not prove successful. 

E-selectin reflects the activation status of endothelial cells  
E-selectin is a cell adhesion receptor that is only produced and expressed by activated 

endothelial cells. Chapter 2 shows that a subpopulation (<60%) of EMP from IL-1 -

activated human umbilical vein endothelial cells exposes E-selectin. This exposure not 

only confirms the endothelial origin, but also reflects the activation status of the parent 

cells during release. Since E-selectin is not exposed on PMP, this marker can be used to 

identify EMP originating from activated endothelial cells in biological samples. It should 

be mentioned that in the experiments described in Chapter 2 approximately 50% of the 

E-selectin antigen was associated with EMP (data not shown). Thus, soluble (s) E-selectin 

may consist of coexisting forms of both EMP-associated and non-EMP-associated (‘truly 

soluble’) E-selectin. Previously we studied the occurrence of MP-associated E-selectin in 

plasma samples of patients suffering from sepsis and multiple-organ dysfunction. In these 

samples substantially elevated levels of the sE-selectin antigen were observed, but the 

fraction of sE-selectin associated with (E)MP was negligible [1]. At present it is unknown 

to which extent selectins or other soluble adhesion receptors are associated with (E)MP in 

vivo. 

Phospholipid composition of EMP
In Chapter 3 it is shown that EMP from IL-1 -activated endothelial cells are 

enriched in the aminophospholipids phosphatidylserine (PS) and phosphatidy-

lethanolamine (PE). This implicates that sorting of phospholipids into EMP is dependent 

on the activation status of their parent cells. Since we determined the phospholipid 

composition of total EMP fractions, we do not know whether all EMP have a similar 

phospholipid composition. This may be relevant, since in Chapter 2 we showed that upon 

activation with IL-1 , less than 20% of the EMP stained for the TF antigen. Whether or 
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not the phospholipid composition of TF-exposing EMP differs from that of non-TF-

exposing EMP, remains to be investigated. 

To which extent the observed changes in the phospholipid composition of EMP in 

Chapter 3 are paralleled by changes in surface expression of these phospholipids is 

equally unclear. 

Relationship between EMP, detached and adherent endothelial cells 
As outlined in the Introduction (page 16), detached endothelial cells, adherent 

endothelial cells and EMP coexist in vitro and in vivo. An unanswered question, however, 

is to which extent EMP originate from detached and/or adherent endothelial cells. In 

Chapter 4 we studied the relation between EMP, detached and adherent endothelial cells 

in vitro. We found a strong positive correlation between the numbers of detached 

endothelial cells and EMP, and both contained caspase 3 which was not detectable in 

adherent cells. This led us to postulate that most EMP may have originated from detached 

endothelial cells under these conditions. However, we did not exclude the possibility that 

a fraction of EMP, either containing or devoid of caspase 3, may also have originated 

from adherent endothelial cells. 

To further elucidate the complex relation between EMP, detached endothelial cells 

and adherent endothelial cells, we studied the effects of the cholesterol-lowering drug 

simvastatin. In vivo, simvastatin is thought to improve the “overall condition” of the 

endothelium, but in vitro it produces conflicting results. Chapter 5 shows that whereas 

clinical doses of simvastatin did not affect adherent endothelial cells, marked elevations of 

both detached endothelial cells and EMP were observed. Both detachment and EMP 

release were reversed by restoring cholesterol biosynthesis or prenylation, again 

indicating that detachment and EMP release are closely related processes. From these data 

it can be concluded that a comprehensive insight into the true status of the endothelial 

cells -and possibly of the endothelium- can only be obtained when also detached 

(circulating) endothelial cells as well as EMP are taken into account. 
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Possible functions of EMP  
Thrombus formation 

Many studies focussed on the occurrence of (E)MP in several diseases, and because 

of the increased presence of especially PMP in such conditions and their procoagulant ex 

vivo, a thrombogenic role was proposed. Few studies investigated the possible functions 

of EMP ex vivo. In Chapter 3 we investigated the ability of EMP to trigger thrombus 

formation in a rat venous stasis model. We demonstrated that EMP from activated 

endothelial cells trigger thrombus formation in a TF-dependent manner. Since such EMP 

were also enriched in both PS and PE, both cofactors of TF-initiated coagulation, they 

may be especially prone to initiate coagulation. In line with these data, we previously 

demonstrated that TF-exposing MP from human pericardial wound blood, mainly 

consisting of PMP and erythrocyte-derived MP, also trigger TF-dependent thrombus 

formation in the same animal model [2]. 

Cell survival 

Chapter 4 shows that EMP from viable cultures of human endothelial cells 

invariably contain caspase 3. This finding suggests that continuous shedding of caspase 3-

containing vesicles may be an intrinsic component of an ongoing physiological process. 

Similarly, in a recent study conditioned media of viable cells were also shown to contain 

exosomes, which contained a caspase 3-like activity [3]. These authors postulated that 

packaging active caspase in exosomes may be a mechanism to ensure cell survival. In 

Chapter 6 it is hypothesized that at least part of caspase 3-containing EMP may directly 

originate from adherent endothelial cells. By disposing the potentially dangerous caspase 

3 via EMP release, endothelial cells may ensure their survival. The data presented in this 

chapter demonstrate that part of the EMP are indeed likely to originate from adherent 

cells. Furthermore, inhibition of EMP release results in accumulation of caspase 3, 

detachment and apoptosis, thereby confirming our hypothesis. 
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Other putative functions  

Recently, Del Conde et al. showed that TF-exposing MP from monocytes may fuse 

with activated platelets, thereby transferring coagulation-active TF [4]. Because 

membrane fusion is promoted by PS, they postulated that TF-exposing MP are enriched in 

PS. Our data in Chapter 3 support their assumption. If true, then transferring TF may also 

pass on the various functions of TF other than coagulation, including angiogenesis, signal 

transduction and protection against apoptosis.  

Isolated fractions of MP from plasma samples of preeclamptic patients, acute 

myocardial infarction or end-stage renal failure impair endothelium-dependent 

vasodilatation [5-7]. These isolated fractions contain MP originating from various cell 

types, including endothelial cells. Recent evidence suggests that especially EMP may play 

a role in this impairment. First, isolated EMP (but not PMP) from patients suffering from 

end-stage renal failure decreased endothelial NO release [7]. Second, in vitro generated 

EMP impair endothelium-dependent vasodilatation [8-10]. Third, circulating levels of 

EMP correlate with the loss of flow-mediated dilation in both patients with end-stage 

renal failure and in patients with diabetes type 2 [7,11]. 

The mechanism(s) by which EMP or other types of MP exert their effect on the 

endothelium is unknown. One possible mechanism is that membrane fusion between 

(E)MP and endothelial cells may result in delivering intravesicular components, such as 

caspase 3, into the cytosol. Previously, we showed that isolated fractions of MP from 

preeclamptic patients did not affect gene expression of endothelial cells [12]. This result 

was not anticipated, given the rapidly accumulating evidence that EMP exert various 

effects on endothelial cells and the endothelium. This may be explained by our use of 

venous endothelial cells (HUVEC) versus arterial endothelial cells that are used in 

contractility studies. Another possibly explanation may be the absence (our experiments) 

or presence (contractility studies) of shear, which may be a prerequisite for the interaction 

between EMP and endothelial cells. Recently, an intriguing study showed the transfer of 

mRNA from embryonic stem cell-derived MP to hematopoietic progenitor cells, thereby 

promoting their cell growth and differentiation [13]. 
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Clinical relevance and future directions 
Throughout the literature, the occurrence of EMP in disease states has been associated 

with endothelial impairment (dysfunction). In this thesis we show that the release of EMP 

may also be beneficial to the endothelial cells (Chapter 6), and we demonstrate that 

increases of EMP release do not necessarily indicate endothelial impairment (Chapter 5).

Evidence is accumulating that not only endothelial cells but also other cell types use 

vesicles as transportation vehicles. Such vehicles can be used to remove waste or other 

(potentially) harmful compounds, and contribute to intercellular communication. 

Gram-negative bacteria release vesicles containing communication signals and toxins 

directed against other bacteria and host cells, implicating that the release of vesicles may 

be a highly conserved phenomenon. Experiments with the gram-negative bacterium 

Pseudomanas aeruginosa showed that a signal molecule that was packaged into vesicles 

facilitated its own packaging [14,15]. Our present findings regarding the packaging of 

caspase 3 in (E)MP is in line with this concept. From the literature it is known that a 

human breast cancer cell line, MCF-7, is deficient of caspase 3. Since these cells do not 

release MP, the presence of caspase 3 seems to be a prerequisite for MP release. When 

MCF-7 cells are transfected with a caspase 3 construct, MP release was clearly 

demonstrable [16]. Similar studies performed recently in our laboratory showed that these 

MCF-7-derived MP also contain caspase 3. Altogether, similar to the prokaryotic signal 

molecule, also caspase 3 seems to be involved in its own packaging into MP. These 

findings support the concept that different cell types may use MP as vehicles in order to 

remove caspase 3. To which extent also other types of vesicles, such as exosomes, 

contribute to this process remains to be investigated.

Throughout the time course of the thesis our focus shifted from merely identification 

and functional properties of EMP to the more central question why (endothelial) cells 

release MP or other types of vesicles into their environment. The data presented in this 

thesis support the notion that the (clinical) relevance of circulating EMP as biomarkers, 

i.e. markers ‘simply’ reflecting the status of the endothelium, may be insufficient. For 

instance, although simvastatin-treated endothelial cell cultures contained increased 

numbers of EMP, the adherent endothelial cells remained viable throughout the 

experiments (Chapter 5). Moreover, evidence is provided that at least in vitro, EMP are 
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closely associated with detachment, thus further complicating the presumed ‘direct’ 

relationship between (adherent and/or detached) endothelial cells and EMP. 

During the last decade, studies on various types of cell-derived vesicles, including 

MP and exosomes, have regained scientific and clinical attention. The current view, 

especially within the medical field, has changed from regarding cell-derived vesicles as a 

mere artefact to a genuine acceptance of their existence in vivo. Future developments are 

to be expected with regard to standardization of isolation and detection protocols of 

(E)MP. The relevance of measuring (E)MP in clinical samples as markers reflecting e.g. 

cellular dysfunction, disease state, coagulation or inflammation, needs further 

confirmation. Based on recent literature and data presented in this thesis, it is proposed 

that the release of cell-derived vesicles may represent a conserved and fundamental cell 

biological phenomenon essential for survival and communication. 

Taken together, it is not only important to isolate vesicles and to study their myriad of 

functions in vitro and in vivo, but equally important to tackle the more fundamental 

question why cells release such ‘multi-purpose vesicles’ into their environment. 
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