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Aim of the thesis 

The aim of this thesis was to investigate why cells release microparticles and whether 

microparticles are involved in maintaining cellular- and environmental homeostasis.  

 

Microparticles and cell survival 

Why do cells release microparticles? To answer this question, we inhibited the release of 

microparticles from endothelial cells and studied the effects thereof in Chapter 2. 

Inhibition of microparticle release resulted in the intracellular accumulation of caspase-3, 

especially in the presence of the apoptosis inducer staurosporin, which was paralleled by 

increased apoptosis and detachment of the endothelial cells. Therefore, we hypothesized 

that the release of caspase-3 containing microparticles indeed contributes to endothelial 

survival. 

To further investigate the hypothesis that microparticles can be used by cells to 

remove the potentially dangerous caspase-3, we used MCF-7 cells, a human cancer cell line 

which is known to be deficient of functional caspase-3 and lacks “membrane blebbing”1. 

Although “membrane blebbing” and “microparticle release” are often used as synonyms in 

the literature, it is unknown whether blebbing is a prerequisite for, or leads to, the release of 

microparticles. Moreover, from the literature it is unknown whether MCF-7 cells actually 

release any microparticles. In Chapter 3, we transfected MCF-7 cells with the 29 kDa form 

of caspase-3, since this form has the ability of autocleavage and self activation2. The 

expression of caspase-3 by MCF-7 cells was paralleled by the release of microparticles, 

whereas untransfected cells did not or hardly released any microparticles, indicating that 

expression of caspase-3 is indeed strongly associated with the release of microparticles. 

Furthermore, we showed that the released microparticles themselves contain caspase-3 and 

are enriched in caspase-3 activity compared to the releasing cells. These data further 

strengthen the hypothesis that cells use microparticles as vehicles for the removal of 

dangerous or redundant compounds in order to maintain cellular homeostasis.  

In Chapter 4, we studied whether caspase-3 is also present in microparticles from 

aging platelets, since platelet-derived microparticles are the most common type of 

microparticle that is present within the human blood. As shown in this chapter, also 

microparticles released from aging platelets contained caspase-3, suggesting that the 
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presence of caspase-3 in microparticles is a common phenomenon that is not necessarily 

restricted to nucleated cells. 

The sorting of potentially dangerous or redundant compounds by cells into vesicles 

seems to be a common mechanism used for cellular survival. Earlier, de Gassart et al. 

showed that exosomes in conditioned culture media from several types of healthy and 

viable cells contain a caspase-3 like activity. He postulated that the observed packaging of 

caspase-3 activity into exosomes is a mechanism to ensure cell survival3. Similarly, the 

release of vesicles enriched in e.g. the complement C5b-9 complex4 or cytostatics5;6 are 

presumed to protect the cells against accumulation of dangerous or lethal concentrations of 

these compounds, and thus to promote cellular survival. Taken together, the release of 

microparticles containing caspase-3 and other dangerous compounds contributes to cellular 

survival, and, by packaging these compounds into microparticles, also the environment may 

be protected from exposure to such harmful compounds.  

 

Microparticles: more than cellular homeostasis alone 

Many previous studies have shown that microparticles can initiate or facilitate processes 

such as coagulation, inflammation and angiogenesis. Although these processes are often 

associated with pathological conditions, these processes are also of fundamental relevance 

to ensure survival by protecting an organism against threats from its environment under 

normal and abnormal conditions. In many diseases, however, the aforementioned processes 

are in a disbalance. One of those diseases is preeclampsia, a disease characterized by a pro-

coagulant, pro-inflammatory and anti-angiogenic phenotype when compared to normal 

pregnant women. Although the exact underlying mechanisms of the development of 

preeclampsia are unknown, it is assumed that placental hypoxia leads to increased shedding 

of placental material into the maternal circulation7. In turn, this placental material, also 

known as syncythiotrophoblast-derived microparticles or STBM, is thought to be an 

essential step in the development of preeclampsia, leading to endothelial dysfunction, 

coagulation, inflammation and inhibition of angiogenesis8.  

In Chapters 5 and 6, we studied the association between circulating microparticles, 

angiogenesis and inflammation in preeclampsia. In Chapter 5, we showed that plasma 

samples from preeclamptic women contain increased numbers of microparticles exposing 
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the vascular endothelial growth factor (VEGF)-receptor 1, FMS-like tyrosine kinase (Flt-1), 

compared to normal pregnant women. These Flt-1-exposing microparticles originated from 

the placenta and platelets. We hypothesize that the capturing of VEGF by microparticles 

exposing Flt-1 will reduce the plasma level of VEGF, leading to less VEGF available for 

binding to its cellular receptors, and thus resulting in the inhibition of angiogenesis. Further 

evidence supporting a role of microparticles in inhibition of angiogenesis in preeclampsia 

comes from a recent study, in which a perfusate of human placenta was shown to contain 

high numbers of microparticles exposing endoglin9. Endoglin is a receptor for transforming 

growth factor beta (TGF-β), which, like VEGF, is an angiogenesis-promoting growth 

factor. Thus, similar to microparticles exposing Flt-1, also endoglin-exposing 

microparticles may be involved in capturing a pro-angiogenic factor before this factor can 

bind to its cellular receptor as a prerequisite for the induction of angiogenesis9.  

In Chapter 6, we investigated the possible involvement of microparticles in 

inflammation in preeclampsia. We studied the expression of inflammation-related genes in 

endothelial cells exposed to microparticles from plasma of preeclamptic patients and 

healthy pregnant control individuals. Overall, our data showed no upregulation of 

inflammation-related genes in the presence of preeclamptic microparticles. In contrast, 

incubation of monocytes with STBM resulted in the upregulation of the inflammatory 

mediators including interleukin (IL)-12p70, tumor necrosis factor (TNF)-α, IL-8 and IL-6 

in vitro10;11. Since STBM bind to monocytes in vivo10, one may speculate that in 

experiments where microparticles are isolated from plasma samples, the biologically most 

active and interesting microparticles are absent due to their interaction with, or binding to, 

blood cells and endothelial cells.  

 

Microparticles and their functions; coagulation 

Coagulation contributes to the homeostasis of an organism as part of the haemostasis 

process, thereby reducing blood loss and the risk of pathogens entering the body. 

Microparticles can affect coagulation in various ways, e.g. by providing a dedicated 

phospholipid surface to which (activated) coagulation factors can bind, or by exposing 

tissue factor (TF). Several mechanisms have been described that affect the coagulant 

activity of the TF molecule, including dimerization of two TF molecules12, the presence of 
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anionic phospholipids such as phosphatidylserine (PS) and phosphatidylethanolamine (PE) 

in the membrane environment of TF13-17, and / or a conformation change in the TF molecule 

induced by protein disulfide isomerase (PDI)18.   

In Chapter 7, we investigated the phospholipid composition and the ability of 

endothelial microparticles to initiate thrombus formation in vivo in a rat venous stasis 

model. We showed that microparticles released from IL-1α-activated endothelial cells, but 

not microparticles released from non-activated cells, expose TF and trigger TF-dependent 

thrombus formation in vivo. The microparticles from activated endothelial cells were 

enriched in PS and PE compared to microparticles from non-activated endothelial cells. 

Since both PS and PE promote the coagulant activity of TF13-17, these data suggest that 

activated cells release microparticles with a fully equipped coagulant profile. Microparticles 

from resting endothelial cells also expose PS and PE, albeit to a lesser extent than 

microparticles from activated endothelial cells, but these microparticles did not trigger 

thrombus formation in vivo, suggesting that the presence of these phospholipids alone is 

insufficient to initiate thrombus formation.  

In Chapter 8 we showed that plasma membranes and microparticles simultaneously 

contain a non-coagulant form and a coagulant active form of TF. Furthermore, we showed 

that PDI and the non-coagulant form of TF are present in rafts of plasma membranes and 

microparticles, whereas the coagulant form of TF is present outside the rafts. We 

hypothesized that, if PDI plays any role in of the regulation of the coagulant activity of TF, 

there may be a two-step activation mechanism, in which PDI first converts TF from a non-

coagulant form into a coagulant form within the rafts, but where the coagulant activity of 

TF remains functionally dormant. In turn, TF is then immediately translocated to the non-

raft domains of the membrane, which are enriched in PS and PE compared to the rafts, and 

this enables the coagulant activity of TF to be decrypted. However, since PDI can also 

reduce the coagulant activity of TF via a conformation change18 and can also reduce the 

presence of PS exposed by membranes19, additional studies are essential to unravel this 

complex interrelationship.  

In Chapter 9, we investigated whether the alternatively spliced (as) form of TF is 

associated with microparticles, and whether this form of TF is coagulant. In contrast to full 

length TF, however, microparticles from cells expressing asTF did not contain detectable 
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amounts of this form of TF, and, in contrast to earlier studies20;21, we found that asTF is not 

secreted and lacks coagulant activity. Thus, asTF is unlikely to play any role in 

microparticle-initiated and TF-dependent coagulation. This does not rule out a role for 

asTF, however, in other TF-dependent processes such as angiogenesis22-24.  

   

Clinical relevance and future directions 

At present, there is a growing interest in the biological relevance of microparticles and 

other types of cell-derived vesicles. In the first chapters of this thesis data are presented that 

provide additional evidence to support the hypothesis that microparticles indeed play a role 

in the maintenance of cellular homeostasis. Concurrently, by packaging unwanted 

compounds into vesicles the environment may be protected as well. Combined with 

efficient clearance mechanisms, this packaging seems an elegant mechanism of cells and 

the organism to remain healthy. When studying the “health state” of a cell, it may be 

worthwhile to focus not only on the cells themselves but also on the (composition of the) 

vesicles that are released by those cells. In this way, an improved insight into the “health 

state” can be obtained. For instance, when endothelial cells were incubated in vitro with 

clinically relevant concentrations of simvastatin, a widely used cholesterol-lowering drug 

that significantly reduces the risks of cardiovascular disease, no apparent changes in the cell 

cultures were observed. The cells remained seemingly healthy and viable in the presence of 

simvastatine, which is in line with the overall beneficial affects of statins in vivo. 

Nevertheless, there was a 2-3 fold increase in the release of caspase-3 containing 

microparticles by endothelial cells in the presence of simvastatin25, suggesting that, for 

unknown reasons, the cells seem to consider simvastatin as a form of extracellular stress 

and thus release more caspase-3 containing microparticles to overcome the effects of 

simvastatin. Given the fact that other in vitro studies, usually using higher concentrations of 

statins, also showed adverse effects, even seemingly healthy cells may be less healthy than 

thought when their vesicles are also taken into account. Since also vesicles from anucleated 

cells, platelets, contain caspase-3 ex vivo and in vivo, the release of such microparticles 

seems to be a common cellular protection mechanism. One may speculate that cells which 

release more microparticles than other cells are better able to cope with both extracellular 

and intracellular stress, and in this manner become more resistant to e.g. cytostatic drugs.  
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The fact that microparticles maintain cellular homeostasis and facilitate protective 

mechanisms that support survival of the organism at the same time, including coagulation, 

inflammation and angiogenesis, is a beautiful convergence of functions. Obviously, this 

will be a very delicate balance and a shift may impose changes that contribute to the 

development or aggregation of diseases. For instance, the presence of microparticles 

exposing coagulant TF within the blood can be potentially lethal and lead to development 

of disseminated intravascular coagulation or venous thromboembolism. As shown in 

Chapter 8, cells as well as microparticles can expose two different conformational forms 

of TF. Most of this TF seems to be in a non-coagulant form, but the function(s) of this form 

of TF is unknown. These findings make the research on TF even more complex, leading to 

a multitude of intriguing questions, e.g. do both forms of TF occur on microparticles from 

cancer cells, what is the function of the non-coagulant form of TF, are both forms of TF 

transferred to recipient cells, etc.  

Due to their small size and heterogeneity, the detection of vesicles is still 

cumbersome. Although flow cytometry is widely used, this technology detects only the 

larger vesicles and more than 98% of the vesicles in body fluids is thought to be below the 

detection limit of flow cytometry26;27. Improvement in reliable detection techniques is an 

essential prerequisite for future vesicle research. The use of vesicles as clinically relevant 

diagnostic and prognostic tools may then come within better reach, and may also help to 

answer the question whether microparticles are cause or consequence of disease, or both.  

Also the underlying mechanisms of microparticle release are only fragmentary understood. 

More insight into the underlying mechanisms of microparticle release and how these 

mechanisms are affected by drugs will help to keep cellular and environmental homeostasis 

in a healthy balance.  

Finally, despite a wealth of literature, more thorough investigations and comparisons 

of vesicle subpopulations well divided into e.g. microparticles and exosomes, will be 

essential to improve our understanding of their functions and the underlying mechanisms of 

release. Given the fact that also prokaryotes use vesicles for communication and protection 

suggests that common and conserved mechanisms may be present underlying the release of 

such vesicles and this knowledge may help to understand the formation and function of 

microvesicles in eukaryotes. At present, vesicles have become widely accepted throughout 
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the literature as an exciting new element in the many cascades of protein and cellular 

systems.  
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