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General discussion

Weibel-Palade bodies (WPB) are unique storage organelles in endothelial cells. 

These secretory granules store von Willebrand factor (VWF) and other bioactive 

components that participate in the maintenance of vascular homeostasis. VWF 

is released from endothelial cells in response to endothelial activation, stress 

or vascular injury[1]. At sites of vascular injury VWF captures platelets thereby 

promoting hemostatic plug formation. Furthermore, VWF acts as a carrier for 

coagulation factor VIII protecting it from proteolytic degradation and premature 

clearance[1,2]. In addition to VWF, WPBs contain a presynthesized cocktail of 

hemostatic, inflammatory and angiogenic components such as P-selectin and 

angiopoietin-2 (Ang-2)[3,4]. P-selectin is expressed at the plasma membrane 

after WPB exocytosis and has the ability to regulate inflammatory responses 

by recruiting leukocytes[5]. Ang-2 functions in the transition of quiescence to 

activated endothelium by inducing angiogenesis and facilitating inflammatory 

responses[6,7]. Controlled release of VWF and other WPB components is of 

crucial importance for the vasculature in order to rapidly respond to changes 

within its micro-environment. In this thesis, an unbiased proteomic approach 

to explore the content of WPBs has been described. Furthermore, our studies 

have identified several novel molecular regulators of WPB exocytosis. 

WPB components
VWF is the main component of WPBs and is essential for the formation of 

this organelle[8,9]. Over the years a number of additional components of 

WPBs have been identified by serendipity. To gain a better understanding 

of the function of WPBs we aimed to identify novel WPB components using 

an unbiased proteomic approach (Chapter 2). WPB-enriched subcellular 

fractionations were analyzed by mass spectrometry. This analysis resulted 

in a list of potential novel WPB components. Using immunocytochemistry we 

confirmed the presents of insulin-like growth factor binding protein 7 (IGFBP7) 

in WPBs. Several studies have suggested that IGFBP7 provides a potential 

biomarker of various cancers and cardiovascular diseases[10-12], nevertheless 

the precise function of IGFBP7 remains unclear. Levels of IGFBP7 in tissues 

or blood plasma are associated with tumorigenesis and senescence[11,13,14]. In 

addition, a role of IGFBP7 in angiogenesis has been proposed[15-19]. In Chapter 

2 we demonstrated that overexpression of KLF2 resulted in a decrease in 

IGFBP7 expression, similar to what has been reported for the pro-angiogenic 

factor Ang-2[7,20]. The observed KLF2-induced down-regulation of IGFBP7 is 
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consistent with its angiogenic capacity in human brain endothelial cells[15] as 

well as in vascular patterning in zebrafish[16]. However, it has also been shown 

that IGFBP7 inhibits VEGF induced tube formation of vascular endothelial 

cells[17,21]. Nevertheless, the presence of both Ang-2 and IGFBP7 in WPBs 

supports a role for these organelles in the regulation of angiogenesis. Yet, 

further investigations are required to define the precise role of IGBFP7. 

Interestingly, a reduced angiogenic capacity has been reported for VWF 

deficient endothelial cells[22]. It is well-established that VWF is required for 

the formation of WPBs[23]. The inability of VWF to induce WPBs may translate 

into defective storage of Ang-2 and IGFBP7. Whether the lack of WPB storage 

of Ang-2 and IGFBP7 underlies the reduced angiogenic properties of VWF 

deficient endothelial cells remains to be established. 

In Chapter 2 we also showed that IGFBP7 remains attached to ultra large VWF 

(ULVWF) strings following its release from endothelial cells. We hypothesize 

that binding of IGFBP7 to VWF strings serves to specifically localize IGFBP7 at 

sites of vascular injury thereby promoting vascular repair. Alternatively, VWF 

may act as a molecular chaperone for IGFBP7 in the circulation, protecting it 

from proteolytic cleavage. It has been shown that cleavage of IGFBP7 by the 

serine protease matriptase results in loss of binding activity to insulin growth 

factor-1 (IGF-1) and insulin[24,25]. We speculate that binding to VWF might 

prevent proteolytic cleavage of IGFBP7 in a similar fashion as previously 

established for its function as a molecular chaperone of blood coagulation 

factor VIII[1,2]. 

In addition to IGFBP7, we identified pentraxin-related protein 3 (PTX3) as 

a potential novel WPB component (Chapter 2). PTX3 is an inflammatory-

associated long pentraxin, and has also been emerged as a regulator 

of angiogenesis and cardiovascular diseases[26]. Unfortunately, we were 

not able to detect endogenous expression of PTX3 in endothelial cells by 

immunocytochemistry. Nevertheless, exogenously expressed PTX3 in 

HEK293 cells is targeted to pseudo-WPBs (van Breevoort et al., unpublished 

observations). It is reasonable to speculate that the expression of this 

inflammatory protein is up-regulated under inflammatory conditions, similar 

to the expression of for instance interleukin-8[27,28], which emphasizes the 

plasticity of WPBs. Indeed, PTX3 mRNA levels increase after incubation with 

interleukin 1β in HUVECs[29]. The identified proteins in the WPB-enriched 

fractions included a set of proteins implicated in the regulation of granule 

exocytosis. This subset comprises known regulators of WBP exocytosis such 

as MyRIP, Rab27A, and Slp4-a[30-32].  Interestingly, we also identified syntaxin-
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binding protein 4 (STXBP4) in subcellular fractions enriched for WPBs. This 

SNARE accessory protein, also known as Synip, has been described to control 

docking of insulin-stimulated glucose transporter 4 (GLUT4) vesicle transport 

to the plasma membrane[33,34]. STXBP4 is a syntaxin-binding protein, similar 

to STXBP1 and STXBP5.  These latter proteins are involved in WPB exocytosis 

as described in Chapter 3 and Chapter 5. STXBP4 has been shown to associate 

with syntaxin-4[34,35]. Syntaxin-4 has been implicated in WPB exocytosis[36]. 

Whether STXBP4 plays a role in WPB biogenesis or WPB exocytosis remains 

to be established.

Using an unbiased proteomic screen we identified 219 different proteins within 

the WPB-enriched fractions. However, not all known WPB or WPB-associated 

proteins were identified; in total we identified 9 previously established WPB 

components and WPB-associated proteins. In total 66 proteins containing a 

signal peptide were identified; however only three known WPB components 

were present in this subgroup (VWF, P-selectin, Ang-2). Established WPB 

components such as osteoprotegerin and endothelin were not identified in 

subcellular fractions containing WPBs[37]. These results suggest that we only 

identified a small percentage of proteins that are actually stored within WPBs. 

Further improvements in purification of WPBs resulting in a better separation 

of WPBs and lysosomes are needed to determine which other components are 

present in these organelles. A complete overview of the proteome of WPBs 

would allow us to better appreciate the physiological role of WPBs in vascular 

biology.

Molecular mechanisms controlling exocytosis of WPBs
A tightly controlled machinery regulates the recruitment of secretory vesicles 

to the plasma membrane prior to their fusion. Much of our current knowledge 

on the different steps preceding exocytosis has been derived from studying 

neurotransmitter release from synaptic vesicles in nerve terminals[38]. Release 

of synaptic vesicles occurs at the so-called “active zone” in the nerve terminal. 

Following their translocation from the cytoplasm, synaptic vesicles “dock” at 

the active zone aligning the synaptic cleft and subsequent “priming” renders 

these vesicles fusion-competent allowing for their exocytosis[39-43]. Also in 

pancreatic β-cells a pool of readily releasable insulin containing vesicles is 

present within close proximity to the plasma membrane[44]. These docked 

insulin granules are required for the rapid first-phase insulin release[44]. In 

endothelial cells there is currently no evidence for the presence of a subset 

of pre-docked WPBs that are located in close proximity to the plasma 
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membrane. Interestingly, proteins involved in docking and priming of synaptic 

vesicles have also been shown to be functionally involved in WPB exocytosis. 

Synaptotagmin-like protein 4-a (Slp4-a) has been implicated in docking of 

secretory granules to the plasma membrane in pancreatic β-cells and PC12 

cells[45-47]. Slp4-a is a WPB-associated component that has been described 

as a positive regulator of WPB exocytosis[32]. In Chapter 3 we have identified 

STXBP1 as a downstream effector of Slp4-a that regulates release of WPBs in 

endothelial cells. It is well established that loss of STXBP1 results in a defect of 

vesicle docking to the plasma membrane in chromaffin cells[48,49] and pancreatic 

β-cells[44]. In endothelial cells we did not observe an apparent difference in 

WPB distribution after STXBP1 depletion, nor did we observe a difference in 

WPB distribution in BOECs derived from patients carrying a heterozygous 

mutation in the gene encoding STXBP1 (Chapter 3). In this respect it is 

interesting to note that in pancreatic β-cells that are heterozygous for STXBP1 

only a limited effect on the readily releasable pool of insulin granules was 

observed[44]. More detailed analysis employing electron microscopy or total 

internal reflection fluorescence microscopy (TIRFM) may allow for detection 

of more subtle changes in the distribution and dynamics of WPBs in STXBP1-

deficient endothelial cells. Alternatively, the absence of a detectable docking 

defect in STXBP1-deficient endothelial cells might be explained by a difference 

in spatial and temporal organization of the secretory machinery compared to 

other secretory cell types. Synaptic vesicles in pre-docked readily releasable 

pools allow rapidly release of their content on a milliseconds timescale[50]. In 

contrast, WPBs release their content within seconds in response to fast-acting 

agonists that lead to elevation of intracellular Ca2+[30,51,52]. This relatively 

extended time frame is in accordance with the lack of a readily releasable 

pool of WPBs in endothelial cells. Apparently, inflammatory, angiogenic and 

hemostatic processes regulated by WPB-localized mediators do not require 

massive release of WPBs on a millisecond timescale. The absence of a subset 

of pre-docked WPBs may explain the lack of an effect of STXBP1 depletion on 

WPB localization. In chromaffin cells, STXBP1 has been shown to contribute 

to both docking and priming of secretory vesicles through its binding to 

syntaxin-1[48]. The identification of STXBP1 as a downstream target of Slp4-a 

together with the observed complex formation with syntaxin-2 and -3 suggests 

that STXBP1 is also involved in linking WPBs to the SNARE-complex thereby 

rendering these organelles fusion-competent (Figure 1A). 
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SNARE complexes involved in WPB exocytosis

Several studies have shown that exocytosis of WPBs is mediated by SNARE 

proteins. Matsushita and co-workers showed that syntaxin-2 and -4 (but not 

syntaxin-1) as well as VAMP3 are expressed in endothelial cells[53]. A functional 

role for syntaxin-4 and VAMP3 was suggested by employing inhibitory antibodies 

in permeabilized endothelial cells. N-ethylmaleimide–sensitive factor (NSF) 

promotes disassembly of cis-SNARE complexes that result from membrane 

1                                              2                                                3
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Figure 1: Model of SNARE assembly prior to WPB exocytosis.

A) STXBP1 provides a link between Slp4-a on the WPB and syntaxin-2 (STX2) on the plasma 

membrane (1).  A still unknown trigger alters the conformation of STX2 which enables SNARE 

complex formation of STX2 with its WPB-localized cognate R-SNARE (2). Subsequently, 

WPBs fuse with the plasma membrane and VWF is released into the vascular lumen (3).

B) STXBP5 is recruited to syntaxin-4 (STX4) on the plasma membrane and inhibits SNARE 

complex assembly (1). Association of STXBP3 with STX4 counteracts the inhibition of 

STXBP5 (2) and facilitates docking of WPBs (3). SNARE complex assembly of STX4 with 

VAMP3 promotes the release the exocytosis of WPBs (4). 
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fusion[54]. S-nitrosylation of NSF was found to inhibit its SNARE-disassembling 

activity thereby preventing WPB exocytosis[53]. Fu and co-workers confirmed 

a functional role for syntaxin-4 in WPB exocytosis, moreover they showed 

that syntaxin-4 and the SNARE accessory protein STXBP3 (Munc18c) were 

phosphorylated following stimulation of endothelial cells with thrombin[36]. A 

more recent study has provided evidence for involvement of VAMP3 in WPB 

exocytosis[55]. 

The observations described in this thesis contribute to our current knowledge 

on the role of SNARE proteins and SNARE accessory proteins in VWF release. 

In Chapter 3 we presented evidence that the SNARE accessory protein 

STXBP1 controls WPB exocytosis. We also showed that STXBP1 can interact 

with syntaxin-2 and syntaxin-3 in endothelial cells. In Chapter 4 we showed 

that syntaxin-2 is localized to the plasma membrane of endothelial cells. 

Although the contribution of syntaxin-2 to WPBs exocytosis is still undefined, 

our data are consistent with a model in which STXBP1 controls syntaxin-2 

mediated WPB exocytosis (Figure 1A). It has been reported that syntaxin-2 

can associate with VAMP3 and VAMP8[56,57] (Figure 2). Both VAMPs have been 

reported to be localized to WPBs[55] and are potential candidates to participate 

in SNARE complex formation with syntaxin-2. Based on the currently available 

data, it is likely that several SNARE complexes are involved in fusion of WPBs 

with the plasma membrane. Indeed, it has been proposed that STXBP3 and 

VAMP3 are involved in syntaxin-4 mediated VWF release[36,55] (Figure 1B). 

It is currently unclear whether and how the assembly of multiple SNARE-

complexes contributes to WPB exocytosis. In Chapter 5, we demonstrated an 

association of syntaxin-4 with the VAMP-like domain of STXBP5. This finding 

may suggest that STXBP5 modulates the formation of syntaxin-4 containing 

SNARE complexes (Figure 1B). The molecular mechanisms that regulate 

assembly and disassembly of the STXBP5-syntaxin-4 complex remain poorly 

understood and require further investigation. 

How does genetic variation in the STXBP5 gene regulate VWF 
levels in plasma?
Recent genome wide association studies for genetic determinants of VWF 

plasma levels and cardiovascular disease have found associations with single 

nucleotide polymorphisms (SNPs) in the genes encoding for the SNARE proteins 

syntaxin-2 and STXBP5[58-61]. These SNPs also contribute to the variation in 

VWF levels in VWD type I patients[59]. The SNP rs1039084 in STXBP5 has also 

been associated with venous thrombosis, most likely through its effect on 

circulating VWF levels[61]. 
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These epidemiological observations led us to hypothesize that STXBP5 

regulates VWF levels through its ability to control VWF secretion.  In support 

of this we have found evidence that depletion of STXBP5 from endothelial cells 

potentiates stimulus-induced VWF release (Chapter 5).  Apart from endothelial 

derived VWF, it is well-established that VWF released from platelets also 

contributes to VWF plasma levels[62,63]. Therefore, we cannot exclude that the 

SNPs in syntaxin-2 and/or STXBP5 also affect the release of VWF from platelet 

α-granules. In this respect it is interesting that in comparison to endothelial 

cells platelets express relatively high levels of STXBP5 (van Breevoort et al., 

unpublished observations).

We have shown in Chapter 5 that the VLD domain of STXBP5 is able to inhibit 

WPB exocytosis and that this domain interacts with syntaxin-3 and syntaxin-4. 

It is suggested that the interaction between the VLD and syntaxins leads to 

the formation of a non-fusogenic SNARE complexes, essentially sequestering 

syntaxins and thereby preventing them from operating in membrane fusion. 

Taken together our observations identify STXBP5 as a negative regulator of 

WPB exocytosis. The SNP rs1039084, of which the minor allele results in a 

N436S amino acid substitution in the WD40 domain of STXBP5, is linked with 

lower VWF plasma levels. This would imply that the minor allele rs1039084 

increases the attenuating action of STXBP5. How does the N436S substitution 

increase STXBP5 function? 

STX1

STX2

STX3

STX4

STXBP1

STXBP3

STXBP5

VAMP3

VAMP7

VAMP8

Figure 2: Crosstalk between STXBPs and SNARE proteins.

Confirmed interactions of STXBPs with syntaxins (STXs) in endothelial cells described in this 

thesis are depicted as bold lines. Associations implicated in WPB exocytosis are represented 

as solid lines. Dotted lines represent interactions between STXBPs and SNARE proteins 

reported in other cell systems that were described in this thesis. 
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The asparagine to serine substitution may alter the physicochemical properties 

of STXBP5, i.e. alter binding surfaces for interaction partners that modulate 

STXBP5 efficacy. STXBP5 has been shown to interact with synaptotagmin-1[64,65], 

a calcium sensor that catalyzes the last step in membrane fusion by inserting 

its hydrophobic C2 domains into the membrane in a Ca2+-dependent manner. 

STXBP5 binds synaptotagmin-1 via its WD40 domains, which decreases 

the activity of synaptotagmin-1 to promote membrane fusion[64]. The exact 

binding site for synaptotagmin-1 on STXBP5 has not yet been identified, nor 

is it clear which synaptotagmins are expressed in endothelial cells, but it 

would be of interest to test whether the N436S substitution leads to increased 

interaction with synaptotagmin.

In the larger picture, it will be of interest to map the (endothelial) interaction 

partners of STXBP5 using mass spectrometry and address whether the N436S 

substitution leads to a different interactome. 

However, substitutions may not necessarily have to map in binding surfaces 

to affect interaction partners or protein function. The tail domain of STXBP5 

is a small region directly amino-terminal of the VLD, which functions in the 

regulation of the inhibitory mode of STXBP5[66]. A report by Yamamoto et 

al.  has shown that this tail domain has two binding modes: (1) folding back 

on VLD and limiting its capacity to sequester syntaxins or (2) binding to 

the N-terminal WD40 motifs thereby relieving VLD and allowing it to engage 

non-fusogenic SNARE complex formation[66]. Possibly, the N436S substitution 

enhances the interaction of the tail domain with the WD40 motif, leading to 

increased inhibitory action of STXBP5.  

Finally, we cannot exclude the possibility that the N436S substitution is not 

causally related to altered STXBP5 function or expression. The rs1039084 SNP 

in STXBP5 is in strong linkage disequilibrium with another SNP in STXBP5, 

rs9390459, which has also been linked to lower circulating VWF levels[60,61]. 

rs9390459 encodes a synonymous substitution at position 815, however we 

cannot rule out possible effects on expression levels of STXBP5. 

The role of syntaxin-3 in WPB biology
In Chapter 4 we have shown that depletion of syntaxin-3 resulted in an 

increase in intracellular levels of VWF and a decline in basal release of VWF. 

Interestingly, histamine and forskolin-induced release of VWF are enhanced in 

syntaxin-3 depleted cells, most probably due to the increased WPB pool size. 

These results suggest that syntaxin-3 acts as a positive regulator of basal 

WPB exocytosis. In melanocytes, syntaxin-3 is involved in the transport of the 
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enzyme Tyrp1, which is required for melanosome maturation, from the Golgi-

apparatus to pre-formed melanosomes[67]. In the absence of syntaxin-3, Tyrp1 

containing vesicles do not fuse with immature melanosomes resulting in the 

absence of Tyrp1 in these organelles. More detailed analysis revealed that Tyrp1 

vesicles localized VAMP7 binds to syntaxin-3 and SNAP23 on melanosomes 

resulting in fusion of Tyrp1-containing vesicles with melanosomes[67]. These 

observations in melanocytes raise the possibility that syntaxin-3 may be 

required for post-TGN delivery of proteins to WPBs (Figure 3-1). So far there 

are no indications of vesicular transport from the TGN to already formed 

WPBs that would support this hypothesis. However, the established WPB 

component CD63 is delivered from an endosomal compartment to already 

formed WPBs[68-70]. It is tempting to speculate that membrane fusion of an 

endocytic compartment with WPBs requires syntaxin-3 on the WPB and its 

cognate R-SNARE on the CD63-containing endosome. Ultrastructural analysis 

of WPBs in endothelial cells have indeed shown examples of multivesicular 

bodies (late endosomes) in very close proximity to WPBs[71]. These membrane 

trafficking events might recycle or add components to the pre-formed WPBs, 

thereby rendering them competent for basal release (Figure 3-2). WPB-

localized VAMP3 can potentially recycle from the plasma membrane to WPBs 

via endosomes. Reduced expression of syntaxin-3 might cause a reduced 

recycling of VAMP3, which may result in a decline of basal WPB exocytosis. 

In Chapter 4 we did not explore possible interaction partners for syntaxin-3 

in endothelial cells. Syntaxin-3 has been shown to associate with various 

R-SNAREs (Figure 2). Binding of syntaxin-3 to the R-SNARE VAMP7 has been 

shown in various cells types, including melanocytes[67,72,73]. In addition, VAMP7 

has been suggested to be involved in vesicular transport from endosomes to 

lysosomes[74,75]. This is of potential relevance since WPBs share many properties 

with lysosome-related organelles[76]. Other possible cognate R-SNAREs for 

syntaxin-3 are VAMP3 and VAMP8. These Q-SNAREs localize to WPBs[55]. 

VAMP3 has been implicated in Ca2+-evoked VWF secretion, nevertheless the 

function of VAMP8 on WPB remains unclear[55]. Several studies have shown 

that VAMP8 is involved in homotypic fusion[77-79]. We did not observe changes 

in WPB morphology after syntaxin-3 depletion, however, there is evidence 

for homotypic WPB fusion in endothelial cells. A number of WPBs undergo 

compound fusion into so-called “secretory pods” prior to the actual release 

of cargo[80]. The molecular details (and the physiological relevance for that 

matter) of this process remain unexplored, but it would be interesting to 

investigate whether the formation of these secretory pods is dependent on 

syntaxin-3 (Figure 3-3). 
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Differential regulation of WPB exocytosis by syntaxin binding 
proteins 
In Chapter 3 and 5 we have shown that both STXBP1 and STXBP5 are 

involved in regulation of WPB exocytosis. Fu and co-workers have shown that 

STXBP3 (Munc18c) contributes to thrombin induced release of WPBs[36]. The 

presence of several syntaxins and syntaxin binding proteins in endothelial 

cells raise the question why there are so many different SNARE complexes 

that operate in the regulation of WPB exocytosis? Several studies investigated 

the interplay between STXBP5 and STXBP1[65,81,82]. These studies showed that 

STXBP5 competes with STXBP1 for the binding to syntaxin 1[65,81,82]. It is has 

been suggested that the competition between STXBP5 and STXBP1 for an 

interaction with syntaxin-1 regulates docking and priming steps in synaptic 

vesicles[82]. In this respect, it is interesting to note that the negative regulator 

of WPB exocytosis STXBP5 and putative positive regulator STXBP3 both can 

CD63

WPB

STX3

VAMP

2

1

3

AP-3
?

?

Figure 3: Putative models for the function of syntaxin-3 in WPB maturation          

and/or secretion.

1) WPB-localized syntaxin-3 (STX3) facilitates the post-TGN delivery of proteins to WPBs 

through SNARE assembly with its cognate VAMP on the post-TGN vesicle. 2) STX3 on the 

WPB forms a SNARE complex with a VAMP-isoform on endosomes and thereby facilitating the 

recycling and/or transport of essential proteins for WPB maturation and/or basal secretion 

to the WPB. 3) STX3 is involved in homotypic WPB-WPB fusion required for the formation 

of secretory pods. 
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bind to syntaxin-4[Chapter 5,36]. These observations raise the possibility that 

competition between STXBP5 and STXBP3 for the interaction with syntaxin 

4 contributes to the regulation of WPB exocytosis in endothelial cells (Figure 

4), analogous to what has been reported for STXBP1 in regard of STXBP5 and 

syntaxin-1[65]. Although no evidence has yet been provided for an interaction 

of STXBP5 with syntaxin-2 in endothelial cells we propose a (similar) model 

in which STXBP5 competes for the binding to syntaxin-2 with STXBP1 (Figure 

4). In this regard it will be of interest to investigate whether STXBP5 indeed 

competes with other syntaxin binding proteins for the interaction with its 

cognate syntaxin partner, and thereby inhibits WPB exocytosis. 

The implicated contributions of STXBP1 and STXBP3 to WPB exocytosis add 

to the complexity of WPB exocytosis by the regulation of SNARE accessory 

proteins. STXBP1 and STXBP3 have been shown to modulate assembly of 

the SNARE complex in various cellular systems[83-87]. However, the molecular 

mechanisms and the difference between these two syntaxin-binding proteins 

are not completely understood. STXBP1 and STXBP3 share conserved 

domains and function[86,88]. However, they also exhibit divergent molecular 

mechanisms. One important difference is the subset of syntaxins where 

STXBP1 and STXBP3 bind to (Figure 2). 

Further investigations on the interaction of syntaxins with various SNARE 

accessory proteins in the context of endothelial cells will contribute to a 

better understanding of the regulation of WPB exocytosis. With respect to 

our current knowledge, we hypothesize that the contribution of a variety of 

STX4

STXBP3

STXBP5-

+
STX2

STXBP1

-

+

Figure 4:  Interplay between 

syntaxins and SNARE accessory 

proteins in regulated WPB exocytosis. 

WPB exocytosis is determined by 

differential interaction of syntaxin binding 

proteins with syntaxins. Interaction of 

STXBP5 with syntaxin-4 or -2 prevents 

SNARE complex formation required 

for WPB exocytosis (red), whereas 

association of STXBP3 or STXBP1 to 

their syntaxin partners promotes WPB 

exocytosis (green). Ergo, STXBP5 

inhibits WPB exocytosis by competition 

with STXBP3 and STXBP1 for binding 

to syntaxin-4 or -2 thereby preventing 

fusogenic SNARE complex assembly.  
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SNARE proteins and SNARE accessory proteins in WPB exocytosis might allow 

for targeting different signaling cascades controlling the exocytotic machinery 

providing the endothelium to fine tune it secretory response.

Future directions
Using an unbiased proteomic screen we identified IGFBP7 as novel WPB 

component.  This finding contributed to a better understanding of the 

physiological role of WPBs in vascular biology and, together with the presence 

of Ang-2 in WPBs, points towards a role for WPBs in angiogenesis. Further 

improvement of purification and characterization of WPB-containing fractions 

will provide novel insights into the composition and physiological role of this 

organelle. Furthermore, WPB proteomics of resting HUVECs versus HUVECs 

stimulated with IL-1β or other inflammatory cytokines will be valuable to 

identify novel WPB components that are upregulated under inflammatory 

conditions. To better distinguish between WPB components from other 

contaminating non-WPB derived cellular proteins, we could take advantage of 

BOECs derived from VWD type 3 patients. These patients are characterized by 

a complete absence of VWF and therefore do not contain WPBs. Fractionation 

studies using cells derived from these patients would probably help to identify 

additional WPB components. In this thesis we also identified several SNARE- 

and SNARE accessory proteins as novel regulators of WPB exocytosis. The 

molecular mechanisms of SNARE proteins and SNARE accessory proteins are 

mainly studied in neuroendocrine- and insuline secretory cells. The presence 

of several members of the syntaxin-family and the syntaxin-binding proteins 

family in endothelial cells provides a novel platform to investigate the interplay 

between SNARE proteins and SNARE accessory proteins. We expect that these 

studies will expand our current knowledge of working mechanism of syntaxin 

binding proteins at sequential stages of exocytosis. However, in order to gain 

a better understanding of molecular mechanisms of SNARE complex formation 

and the role of syntaxin-binding proteins in endothelial cells, high resolution 

methods that can characterize the docked and primed states of WPBs need 

to be developed. Furthermore, live cell imaging approaches that are capable 

of detecting much more subtle effects on the fusion process need to be 

employed, allowing us to dissect distinct phases of the secretion process: 

docking, priming and fusion.
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