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Abstract

Endothelial cells contain unique secretory organelles called Weibel-Palade 

bodies (WPBs) that store essential mediators of hemostasis, inflammation 

and angiogenesis. The main component of WPBs is von Willebrand factor 

(VWF), a large multimeric glycoprotein which is crucial for platelet plug 

formation at sites of vascular injury. Regulated secretion of VWF and 

other WPB components is essential to maintain vascular homeostasis. We 

have previously shown that syntaxin binding protein 1 (STXBP1) acts as a 

positive regulator of VWF secretion and that STXBP1 associates with the 

Q-SNAREs syntaxin-2 and syntaxin-3 in a mutually exclusive manner. In the 

present study we addressed the subcellular localization of syntaxin-2 and 

-3 in endothelial cells. Immunocytochemistry revealed that syntaxin-2 was 

primarily localized in “patchy” structures that were located in close proximity 

to the plasma membrane. In contrast, syntaxin-3 was localized to WPBs. 

These findings identify syntaxin-3 as a novel WPB-associated component. 

We showed that intracellular VWF and VWF propeptide levels are increased 

after siRNA mediated knockdown of syntaxin-3. Both histamine and forskolin 

induced release of VWF propeptide were 1.5 to 2 fold increased in syntaxin-3 

depleted cells. In contrast basal, non-stimulated VWF propeptide release was 

2 fold reduced in syntaxin-3 depleted cells when compared to control siRNA 

treated cells. Our results position syntaxin-3 as a WPB-linked SNARE that 

regulates basal secretion of VWF.  
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Introduction
Von Willebrand factor (VWF) is a multimeric glycoprotein that is crucial 

for platelet plug formation upon vascular injury[1]. Circulating VWF acts 

as a molecular chaperone for blood coagulation factor VIII protecting it 

from premature clearance and degradation[2,3]. Both endothelial cells and 

megakaryocytes have been shown to synthesize multimeric VWF. Adequate 

regulation of VWF plasma levels is essential to maintain vascular hemostasis.  

While high VWF levels are associated with an increased risk for thrombosis, 

low VWF levels are associated with von Willebrand disease, the most prevalent 

inherited bleeding disorders[1,4,5]. Within endothelial cells, VWF is stored in 

secretory organelles called Weibel-Palade bodies (WBPs). In addition to VWF, 

a number of other hemostatic, inflammatory and angiogenic mediators are 

also stored within these endothelial specific granules[6,7]. P-selectin and CD63 

are integral membrane proteins that are incorporated into membranes of 

WPBs[8-10] and which have been shown to contribute to leukocyte recruitment 

during inflammation[11,12]. In response to inflammatory cytokines such as 

interleukin 1β (IL-1β) or interleukin-4 (IL-4), activated endothelial cells 

induce the expression of chemokines that are targeted to WPBs, such as 

interleukin-8, eotaxin-3 and interleukin-6[13-16]. In addition, angiogenic 

mediators angiopoietin 2 (Ang-2) and insuline-like growth factor binding 

protein factor 7 (IGFBP7) are stored in WPBs which points to a role of WPBs 

in angiogenesis[17-19].

The release of WPB components is triggered in response to secretagogues that 

lead to elevation of intracellular Ca2+ or cAMP[6,20-23]. Several key regulators 

of the molecular machinery controlling WPB exocytosis have been identified, 

including Rab27A and its effectors synaptotagmin-like protein 4-a (Slp4-a), 

myosin Va-Rab interacting protein (MyRIP) and Munc13-4[14,24,25]. The Rab27A-

Slp4-a complex has been shown to promote WPB exocytosis[14].  Slp4-a has 

been shown to control exocytosis through its interaction with syntaxins and 

syntaxin binding proteins[26,27]. Previously, we identified syntaxin binding 

protein 1 (STXBP1), also known as Munc18-1, as an interactor of Slp4-a 

in endothelial cells that acts as a positive regulator of WPB exocytosis[55]. 

Furthermore, we demonstrated an association of Slp4-a to the Q-SNAREs 

syntaxin-2 and syntaxin-3, most probably through STXBP1. In the present 

study we investigated the subcellular localization of the STXBP1 interactors 

syntaxin-2 and syntaxin-3 in endothelial cells. Syntaxin-2 localized to the 

plasma membrane, while syntaxin-3 was found on WPBs. We explored 

the functional role of syntaxin-3 in endothelial cells by siRNA mediated 
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downregulation of syntaxin-3 expression. Interestingly, depletion of syntaxin-3 

resulted in an increase in intracellular VWF and VWF propeptide levels and a 

decrease of basal VWF release. These results indicate that the magnitude of 

basal WPB exocytosis is controlled by syntaxin-3.

Materials and methods
Antibodies and reagents
VWF was visualized using mouse monoclonal CLB-RAg20[28] or rabbit polyclonal 

anti-VWF from Dako (Darmstad, Germany). Syntaxin-2 and syntaxin-3 were 

visualized by confocal microscopy using rabbit anti-syntaxin-2 and rabbit 

anti-syntaxin-3 (Abcam, Cambridge UK) and by Western blot using rabbit 

anti-syntaxin-2 and -3 from Synaptic Systems (Göttingen, Germany). Anti-

actin and α-tubulin were from Sigma-Aldrich (Steinheim, Germany). DAPI, 

Alexa-568 and Alexa-633-conjugated secondary antibodies were from 

Invitrogen (Breda, the Netherlands). IR dye-coupled donkey secondary 

antibodies were from LI-COR Biosciences (Cambridge, UK). Histamine, 

forskolin, and 3-isobutyl-1-methylxanthine (IBMX) were from Sigma-Aldrich. 

PFA was purchased from Electron Microscope Sciences (Harfield, PA, USA). 

Halt Protease Inhibitor cocktail was from Thermo Scientific (Rockford, IL). All 

chemicals used were of analytical grade. 

Cell culture and secretion assay
Primary human umbilical vein endothelial cells (HUVECs) were obtained from 

Promocell (Heidelberg, Germany) and grown in EGM-2 medium (Lonza, Basel, 

Switzerland) supplemented with 18% fetal calf serum. Cells were stimulated 

with serum free (SF) medium or SF medium containing 100 µM histamine 

or 10 µM forskolin supplemented with 100 µM 3-isobutyl-1-methylaxanthine 

(IBMX) (SF; 50% M199, 50% RPMI1640, 300mg/l L-glutamine, 100 U/ml 

penicillin and 100 μg/ml streptomycin, all obtained from Invitrogen, Breda, 

The Netherlands). To measure basal secretion, cells were rinsed with SF 

medium and incubated with SF medium for 4 or 8 hours. VWF propeptide 

secretion was assayed by ELISA as described previously[29]. For intracellular 

VWF propeptide measurements, cells were lysed in SF medium containing 1% 

Triton X-100 and were assayed for VWF propeptide content by ELISA.

RNAi and Westernblot
Downregulation of endogenous expression of syntaxin-3 was performed 

essentially as described[14]. Pools of 4 siRNA oligo duplexes (ON-TARGETplus 
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SMARTpool, Dharmacon, Lafayette, USA) were used to deplete HUVECs of 

syntaxin-3 (L-015401). A pool of 4 non-targeting siRNAs (ON-TARGETplus 

Non-targeting pool, #D001810) was used as a control. HUVECs were rinsed 

once in PBS and were then lysed in NP40 lysis buffer containing 1% NP40, 

10% glycerol, 137 mM NaCl, 25 mM HEPES, 5 mM MgCl2, 5 mM CaCl2, pH 

7.4  containing protease inhibitors. Total cell lysates were centrifuged for 10 

minutes at 4°C at 20,000g. Proteins were separated on 6% SDS-PAGE gels or 

pre-cast 4-12% NuPAGE gels (Invitrogen), transferred to 0.2 μm nitrocellulose 

membrane and probed with primary antibodies followed by the appropriate IR 

dye-coupled donkey secondary antibodies. Membranes were scanned with the 

LI-COR Odyssey Infrared Imaging system (LI-COR Biosciences). In order to 

determine syntaxin-3 knockdown efficiency, band intensities of immunoblots 

were analyzed using ImageJ (http://rsbweb.nih.gov/ij/). 

mEGFP-syntaxin-3 
For construction of monomeric EGFP (mEGFP) tagged to the N-terminus of 

syntaxin-3 the syntaxin-3 coding sequence was amplified with RBNL175 

(’5-GGGCGCGCCTGGTGGGGCCATGAAGGACCGTCTGGAGCAGCTG-3’) and 

RBNL176   (5’-GCGGCCGCCTGCTCGTCCATTAATTCAGCCCAACGGAAAGTC C-3’) 

using a human syntaxin-3 cDNA clone (clone ID 3010338; Thermo Scientific, 

Pittsburgh, PA) as template. The PCR product was cloned in frame behind 

mEGFP in the mEGFP-LIC vector by ligation independent cloning essentially as 

described[14]. LVX-mEGFP-syntaxin-3 was constructed by insertion of a 899 bp 

AscI-NotI fragment from mEGFP-syntaxin-3 between the AscI and NotI site 

of LVX-mEGFP-LIC. All plasmids were verified by sequence analysis. mEGFP-

syntaxin-3 was transfected by Nucleofection using a Lonza 4D-Nucleofector 

system according to manufacturer’s instructions. 

Fluorescence microscopy
Cells were grown on gelatin-coated coverslips and were fixed with 4% PFA  or 

ice-cold methanol. Subsequently, preparations were blocked with 1% bovine 

serum albumin (BSA) (Albumin Fraktion V, Merk Darmstad, Germany), in case 

of PFA fixed cells, preparations were block with 1% BSA in the presence of 0.2% 

saponin (Sigma-Aldrich). Immunostaining was performed with appropriate 

primary and secondary antibodies and following staining, coverslips were 

embedded in Fluorsave mounting medium (Calbiochem, Nottingham, United 

Kingdom). Images were acquired by point scanning confocal microscopy using 

a Zeiss LSM 510 (Carl Zeiss, Jena, Germany).
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Statistical analysis
Data were plotted in GraphPad Prism 5.14 (Graphpad, La Jolla, CA). Statistical 

analysis was performed by paired t-test or one-way ANOVA and Bonferroni 

post-test analysis using GraphPad Prism 5.14. Significance values are shown 

on the Figures or in Figure legends. Data are shown as mean ± SEM. 

Results
Subcellular localization of syntaxin-2 and syntaxin-3 in endothelial 
cells. 
Using an unbiased proteomic screen we have previously identified STXBP1, 

syntaxin-2 and syntaxin-3 as putative downstream effectors of the Rab27A 

effector synaptotagmin-like protein 4-a (Slp4-a)[55]. Previously, we have 

shown that STXBP1 promotes hormone-evoked WPB exocytosis. This 

regulatory component of SNARE-complex formation is crucial for proper 

WPB exocytosis as evidenced by a decrease of stimulus-induced Ca2+ and 

cAMP-mediated VWF secretion from STXBP1 depleted endothelial cells[55]. 

We also showed that STXBP1 interacts with the Q-SNARES syntaxin-2 and 

syntaxin-3. However, co-immunoprecipitation of STXBP1 with syntaxin-3 

did not simultaneously pull down syntaxin-2[55], suggesting that STXBP1 

forms (spatially) distinct complexes with either syntaxin-2 or -3. To gain 

further insight into putative roles for these Q-SNAREs in WPB exocytosis, 

we examined the subcellular distribution of syntaxin-2 and syntaxin-3 in 

endothelial cells by immunocytochemistry. Endogenous syntaxin-2 localizes to 

discrete patches in close proximity to the plasma membrane (Figure 1A;upper 

panel). Interestingly, it appears to be concentrated at sites of cell-cell contact 

and several perinuclearly located patches also stain for syntaxin-2 (Figure 

1B). Endogenous syntaxin-3 exhibited a punctuated localization throughout 

the cell that morphologically resembles WPBs (Figure 1A; lower panel). Co-

staining with VWF indeed confirmed that syntaxin-3 is localized on WPBs 

(Figure 1C). mEGFP-tagged syntaxin-3 was also targeted to WPBs upon its 

expression in endothelial cells although WPB localization was less pronounced 

as observed for endogenous syntaxin-3 (Figure 1D). Also cytoplasmic and 

plasma membrane staining was observed for mEGFP-syntaxin-3 (Figure 1D).

Increased intracellular VWF after syntaxin-3 depletion 
To address the functional role of syntaxin-3 on WPBs we depleted syntaxin-3 

protein expression in HUVECs using siRNA mediated knockdown (Figure 

2A) and investigated a potential secretory phenotype. Quantification of 
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Figure 1: Syntaxin-2 and syntaxin-3 localization in endothelial cells. A) Endothelial 

cells were immunolabeled for endogenous syntaxin-2 (upper panel) or syntaxin-3 (lower 

panel). B) Syntaxin-2 (red) localizes to the plasma membrane and does not localize to 

Weibel-Palade bodies which are visualized using monoclonal anti-VWF-antibody (green). C) 

Syntaxin-3 (red) colocalizes to VWF labeled Weibel-Palade bodies (green). Magnifications 

of boxed regions are shown on the right. D) mEGFP-syntaxin-3 (red) is recruited to VWF-

stained Weibel-Palade bodies (green) in endothelial cells. Magnifications of boxed regions 

are shown on the right. Cells were fixed 24 hour after nucleofection.  Arrowheads indicate 

were mEGFP-syntaxin-3 colocalizes with VWF. All scale bars represent 10 μm. 
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endogenous syntaxin-3 expression showed a decrease by approximately 60% 

compared to cells treated with control oligos (siCTRL)  (Figure 2B).  

To elucidate the impact of syntaxin-3 on regulated WPB exocytosis, we 

exposed control cells and syntaxin-3 knockdown cells to Ca2+ raising and cAMP 

raising secretagogues for 30 minutes and measured VWF propeptide release 

by ELISA. A marked increase in VWF propeptide secretion after histamine 

and forskolin stimulation was observed in syntaxin-3 depleted cells (Figure 

2C). These results suggest that syntaxin-3 is involved in regulated WPB 

exocytosis. This is a rather unexpected finding given our earlier observation 

that depletion of its binding partner STXBP1 inhibits stimulus-induced WPB 

exocytosis. Depletion of syntaxin-3 led to a marked increase of the number 

of WPBs (data not shown). Indeed, analysis of intracellular VWF propeptide 

levels in HUVECs after depletion of syntaxin-3 revealed an increase in VWF 

Figure 2: Increased VWF propeptide Ca2+ and cAMP-evoked secretion after 

syntaxin-3 depletion. A) Syntaxin-3 expression was depleted from endothelial cells using 

nucleofection with siRNA oligos directed against syntaxin-3 (siSTX3). Non-targeting control 

oligos (siCTRL) were used as control. Cells were assayed 72 hours post-nucleofection. Lysates 

were analyzed using immunoblotting with rabbit anti-syntaxin-3. Staining for β-actin was 

used as loading control. (B) Quantification of syntaxin-3 expression in control cells (siCTRL) 

or after syntaxin-3 depletion (siSTX3) (n=3). (C) Control cells (black bars) or syntaxin-3 

depleted cells (white bars) were incubated for 30 minutes with SF medium (basal), SF 

medium supplemented with 100 mM histamine (HIS) or 10 mM forskolin and 100 mM IBMX 

(FSK). Supernatants were assayed for secreted VWF propeptide by ELISA. * P<0.05 (n=3). 
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propeptide content compared to control cells (Figure 3A), consistent with 

an increase in the intracellular storage pool. The increased level of VWF in 

syntaxin-3 depleted cells was confirmed by immunoblot analysis of endothelial 

cell lysates. Both proteolytically unprocessed proVWF and mature VWF levels 

were increased in syntaxin-3 depleted cells (Figure 3B). 

When we corrected the amount of secreted VWF propeptide in endothelial 

cells (Figure 2C) for the intracellular amounts of VWF propeptide, we 

observed a slight (but statistically insignificant) reduction in basal release of 

VWF propeptide upon syntaxin-3 downregulation. However, endothelial cells 

showed no difference in relative amount of VWF propeptide that was secreted 
upon stimulation with histamine or forskolin (Figure 3C), indicating that 
depletion of syntaxin-3 did not alter the probability of release of a WPB upon 

secretagogue stimulation. 

Figure 3: Increased intracellular VWF and VWF propeptide levels after syntaxin-3 

depletion. A) Endothelial cells nucleofected with control oligos (siCTRL) or oligos against 

syntaxin-3 (siSTX3) were lysed in SF medium containing 1% Triton X-100 72 hours post-

nucleofection and were assayed for VWF propeptide content by ELISA,** P<0.01 (n=3).  B) 

Cells were lysed in 1% NP-40 buffer and subjected to SDS-PAGE. Subsequently, intracellular 

VWF levels were analyzed using immunoblotting. α-tubulin was used as loading control. C) 

Basal VWF propeptide secretion, histamine-evoked (HIS) and forskolin-evoked (FSK) VWF 

propeptide secretion from control cells (black bars) and syntaxin-3 depleted cells (white 

bars) represented as percentage of total VWF propeptide. 
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Syntaxins are members of the SNARE complex, which mediate fusion of 

membranes such as in exocytosis[30]. The unusual intracellular localization of 

syntaxin-3 – exocytotic SNARE complexes are usually formed by secretory 

organelle based VAMPs and a plasma membrane localized syntaxin – combined 

with the observed increase in WPB numbers led us to wonder whether 

syntaxin-3 might operate in the biogenesis of WPBs, i.e. by facilitating 

homotypic fusion of immature WPBs[31]. However, we were unable to find 

immediate evidence for such a phenotype as we did not observe apparent 

differences in morphology or spatial distribution of WPBs upon depletion of 

syntaxin-3.  

Loss of syntaxin-3 reduces basal secretion of VWF propeptide

Next, we investigated the underlying mechanism for the observed increase 

in WPBs (and WPB content) after depletion of syntaxin-3. One possible 

explanation for the observed increase of intracellular VWF propeptide may be 

due to increased retention of WPBs. Apart from regulated release in response 

to stimulation with secretagogues, VWF is also released from endothelial cells 

in an unstimulated fashion. Unstimulated VWF release is mediated by (1) 

constitutive release of newly synthesized, low molecular weight VWF directly 

from the early secretory pathway[32] and primarily (2) basal secretion of VWF 

that previously entered the storage compartment and most likely reflects 

turnover of WPBs[33]. 

In order to investigate whether increased levels of VWF propeptide are due 

to a decrease in basal secretion, we incubated control cells and syntaxin-3 

depleted HUVECs with serum-free medium for 4 and 8 hours. Subsequently, 

we measured unstimulated VWF propeptide secretion by ELISA. As shown in 

Figure 4A, syntaxin-3 depleted cells showed a decrease in unstimulated VWF 

propeptide secretion. Basal release over 8 hours was decreased by 55% in 

syntaxin-3 depleted cells when compared to control cells. When expressed as 

a proportion of intracellular VWF propeptide amounts we observed a decrease 

of VWF propeptide secretion per hour in syntaxin-3 depleted cells (3.3 ± 

1.3% of total VWF propeptide) compared to HUVECs treated with siCTRL (7.4 

± 0.19% of total VWF propeptide) in absence of secretagogues (Figure 4B). 

Our data suggest that the increased storage of VWF upon syntaxin-3 depletion 

could be due to a decreased basal turnover of WPBs, resulting in an increase 

of the WPB storage pool. 
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Discussion
WPBs are lysosome-related secretory organelles that are transported via 

cytoskeletal elements to the plasma membrane[34-36]. Upon fusion of WPBs 

with the plasma membrane, WPB cargo is secreted into the vascular lumen 

and membrane proteins are incorporated into the plasma membrane. Several 

key factors, including Rab27A, MyRIP and Slp4-a[14,24,37] have been shown 

to regulate WPB exocytosis. Previously, we identified STXBP1 as a novel 

modulator of WPB exocytosis. STXBP1 is involved in regulation of SNARE 

complex assembly and is thought to facilitate docking of secretory granules 

(SGs) in close proximity to the plasma membrane[30]. Regulation of WPB 

exocytosis by SNARE proteins remains poorly understood. Two R-SNAREs, 

0 2 4 6 8 10
0.00

0.05

0.10

0.15

0.20
siCTRL
siSTX3

*

***
VW

F 
pr

op
ep

tid
e 

se
cr

et
io

n 
(p

m
ol

)

0

2

4

6

8

VW
F 

pr
op

ep
tid

e 
se

cr
et

io
n 

pe
r  

ho
ur

 (%
 o

f t
ot

al
 V

W
F 

pr
op

ep
tid

e) *

time(hour)

A

B

siCTRL                         siSTX3

Figure 4: Syntaxin-3 depletion decreases basal VWF propeptide secretion.

A) HUVECs were nucleofected with either control oligos (siCTRL) or oligos against syntaxin-3 

(siSTX3). Subsequently, cells were incubated for 4 or 8 hours with SF medium 24 hour 

post-nucleofection. Media was collected and basal secreted VWF propeptide was assayed by 

ELISA.  B) Total VWF propeptide was measured for cells lysed in SF medium containing 1% 

Triton X-100 and the percentage of VWF propeptide release over 1 hour was calculated for 

control cells or syntaxin-3 depleted cells. * P<0.05, *** P<0.005 (n=3).
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VAMP3 and VAMP8, are present on WPBs[38]. Although the function of VAMP8 in 

WPB machinery remains elusive, overexpression of dominant negative VAMP3 

interfered with Ca2+-regulated VWF secretion. It has been shown that VAMP3 

associates with syntaxin-4 in endothelial cells[39]. Interestingly, syntaxin-4 

has been implicated in WPB exocytosis, probably through its interaction with 

STXBP3 (also known as Munc18c)[39].  We have shown that STXBP1 associates 

with syntaxin-2 and syntaxin-3. Single nucleotide polymorphisms in syntaxin-2 

have been associated with VWF plasma levels and thrombosis[40-43]. This 

observation suggests a role for syntaxin-2 in release of VWF from endothelial 

cells, although presently we can not rule the contribution of platelet VWF 

in the altered VWF levels in the circulation[32]. The mechanism by which the 

SNP rs7978987 in syntaxin-2, which is situated in intron 9, results in altered 

VWF secretion is presently unclear, although altered syntaxin-2 expression 

provides a likely explanation[44].

In this study we identified syntaxin-3 as a novel WPB-associated component. 

An earlier report by Fu and colleagues showed that in human lung microvascular 

endothelial cells (HLMVEC) syntaxin-3, like syntaxin-2, is plasma membrane 

localized with apparent enrichment at cell-cell contacts[39]. Furthermore, 

syntaxin-3 was observed on internal, uncharacterized structures[39]. In 

HUVECs we find syntaxin-3 only on internal structures, mainly colocalizing 

with VWF, leading us to conclude that the majority of endogenous syntaxin-3 

is WPB localized. We presently have no satisfactory explanation for the 

discrepancy between HUVEC and HLMVEC, but we could speculate that 

this is the result of subtle phenotypic differences between endothelial cells 

originating from different vascular beds that may provide a slightly altered 

cellular context[45]. Indeed, syntaxin-3 has been reported to display different 

subcellular localization depending on the cell type. In retina rod inner 

segment, syntaxin-3 is expressed at the plasma membrane[46,47]. However, 

in several other cell types, syntaxin-3 is also localized on internal granules, 

including SGs in pancreatic β-cells[48], mast cells[49], and on melanosomes in 

melanocytes[50]. 

Limited information is available with respect to the function of syntaxin-3 on 

SGs. In melanocytes, syntaxin-3 functions in melanosome maturation, where 

it is thought to be required for transport of the melanogenic enzyme Tyrp1 

to melanosomes through facilitating the fusion of VAMP7-containing Tyrp1 

vesicles with syntaxin-3 containing stage II/III melanosomes[50]. In pancreatic 

β-cells, syntaxin-3 serves a dual function, possibly due to its presence on 

plasma membrane as well as on secretory granules: (a) supporting fusion 
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of so-called newcomer SGs, i.e. granules that require mobilization from a 

pool of granules that are not yet docked or (b) allowing SG-SG or compound 

fusion events[48]. Comparable findings were reported for syntaxin-3 in mast 

cell degranulation[49]. 

In order to establish the function of syntaxin-3 in endothelial cells, we 

depleted endogenous syntaxin-3. This resulted in a considerable increase in 

stimulus-induced VWF secretion, which was however entirely explained by 

an increase in intracellular VWF; the secretion competence of WPBs was not 

altered, which lead us to conclude that syntaxin-3 is not (critically) involved 

in stimulus induced WPB exocytosis. Interestingly, we found that the increase 

in intracellular VWF and VWF propeptide is accompanied by a decrease in 

basal VWF propeptide secretion, raising the possibility that the accumulation 

of intracellular VWF is caused by increased retention of WPBs. 

A consequence of increased retention of WPBs due to decreased basal release 

would be an increased halftime of WPBs within endothelial cells. In addition, 

during its itinerary through the secretory pathway of the endothelial cell, VWF 

undergoes considerable (proteolytic) processing including multimerization. 

VWF found in WPBs is of a highly multimeric nature, with the multimerization 

process possibly extending beyond the point of secretory organelle budding 

from the trans-Golgi network[24,51,52]. Ergo, increased retention of WPBs could 

possibly result in a shift towards VWF of a higher multimeric state. Further 

investigation will be required to address this possibility. 

How does syntaxin-3 regulate basal release of WPBs when its depletion is not 

affecting stimulus induced WPB exocytosis? Considerable redundancy exists 

between SNARE complexes that are found to operate in regulated exocytosis 

in endothelial cells, which potentially limits the impact of removal of a single 

syntaxin. However, syntaxin-2 or syntaxin-4 are apparently not well capable of 

compensating for the lack of syntaxin-3 in basal release of WPBs, suggesting 

that syntaxin-2 and -4 cannot take part in basal release or that the regulation 

of basal release by syntaxin-3 occurs at another point than fusion with the 

plasma membrane. 

A clue may be provided by the difference in localization between syntaxin-3 

(WPB) and syntaxin-2 and -4 (plasma membrane). Based on the information 

from other cell systems where syntaxin-3 is localized on SGs, it would follow 

that syntaxin-3 mediates a fusion event in which the WPB provides the target 

membrane, such as a homotypic SG-SG fusion or possibly a maturation step 

that involves the acquisition of content post-Golgi. 

Several WPB components are recruited after budding of WPBs from the 
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TGN, such as Rab27A, Rab3B, MyRIP and Slp4-a[14,24,37]. In addition the 

transmembrane protein CD63, originating from the endosome, is targeted to 

the WPB at a later stage of maturation[8,10,53,54], which would imply a fusion 

event between a WPB and CD63 containing compartment. Possibly, this 

also leads to the acquisition of exocytotic machinery that allows for basal 

secretion, e.g. a high affinity calcium sensor which supports release at near 

basal intracellular calcium levels. 

In summary, we identified syntaxin-3 as a novel WPB-associated protein. 

Although the molecular details of syntaxin-3 function required future 

investigation, our observation reveal that depletion of the Q-SNARE syntaxin-3 

affects basal VWF release. Therefore we hypothesize that syntaxin-3 is 

required for proper control of VWF secretion into the blood stream.  
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