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Abstract 

Vascular endothelial cells contain elongated storage organelles, designated 
Weibel-Palade bodies (WPBs), which upon exocytosis release various 
components into the bloodstream. The main protein stored in WPBs is 
von Willebrand factor (VWF), a multimeric glycoprotein which is crucial 
for binding platelets under shear stress. Upon exocytosis of WPBs VWF 
multimers assemble into ultra large VWF (UL-VWF) strings that remain 
anchored to the surface of endothelial cells. Our current knowledge on 
the assembly of UL-VWF strings upon WPB release is limited. In this study 
we investigated the ability of different pharmacological compounds to 
interfere with assembly of UL-VWF strings on the surface of endothelial 
cells. Increasing concentrations of heparin (50 to 250 μg/ml) did not affect 
the number and length of UL-VWF strings on endothelial cells following 
stimulation with histamine. Also mannan (0.5 to 5 mg/ml) did not abrogate 
UL-VWF string formation, indicating that mannan-sensitive C-type lectins 
do not contribute to assembly of UL-VWF strings. Incubation with the 
sulfated poly-anion dextran sulfate (at concentrations of 50 to 250 μg/ml) 
completely abolished histamine-induced formation of UL-VWF strings. We 
subsequently monitored whether dextran sulfate blocked release of WPBs 
under static conditions. Dextran sulfate showed a marked inhibition of 
histamine- and ionomycin-induced VWF release. Strikingly, release of VWF 
propeptide was not affected by dextran sulfate. Confocal and scanning 
electron microscopy revealed that VWF containing clusters, most likely 
originating from fused WPBs, were present on the plasma membrane of 
cells stimulated in the presence of dextran sulfate. Our findings suggest 
that dextran sulfate prevents the conversion of newly released VWF 
multimers into UL-VWF strings following fusion of WPBs with the plasma 
membrane. 

Keywords   
Von Willebrand factor, endothelial cells, Weibel-Palade bodies, dextran 
sulfate
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Introduction

Vascular endothelial cells (ECs) provide a highly interactive barrier 
between blood and the underlying tissues and are of vital importance 
in maintaining vascular homeostasis [1]. ECs contain specific cigar-
shaped storage organelles, designated Weibel-Palade bodies (WPBs), 
that provide a reservoir of inflammatory, angiogenic and haemostatic 
components. Upon stimulation the contained proteins are rapidly 
released into the bloodstream [2,3]. The main protein stored in WPBs 
is von Willebrand factor (VWF), a multimeric glycoprotein with a crucial 
role in binding of platelets upon vascular injury [4]. It is well-established 
that condensation of VWF tubules in the trans-Golgi network is crucial 
for the biogenesis of WPBs [5-7]. In agreement with these observations 
heterologous expression of VWF in non-endothelial cells induces the 
formation of WPBs [5,8]. Conversely, endothelial cells lacking VWF do 
not contain WPBs [9,10]. More recently, analysis of blood outgrowth 
endothelial cells derived of von Willebrand disease (VWD) patients 
revealed morphological abnormalities of WPBs, further illustrating the 
crucial role of VWF in WPB biogenesis [11-13]. Both in vitro and in vivo 
approaches have suggested that VWF-induced tubule assembly directs 
the formation of elongated WPBs [14,15]. Upon exocytosis of WPBs 
the released VWF multimers assemble into ultra large VWF (UL-VWF) 
strings that remain anchored to the surface of endothelial cells [2,16]. 
Direct conversion of VWF tubules into UL-VWF strings following WPB 
exocytosis has been proposed by several studies [14,15]. However,  
UL-VWF strings were also observed following exocytosis of spherical FVIII-
containing WPBs that lacked helical tubules in endothelial cells [17]. These 
observations suggest that formation of UL-VWF strings is not critically 
dependent on the presence of VWF tubules. Recently, fusion of multiple 
WPBs prior to exocytosis in so-called “secretory pods” has been observed 
[18]. From these findings it was hypothesized that VWF tubules, derived 
from multiple WPBs, disassemble in these secretory pods and that UL-VWF 
strings are subsequently generated in this compartment [2]. To increase 
our knowledge on the conversion of VWF tubules as stored in WPBs into 
UL-VWF strings we investigated the ability of different pharmacological 
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compounds to interfere with assembly of UL-VWF strings. We show that 
high molecular weight dextran sulfate interferes with the assembly of  
UL-VWF strings by prohibiting the release of VWF. Interestingly, dextran 
sulfate did not affect release of VWF propeptide. Our findings provide 
evidence for the selective inhibition of UL-VWF release and associated 
WPB-cargo by pharmacological inhibitors like dextran sulfate. 
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Materials and methods

Reagents and antibodies

Mouse monoclonal anti-VWF antibody CLB-RAg 20 (subclass IgG2b) 
and CLB-Pro14.3 have been described previously [19,20]. Phosphate 
buffered saline (PBS) was from Fresenius Kabi (‘s-Hertogenbosch, the 
Netherlands). Dextran sulfate sodium salt (dextran sulfate), heparin 
sodium salt (HE), NaN

3, fucoidan, mannan, polyinosinic and polycytidylic 
acid potassium (Poly(I) and Poly(C)), histamine and ionomycin were from 
Sigma-Aldrich (Steinheim, Germany). Mowiol 4-88 reagent was purchased 
from Calbiochem (La Jolla, CA) and 37% formaldehyde was from JT Baker 
(Deventer, the Netherlands). 

Cell culture

Cryo-preserved pooled human umbilical vein endothelial cells (HUVECs) 
were purchased from PromoCell (Heidelberg, Germany). ECs were cultured 
in endothelial growth medium-2 medium supplemented with growth 
factors (Lonza, Verviers, Belgium) and 20% FCS (EGM-20). HUVEC were 
cultured to 100% confluence in collagen type I coated T150 culture flasks 
(passage 5 or 6), trypsinized and resuspended in 6 ml of culture media. 
Cells were seeded in fibronectin (2 mg/ml) coated IBIDI µ-Slide l0.4 Luer 
(IBIDI GmbH, Germany), cultured for 4 days and medium was refreshed 24 
hours before the perfusion experiment. For static stimulation experiments, 
cells from confluent T150 culture flasks were plated in fibronectin coated 
6-wells plates. 

Preparation of antibody-coated microspheres

Fluoresbrite plain YG microspheres (Ø 3 μm) (Polysciences, Warrington, 
PA) were washed three times with 0.1 M boric acid buffer (pH 8.5), 
centrifuged (2000 x g) for 5 minutes, resuspended in borate buffer 
supplemented with polyclonal rabbit anti-human VWF antibody (DAKO, 
Glostrup, Denmark), monoclonal mouse anti-VWF CLB-RAg20 antibody, 
monoclonal mouse anti-human IGFBP7 (R&D Systems, Minneapolis, MN) 
or monoclonal mouse anti-VWF propeptide CLB-Pro-17 antibody and 
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incubated overnight at room temperature in an end-over-end rotor to 
allow random adsorption. The antibody-coated beads were centrifuged 
and blocked with borate buffer containing 10 mg/ml BSA on a rotor 
(three times 30 minutes at room temperature). The coated beads were 
resuspended in storage buffer (PBS containing 10 mg/ml BSA, 0.1% NaN3 
and 5% glycerol) at a concentration of 3.4x108 beads/ml. For perfusion 
experiment the beads were diluted 100 times.

UL-VWF string formation in perfusion experiments

Pre-incubations and perfusion experiments were performed at 37°C and 
5% CO2. HUVEC were cultured in flowchambers for 4 days. HUVEC were 
statically pre-incubated for 30 minutes with various pharmacological 
inhibitors in serum free medium (50% RPMI, 50% M199, 150 mg/l 
l-glutamine, 100 U/ml penicillin and 100 μg/ml streptomycin, all obtained 
from Invitrogen) and stimulated for 10 minutes with 100 μM histamine or 
1 μM ionomycin at 2,5 dyne/cm2. Released UL-VWF strings were visualized 
by perfusion of beads (3.4 x 106 beads/ml) coated with a monoclonal  
(CLB-RAg 20) or polyclonal anti-VWF antibody (DAKO) or beads coated 
with anti-IGFBP7 or anti-VWF propeptide antibody. After 5 minutes of 
stimulation with histamine or ionomycin images of 20 randomly chosen 
optical fields were taken using a Zeiss Axiovert 200 microscope with a  
20x objective (Carl Zeiss, Sliedrecht, the Netherlands). Images were 
analyzed using ImageJ 1.45s software (Rasband, International Institutes 
of Health, Bethesda, USA). The length and number of formed VWF strings 
was determined; 2 beads on a string larger than 20 μm was considered a 
VWF string.

VWF and VWF propeptide release from statically stimulated ECs in 
presence of dextran sulfate

HUVEC were cultured for 4 days in 6-wells plates, washed 3 times with 
SF-medium, pre-incubated for 30 minutes with SF-medium supplemented 
with 0, 50, 100 or 250 μg/ml dextran sulfate and subsequently stimulated 
for 10 minutes with 100 μM histamine or 1 μM ionomycin in SF medium 
containing different concentrations of dextran sulfate. Medium was 
collected and subsequently VWF and VWF-propeptide release was 
measured by ELISA [21]. 
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Confocal and scanning electron microscopy

ECs were cultured on fibronectin coated glass coverslips in a 6-wells plate 
for 4 days. Cells were pre-incubated with 0, 50, 100 or 250 μg/ml dextran 
sulfate and stimulated with histamine. To visually monitor VWF release, an 
Alexa-488 conjugated polyclonal anti-VWF antibody or a control Alexa-488-
conjugated rabbit IgG was added to the conditioned medium during pre-
incubation and stimulation. Purified IgG’s were labeled using the Microscale 
Alexa Fluor 488 Protein Labeling kit (Invitrogen, Breda, The Netherlands). 
Cells were fixed after stimulation with 3,7% paraformaldehyde for  
10 minutes and washed with PBS. Cells were mounted in Mowiol 4-88 
and analyzed by confocal microscopy using a LSM510 microscope and a 
plan-neofluor 40x or 63x/0.3 oil immersion lens (Carl Zeiss, Sliedrecht, the 
Netherlands). For scanning electron microscopy HUVEC were processed in 
a similar manner as described above for confocal microscopy. Cells were 
stimulated for 10 minutes with 100 μM histamine and subsequently fixed 
with 3% paraformaldehyde. Cells were washed with PBS and additionally 
fixed in 1.5% glutaraldehyde in 0.1 M Na-cacodylate buffer for at least 
1 hour, dehydrated and critical point dried and further processed as 
described before [18].

Statistical analysis

Differences in length and number of VWF strings or amount of released 
VWF or VWF propeptide were analyzed using a Student’s t-test with 
significance assumed at p<0.05.
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Results

Dextran sulfate prohibits VWF string formation

The effect of different inhibitors on assembly of UL-VWF strings on 
the surface of ECs subjected to flow was evaluated. HUVEC were pre-
incubated for 30 minutes with various concentrations of inhibitors and 
subsequently stimulated under flow. VWF strings were visualized by 
anti-VWF coated beads (Figure 1). Increasing concentrations of heparin 
(50 to 250 μg/ml) did not reduce the number of VWF strings assembled 
(Figure 1 and Figure 2A). Also, the length of newly formed UL-VWF strings 
(ranging from 20 to over 400 μm) following stimulation with histamine was 
similar to that of control cells stimulated with histamine in the absence 
of heparin (Figure 2B). Incubation with high molecular weight polymers 
of the sulfated poly-anion dextran sulfate almost completely abolished 
histamine-induced formation of UL-VWF strings (Figure 1; Figure 2A and 
B). Also, ionomycin induced formation of UL-VWF strings was impaired 
under these conditions indicating that the dextran sulfate did not block 
the interaction of histamine with its receptor (Figure 2C). Recently, the 
C-type lectin receptor CLEC4M has been shown to bind and internalize 
VWF [22]. This observation prompted us to study whether C-type lectin 
receptors contribute to the formation and/or anchoring of VWF strings. 

Figure 1. Visualization of VWF strings in 

presence of dextran sulfate or heparin. 

HUVEC were statically pre-incubated 

with 50 μg/ml of high molecular weight 

dextran sulfate or heparin in serum-free 

medium and stimulated under flow (2,5 

dyne/cm2) with histamine. Perfusion of 

beads coated with a monoclonal anti-

VWF antibody visualized newly released 

UL-VWF strings on the surface of ECs.

Scale bars represent 50 μm.
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Pre-incubation with increasing concentrations of mannan (up to 5 mg/ml) 
did not affect the formation of VWF strings (Figure 2D). Taken together 
our findings show that the poly-anion dextran sulfate interferes with the 
assembly of VWF strings on the surface of endothelial cells.  

Figure 2. Dextran sulfate prohibits VWF string formation. HUVEC were pre-incubated with various 

concentrations of high molecular weight dextran sulfate or heparin and stimulated under flow 

with histamine. Subsequently the amount and length of assembled VWF strings was assessed.  

(A) Increasing concentrations of dextran sulfate (DXS) markedly reduced the number of formed 

VWF strings, while cells incubated with heparin (HE) showed similar numbers of formed VWF strings 

compared to control cells stimulated in the absence of heparin or dextran sulfate. (B) The length of 

UL-VWF strings in the presence of dextran sulfate was also decreased. Increasing concentrations 

of heparin did not exhibit an effect on the length of assembled strings. (C) Ionomycin stimulated 

release of VWF strings in presence of increasing concentrations of high MW dextran sulfate was also 

impaired, similar to histamine-induced VWF release (data shown of 1 representative experiment). 

(D) HUVEC pre-incubated with increasing concentrations of mannan (a ligand for C-type lectins) 

and stimulated under flow with histamine showed no difference in number of formed VWF strings 

when compared to control cells (data shown of a single representative experiment). (*p<0.05 and 

**p<0.01 by Student’s t-test). 



56

Chapter 3

33

Figure 3. Multiple pharmacological poly-anionic inhibitors block VWF string formation. (A) HUVEC 

pre-incubated with various concentrations of fucoidan showed a reduced number of VWF strings. 

(B) Length of VWF strings was also decreased. (C) When ECs were incubated with 200 μg of Poly(I) 

the VWF string formation was inhibited, while with Poly(C) (a control for Poly(I)) did not affect VWF 

string assembly. (D) HUVEC pre-incubated with 1 mg/ml of low molecular weight dextran sulfate 

(DXS) (up to 20.000) and stimulated under flow with histamine showed no difference in number of 

VWF strings when compared to control cells. 
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Multiple pharmacological poly-anionic inhibitors block the formation of 
VWF strings

Next, we investigated the effect of fucoidan, a sulfated polysaccharide      
(average MW of 20,000) and a known ligand for scavenger receptors (SRs) 
and selectins, on the formation of UL-VWF strings on ECs. Fucoidan at a 
concentration of 500 μg/ml completely abolished VWF string formation 
(Figure 3A). Also lower concentrations of fucoidan inhibited VWF string 
formation in a dose-dependent manner. The length of the newly released 
VWF strings was also reduced when compared to that of control cells 
(Figure 3B). Both dextran sulfate and fucoidan have been shown to block 
the binding of ligands to class A scavenger receptors [23]. Also polyinosinic 
acid (Poly(I)) has been reported to block the binding of ligands to this class 
of receptors [23,24]. When ECs were incubated with 200 μg/ml Poly(I), VWF 
string formation was inhibited (Figure 3C). Also the length of the residual 
strings was shorter, similar to the data obtained for dextran sulfate (Figure 
3D). As a control for Poly(I), the ECs were incubated with polycytidylic acid 
potassium salt (Poly(C)). Poly(C) had no effect on either the formation or 
length of VWF strings (Figure 3C and D). We also determined whether low 
molecular weight dextran sulfate can block the formation of VWF strings 
on the surface of endothelial cells. Low molecular weight dextran sulfate 
of up to 20 kDa did not affect the assembly of VWF strings. The length of 
VWF strings was not reduced and also smaller size polymers of dextran 
sulfate did not decrease the amount of UL-VWF strings on the surface of 
endothelial cells (Figure 3E and F). 

Morphological analysis of dextran sulfate-treated endothelial cells 

Cells were incubated with an Alexa-488 conjugated polyclonal anti-VWF 
antibody during pre-incubation and stimulation to monitor VWF release 
in the presence of dextran sulfate. Confocal microscopy revealed that 
VWF containing clusters, most likely originating from fused WPBs, were 
present on the plasma membrane of cells stimulated in the presence of 
dextran sulfate (Figure 4A). In control cells stimulated with histamine in 
the absence of dextran sulfate these structures were not observed. For 
analysis with SEM, ECs were fixed after pre-incubation and stimulation 
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with conditioned medium and histamine. SEM showed VWF filaments on 
the surface of cells stimulated with histamine while these structures were 
not observed in presence of dextran sulfate (Figure 4B). These results 
suggest that dextran sulfate prevents the conversion of newly released 
VWF multimers into UL-VWF strings following fusion of WPBs with the 
plasma membrane.

Figure 4. Confocal microscopy and SEM revealed impaired formation of UL-VWF strings upon 

pre-treatment with dextran sulfate. Cells were incubated with dextran sulfate (DXS) and Alexa488-

conjugated polyclonal anti-VWF antibody during pre-incubation and stimulation. Subsequently 

cells were fixed and analyzed by confocal microscopy. (A) Cells incubated with dextran sulfate 

showed an increased number of VWF “patches” on the cell membrane when compared to control 

cells. Scale bars represent 20 μm. (B) SEM showed VWF filaments on the surface of cells stimulated 

with histamine, while these structures were not observed in presence of dextran sulfate.
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Dextran sulfate impairs VWF release, but not VWF propeptide release 

We subsequently monitored whether dextran sulfate blocked fusion of 
WPBs with the plasma membrane of ECs under static conditions. Cells were 
incubated with dextran sulfate and stimulated with histamine. Release of 
VWF and propeptide into the medium was analyzed by ELISA. A marked 
inhibition of histamine induced VWF release was observed in endothelial 
cells pre-treated with dextran sulfate (Figure 5). Interestingly, release of 
VWF propeptide was not affected by pre-incubation with dextran sulfate. 
These findings suggest that dextran sulfate does not inhibit fusion of WPBs 
with the plasma membrane but rather prohibits the assembly of UL-VWF 
strings following WPB release.

Visualization of stimulated release of VWF-associated IGFBP7 and non-
VWF bound propeptide

In the previous paragraph we have shown that release of VWF propeptide 
is not inhibited by dextran sulfate. We subsequently addressed whether 
VWF propeptide is linked to UL-VWF strings. Histamine stimulated HUVEC 
were perfused with beads coated with antibodies against VWF and VWF 
propeptide (Figure 6A). We have recently shown that IGFBP7 is present 
within WPBs and is bound to UL-VWF strings following release of WPBs 
under flow [25]. Therefore, anti-IGFBP7 coated beads were also included 

Figure 5. Dextran sulfate impairs VWF but not VWF pro-peptide release from WPBs. (A) Cells 

statically incubated with 50 ug/ml of high MW dextran sulfate (DXS) showed a marked reduction 

of histamine stimulated VWF release when compared to control cells. (B) VWF pro-peptide release 

was not altered. One representative experiment (out of 3) is displayed. 



60

Chapter 3

33

in this experimental set-up. Both anti-VWF and anti-IGFBP7 coated 
beads rapidly bound to released VWF strings, while beads coated with 
an antibody against propeptide showed very little binding to string-like 
structures (Figure 6A and B). A lower number of strings covered with anti-
VWF propeptide beads was observed per field and also these strings were 
shorter when compared to strings covered with anti-VWF and anti-IGFBP7 
beads (Figure 6B and C). These data indicate that not all WPB components 
are bound to UL-VWF strings following their release from endothelial cells.  
Our data also suggest that pharmacological inhibitors such as dextran 
sulfate selectively interfere with release of WPB components that remain 
attached to UL-VWF strings following their release into the vascular lumen. 

Figure 6. IGFBP7 is incorporated into UL-VWF strings following stimulation, while VWF propeptide 

is not. HUVEC were stimulated under flow with histamine for 10 minutes. (A) VWF strings were 

visualized using monoclonal anti-VWF coated beads. Incorporated IGFBP7 was visualized using 

monoclonal anti-IGFBP7 coated beads. (B) Number of antibody coated strings for beads coated 

with anti-VWF, anti-IGFBP7 and anti-VWF propeptide. (C) Length of strings binding beads coated 

with anti-VWF, anti-IGFBP7 and anti-VWF propeptide. Scale bars represent 50 μm.



61

Dextran sulfate blocks assembly of UL-VWF strings

33

Discussion

VWF tubules present in WPBs are rapidly converted into UL-VWF string 
on the surface of ECs by an as yet undefined mechanism [2,16]. To further 
investigate the assembly of these bioactive VWF strings, we assessed 
the ability of various pharmacological compounds to interfere with the 
formation or anchoring of VWF strings to ECs. We observed that dextran 
sulfate, Poly(I) and fucoidan greatly reduced the number of VWF strings. 
In contrast, Poly(C) and heparin did not affect the assembly of UL-VWF 
strings. Reduced VWF string formation might be caused by binding of the 
compounds directly to VWF or by their ability to inhibit the anchoring of 
VWF strings to surface receptors. Both P-selectin and the integrin αvβ3 
have been implicated in anchoring of UL-VWF strings but unexpectedly 
UL-VWF string formation was still observed in P-selectin and β3-integrin 
deficient mice [26-28]. This raises the possibility that other cell surface 
receptors contribute to the assembly and/or anchoring of UL-VWF string 
to endothelial cells. Dextran sulfate, fucoidan and also Poly(I) have 
been shown to block the binding of various ligands to class A scavenger 
receptors (SRs) [23,29]. SRs are a heterogeneous family of transmembrane 
receptors with a diverse range of ligands involved in processes crucial for 
homeostasis and immunity [30]. The family of SRs is divided into 8 different 
sub-classes according to their homologous structures, conserved domains 
and alignment [31,32]. Endothelial cell are known to express a range of 
SRs [33,34]. HUVEC express FEEL-1, a subclass F scavenger receptor which 
is involved in angiogenesis [35]. Inhibition of FEEL-1 using a monoclonal 
antibody resulted in decreased cell-cell binding in a matrigel setup [35]. 
Another SR expressed in HUVEC is CL-P1 [36]. CL-P1 is mainly expressed 
in endothelial cells, but not in macrophages. is involved in binding and 
phagocytosis of bacteria and is upregulated by oxidative stress indicating 
a crucial role for CL-P1 in the pathogenesis of atherosclerosis [37]. Poly(I) 
and dextran sulfate inhibit binding of zymosan to scavenger receptor  
CL-P1 in endothelial cells [34]. VWF levels are associated with oxidative 
stress [38] and recruitment of platelets to VWF is a observed at 
atherosclerosis-prone sites [39,40]. Future studies need to establish 
whether scavenger receptors such as CL-P1 interact directly with VWF and 
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whether this class of receptors is involved in assembly or anchoring of  
UL-VWF strings on the surface of endothelial cells. 
It is well-established that VWF can bind to sulfatides [41,42], also known 
as 3-O-sulfogalactosylceramide, the first sulfoglycolipid isolated from the 
human brain [43]. This class of glycolipids is involved in various biological 
processes in for instance the nervous and immune system, but also a role 
for sulfatides in coagulation has been proposed. Sulfatides have been 
shown to prevent the binding of blood platelets to VWF in flowing blood 
[44]. In vitro, low concentrations of high MW dextran sulfate and high 
concentrations of fucoidan, but not heparin inhibit the binding of VWF to 
sulfatides [45]. We did not observe an effect of heparin on the assembly of 
VWF strings. It is know that heparin binds to an epitope in the A1 domain 
of VWF [46,47] and while sulfatides also bind to VWF A1 domain their 
epitopes do not overlap [41,48-50]. This is in line with our findings that 
dextran sulfate and fucoidan have a similar effect on VWF string formation 
while heparin did not affect VWF string assembly. Future studies need to 
resolve whether the reduced formation of VWF strings in the presence 
of fucoidan and dextran sulfate is caused by impaired binding of VWF to 
sulfatides. 
ECs incubated with low molecular weight dextran sulfate displayed normal 
UL-VWF string assembly, while cells treated with high molecular weight 
dextran sulfate showed a marked reduction in VWF strings. This indicated 
that inhibition in string formation is dependent on the molecular size of 
the poly-anionic compound. Large VWF multimers have a higher collagen 
binding activity and platelet aggregation ability than low molecular weight 
VWF multimers [51]. Apparently, full coverage of VWF polymers by dextran 
sulfate is needed to efficiently interfere with assembly of VWF strings. We 
also cannot exclude that high molecular weight dextran sulfate through 
direct binding to VWF upon fusion of WPBs with the plasma membrane 
prevent its conversion into UL-VWF strings by simply aggregating VWF 
multimers. 
Apart from VWF WPBs contain a number of other components that 
are involved in many different processes, for instance angiogenesis, 
inflammation or coagulation. Although the trafficking of specific proteins 
to WPBs is driven by the formation of VWF tubules, not all proteins seem 
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to be bound to VWF following WPB exocytosis. Our findings support the 
concept that WPB cargo is comprised of two different subsets that are 
disseminated into the extracellular milieu by distinct pathways. We can 
distinguish VWF-associated proteins such as IGFBP7 [25] and OPG [52], 
which are released together with VWF and remain attached to UL-VWF 
strings, whereas compounds such as the VWF-propeptide [53] rapidly 
diffuse into the extracellular milieu following exocytosis of WPBs. 
Our data provide evidence for a selective modulation of the release 
of VWF and VWF-associated compounds such as OPG and IGFBP7 
by pharmacological compounds such as dextran sulfate. This class of 
compounds does not affect release of other WPB components such as 
VWF propeptide which are not bound to VWF. Our data also show that 
WPB exocytosis and assembly of UL-VWF are two distinct independent 
events that can be separated by pharmacological inhibitors such as dextran 
sulfate. 
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