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In this issue of the Journal of Thrombosis and Haemostasis, Choi et al. [1] report a novel 

role of von Willebrand factor (VWF) in the pathogenesis of venous thrombosis associated 

with endotoxemia. In an inferior vena cava (IVC)-stenosis model, venous thrombi were 

significantly increased in the presence of lipopolysaccharides (LPSs). Importantly, however, 

this increased risk was mitigated by polyclonal anti-VWF antibodies. On the basis of their 

findings, the authors proposed that VWF may be more important in venous thrombus 

initiation than clot propagation. Collectively, these data move us closer to understanding the 

central role of VWF in linking inflammation and hemostasis in vivo.

VWF plays a crucial role in normal hemostasis by enabling platelet plug formation at the 

sites of vascular injury [2]. VWF also contributes to thrombin generation by acting as a 

carrier for procoagulant factor VIII (FVIII). Interaction with VWF protects FVIII against 

proteolytic degradation and premature clearance [3]. Beyond these established hemostatic 

functions, recent studies have described novel additional biological functions of VWF. 

Specific roles of VWF in regulating angiogenesis [4], wound healing [5], and tumor cell 

biology [6] have been proposed. In addition, previous studies have shown that plasma VWF 

antigen (VWF:Ag) levels are significantly increased in patients with severe sepsis and that 

VWF levels correlate inversely with clinical outcomes [7,8]. Furthermore, accumulating data 

have suggested that VWF does not just serve as a marker of endothelial cell activation 

and Weibel Palade body exocytosis but instead that VWF plays a direct role in modulating 

inflammation [6]. Critically, however, the molecular mechanisms through which VWF exerts 

immunomodulatory effects remain poorly understood.

Under static and flow conditions, VWF has been shown to bind to both polymorphonuclear 

leucocytes and activated monocytes [9]. Polymorphonuclear interaction with VWF was 
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mediated, at least in part, through P-selectin glycoprotein ligand-1 and β2-integrins 

expressed on the leucocyte surface [9]. Similarly, several macrophage receptors bind 

to VWF [10]. These include the low-density lipoprotein receptor-related protein-1 [11], 

scavenger receptor class A member 1 [12], and macrophage galactose-type lectin 

[13]. Recently, Drakeford et al. [14] reported that VWF binding directly triggers 

proinflammatory intracellular signaling in macrophages. Specifically, VWF induced 

activation of the MAPinase signaling pathway to induce the phosphorylation of p38 

and Janus kinase. In addition, VWF also promoted the activation of nuclear factor 

kappa B by the phosphorylation of its regulatory subunit IKBα (nuclear factor of kappa 

light polypeptide gene enhancer in B-cells inhibitor, alpha). VWF-dependent signaling 

resulted in macrophage polarization that resembled the proinflammatory “M1” phenotype, 

characterized by enhanced glycolysis and increased expression of proinflammatory 

cytokines and chemokines [14]. Collectively, these data define a biological role of VWF 

in linking primary hemostasis to innate immunity at the sites of vascular injury. A potent 

proinflammatory role of VWF is supported by previous in vivo studies that demonstrated 

that VWF also contributes to the regulation of endothelial cell barrier permeability and 

neutrophil extravasation.

Clinical studies have shown that elevated plasma levels of the VWF-FVIII complex are 

associated with a dose-dependent increased risk of venous thromboembolism (VTE) [15].

Similarly, ABO blood group affects plasma VWF levels, with significantly reduced levels 

in individuals with blood group O, who are consequently at a lower risk of VTE [16]. 

Because VWF can impact thromboinflammation through multiple mechanisms, previous 

studies have investigated the role of VWF in the pathogenesis of deep vein thrombosis 

(DVT). Brill et al. [17] reported that VWF-deficient mice were significantly protected 

against thrombosis in a murine IVC thrombosis model. Interestingly, this protective effect 

was shown to be independent of reduced plasma FVIII levels in these mice because repeated 

infusions of FVIII did not reverse the protective effect in VWF-deficient mice. Conversely, 

inhibition of the interaction of the VWF A1 domain with platelets prevented thrombosis in 

wild-type mice [16]. Together, these findings suggest that VWF-platelet interactions play 

a role in DVT pathogenesis. Subsequently, Michels et al. [18] investigated whether VWF 

contributed to VTE in a murine model of diet-induced obesity. Obesity is associated with 

chronic proinflammatory activity and a significantly increased thrombotic risk. Using the 

IVC-stenosis model of DVT, they demonstrated that obese mice developed larger venous 

thrombi. Moreover, thrombi from obese mice contained substantially more VWF and 

leucocytes than those from nonobese littermate controls. In addition, immunofluorescent 

studies of the thrombi confirmed that leucocytes were abundant in VWF-rich areas of the 

murine thrombi. Finally, infusion of a polyclonal anti-VWF antibody or an anti-A1 domain 

nanobody was again protective against DVT in this model [18].

To further elucidate the role of VWF in regulating immuno-thrombosis in vivo, Choi et al. 

[1] combined the established murine IVC-stenosis model of DVT with the LPS-mediated 

model of endotoxemia. They observed a significant increase in venous thrombosis in the 

presence of LPS (76% of LPS-treated mice developed thrombosis compared with only 40% 

of untreated controls; p = .045) (Figure). In contrast to the findings observed in obese mice, 
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there was no increase in thrombus burden in LPS-treated mice. In keeping with previous 

studies [17,18], the increased risk of thrombosis in LPS-treated mice was significantly 

attenuated in the presence of a polyclonal anti-VWF antibody. Because thrombus weight 

was not altered in the presence or absence of anti-VWF, the authors proposed that VWF may 

be more important in thrombus initiation than clot propagation. However, the mechanistic 

basis for this still needs to be clarified. The infusion of recombinant human ADAMTS13 

(a disintegrin and metalloproteinase with a thrombospondin type 1 motif, member 13) had 

no significant effect on clot formation, suggesting that the role played by VWF in venous 

thrombus clot initiation is multimer independent, at least in this murine model. Finally, 

to better understand cellular interactions within thrombi, Choi et al. [1] proceeded to use 

imaging mass cytometry to analyze clot architecture in the presence or absence of LPS. 

They identified distinct regions of red thrombus (consisting mainly of erythrocytes and 

fibrin) and white thrombus (primarily composed of platelets and fibrin). Similar to obese 

mice [18], the proportion of red thrombus was also significantly increased in LPS-treated 

mice. VWF was predominantly located within the white thrombus, where it was associated 

with CD62P (P-selectin) (a marker of platelet activation) and fibrin but not with neutrophil 

extracellular traps. In the presence of LPS, the amount of VWF and its localization within 

the clot relative to other constituents were also altered.

Taken together, these new data provide additional insights into the significance of VWF in 

DVT pathogenesis. As such, they may be of direct clinical relevance across several different 

types of sepsis, including, for example, in understanding the mechanisms underlying 

thrombotic risk in patients with acute COVID-19 [19]. In addition, the findings further 

support the hypothesis that VWF plays critical roles in modulating crosstalk between 

inflammation and hemostasis in vivo. Further studies will be necessary to elucidate the 

biological mechanisms involved and to determine whether VWF-targeted therapies may be 

beneficial in this context.
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FIGURE. 
Role of von Willebrand factor in endotoxemia-associated thrombosis. Venous thrombi 

were significantly increased in endotoxemic mice after IVC stenosis. Endotoxemia also 

altered thrombus architecture, with increased erythrocyte and fibrin thrombi isolated from 

lipopolysaccharide (LPS)-treated mice. Importantly, however, this increased the risk of 

thrombus development in LPS-treated mice, which was mitigated by the inhibition of von 

Willebrand factor activity. Localization of cellular and protein clot components (fibrin, 

leukocyte, NETs, HMGB1, and platelets; pictured) within thrombi was not affected by LPS. 

HMGB1, high mobility group box 1; IVC, inferior vena cava; NET, neutrophil extracellular 

trap; VWF, von Willebrand factor.
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