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VWEF: a multi-purpose protein

Von Willebrand factor (VWF) is a peculiar protein, not only by being the largest protein that travels through our
vessels, or by the way hemodynamic forces regulate its platelet-binding functions but also because of its
pleiotropic influence on a diverse spectrum of physiological and pathological processes. In addition to the well-
established mechanisms by which VWF supports primary haemostasis and functions as a chaperone-protein
for coagulation factor VIII (FVIII), we now begin to understand in more detail how VWF exerts its activities
beyond hemostasis. For instance, the various ways by which VWF may modulate angiogenic processes has
been elucidated during the last decade.(1, 2, 3) More recently, it has been shown that VWF promotes smooth
muscle cell proliferation via direct interactions with the LRP4-awf3 receptor complex, thereby inducing

signaling pathways that include p38MAP kinase activation.(4).

VWEF interacts with macrophages for multiple reasons

Drakeford and colleagues recently reported a new breakthrough in our understanding of VWF function beyond
haemostasis, ie its role in innate immunity.(5) Ample evidence that VWF contributes to inflammatory responses
has been reviewed by Kawecki et al..(6) VWF is able to recruit leukocytes to sites of inflammation via direct
interactions and via the formation of platelet-strings that enable platelet-leukocyte interactions.(7, 8, 9, 10, 11,
12) However, little was known about the interaction between VWF and another player in the immune system:
the macrophage. In the context of VWF biology, macrophages are mainly known as cells that are part of the
catabolic pathway that eliminates VWF from the circulation.(13, 14) In addition, VWF located at the surface of
liver macrophages (Kupffer cells) plays a role in the surveillance mechanism that is designed to eliminate
platelet/bacteria complexes from the circulation.(15) Drakeford and colleagues now show that VWF has the

potential to drive macrophages into a pro-inflammatory M1-phenotype.(5)

How VWF turns macrophages into pro-inflammatory assets
In a series of elegant experiments, Drakeford et al. demonstrate that VWF binding to macrophages (either

THP-1-derived or bloodborne monocyte-derived) induces p38MAP kinase signaling, forcing a change in gene



expression pattern with 1334 genes displaying modified expression (Figure 1). Notably, pro-inflammatory
cytokines and chemokines are upregulated and increased production of Tumor Necrosis Factor (TNF),
interleukin (IL)-6, IL-13, chemokine C-C ligand (CCL)-2, CCL-3 and CCL-4 was detected. Interestingly, the
supernatant of VWF-stimulated macrophages appeared more efficient in recruiting naive monocytes
compared to the supernatant of LPS-stimulated macrophages, illustrating the pro-inflammatory potential of
the VWF/macrophage axis.

Perhaps unexpected, VWF not only induced changes in gene associated with the inflammatory response, but
also genes involved in metabolic pathways (Fig. 1). These alterations provoked a marked increase in glycolytic
activity in combination with changes in the morphology of mitochondria. High glycolytic activity is indeed
known to modify the structure of mitochondria, and is characteristic of the inflammatory phenotype of
macrophages.(16)

An important finding during their studies was that VWF-induced macrophage reprogramming is transient, in
contrast to changes induced by LPS, which proved long-lasting (Figure 1). Knowing that VWF is one of the so-
called acute-phase proteins, it seems possible that transient increases in VWF levels (for instance in response
to endothelial stimulation) allow for a temporary, reversible stimulation of macrophages towards the pro-
inflammatory M1-phenotype. This temporary effect may originate from the notion that VWF is efficiently

endocytosed and degraded by macrophages.

VWEF and LRP1: a flexible interaction

To identify the receptor that mediates the VWF-induced alterations in the gene expression profile and
subsequent phenotype of the macrophages, the authors turned to receptors that were previously identified to
be involved in the catabolism of VWF. One of these receptors is the scavenger-receptor LDL-receptor related
protein-1 (LRP1).(17) By using dedicated inhibitors of LRP1 (ie. anti-LRP1 antibodies and the universal LRP-
inhibitor Receptor-Associated Protein), the authors were able to partially neutralize the pro-inflammatory
effect of VWF. Signaling via the p38MAP kinase pathway was approximately halved and consequently,

macrophages were less willing to turn into the M1-phenotype. This strongly suggests that LRP1 is indeed



involved not only in the endocytosis of VWF but also is a key element in VWF-dependent reprogramming of
the macrophages. It should be noted that the role of the VWF-LRP1 interaction is perhaps more complex than
one would think at first sight. Previous studies have shown that LRP1 can induce both pro- and anti-
inflammatory outcomes, as illustrated by the findings that a loss of macrophage LRP1 has a dual and opposite
effect on atherosclerotic plaque biogenesis, depending on whether the plaque is growing or shrinking.(18, 19)
Is it possible that different LRP1-mediated signals into the macrophage are dependent on the ligand that binds
to LRP1? In favor of this would be the finding that factor VIII (also a ligand for LRP1) does not modify the
phenotype of macrophages.(20) Another possibility is that the multimeric nature of VWF allows for
oligomerization of LRP1 receptors at the cellular surface, a condition that perhaps could force LRP1-mediated
signaling into the pro-inflammatory direction. Again another option is that there is another yet unidentified
receptor involved. LRP1 (and other members of the LRP-family) are known to form heterologous-receptor
complexes at the surface of cells, and it is not uncommon that this is done in a cell-specific manner. Examples
hereof are complexes of LRP1 and the NMDA-receptor on neuronal cells, of LRP1 and the receptor tyrosine
kinase EphA2 on glioblastoma cells, and of LRP1 with the PDGF-receptor on smooth muscle cells.(21, 22, 23) Of
particular interest in this regard is the capacity of LRP1 to form complexes with 32-integrins at the surface of
leukocytes, knowing that these integrins (notably opf3,) are associated with a pro-inflammatory phenotype of
macrophages.(24, 25) Moreover, B,-integrins are similar to LRP1 in that they can bind to VWF, suggesting that
a tertiary complex can be formed between VWF, LRP1 and B--integrins.(7) It would be of interest to investigate
whether the formation of this tertiary complex is responsible for the pro-inflammatory reprogramming of

macrophages.

In vivo chemotaxis activity of VWF

The in vivo relevance of the VWF-macrophage axis was tested in a mouse model of chemotaxis. Following
peritoneal deposition of VWF, the cellular content of the peritoneum was analyzed at 3h and 24h. No
differences were observed between vehicle- and VWF-treated mice after 3h. In contrast, after 24h VWF-

treated mice were characterized by an increased number of small peritoneal macrophages, a population of



macrophages that is known to expand in response to inflammatory stimuli (Fig. 1). Macrophages isolated from

the peritoneum also manifested increased expression of pro-inflammatory cytokines, like TNF, IL-6 and IL-1p.

Translational consequences

Having identified VWF as a pro-inflammatory agent, the next question is obviously how this would affect us in
daily life? As mentioned above, the link between VWF and inflammation has been fairly well-established in
different animal models, including stroke and atherosclerosis. This association is perhaps less clear in the
human context, but also less easy to investigate, since confounding variables are often present. However,
having more insight into the molecular basis by which VWF exerts its pro-inflammatory activity may help us to
further define the conditions in which VWF plays a more or less relevant role in the inflammatory response. In
particular, the interplay between lung macrophages and VWF in conditions like systemic inflammatory
response syndrome (SIRS) and COVID-19 could be of interest. VWF levels are markedly increased in COVID-
19, whereas SIRS is characterized by increased levels of active VWF (a platelet-binding conformation, that also
promotes binding to LRP1).(17, 26, 27, 28) Moreover, increased levels of VWF in COVID-19 or active VWF in
SIRS are associated with exaggerated inflammatory responses and an increased risk of mortality.(28, 29) These
findings may provide a rationale for studies aiming to reduce plasma levels of VWF or to interfere with VWF-
LRP1 interactions in order to limit the inflammatory response under such conditions.

The other side of the coin would be conditions in which VWF is deficient or dysfunctional, as in von Willebrand
disease (VWD). Also here the difficulty is that VWD is a very heterogenous disease, both from a molecular and
clinical point of view. It will be complicated to design studies to explore the connection between VWF and
innate immunity in such an heterogenous group of patients, especially if these patients receive prophylactic
treatment with VWF concentrates. However, the availability of large national healthcare databases may open
new avenues to explore this intriguing relationship in more detail.

In conclusion, Drakeford and colleagues have presented an elegant study that further confirms the multi-

functional role of VWF beyond hemostasis. Having identified (at least in part) the molecular pathways that



contribute to the pro-inflammatory action of VWF towards macrophages. This knowledge will help us to better

understand the complex relationship between haemostasis and innate immunity.

Author contribution

All authors contributed to the writing and editing of the manuscript

Conflict of interest

The authors declare no conflict of interest

Funding
This work received financial support from the National Research Agency (Agence Nationale de la Recherche,

ANR-20-CE19-0032-FLAMRING).

Legend Figure 1: VWF turns macrophages into a proinflammatory M1-phenotype

Binding of VWF to LRP1 (and probably a yet unidentified second receptor) at the surface of macrophages
induces signaling, resulting in transient changes gene expression, driving these macrophages into a pro-
inflammatory M1-phenotype. Particularly, increased expression and secretion of pro-inflammatory cytokines
and chemokines has been observed, promoting chemotaxis in both in vitro and in vivo models. These findings

further establish a role of VWF as a pro-inflammatory agent.(5) Figure has been created using Biorender.
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Figure 1
VWEF and innate immunity
Lenting et al.
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