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Abstract

Bleeding in the gastrointestinal tract in patients with von Willebrand disease continues to pose a therapeutic challenge for 
clinicians. It is associated with significant morbidity and mortality and represents the major unmet need in this disease. 
Defective angiogenesis in the gut is primarily responsible, resulting in angiodysplastic malformations making bleeding no-
toriously refractory to standard replacement therapy. A substantial body of evidence now shows that von Willebrand factor 
has a role in the regulation of angiogenesis but the mechanisms responsible for the formation of vascular malformations 
remain incompletely understood. Data from the wider field of vascular malformations may lend insight and point to novel 
therapeutic approaches. Here we review evidence linking von Willebrand factor to angiodysplasia, the associated molecular 
mechanisms and the implications for therapy.

Introduction

von Willebrand disease (VWD) is a hereditary bleeding dis-
order resulting from a deficiency of von Willebrand factor 
(VWF) function. The clinical bleeding manifestations are 
largely attributable to the loss of VWF adhesive function, 
platelet capture and the secondary reduction of factor 
VIII procoagulant activity. Therapeutically the deficiency 
can be effectively corrected by the use of VWF concen-
trates, although it is recognized that platelet, endothelial 
and extravascular VWF are not replaced by this approach. 
Recent work has identified numerous additional roles for 
VWF in non-hemostatic processes including immunity, cell 
proliferation, bone formation and inflammation, but also 
a role in angiogenesis.1,2 Defective angiogenesis in the gut 
may give rise to vascular malformations (angiodysplasia) 
that are responsible for a bleeding tendency which is fre-
quently refractory to replacement therapy and represents 
the principal unsolved therapeutic problem in VWD today. 
This is a narrative review linking VWF to angiodysplasia, the 
associated molecular mechanisms and the implications 
for therapy.

von Willebrand disease and 
angiodysplasia
The epidemiology of VWD is often confusing. Although 2.5% 
of the population have a level of VWF function below the 
lower limit of normal, the point at which this becomes 
sufficient to cause abnormal bleeding is not agreed. It is 
usually estimated to be around 30 IU/dL but levels higher 
than this can nonetheless contribute to a bleeding ten-
dency that may be multifactorial and in some schemes 
is also classified as VWD.3 Registries have found that the 
prevalence of gastrointestinal bleeding is approximately 2.5 
times higher in those with VWD than in non-VWD cohorts.4 
In the general population, angiodysplasia is the most com-
mon vascular abnormality of the gastrointestinal tract in 
subjects over 65 years old, with studies showing 11% of this 
population also have a diagnosis of VWD.5 Conversely, the 
reported prevalence of angiodysplasia in VWD is variable, 
ranging from 2-8%, and noted to be higher with increasing 
age.6 Angiodysplasia occurs most frequently in those with 
type 2A (39%) and type 3 (14.4%) VWD, the types charac-
terized by loss of high molecular weight multimers (HMWM) 
of VWF, although it has been documented in all types.7 In-
terestingly, a 2024 retrospective review of gastrointestinal 
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bleeding in VWD found arteriovenous malformation to be 
the most predominant causative lesion, occurring in 35% 
of patients.8 This sets the problem of VWD-associated an-
giodysplasia as one not solely of hemostasis, but also one 
of vascular integrity and angiogenesis whose management 
may be best considered in parallel with that of other such 
vascular malformation syndromes.
The first suggestion that VWF might be responsible for 
vascular integrity and hence possibly involved in the patho-
genesis of angiodysplasia emerged when the nail capillaries 
of VWD patients were found to show increased fragility, 
increased tortuosity, and defective contractility to trauma.9 
Later, video capillary microscopy of nailfold vasculature of 
100 patients with VWD confirmed the presence of vascular 
abnormalities with changes in capillary dilatation, extrava-
sates and capillary torquation.10 The first mechanistic link 
between VWF and defective angiogenesis was provided by 
Starke et al. in 2011, who showed that inhibition of VWF 
expression in human umbilical vein endothelial cells led to 
increased proliferation, migration and angiogenesis.11 This 
was confirmed in endothelial colony-forming cells sourced 
from VWD patients, although variability between patients 
has been reported.12 In vitro, full-length VWF was able to 
normalize angiogenesis; in vivo, lack of VWF in VWF null 
mice resulted in increased constitutive vascularity.11 Xu et 
al. showed the opposite effect in mice lacking ADAMTS13, 
in a model of revascularization after stroke, highlighting the 
importance of VWF HMWM for regulation of angiogenesis 
– a finding consistent with the epidemiology in VWD and 
acquired von Willebrand syndrome.13 Most notably, acquired 
von Willebrand syndrome with associated gastrointestinal 
bleeding has been described in patients with left ventricu-
lar assisted devices, aortic stenosis (Heyde syndrome) and 
most recently mitral regurgitation, where high shear stress 
facilitates cleavage of VWF by ADAMTS resulting in loss of 
HMWM.14,15 Acquired von Willebrand syndrome is corrected 
and bleeding stops when the cause of the pathological 
shear is removed.
Evidence that VWF plays an important role in vascular 
development and angiogenesis is apparent, but the mech-
anisms by which it regulates angiogenesis and the reason 
for dependency on HMWM remain unclear. As with non-
VWD age-related angiodysplasia, its development only in 
certain individuals and the predominance in the gut also 
require explanation.

von Willebrand factor and pathways 
regulating angiogenesis
Like many other biological processes, angiogenesis is con-
trolled by a balance of pro- and anti-angiogenic factors via 
crosstalk between several signaling pathways, the disruption 
of which can favor angiodysplasia. Data suggest that some 
of these effects only become significant when endothelial 

cells are also under the influence of various stressors such 
as age, muscular compression or inflammation and antigen 
exposure in tissues where endothelial cells express VWF. 
Such ‘second hits’ are more likely to be environmental in 
the context of VWD angiodysplasia, but it is possible that 
genetic second hits are also involved, as observed in many 
vascular abnormality syndromes.16

As an intracellular, matrix and plasma protein, VWF inter-
acts with many molecules with the potential to regulate 
angiogenesis. Platelets, growth factors, matrix proteins and 
intracellular components are all implicated and while the 
contribution of some of these has been delineated, the 
picture remains incomplete. 

Angiopoietin-Tie 2 pathway
Prior to release from endothelial cells, VWF is stored in 
organelles called Weibel-Palade bodies which are depen-
dent on VWF for their formation. Numerous other proteins 
are also stored in Weibel-Palade bodies allowing VWF to 
modulate their release. Several of these proteins also bind 
to VWF and have roles in angiogenesis, most notably an-
giopoietin (Angpt)-2.
In the vasculature, the Angpt-Tie2 system regulates the 
balance between quiescence and angiogenesis. Angpt1, 
released by smooth muscle cells and pericytes, promotes 
vascular homeostasis, stability and quiescence by binding 
to Tie2, a receptor tyrosine kinase critical for endothelial 
cell function, which signals via the PI3K/AKT/mTor pathway.17 
Angpt2 competes with Angpt1 for binding to Tie2, leading 
to vascular destabilization, a precursor to new vessel for-
mation. The effect of Angpt2 is synergistic with the pro-
angiogenic pathway of vascular endothelial growth factor 
(VEGF) and its receptor-2 (VEGFR2), promoting new vessel 
formation via endothelial cell proliferation and migration.18 
Conversely, when VEGF is absent or inhibited, Angpt2 can 
promote endothelial cell death and vessel regression.17 
Angpt2 also potentiates endothelial cell inflammatory re-
sponses, for example to the proinflammatory cytokine tumor 
necrosis factor (TNF) a;19 this may be particularly relevant in 
the gut, given the high exposure of the gut-vascular barrier 
to antigens.20 Interestingly, VWF binds to both Angpt1 and 
Angpt2 but does not prevent either from interacting with 
Tie2;21 similarly Angpt2 does not affect VWF-dependent 
platelet capture.22 Thus  the functional relevance of these 
interactions is still unclear.
In vitro studies showed that VWF-deficient cells release 
high levels of Angpt2.11 This was not reflected in plasma, 
since a study on a large cohort of VWD patients showed 
normal plasma Angpt2 levels but, interestingly, significant 
differences in the levels of Angpt1 and VEGF were observed 
between VWD subtypes.23 The explanation of these find-
ings is unclear; it is possible that released Angpt2 remains 
bound locally, or that increased release occurs only in 
specific vascular beds and therefore remains undetectable 
systemically.
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Galectin-3
Galectin-3 (Gal-3) may also be implicated in VWF-depen-
dent regulation of angiogenesis. Like Angpt2, Gal-3 is a 
component of Weibel-Palade bodies which binds to VWF 
intra- and extra-cellularly. It interacts with both VEGFR2 
and integrin avb3 to promote angiogenesis.24 Saint-Lu et al. 
noted that in VWF-deficient mice, plasma Gal-3 levels were 
reduced compared to those in wild-type animals and this 
was corrected following hydrodynamic VWF gene transfer.25 
Contrary to Angpt2, plasma Gal-3 level was significantly 
higher in patients with gastrointestinal bleeding than in 
those with bleeding at other sites, suggesting unique and 
distinct roles for these two mediators in VWD-associated 
angiodysplasia.23

Integrin ααvbb3 and vascular endothelial growth factor 
receptor 2 
αvβ3 integrin is the best-characterized endothelial recep-
tor for VWF, expressed on endothelial cells and smooth 
muscle cells.26 It is an obvious candidate for mediating 
the effect of VWF on angiogenesis because it is known to 
modulate VEGFR2 and VEGF-mediated increased endo-
thelial cell proliferation via the PI3K/AKT/mTor, PLCg/PKC/
RAF/MEK/ERK and RAS/BRAF/MEK1/ERK pathways.27 In vitro 
studies on VWF-deficient endothelial cells showed that β3 
surface expression was decreased due to enhanced inter-

nalization, indicating that VWF binding to avβ3 stabilizes 
its surface expression. Whether VWF binding to avβ3 reg-
ulates downstream signaling and crosstalk with VEGFR2 
signaling remains to be established. VWF can bind multiple 
angiogenic growth factors, including VEGF-A (see below)28 
and Angpt1-2 (see above). The ability of VWF to bind mul-
tiple receptors and ligands may result in VWF-dependent 
crosslinking of cell-surface receptors such as avβ3, Tie2 
and VEGFR2, which would explain why its effects in an-
giogenesis are dependent on HMWM.29 A role for VEGFR2 
signaling in VWF-dependent angiogenesis is suggested 
by in vitro11 and in vivo data.13 A model of VWF-dependent 
crosslinking endothelial cell surface receptors involved in 
angiogenesis is shown in Figure 1.

Growth factor binding
Recently, VWF was found to bind a surprising number of 
growth factors, including pro-angiogenic growth factors 
VEGF-A, placental growth factor, platelet-derived growth 
factor, basic fibroblast growth factor and others.28 The 
binding was mapped to a short peptide in the A1 domain 
of VWF, the heparin-binding domain, which overlaps with 
the site for interaction with platelet glycoprotein Ib/IX. 
This is intriguing and raises the question of how VWF can 
sustain many multiple interactions in such a small region. 
Confusingly, the VWF heparin-binding domain appears to 

Figure 1. Model of von Willebrand factor regulation of angiogenesis. von Willebrand factor (VWF) is likely to modulate angiogen-
esis via various pathways. VWF is critical to the formation of Weibel-Palade bodies that store the growth factor angiopoetin-2 
(Angpt2). Loss of VWF leads to increased Angpt2 release from endothelial cells and subsequent increased Angpt2 signaling. Up-
on its release, Angpt2 can bind the tyrosine kinase receptor Tie2 which promotes angiogenesis by synergizing with vascular en-
dothelial growth factor (VEGF) signaling. VWF can also bind to integrin αvβ3 on the endothelial cell surface which modulates VEGF 
receptor 2 (VEGFR2) signaling downstream. However, loss of VWF decreases αvβ3 surface expression which might modify sensi-
tivity to VEGF/VEGFR2 signaling. The ability of VWF to bind multiple receptors and ligands may result in VWF-dependent cross-
linking of cell surface receptors αvβ3, Tie2 and VEGFR2, which may explain why its effects in angiogenesis are dependent on high 
molecular weight multimers. EC: endothelial cell; HMWM: high molecular weight multimer; WPB: Weibel-Palade body.
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have a pro-angiogenic effect in a model of wound healing, 
by recruiting growth factors to the site of the wound. It is 
possible that full-length VWF and its fragments may have 
opposite effects. This dual role is not unique to VWF: for 
example, avβ3 itself can have both pro-angiogenic and 
anti-angiogenic effects.26 Whether the role of the hepa-
rin-binding domain is dependent on the microenvironment 
is not known. More studies are required to understand the 
role of VWF in growth factor signaling and angiogenesis.

Other possible mechanisms
Other mechanisms which might be implicated in VWF reg-
ulation of angiogenesis include the VWF-LRP4-avβ3 axis, 
in which low density lipoprotein receptor-related protein 
(LRP) was identified as a binding partner for VWF on vascular 
smooth muscle cells, resulting in proliferation of these cells 
via activation of p38MAPK.30 VWF has also been shown to 
interact with insulin-like growth factor binding protein-7, 
another Weibel-Palade body component, which modulates 
angiogenesis via VEGF expression and signaling.31

VWF and angiogenesis mechanisms: a summary of 
possible pathways
To summarize, it is not yet possible to provide a complete 
explanation for the development of angiodysplasia in VWD, 
but several elements are clear:
•Loss of VWF leads to increased Angpt2 release from en-
dothelial cells; increased Angpt2 signaling (depending on 
context) promotes angiogenesis by synergizing with VEGF 
signaling; increased Angpt2 likely mimics and/or accentu-
ates inflammaging in the gut.
•VWF binding to avβ3 on the endothelial cell surface could 
modulate VEGFR2 signaling; VEGFR2 activity is increased 
in VWF-deficient endothelial cells.
•The effects of VWF on angiogenesis are at least partly 
dependent on HMWM.
•A fragment of VWF (the heparin-binding domain) interacts 
with multiple growth factors and is required to recruit 
growth factors at the site of skin wound healing.
•Platelets store multiple regulators of angiogenesis, both 
promoters and inhibitors of the process; hence they are 
very likely to play an important role in VWF-dependent 
angiogenesis which, as yet, has not been delineated.

Why the gut? Local mechanisms for 
angiodysplasia
Local factors are likely to explain why the gut is the pre-
dominant site of angiodysplasia in patients with and with-
out VWD. Firstly, chronic exposure to high levels of antigen 
may result in endothelial activation. Although the prevailing 
dogma is that vascular endothelial cells are quiescent in 
the adult, recent data indicate that the gut microvascula-

ture is more prone to angiogenesis, possibly because of the 
oxygen gradient present in the intestinal villi.32 Secondly, 
aging is associated with a loss of pericytes in the murine 
colon vasculature; this has been attributed to upregulation 
of Angpt2 production in endothelial cells in response to 
increased macrophage infiltration and TNFa production 
(inflammaging).33 The resulting increase in Angpt2-Tie2 
signaling leads to loss of pericytes, vascular instability and 
leakiness. These effects could be accentuated in VWD, as 
described above.
Secondly, vascular instability may be compounded by the 
repeated muscular compression of the gut, where increased 
contractility of the muscularis propria can cause conges-
tion and failure of the precapillary sphincters.34 It can also 
produce a chronic hypoxic state triggering the release of 
pro-angiogenic factors such as VEGF. Mechanical and in-
flammatory factors are both consistent with the increased 
frequency of angiodysplasia in old age. Emerging data from 
single-cell RNA sequencing of gut endothelium will allow 
analysis of VWF expression in endothelial subtypes in the 
gut.35

The possible importance of dysregulated angiogenesis at 
other sites in VWD is largely unexplored. For example, ab-
normal vasculature may contribute to the high frequency 
of heavy menstrual bleeding (90%) and slightly increased 
miscarriage rate in women with VWD.36 Angiodysplasia in 
the uterus has been demonstrated in non-pregnant pigs 
with type 3 VWD with a decrease of integrin avβ3 and in-
crease in VEGF expression.37 Porcine models have revealed 
significant alterations in VEGF/VEGFR-2 signaling and avβ3, 
Angpt1, Angpt2 and Tie2 expression during placentation in 
animals with type 1 VWD compared to wild-type ones.38

Parallels with other vascular 
abnormality syndromes
Angiodysplasia is regarded as an acquired disorder, but 
there are numerous congenital disorders of vessel forma-
tion whose genetic basis may help us to understand an-
giodysplasia in VWF and aid in the development of therapy. 
Some of these disorders also show progression with age. 
The variable phenotypes suggest interaction with other ge-
netic variants, which would help to explain why only some 
patients with VWD develop angiodysplasia. In some cases, 
a somatic second-hit mutation is required for phenotypic 
expression. These factors have not been explored in VWD; 
the mutations involved reveal key signaling pathways and 
the pathophysiological basis of the associated angiogenic 
malformations.

TGF-bb, BMP9-10/ENG/ALK1/SMAD4 pathway
Hereditary hemorrhagic telangiectasia (HHT) is a vascular 
abnormality syndrome which has parallels with VWF-an-
giodysplasia. Much like VWD, telangiectasias develop pro-
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gressively into adulthood in the gastrointestinal mucosa, 
with 25% of patients suffering from gastrointestinal bleed-
ing after the age of 50. Variants in ENG (endoglin), ACVRL1 
(ALK1) and rarely SMAD4 are responsible for HHT and reduce 
signaling via the transforming growth factor (TGF)-β signal-
ing pathway causing increased endothelial cell migration, 
proliferation and vessel development. There are overlaps 
between these pathways and those associated with VWF: 
for example, TGF-β has been shown to preserve vascular 
stabilization via Angpt1-Tie2 and VEGF-VEGFR2 signaling 
in human umbilical vein endothelial cells.39 Furthermore, 
Angpt2 inhibition was able to alleviate the formation of 
arteriovenous malformations in an in vivo model of HHT.40

RAS/RAF/MEK/ERK pathway
Parkes-Weber syndrome is a rare capillary malformation 
syndrome observable as cutaneous flat lesions overlying 
arteriovenous malformations with bone and soft tissue over-
growth. Transmission is in an autosomal dominant manner, 
caused by mutation in RASA1, which gives rise to prolonged 
RAS/MAPK/ERK signaling. Vascular malformations related 
to the RAS signaling pathway or ‘RASopathies’ are varied 
and generally dissimilar from angiodysplasia. Nonetheless, 
VEGF and Angpt1 can stimulate the RAS-MAPK pathway 
in endothelial cells, indicating possible shared molecular 
pathways with VWD vascular abnormalities.41

PI3K/AKT/mTOR signaling pathway
Naturally occurring TEK mutations causing arteriovenous 
malformations, such as Klippel-Trenaunay syndrome, lead 
to ligand-independent hyperphosphorylation of the re-
ceptor and a permanent activation of the PI3K/AKT/mTOR 
signaling pathway.16 An interaction between Angpt and Tie2 
is central to the activation of the PI3K/AKT/mTOR pathway: 
Angpt1 binding to Tie2 (encoded by TEK) results in PI3K/
AKT/mTOR activation. A similar effect may occur in HHT, in 
which reduced signaling via the TGFβ/ALK1 pathway leads 
to loss of its inhibitory action on AKT/mTOR.

Therapies and healthcare impact

VWF replacement therapy is effective for most bleeding in 
patients with VWD but notably less so for gastrointestinal 
bleeding and often has little impact when angiodysplasia 
is present.42 This experience comes largely from use of 
plasma-derived VWF concentrates in which the multimer 
composition is degraded to a variable extent.43 Given the 
importance of HMWM to hemostasis and vascular integrity, 
recombinant VWF which contains ultra-large VWF might 
be more effective. To date there is a single case report in 
the literature documenting its successful use in a patient 
with systemic sclerosis and (acquired) type 2A VWD and 
gastrointestinal bleeding unresponsive to plasma-derived 
VWF/factor VIII concentrates.44  

For many years, thalidomide has been the most frequently 
used and effective anti-angiodysplasia agent. In 2023 a 
multicenter, double-blind, randomized, placebo-controlled 
trial demonstrated a significant reduction in bleeding ep-
isodes with 100 mg or 50 mg thalidomide daily compared 
to placebo.45 Thalidomide’s efficacy has been attributed 
to suppression of VEGF and possibly TNFβ expression.46 In 
the context of VWD angiodysplasia, a further benefit might 
be derived from its capacity to increase VWF HMWM via 
inhibition of the degradation of thrombospondin-1 which 
promotes VWF multimerization.47 
Bevacizumab, the monoclonal antibody against VEGF, has 
been efficacious in two cases of gastrointestinal bleeding 
associated with acquired von Willebrand syndrome and 
Heyde syndrome48,49 as well as in a single-institute study 
of five cases of acquired von Willebrand syndrome sec-
ondary to insertion of left ventricular assisted devices.50 
Bevacizumab has been used more widely in HHT and has 
demonstrated benefit by increasing hemoglobin concen-
trations and reducing transfusion requirements in the 
international multicenter INHIBIT-BLEED HHT randomized 
controlled trial.51

Based on our current knowledge, perhaps the most like-
ly novel therapies that may be of value for VWD patients 
with angiodysplasia target the VEGFR2 and Angpt-Tie2 
pathways, and include antibodies against Angpt-2 alone 
as well as those capable of neutralizing both Angpt2 and 
VEGF simultaneously, such as the bispecific monoclonal 
antibody faricimab which has received approval for use in 
retinal vascular diseases.52 In addition, the anti-angiogenic 
tyrosine kinase inhibitor pazopanib was reported to have 
been of benefit in three patients with VWD angiodysplasia.53 
Considering the multiple overlapping routes to vascular 
malformations, parallels with other vascular abnormality 
syndromes may point to therapeutic alternatives in VWD 
(Figure 2). In HHT, thalidomide’s undesirable side effect 
profile has led to its analog, pomalidomide, being very 
recently investigated in the PATH-HHT study with encour-
aging outcomes.54 The PI3K/AKT/mTOR signaling pathway 
provided the first genetic targeted therapy for vascular mal-
formations, rapamycin, which has shown efficacy in various 
vascular malformation syndromes. mTOR is downstream 
of the activating TEK mutations causing Klippel-Trenaunay 
syndrome and, as predicted, rapamycin has shown efficacy 
in Klippel-Trenaunay syndrome.55 Since this pathway might 
also be downstream of VWF via modulation of Angpt2-Tie2 
signaling, this drug might also be of benefit in VWD. How-
ever, more data in VWD-related models are required to 
confirm this, before its use in patients could be advised. 
Interestingly, the PI3K/AKT/mTOR pathway has also been 
shown to be enhanced in HHT and novel agents such as 
apselisib and miransertib, targeting PI3K and AKT inhibition, 
respectively, are currently in development.16

The emerging role of the RAS/MAPK pathway also pro-
vides potential for targeted therapy. Trametinib is an 
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oral inhibitor of MEK1 and 2 by blocking Erk phosphory-
lation. A prospective phase II trial, TRAMAV, investigating 
trametenib in refractory arteriovenous malformations is 
underway.56

Overall, the field of vascular malformations has delivered 
numerous novel treatments based on the definition of the 
molecular pathways underlying the disorders; these hold 
great promise for translation to angiodysplasia and gas-
trointestinal bleeding in VWD. Given the complex web of 
molecular pathways, it also highlights the need to validate 
the role of these potential targets in the development of 
VWF-dependent angiogenesis and angiodysplasia before 
they can be safely translated to patients.
Although it is not yet possible to predict whether any of 
these novel agents will provide the answer to the challenge 
of intractable gastrointestinal bleeding from VWD-associ-
ated angiodysplasia, the crucial advance has been to un-
derstand that the role of VWF is more than simply hemo-
static. By broadening our view of this complex molecule’s 

important roles to include regulation of angiogenesis we 
can utilize understanding from a number of other areas 
to pursue targeted therapy beyond simple replacement. 
The frustration of physicians, individual patients enduring 
prolonged and recurrent inpatient admissions as well as 
a large economic burden all provide encouragement in 
pursuit of this goal.57
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Figure 2. Therapeutic targets in vascular malformation syndromes with possible relevance to von Willebrand disease angiodys-
plasia. There appear to be multiple overlapping routes to vascular malformations which may help to identify overlaps between 
von Willebrand disease (VWD) and other vascular abnormality syndromes. The place of von Willebrand factor (VWF) in this web 
of molecular pathways remains unclear but may point to therapeutic alternatives in VWD. The figure shows current therapeutic 
alternatives that have targets within established VWF pathways (red) and those within pathways of other established vascular 
malformation syndromes (gray). HMWM: high molecular weight multimers; Angpt2: angiopoetin-2; Tie2: tyrosine kinase receptor; 
VEGF: vascular endothelial growth factor; VEGFR2: vascular endothelial growth factor receptor 2; RAS: rat sarcoma; MEK: mito-
gen-activated protein kinase kinase 1; ERK: extracellular signal-regulated kinase; PI3K: phosphoinositide 3 kinase; AKT: serine-thre-
onine protein kinase; mTOR: mammalian target of rapamycin; BMP: bone morphogenetic protein; ALK1: activin receptor-like kinase 
1; PTEN: phosphatase and tensin homolog; SMAD: mothers against decapentaplegic homolog; EC: endothelial cell.



Haematologica | 110 March 2025
594

SPOTLIGHT REVIEW ARTICLE - VWD and angiodysplasia  C. Crossette-Thambiah et al.

References

	 1.	Drakeford C, Aguila S, Roche F, et al. von Willebrand factor links 
primary hemostasis to innate immunity. Nat Commun. 
2022;13(1):6320.

	 2.	Baud’huin M, Duplomb L, Téletchéa S, et al. Factor VIII-von 
Willebrand factor complex inhibits osteoclastogenesis and 
controls cell survival. J Biol Chem. 2009;284(46):31704-31713.

	 3.	Platton S, Baker P, Bowyer A, et al. Guideline for laboratory 
diagnosis and monitoring of von Willebrand disease: a joint 
guideline from the United Kingdom Haemophilia Centre Doctors’ 
Organisation and the British Society for Haematology. Br J 
Haematol. 2024;204(5):1714-1731.

	 4.	Tsagianni A, Comer DM, Yabes JG, Ragni MV. Von Willebrand 
disease and gastrointestinal bleeding: a national inpatient 
sample study. Thromb Res. 2019;178:119-123.

	 5.	Phull P, Nagrath N. Acute bleeding from upper GI tract 
angiodysplasia. Gut. 2012;61(Suppl 2):A368.

	 6.	Makris M, Federici AB, Mannucci PM, et al. The natural history of 
occult or angiodysplastic gastrointestinal bleeding in von 
Willebrand disease. Haemophilia. 2015;21(3):338-342.

	 7.	Chornenki NLJ, Shanjer M, James PD. Vascular abnormalities in 
patients with von Willebrand disease: a scoping review. J 
Thromb Haemost. 2021;19(9):2151-2160.

	 8.	Roberts JC, Escobar MA, Acharya S, et al. Retrospective chart 
review of GI bleeding in people with von Willebrand disease. 
Haemophilia. 2024;30(4):970-980.

	 9.	Blackburn EK, Macfie JM, Monaghan JH, Page AP. 
Antihaemophilic factor deficiency, capillary defect of von 
Willebrand type, and idiopathic thrombocytopenia occurring in 
one family. J Clin Pathol. 1961;14(5):540-542.

	 10.	Koscielny JK, Latza R, Mürsdorf S, et al. Capillary microscopic 
and rheological dimensions for the diagnosis of von Willebrand 
disease in comparison to other haemorrhagic diatheses. 
Thromb Haemost. 2000;84(6):981-988.

	 11.	Starke RD, Ferraro F, Paschalaki KE, et al. Endothelial von 
Willebrand factor regulates angiogenesis. Blood.  
2011;117(3):1071-1080.

	 12.	Groeneveld DJ, van Bekkum T, Dirven RJ, et al. Angiogenic 
characteristics of blood outgrowth endothelial cells from 
patients with von Willebrand disease. J Thromb Haemost. 
2015;13(10):1854-1866.

	 13.	Xu H, Cao Y, Yang X, et al. ADAMTS13 controls vascular 
remodeling by modifying VWF reactivity during stroke recovery. 
Blood. 2017;130(1):11-22.

	 14.	Vincentelli A, Susen S, Le Tourneau T, et al. Acquired von 
Willebrand syndrome in aortic stenosis. N Engl J Med. 
2003;349(4):343-349.

	 15.	Takiguchi H, Miura M, Shirai SI, et al. Mitral regurgitation is 
associated with similar loss of von Willebrand factor large 
multimers but lower frequency of anemia compared with aortic 
stenosis. Res Pract Thromb Haemost. 2024;8(4):102431.

	 16.	Queisser A, Seront E, Boon LM, Vikkula M. Genetic basis and 
therapies for vascular anomalies. Circ Res. 2021;129(1):155-173.

	 17.	Lobov IB, Brooks PC, Lang RA. Angiopoietin-2 displays VEGF-
dependent modulation of capillary structure and endothelial 
cell survival in vivo. Proc Natl Acad Sci U S A.  
2002;99(17):11205-11210.

	 18.	Daly C, Eichten A, Castanaro C, et al. Angiopoietin-2 functions 
as a Tie2 agonist in tumor models, where it limits the effects of 
VEGF inhibition. Cancer Res. 2013;73(1):108-118.

	 19.	Fiedler U, Reiss Y, Scharpfenecker M, et al. Angiopoietin-2 

sensitizes endothelial cells to TNF-alpha and has a crucial role 
in the induction of inflammation. Nat Med. 2006;12(2):235-239.

	 20.	Spadoni I, Zagato E, Bertocchi A, et al. A gut-vascular barrier 
controls the systemic dissemination of bacteria. Science. 
2015;350(6262):830-834.

	 21.	Texier A, Lenting PJ, Denis CV, Roullet S, Christophe OD. 
Angiopoietin-2 binds to multiple interactive sites within von 
Willebrand factor. Res Pract Thromb Haemost. 2023;7(7):102204.

	 22.	Mobayen G, Smith K, Ediriwickrema K, et al. von Willebrand 
factor binds to angiopoietin-2 within endothelial cells and after 
release from Weibel-Palade bodies. J Thromb Haemost. 
2023;21(7):1802-1812.

	 23.	Groeneveld DJ, Sanders YV, Adelmeijer J, et al. Circulating 
angiogenic mediators in patients with moderate and severe von 
Willebrand disease: a multicentre cross-sectional study. 
Thromb Haemost. 2018;118(1):152-160.

	 24.	Markowska AI, Liu FT, Panjwani N. Galectin-3 is an important 
mediator of VEGF- and bFGF-mediated angiogenic response. J 
Exp Med. 2010;207(9):1981-1993.

	 25.	Saint-Lu N, Oortwijn BD, Pegon JN, et al. Identification of 
galectin-1 and galectin-3 as novel partners for von Willebrand 
factor. Arterioscler Thromb Vasc Biol. 2012;32(4):894-901.

	 26.	Hodivala-Dilke K. alphavbeta3 integrin and angiogenesis: a 
moody integrin in a changing environment. Curr Opin Cell Biol. 
2008;20(5):514-519.

	 27.	Soldi R, Mitola S, Strasly M, Defilippi P, Tarone G, Bussolino F. 
Role of alphavbeta3 integrin in the activation of vascular 
endothelial growth factor receptor-2. EMBO J.  
1999;18(4):882-892.

	 28.	Ishihara J, Ishihara A, Starke RD, et al. The heparin binding 
domain of von Willebrand factor binds to growth factors and 
promotes angiogenesis in wound healing. Blood. 
2019;133(24):2559-2569.

	 29.	Simons M, Gordon E, Claesson-Welsh L. Mechanisms and 
regulation of endothelial VEGF receptor signalling. Nat Rev Mol 
Cell Biol. 2016;17(10):611-625.

	 30.	Lagrange J, Worou ME, Michel JB, et al. The VWF/LRP4/αVβ3-
axis represents a novel pathway regulating proliferation of 
human vascular smooth muscle cells. Cardiovasc Res. 
2022;118(2):622-637.

	 31.	Tamura K, Hashimoto K, Suzuki K, Yoshie M, Kutsukake M, 
Sakurai T. Insulin-like growth factor binding protein-7 (IGFBP7) 
blocks vascular endothelial cell growth factor (VEGF)-induced 
angiogenesis in human vascular endothelial cells. Eur J 
Pharmacol. 2009;610(1-3):61-67.

	 32.	Bernier-Latmani J, Cisarovsky C, Mahfoud S, et al. Apelin-driven 
endothelial cell migration sustains intestinal progenitor cells 
and tumor growth. Nat Cardiovasc Res. 2022;1(5):476-490.

	 33.	Jeong JH, Kim K, Lim D, et al. Microvasculature remodeling in 
the mouse lower gut during inflammaging. Sci Rep. 
2017;7:39848.

	 34.	Boley SJ, Sprayregen S, Sammartano RJ, Adams A, Kleinhaus S. 
The pathophysiologic basis for the angiographic signs of 
vascular ectasias of the colon. Radiology. 1977;125(3):615-621.

	 35.	Wiggins BG, Wang YF, Burke A, et al. Endothelial sensing of AHR 
ligands regulates intestinal homeostasis. Nature. 
2023;621(7980):821-829.

	 36.	Casari C, Leung J, James PD. New and emerging therapies for 
women, girls, and people with the potential to menstruate with 
VWD. Blood Adv. 2023;7(24):7501-7505.



Haematologica | 110 March 2025
595

SPOTLIGHT REVIEW ARTICLE - VWD and angiodysplasia  C. Crossette-Thambiah et al.

	 37.	Allerkamp H, Lehner S, Ekhlasi-Hundrieser M, et al. 
Characterization of a porcine model for von Willebrand disease 
type 1 and 3 regarding expression of angiogenic mediators in the 
nonpregnant female reproductive tract. Comp Med. 
2019;69(5):401-412.

	 38.	Allerkamp H, Lehner S, Ekhlasi-Hundrieser M, Detering C, von 
Depka Prondzinski M, Pfarrer C. Expression of angiogenic factors 
in the uteroplacental unit is altered at time of placentation in a 
porcine model of von Willebrand disease type 1. Reprod Biol. 
2019;19(4):412-420.

	 39.	Zhang Y, Liu J, Zou T, et al. DPSCs treated by TGF-β1 regulate 
angiogenic sprouting of three-dimensionally co-cultured 
HUVECs and DPSCs through VEGF-Ang-Tie2 signaling. Stem Cell 
Res Ther. 2021;12(1):281.

	 40.	Crist AM, Zhou X, Garai J, et al. Angiopoietin-2 inhibition rescues 
arteriovenous malformation in a Smad4 hereditary hemorrhagic 
telangiectasia mouse model. Circulation.  
2019;139(17):2049-2063.

	 41.	Kim I, Ryu YS, Kwak HJ, et al. EphB ligand, ephrinB2, suppresses 
the VEGF- and angiopoietin 1-induced Ras/mitogen-activated 
protein kinase pathway in venous endothelial cells. FASEB J. 
2002;16(9):1126-1128.

	 42.	Abshire TC, Federici AB, Alvárez MT, et al. Prophylaxis in severe 
forms of von Willebrand’s disease: results from the von 
Willebrand Disease Prophylaxis Network (VWD PN). 
Haemophilia. 2013;19(1):76-81.

	 43.	Holm E, Carlsson KS, Lövdahl S, Lail AE, Abshire TC, Berntorp E. 
Bleeding-related hospitalization in patients with von Willebrand 
disease and the impact of prophylaxis: results from national 
registers in Sweden compared with normal controls and 
participants in the von Willebrand Disease Prophylaxis Network. 
Haemophilia. 2018;24(4):628-633.

	 44.	Korsten P, Wallbach M, Binder C. Type 2A von Willebrand disease 
and systemic sclerosis: vonicog alfa reduced gastrointestinal 
bleeding. Res Pract Thromb Haemost. 2020;4(7):1230-1234.

	 45.	Chen H, Wu S, Tang M, et al. Thalidomide for recurrent bleeding 
due to small-intestinal angiodysplasia. N Engl J Med. 
2023;389(18):1649-1659.

	 46.	Franks ME, Macpherson GR, Figg WD. Thalidomide. Lancet. 
2004;363(9423):1802-1811.

	 47.	Hatakeyama K, Kikushige Y, Ishihara D, et al. Thrombospondin-1 

is an endogenous substrate of cereblon responsible for 
immunomodulatory drug-induced thromboembolism. Blood Adv. 
2024;8(3):785-796.

	 48.	Virk ZM, Song AB, Badran YR, Al-Samkari H. Systemic 
bevacizumab as salvage therapy for persistent severe bleeding 
and anemia in Heyde syndrome following aortic valve 
replacement. J Thromb Thrombolysis. 2022;54(2):255-259.

	 49.	Asleh R, Schettle SD, Maltais S, et al. Promising novel treatment 
with intravenous bevacizumab for refractory gastrointestinal 
bleeding from angiodysplastic lesions in patients supported 
with a continuous-flow left ventricular assist device: a pilot 
study. J Heart Lung Transplant. 2019;38(4)Supplement:S135.

	 50.	Vedachalam S, Balasubramanian G, Haas GJ, Krishna SG. 
Treatment of gastrointestinal bleeding in left ventricular assist 
devices: a comprehensive review. World J Gastroenterol. 
2020;26(20):2550-2558.

	 51.	Al-Samkari H, Kasthuri RS, Parambil JG, et al. An international, 
multicenter study of intravenous bevacizumab for bleeding in 
hereditary hemorrhagic telangiectasia: the InHIBIT-Bleed study. 
Haematologica. 2021;106(8):2161-2169.

	 52.	Shirley M. Faricimab: first approval. Drugs. 2022;82(7):825-830.
	 53.	Vilalta N, Carrasco M, Martin-Salchez M, et al. Recurent severe 

angiodysplastic gastrointestinal bleeding in patients with 
different bleeding disorders successfully treated with pazopanib 
(Votrient®). Haemophilia. 2023;29(S1):14-23.

	 54.	Al-Samkari H, Kasthuri RS, Iyer VN, et al. Pomalidomide for 
epistaxis in hereditary hemorrhagic telangiectasia. N Engl J 
Med. 2024;391(11):1015-1027.

	 55.	Boscolo E, Limaye N, Huang L, et al. Rapamycin improves 
TIE2-mutated venous malformation in murine model and 
human subjects. J Clin Invest. 2015;125(9):3491-3504.

	 56.	Saint-Luc Cu. Monocentric pilot trial evaluating efficacy of 
trametinib in arteriovenous malformations that are refractory to 
standard treatments or for which standard treatment are 
contra-indicated (EudraCT: 2019-003573-26). https://www.
clinicaltrialsregister.eu/ctr-search/trial/2019-003573-26/BE. 
Accessed July 23, 2004.

	 57.	Connell NT, Caicedo J, Nieto N, et al. Real-world healthcare 
costs and resource utilization in patients with von Willebrand 
disease and angiodysplasia. Expert Rev Pharmacoecon 
Outcomes Res. 2023;23(6):691-699.


