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Abstract
Background: An appropriate clinical diagnosis of von Willebrand disease (VWD) can 
be challenging because of a variable bleeding pattern and laboratory phenotype. 
Genotyping is a powerful diagnostic tool and may have an essential role in the diag-
nostic field of VWD.
Objectives: To unravel the clinical and laboratory heterogeneity of genetically con-
firmed VWD type 2M patients and to investigate their relationship.
Methods: Patients with a confirmed VWD type 2M genetic variant in the A1 or A3 
domain of von Willebrand factor (VWF) and normal or only slightly aberrant VWF 
multimers were selected from all subjects genotyped at the Radboud university medi-
cal center because of a high suspicion of VWD. Bleeding scores and laboratory results 
were analyzed.
Results: Fifty patients had a clinically relevant genetic variant in the A1 domain. 
Median bleeding score was 5. Compared with the nationwide Willebrand in the 
Netherlands study type 2 cohort, bleeding after surgery or delivery was reported 
more frequently and mucocutaneous bleedings less frequently. Median VWF activ-
ity/VWF antigen (VWF:Act/VWF:Ag) ratio was 0.32, whereas VWF collagen binding 
activity/VWF antigen (VWF:CB/VWF:Ag) ratio was 0.80. Variants in the A3 domain 
were only found in two patients with low to normal VWF:Act/VWF:Ag ratios (0.45, 
1.03) and low VWF:CB/VWF:Ag ratios (0.45, 0.63).
Conclusion: Genetically confirmed VWD type 2M patients have a relatively mild 
clinical phenotype, except for bleeding after surgery and delivery. Laboratory 
phenotype is variable and depends on the underlying genetic variant. Addition of 
genotyping to the current phenotypic characterization may improve diagnosis and 
classification of VWD.
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1  |  INTRODUC TION

Von Willebrand disease (VWD) is the most common inherited bleed-
ing disorder and is caused by quantitative and/or qualitative defi-
ciencies of von Willebrand factor (VWF).1,2 Because VWF is the 
main protein involved in the attachment of platelets to a damaged 
vessel wall, any change in level or function of this protein may lead 
to a disorder of primary hemostasis.3 Moreover, VWF acts as a car-
rier protein for coagulation factor VIII (FVIII), protecting FVIII from 
premature degradation.3,4 Therefore, a deficiency of VWF may also 
hamper secondary hemostasis.

Von Willebrand disease is characterized by a heterogeneous clini-
cal presentation, ranging from only minor bleeding episodes to severe 
bleeding problems that require direct hemostatic control. Most com-
mon symptoms are mucocutaneous bleeding, menorrhagia, bleeding 
from minor wounds, and bleeding episodes after dental extractions, 
surgery, and trauma.2- 4 The largest group of VWD patients are cate-
gorized as type 1 (an average of 70%– 80%), which comprises a group 
with mostly mild bleeding problems. In general, patients with type 
2 VWD (20%) have more pronounced bleeding problems. Only a very 
small number of VWD patients (<5%) is diagnosed with type 3, which 
can cause severe bleeding episodes comparable to hemophilia A.4- 6

Type 2 VWD is generally subdivided into four distinct disorders: 
type 2A is characterized by a reduction in (the most biologically ac-
tive) high molecular weight VWF multimers, type 2B by an increased 
binding of VWF to platelet glycoprotein Ib (GPIb), and type 2M by 
a reduced binding of VWF to platelet GPIb or collagen. All have an 
autosomal dominant inheritance. Type 2N is characterized by a re-
duced binding of FVIII to VWF and penetrates by an autosomal re-
cessive trait.7,8 In contrast to type 2A and 2B, multimer distribution 
in type 2M is (approximately) normal.8

Von Willebrand disease type 2M is mainly caused by missense 
mutations in the A1 domain and less frequently in the A3 domain of 
VWF.7,9 Because the A1 domain contains the main binding site for 
platelet GPIb, genetic variants in this domain lead to a reduced VWF- 
dependent platelet adhesion resulting in a disproportionately low 
level of VWF activity (VWF:Act) compared with VWF antigen level 
(VWF:Ag) and thus a low VWF:Act/VWF:Ag ratio.7,8,10 Collagen 
binding sites are incorporated in both the A1 and A3 domain.11- 15 
The principal binding sites for collagen types I and III are located in 
the A3 domain,11,14,15 whereas the binding sites for collagen types 
IV and VI are located in the A1 domain.11- 14,16 In A3 genetic variants, 
VWF collagen binding activity level (VWF:CB) can be markedly re-
duced with a (near) normal VWF:Act and VWF:Ag level.15

The clinical diagnosis of VWD is based on the combination of 
bleeding tendency, family history, and abnormalities in levels of 
VWF:Act, VWF:Ag, VWF:CB, and FVIII, ratios between several of 
these levels, and the VWF multimer pattern. In clinical practice, 

diagnosing VWD can be challenging because of variability in labora-
tory parameters, heterogeneity of bleeding symptoms, and the age- 
related gradual increase in VWF levels. Genotyping is a powerful 
diagnostic instrument and may play an important role in improving 
the diagnostic trajectory of VWD.

The aim of this study is to characterize patients with a suspicion 
of VWD in VWD type 2M based on genetic analysis and multimeric 
pattern, and to investigate the relationship between genotype and 
phenotype in this population.

2  |  METHODS

2.1  |  Patient inclusion

All subjects who underwent genotyping of the VWF gene in the Radboud 
university medical center from 2010 to 2020 were retrospectively 
screened for eligibility to participate in this study. This genotyped cohort 
consisted of: (1) patients with a high suspicion of VWD based on clinical 
bleeding tendency (Tosetto bleeding score ≥4 in males and ≥6 in females) 
and/or laboratory phenotype (VWF:Ag <30 IU dl−1 and/or VWF:Act 
<30 IU dl−1 and/or VWF:CB <30 IU dl−1 and/or VWF:Act/VWF:Ag 
ratio <0.7 and/or VWF:CB/VWF:Ag ratio <0.7), (2) family members of 
affected patients, and (3) patients in whom the treating physician had 
determined that genotyping was necessary in the diagnostic trajectory.

Genotyped subjects were included in this study when they met 
the following criteria: (1) at least one genetic variant located in the 
A1 or A3 domain of VWF classified as pathogenic (class 5), likely 
pathogenic (class 4) or as variant of unknown significance (class 3), 
according to the ACMG guidelines,17 and (2) VWF multimers clas-
sified as normal or only slightly abnormal but objectively different 
from the aberrant multimer patterns observed in VWD type 2A and 
2B. Informed consent was obtained from all participants.

K E Y W O R D S
genotype, hemorrhage, hemostasis, phenotype, von Willebrand disease, type 2

Essentials

• Genotype- phenotype correlation was assessed in VWD 
type 2M patients with a variant in the A1 or A3 domain 
of VWF and normal or only slightly abnormal multimers.

• Bleeding after surgery or delivery is common in VWD 
type 2M patients.

• The most prevalent genetic variants in the A1 domain in 
our cohort each had a unique laboratory phenotype.

• Combining functional VWF assays with genetic analy-
sis may result in an improved VWD classification and 
thereby personalized treatment strategies.
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2.2  |  Genotype

DNA was isolated from peripheral blood leucocytes following 
standard protocols. All 52 exons of the VWF gene, including exon- 
intron boundaries (± 20 nucleotides intronic), were amplified and 
sequenced by polymerase chain reaction and Sanger sequencing, 
respectively. M13- labeled VWF gene- specific polymerase chain 
reaction primers (Biolegio BV) were used for sequencing in a fully 
automated system (Hamilton).18 Primer sequences were manually 
inspected using the ensemble genome browser to detect known 
polymorphisms, variants, and pseudogene binding.19 In cases lacking 
any pathogenic variant or when the phenotype could not be directly 
related to the detected genetic variant, multiplex ligation- dependent 
probe amplification (MRC Holland) was carried out to detect exonic 
deletions and/or duplications. The clinical significance of unknown 
variants was assessed by in silico analysis with variant interpretation 
software Alamut (Interactive Biosoftware). The VWF protein vari-
ant nomenclature used in this manuscript is deduced from the VWF 
NCBI Reference Sequence (transcript number) NM_000552.3.

2.3  |  Clinical phenotype

To achieve a reliable evaluation of bleeding severity and bleeding 
pattern, the Tosetto bleeding score (BS) was calculated for each 
participant.20 The BS was retrospectively assessed by extracting 
data from electronic patient reports. These data were entered in a 
standardized note template during a regular outpatient clinic visit. In 
case of missing data, a nurse practitioner or hematologist contacted 
patients by telephone to perform a new complete bleeding score.

To avoid bias from prophylactic administration of hemostatic prod-
ucts, bleeding episodes after tooth extraction, surgery, and delivery 
were only scored for patients who had not received antifibrinolytics, 
desmopressin, or FVIII/VWF concentrates before these procedures.

The clinical phenotype of our study population was compared 
to the phenotype in a nationwide cohort of 347 VWD type 1 and 
216 VWD type 2 patients including 140 type 2A patients, 37 type 2B 
patients, 23 type 2M patients, and 16 type 2N patients (“Willebrand in 
the Netherlands” [WiN] study).21,22 In the WiN study group, only pa-
tients ≥16 years with hemorrhagic symptoms or family history of VWD 
and VWF:Ag and/or VWF:Act levels ≤30 IU dl−1 and/or FVIII ≤40 IU dl−1 
(only in case of VWD type 2N), were included. Their bleeding symptoms 
were analyzed using a condensed version of the Tosetto BS.21

2.4  |  Laboratory phenotype

VWF:Ag levels were measured with an enzyme- linked immunoab-
sorbent assay (ELISA) using Asserachrom ELISA kits of Stago18 or the 
STA Liatest using the STA Evolution analyzer (Stago Gennevilliers). 
Validation did not show any variation between these two methods.

As part of our cohort was treated in other Dutch hemophilia 
treatment centers (HTCs), VWF:Act level was determined with 

different assays. VWF:RCo was used in 35 patients, VWF:Ab in 9 
patients, VWF:GPIbM in 3 patients, and VWF:GPIbR in 5 patients.23

Asserachrom ELISA kits of Stago containing collagen type III 
(Gennevilliers, France) were used to measure the binding potential 
of VWF to collagen.18

FVIII activity was performed with a one- stage clotting assay 
using STA Evolution analyzer (Stago Gennevilliers). The standard 
assay (range 3– 150 IU dl−1) was performed with Cephascreen (Stago 
Gennevilliers). FVIII levels in the low range (0.5– 5 IU dl−1) were de-
termined with PTT- LA (Stago, Gennevilliers).

An in- house method using SaeKem HGT 1.5% and 3% agarose 
gels (Lonza) containing 0.1% sodium dodecyl sulphate was per-
formed to evaluate VWF multimers. The fast system (Pharmacia 
Biotech) was used at variable voltage (100– 250 V, 1.0– 10 A) during 
3 h for electrophoresis. The gels were blotted onto a polyvinylidene 
difluoride membrane with a blotter at 1.0 A for 90 min and usage of a 
0.5 M phosphate blot buffer. After incubation with rabbit polyclonal 
anti- human VWF- antibody (No. A0082; Dako), polyvinylidene diflu-
oride membranes were incubated with peroxidase goat anti- rabbit 
HRP- labelled IgG antibodies (No. 1706515; Bio- Rad). Hereafter, the 
VWF bands were stained and all blots were visually inspected.18,24

All VWF- related laboratory results were collected from elec-
tronic patient files in the patients' HTCs. When multiple results were 
available, the lowest historical values were used.

2.5  |  Statistical analyses

Statistical analyses were performed with IBM SPSS Statistics, ver-
sion 25. When laboratory values crossed reference values, highest or 
lowest reference values were used (e.g., VWF:Act 5 IU dl−1 in case of 
VWF:Act < 5 IU dl−1). Data were presented as median values and inter-
quartile ranges (IQR, 25%– 75%) because of a non- normal distribution 
of data. Mann- Whitney U tests were used to compare differences be-
tween two independent groups. Kruskal- Wallis tests were performed 
to compare more than two independent groups, followed by Mann- 
Whitney U tests for post hoc analyses. p values ≤.05 were considered 
statistically significant. A Bonferroni correction was applied to the post 
hoc Mann- Whitney U tests. Results of the post hoc analyses were there-
fore considered statistically significant at p ≤ .017. No subgroup anal-
yses according to the clinical reason for genotyping were performed 
because of the small number of patients due to the rarity of the disease.

3  |  RESULTS

3.1  |  General characteristics

A total of 79 patients had a genetic variant in the A1 or A3 domain 
of the VWF gene: 72 patients in the A1 domain and 7 patients in 
the A3 domain (Figure 1). Two patients were excluded because they 
were also diagnosed with moderate severe hemophilia A. One pa-
tient passed away before start of the study. Two patients did not 
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give informed consent. Nineteen patients could not be contacted 
for informed consent or did not respond. Therefore, the multimer 
patterns of 53 patients with an A1 variant and two patients with an 
A3 variant were analyzed.

The heterogeneous nature of the genetic variants is highlighted 
by the variance in multimeric pattern in some patients. In two pa-
tients with an A1 variant, multimer patterns were described as 
abnormal without providing any further information. In another pa-
tient, multimer pattern could not be definitely established because 

of low VWF levels. These three patients were excluded from our 
analysis. Eventually, 50 patients with a genetic variant in the A1 
domain were analyzed, of whom 41 patients had normal multimers 
and nine had slightly abnormal multimers but clearly different from 
VWD type 2A or 2B (Table S1). These last patients were therefore 
also classified as VWD type 2M.

Of the patients with an A1 variant, 26 were women (52%) and 24 
were men (48%). Median age was 39 years (range 7– 81 years). Four 
patients were children (7– 17 years; Table 1). We found no relevant 

F I G U R E  1  Flow chart of patients who met inclusion/exclusion criteria
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differences in phenotype that can skew our analysis between in-
cluded families (data not shown).

Both patients with an A3 variant had normal multimers (Figure 1). 
Patients with genetic variants in the A1 and A3 domain were ana-
lyzed separately (Table 1). A complete overview of patient charac-
teristics is presented in Table S2. Fifteen patients with an A1 variant 
and one patient with an A3 variant from our cohort also participated 
in the WiN study.21

3.2  |  Genotype

In this study, 14 different genetic variants were identified in the A1 
domain of exon 28 of the VWF gene. In the A3 domain of the VWF 
gene, two different genetic variants were identified (Table S3). All 
subjects were heterozygous for the genetic variant.

Some patients also carried other variants outside the A1 or A3 
domain. The polymorphism p. Asp1472His in exon 28 was detected 
in 10 patients. This polymorphism affects the ristocetin binding 
activity in the VWF:RCo assay mostly used in this study without 
altering the in vivo activity, leading to an underestimation of the 
VWF- platelet binding capacity.25 Previous research showed that this 
polymorphism was present in 63% of African American controls and 
17% of Caucasian controls.25

Two of the patients with the p. Asp1472His variant also had a 
variant in exon 37 of the VWF gene (p. Arg2185Gln). This variant 
was previously reported in 18.2% of healthy African Americans.26 
In another study, this variant was associated with lower levels of 
VWF (13 IU dl−1) and FVIII (7 IU dl−1).27 One patient had a patho-
genic gene conversion with VWF and its pseudogene (VWFP1) 
including the pathogenic variant c.3797C>T (p. Pro1266Leu) and 
coupled variants c.3789G>A and c.3835G>A (p. Val1279Ile). This 
patient also had the variant c.6553C>T (p. Arg2185Trp). It is not 
known whether this variant was in cis or in trans with the gene 
conversion variants.

Of nine patients with a small loss of only highest molecular 
weight multimers, six had the p. Arg1374Cys variant, two the p. 
Arg1374His variant, and one the p. Arg1315Cys variant (Table S1).

3.3  |  Clinical phenotype

Data about BS were available in 46 patients with an A1 variant and 
in both patients with an A3 variant (Table 1). These last two patients 
had a BS of 8 and 21.

In patients with an A1 variant, median BS was 5 (IQR 3– 11). BS 
was not significantly different between women (7, IQR 3– 13) and 
men (5, IQR 3– 9; p = .48). An abnormal BS was found in 52% of 
women (BS ≥ 6), and 71% of men (BS ≥ 4). Most common symptoms 
were menorrhagia (92%), cutaneous bleedings (63%), bleeding from 
minor wounds (59%), epistaxis (41%), and gum bleeding (28%). Two 
patients (4%) had experienced a central nervous system bleeding 
(subarachnoid hemorrhage and traumatic cerebral bleeding).

Eight of 15 women with an A1 variant who gave birth (53%) 
did not receive hemostatic therapy during delivery because their 
diagnosis of VWD was not yet established. Six of them (75%) ex-
perienced a postpartum hemorrhage. Bleeding was reported in the 
majority of patients who underwent surgery without hemostatic 
treatment (n = 19, 83%) and in 12 patients (50%) who underwent 
dental procedures without hemostatic treatment.

The clinical phenotype of VWD type 2M patients with an A1 
variant was compared with a nationwide cohort of 347 VWD type 1 
and 216 VWD type 2 patients from the WiN study (Figure 2).21,22 As 
mentioned earlier, our VWD type 2M patients suffered mainly from 
mucocutaneous bleedings as epistaxis, cutaneous bleeding, bleed-
ing from minor wounds, gum bleeding, and menorrhagia. However, 
the prevalence of these bleeding symptoms in our VWD type 2M 
cohort was relatively low compared with the VWD type 1 and gen-
eral VWD type 2 cohort, except for menorrhagia. Bleeding compli-
cations after surgery and delivery were more frequently reported in 
VWD type 2M patients, whereas bleeding after tooth extractions 
was more frequently mentioned in the VWD type 1 and general 
VWD type 2 cohort.

3.4  |  Laboratory phenotype

First, we analyzed the laboratory phenotype of patients with an A1 
variant. Median VWF:Ag level was 29 IU dl−1 (IQR 19– 60), median 
VWF:Act 7 IU dl−1 (IQR 5– 30), and median VWF:Act/VWF:Ag ratio 
0.32 (IQR 0.24– 0.48). Median levels of VWF:CB, VWF:CB/VWF:Ag 
ratio, and FVIII were 20 IU dl−1 (IQR 12– 55), 0.80 (IQR 0.65– 1.01), 
and 47 IU dL−1 (IQR 30– 76), respectively (Table 1).

Most patients had blood group O (n = 28; 56%), 11 had blood 
group A (22%), and 6 had blood group B (12%). Blood group was un-
known in 5 patients (10%; Table 1). No statistically significant differ-
ences in laboratory parameters were found between patients with 
blood group O, A, and B.

Furthermore, the laboratory phenotype of the two patients with 
an A3 variant was analyzed. The patient with the p. Ser1731Thr vari-
ant had a low VWF:CB/VWF:Ag ratio (0.63) but a normal VWF:Act/
VWF:Ag ratio (1.03). VWF:CB/VWF:Ag and VWF:Act/VWF:Ag 
ratio were both decreased in the patient with the p. Lys1794Glu 
variant (0.45 each; Table S2).

None of the included patients had a multimer pattern character-
istic of VWD type 2A or 2B. Multimers were normal in 43 patients. 
In nine patients, only minor abnormalities were found in the upper 
part of the multimer pattern, which were clearly different from that 
seen in VWD type 2A or 2B, as indicated by the red box in Figure 3.

3.5  |  Most prevalent genetic variants

The clinical and laboratory phenotype of patients with the three 
most prevalent genetic variants in the A1 domain (p. Phe1293Leu, 
p. Val1360Ala, and p. Arg1374Cys) were compared. Figure 4A– E 
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represents the VWF:Ag, VWF:Act, VWF:CB, VWF:Act/VWF:Ag 
ratio, and VWF:CB/VWF:Ag ratio, Figure 4F shows the FVIII activity 

level, and Figure 4G the BS for these patient groups and for the two 
patients with a genetic variant in the A3 domain.

Significantly higher levels of VWF:Ag, VWF:Act, VWF:CB, 
and VWF:Act/VWF:Ag ratio were found in patients with the p. 
Val1360Ala variant compared with patients with the p. Phe1293Leu 
variant (p ≤ .002) and the p. Arg1374Cys variant (p ≤ .001; Figure 4A– 
D). Moreover, the VWF:CB/VWF:Ag ratio was significantly higher in 
patients with the p. Val1360Ala variant than in patients with the p. 
Arg1374Cys variant (p < .001, Figure 4E). The p. Phe1293Leu vari-
ant was characterized by significantly lower levels of the VWF:Act/
VWF:Ag ratio and significantly higher levels of the VWF:CB/
VWF:Ag ratio compared to the p. Arg1374Cys variant (p < .001 and 
p = .002, respectively; Figure 4D,E).

The clinical phenotype of patients with these A1 variants was 
heterogeneous, but did not differ significantly (Figure 4G). Higher 
BS was more frequently seen in female patients in all three genetic 
variants.

Three subjects with the p. Val1360Ala variant showed a (near) 
normal laboratory phenotype with a normal VWF:CB/VWF:Ag ratio 
(all ≥ 1.00) and a VWF:Act/VWF:Ag ratio of 0.95, 0.65, and 0.70 
(Table S2: patients 16, 17, and 19). They reported a BS of 13, 17, and 
5, respectively. These patients were all family members of a female 
patient with the p. Val1360Ala variant who was extensively analyzed 
for other coagulation disorders because of a discrepancy between 
near- normal VWF parameters and clinical bleeding phenotype (BS 
14, Table S2: patient 18). She was diagnosed recently with a throm-
bocytopathy (abnormal light transmission aggregometry results with 
epinephrine, adenosine diphosphate, and thrombin receptor activat-
ing protein). Patient 19 was tested negative for a thrombocytopathy; 
patients 16 and 17 were not tested.

4  |  DISCUSSION

In this study, we explored the clinical and laboratory heterogene-
ity in genetically confirmed VWD type 2M patients with variants 
in the A1 and A3 domain of the VWF gene, categorized as patho-
genic, likely pathogenic or variant of unknown significance, without 
evident loss of multimers. In contrast to previous studies, we used 
the results of genotyping and VWF multimeric analysis to define our 
VWD type 2M subpopulation from a preselected cohort of patients 
with (a high suspicion of) VWD in whom genotyping was already 
performed in the regular diagnostic trajectory.

In most patients with A1 variants, the affinity of VWF to GPIb 
was decreased. Two patients had an A3 variant. The A3 domain of 
the VWF gene plays an important role in the binding of VWF to colla-
gen because it contains the main binding sites for collagen types I and 
III.28,29 Both patients with an A3 variant had a low VWF:CB/VWF:Ag 
ratio. However, one of these patients with the p. Lys1794Glu vari-
ant also had a low VWF:Act/VWF:Ag ratio (0.45). This genetic vari-
ant was previously only described in a patient with a VWD type 1 
phenotype (VWF:Act/VWF:Ag ratio 0.76 and VWF:CB/VWF:Ag 
ratio 0.88).30 Previous research related to the p. Ser1731Thr variant 

TA B L E  1  Characteristics of the study population

Genetic variant in 
A1 domain

Genetic variant 
in A3 domain

Number of patients, n (%) 50 (96) 2 (4)

Sex

Female, n (%) 26 (52) 2 (100)

Male, n (%) 24 (48) 0 (0)

Age, y

Total, median (range) 39 (7– 81) 42– 49f

Adults, n (%) 46 (92) 2 (100)

Children,a n (%) 4 (8) 0 (0)

Bleeding score

Women, median (IQR) 7 (3– 13)b 8– 21f

Men, median (IQR) 5 (3– 9)c NA

Total, median (IQR) 5 (3– 11)d 8– 21f

Laboratory phenotype

VWF:Ag, IU dl−1; 
median (IQR)

29 (19– 60) 11– 38f

VWF:Act, IU dl−1; 
median (IQR)

7 (5– 30) 5– 39f

VWF:CB, IU dl−1; 
median (IQR)

20 (12– 55)e 5– 24f

VWF:Act/VWF:Ag 
ratio, median (IQR)

0.32 (0.24– 0.48) 0.45– 1.03f

VWF:CB/VWF:Ag 
ratio, median (IQR)

0.80 (0.65– 1.01)e 0.45– 0.63f

FVIII, IU dl−1,median 
(IQR)

47 (30– 76) 55– 57f

Normal multimers, 
n (%)

41 (82) 2 (100)

Slightly abnormal 
multimers, n (%)

9 (18) 0 (0)

Blood group

O, n (%) 28 (56) 2 (100)

A, n (%) 11 (22) 0 (0)

B, n (%) 6 (12) 0 (0)

AB, n (%) 0 (0) 0 (0)

Unknown, n (%) 5 (10) 0 (0)

Note: All data are represented in numbers and in percentages between 
parentheses unless otherwise stated.
Abbreviations: FVIII, factor VIII; IQR, interquartile range; NA, not 
applicable; VWF, von Willebrand factor; VWF:Act, VWF activity; 
VWF:Ag, VWF antigen; VWF:CB, VWF collagen binding activity.
aAged 17 years or younger.
bData available for 25 patients.
cData available for 21 patients.
dData available for 46 patients.
eData available for 40 patients.
fAbsolute values were presented for each patient as only two patients 
with a variant in the A3 domain were included.
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showed a significantly reduced binding to collagen type I, but a nor-
mal or only slightly decreased binding to collagen type III in static 
and flow- based VWF:CB assays, respectively.31 Another func-
tional study on the p. Ser1731Thr variant demonstrated a reduced 
binding to both type I and type III collagen (45% and 50% of wild- 
type, respectively).32 In our patient with the p. Ser1731Thr variant, 
VWF:CB/VWF:Ag was 0.63, but we only measured the binding po-
tential to collagen type III.

In the entire cohort of patients who underwent genotyping of 
the VWF gene in the Radboud university medical center, 72 patients 
had an A1 genetic variant, but only 7 had an A3 variant (Figure 1). 
Also in the literature, many variants in the A1 domain but only few in 
the A3 domain have been described.12,16 This observation questions 
the importance of the function of the A3 domain in the binding of 
VWF to the vascular wall.16 A possible theory is that the A1 domain 
might be able to compensate for a defective A3 domain by increasing 
collagen IV and VI binding via the A1 domain. Another previously 
hypothesized theory is the existence of a functional cross- talk be-
tween the A1 and A3 domain in which the affinity of the A1 domain 
for collagen is negatively influenced by the A3 domain. In that situa-
tion, collagen binding via the A1 domain can be fully used in case of 
a defective A3 domain.16

The mild averaged bleeding phenotype of our patient group 
(median BS 5) is comparable with previous studies in patients with 
VWD type 2M.21,33 Type 2M patients in the WiN study (n = 23) 
had a slightly higher median BS of 9.21 This discrepancy can be 
explained by the smaller 2M study population in the WiN study, 
that they used a slightly different self- administered version of the 

condensed Tosetto BS, and their strict inclusion criteria concern-
ing VWF:Ag and VWF:Act level. They only included patients with 
a VWF:Ag ≤ 30 IU dl−1 or VWF:Act ≤ 30 IU dl−1, and excluded 
children (<16 years). By applying these criteria, median BS in our 
cohort was 6. Furthermore, patients in the WiN study were clas-
sified based on their laboratory phenotype regardless of the spe-
cific genetic variants that were found. In contrast to this study, 
in which the genotype was used for the diagnostic subdivision 
of type 2M. Fifteen patients with an A1 variant from our cohort 
also participated in the WiN study. After exclusion of these WiN 
participants, BS in our cohort did not change (median BS 5, IQR 
3– 11). In another Italian cohort of 169 VWD type 2M patients, 
median BS was also 5.33 However, only 46% of them had a severe 
laboratory phenotype (VWF:Act <10 IU dL−1) compared with 60% 
in our cohort.

Moreover, we compared the BS of our VWD type 2M cohort 
with the BS of patients with low VWF and VWD type 1 in two dif-
ferent cohorts because these patients are also known to have a 
milder bleeding phenotype. First, in an Irish cohort of 126 patients 
with a diagnosis of low VWF, median BS in women and men was 8 
and 3, respectively, compared with 7 and 5 in our VWD type 2M 
cohort.34 However, these data can be skewed because a significant 
personal bleeding history was a diagnostic criterium for low VWF. 
Furthermore, they used the ISTH BAT in contrast to the Tosetto BS 
used in our study. Second, in the WiN study, 347 VWD type 1 pa-
tients had a higher median BS of 9.21 As described earlier, this dis-
crepancy can be (partly) explained by the slightly different methods 
and strict inclusion criteria used in the WiN study.

F I G U R E  2  Frequency of bleeding symptoms in our cohort of VWD type 2M patients compared with a cohort of VWD type 1 and 2 
patients from the WiN study.22 A reported bleeding was defined as a subscore ≥1. In the VWD type 2M cohort, 24 patients underwent 
tooth extraction without hemostatic treatment, 23 patients underwent surgery without hemostatic treatment, 25 women have been 
menstruating, and 8 women gave birth without hemostatic treatment. VWD, von Willebrand disease; WiN, Willebrand in the Netherlands
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In our study, mucocutaneous bleedings were most regularly re-
ported but frequencies were low compared with other VWD type 2 
patients. However, BS may be underestimated because family mem-
bers of affected patients were also included in our study and patients 
were relatively young. The median age of women and men in our 
cohort was 39 (range 16– 81) and 30 years (range 2– 82) respectively.

A distinct difference in bleeding symptoms of patients with 
VWD type 2M and the general VWD type 2 population was the 
increased bleeding after surgery and postpartum, emphasizing the 
importance of a proper hemostatic treatment in VWD type 2M pa-
tients who will undergo surgery or give birth. An explanation is that 
the binding of VWF to platelet GPIb and the subsequent attachment 
to the injured endothelial wall is disturbed, which predisposes these 
VWD type 2M patients for ongoing bleeding. However, the num-
ber of patients in our cohort who underwent a surgical procedure or 
gave birth without hemostatic treatment was low (23 patients (46%) 
and 8 patients (16%), respectively).

Comparison of the phenotype of the three most prevalent A1 
variants demonstrated that there were distinct differences in lab-
oratory phenotype. The p. Val1360Ala variant was in our study ac-
companied with near normal VWF antigen and activity levels but 
with profound bleeding scores. Highest VWF antigen and activity 
levels were observed in elderly patients, but still with concomitantly 
high bleeding scores (Table S2). These patients would not have been 
diagnosed if only VWF parameters had been assessed in the diag-
nostic trajectory. Genetic analysis was essential for making a correct 

diagnosis of VWD type 2M in these patients. This observation raises 
the question whether VWF levels do increase with aging in patients 
with VWD type 2M, in contrast to VWD types 2A and 2B.

The previously mentioned patients with the p. Val1360Ala vari-
ant were family members of a patient who was diagnosed with both 
VWD type 2M and a thrombocytopathy. The elderly patients with 
the highest bleeding scores were not tested for a thrombocytop-
athy. These specific cases illustrate the importance of performing 
a thorough diagnostic trajectory if a bleeding phenotype does not 
match with a single hemostatic dysfunction. Thrombocytopathy and 
VWD type 2M are both disorders of primary hemostasis and thus 
can present with a severe bleeding diathesis once patients undergo 
an invasive procedure or event.

The characterization of some genetic variants, particularly p. 
Arg1374Cys and p. Arg1315Cys, as either VWD type 2A or 2M is 
debated in literature.35,36 According to the updated classification,8 
VWF- dependent platelet adhesion is reduced in both VWD types 
2A and 2M. Multimeric distribution is approximately normal in 
VWD type 2M, whereas there is a clear deficiency of high molecular 
weight multimers in VWD type 2A.8 We identified slightly abnormal 
multimer patterns in nine patients with VWD type 2M caused by an 
A1 genetic variant. The almost minor abnormalities in these patients 
comprised a small loss of only the highest molecular weight multim-
ers, which clearly differed from the abnormalities seen in VWD type 
2A or type 2B (Figure 3 and Table S1). These subtle aberrancies will 
probably only be detected by sophisticated multimeric analysis in 
specialized laboratories.

Despite the wide range of available laboratory assays, the 
phenotypic characterization of VWD is complex and currently 
imperfect, particularly the type 2 subclassification. Consequently, 
there are discrepancies in VWD diagnoses among clinical lab-
oratories.37 VWD type 2M is frequently underrecognized and 
misidentified as VWD type 1 or type 2A.38,39 An accurate distinc-
tion between VWD type 1 and type 2 is relevant because of a 
generally more severe bleeding phenotype in VWD type 2 and a 
differential response to desmopressin. Patients with VWD type 
1 usually respond well to desmopressin, whereas type 2 patients 
have a variable response.40,41 Previous data suggest that the des-
mopressin response is generally better in patients with VWD type 
2M than in patients with type 2A.9,38 A trial to determine the re-
sponse and effectiveness of desmopressin is nevertheless always 
recommended in these patients.9 Besides the different response 
to desmopressin, current treatment of patients with VWD types 
2A and 2M is almost identical for invasive procedures and major 
bleeding as they are all treated with VWF concentrates.4 Maybe 
in the future, more sophisticated recombinant VWF concentrates 
will become available. A better differentiation of VWD type 2A 
and type 2M can than lead to more personalized tailor- made treat-
ment plans. A VWF concentrate containing mainly high molecular 
weight multimers may than be used in patients with VWD type 2A 
because they experience a loss of the high molecular weight mul-
timers, whereas such a VWF concentrate is less relevant for pa-
tients with VWD type 2M.38 Furthermore, VWD type 2M patients 

F I G U R E  3  Multimeric analysis of plasma VWF by using 1.5% 
SDS- agarose gel. N demonstrates multimers in a normal subject, 
I demonstrates multimers representative for the slightly aberrant 
multimer patterns observed in nine VWD type 2M patients in our 
cohort, and 2A demonstrates multimers in a patient with a well- 
defined VWD type 2A. VWD, von Willebrand disease; VWF, von 
Willebrand factor
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F I G U R E  4  Laboratory and clinical 
phenotype in the three most prevalent 
VWD type 2M variants in the A1 domain 
and in the two included variants in the 
A3 domain. (A) VWF:Ag, (B) VWF:Act, 
(C) VWF:CB, (D) VWF:Act/VWF:Ag ratio, 
(E) VWF:CB/VWF:Ag ratio, (F) FVIII, and 
the (G) bleeding score. Horizontal lines 
represent median values. Each dot, box, 
and (reversed) triangle represent a single 
patient. In panel G, open figures represent 
females and closed figures represent 
males. VWD, von Willebrand disease; 
VWF, von Willebrand factor; VWF:Act, 
VWF activity; VWF:Ag, VWF antigen; 
VWF:CB, VWF collagen binding activity; 
FVIII, factor VIII
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with a genetic variant in the A1 or A3 domain could be treated 
with different VWF concentrates aimed at improving either the 
VWF- platelet or VWF- collagen binding.

Additional to potential (future) treatment dissimilarities, an accu-
rate diagnosis of either VWD type 2A or 2M can assist in an accurate 
prediction of the bleeding risk. It was demonstrated that patients 
with VWD type 2A have a more severe bleeding phenotype than 
patients with type 2M, and a higher incidence of gastrointestinal 
bleedings.42

According to the current guidelines, analysis of VWF multimers 
and/or VWF:Act/VWF:Ag and VWF:CB/VWF:Ag ratio plays a cru-
cial role in the classification of VWD types 2A and 2M.43 However, 
multimeric analysis is a highly specialized assay with a high rate of 
diagnostic errors because of an inadequate performance or interlab-
oratory differences in interpretation.38 In these cases, VWF:CB can 
be helpful as VWF:CB is a marker for the presence of high molecular 
weight VWF multimers, but also this assay is not broadly available.43 
Moreover, the type of collagen that is used varies between laborato-
ries (mostly type I and/or type III).43 Despite the presence of binding 
sites for collagen types IV and VI in the A1 domain of VWF and the 
fact that genetic variants influencing the interaction with these col-
lagens have been described, binding to these types of collagen is not 
regularly tested.13

These examples emphasize the need for further improvement in 
either the diagnostic strategies or classification of VWD. Despite oc-
casional difficulties in the interpretation of genetic variants as being 
pathogenic or a polymorphism, genetic analysis is less prone to sub-
jective interpretation compared to functional VWF assays. Because 
we observed that the three most prevalent genetic variants in our 
VWD type 2M cohort each have a unique laboratory phenotype, 
performing genetic analysis along with functional VWF assays can 
improve our understanding of the pathophysiology of VWD and may 
ultimately lead to more advanced classification schemes and indi-
vidualized treatment plans. The distinct differences in laboratory 
phenotype between patients with the same genetic variant, and our 
observation that some patients with a genetic variant in the A1 do-
main did not have a typical VWD type 2M phenotype, also imply 
that the current VWD classification system is suboptimal.

A great strength of this study was the assessment of clinical 
and laboratory phenotype in a genetically confirmed VWD type 
2M population. A potential prophylaxis- bias in calculating the BS 
was eluded by not scoring bleeding symptoms when patients had 
received prophylaxis before invasive procedures or delivery.21,44 
Our study had some limitations. Because we included patients from 
an already genotyped cohort, a potential selection bias cannot be 
excluded. The use of a BS to determine clinical phenotype has in-
herent limitations. BS are cumulative and therefore they generally 
increase with advancing age. Novel (severe) bleeding events cannot 
be scored when a patient already has reached a maximum score in 
that specific bleeding category. Moreover, bleeding symptoms are 
self- reported and consequently some recall bias may occur. BS re-
mained unknown in four patients and blood group in five patients. 
Our results, however, did not change after subgroup analyses of 

patients with blood group O, indicating that blood group was not a 
confounding factor in our study. Not all VWF parameters were as-
sessed in the same laboratory because some patients were treated 
in another center. However, all assays were performed in an HTC 
following standardized and validated protocols. The polymorphism 
p. Asp1472His was identified in 10 patients. Ristocetin independent 
assays were performed in six of these patients. In the remaining 
four patients, ristocetin dependent assays were used, potentially 
leading to an artificially reduced VWF:Act. Finally, because of the 
rarity of the disease, our study population was relatively small, par-
ticularly for A3 genetic variants. In the future, larger cohort studies 
are needed to investigate possible discrepancies in clinical phe-
notype between VWD type 2M patients with A1 and A3 genetic 
variants.

In conclusion, in this study, we have elucidated the mild clinical 
bleeding phenotype of patients with genetically confirmed VWD 
type 2M and observed that some genetic variants were associated 
with a more characteristic VWD type 2M laboratory phenotype (p. 
Phe1293Leu), whereas some other variants such as p. Arg1374Cys 
and p. Arg1374His, are not. The assessment of VWD, particularly in 
case of type 2, is challenging because of heterogeneity in bleeding 
phenotype, suboptimal functional laboratory tests with large inter-
individual and interlaboratory variability, and a currently insufficient 
classification system. Simultaneous performance of genetic analysis 
and functional VWF assays may lead to improvement of our current 
diagnostic capacities and subsequently can result in more advanced 
VWD classification and treatment schemes.
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