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INTRODUCTION

Von Willebrand disease (VWD) is the most common inherited
bleeding disorder, characterized by a deficiency of von Willebrand
factor (VWE).! VWF is a large, multimeric protein that interacts
with many haemostatic components, collagen, surface receptors on
platelets, coagulation factor VIII (FVIII) and other ligands.> VWD
is classified in subtypes based on VWF defects that are quantitative
(reduction of VWF levels in type 1; or absence of VWF in type
3) or qualitative (in type 2 VWD). Type 2 VWD can be further
subdivided into: defects in multimerization or enhanced proteo-
lytic cleavage by ADAMTSI13 (Type 2A), enhanced interaction
with platelet GPIb (Type 2B), defective binding to platelet GPIb or
collagen (Type 2M) or defective binding and stabilization of FVIII
(Type 2N). This classification is based on diagnostic assays that de-
termine function and quantity of VWF in the circulation.'

However, VWD patients with similar circulating VWF
levels can have variable bleeding phenotypes,™ suggesting
that additional disease modifiers, such as release of VWF and
other haemostatic cargo from platelets may be of importance
in VWD. Platelet factor 4 (PF4) is a platelet-specific chemo-
kine that can be sensitively measured in plasma after platelet
cargo release. This cargo release from platelet alpha granules,
or degranulation, is part of the platelet activation process.’

In the current study, our aim is to explore the degree of plate-
let degranulation across a large population of VWD patients.
We hypothesize that platelet degranulation could be an addi-
tional determinant of the bleeding phenotype in VWD. We first
quantified PF4 levels across VWD subtypes and in relation to
VWE parameters. Next, we investigated whether PF4 levels are
associated with the bleeding phenotype in VWD patients.

METHODS
Patients

Adult patients with VWD were included in the ‘Willebrand in
the Netherlands’ (WiN) study.*®” Patients were included in
2007-2009 and citrated plasma samples were stored at time of
inclusion at —80°C. Inclusion criteria were: (1) haemorrhagic
symptoms or family history of VWD; and (2) one historically
lowest measured value of VWF antigen (VWEF:Ag) or ristoce-
tin cofactor activity <0.3 IU/ml and/or FVIII coagulant ac-
tivity (FVIIL:C) <0.40 IU/ml (for type 2N VWD). Exclusion
criteria were treatment with blood products prior to inclusion
(<72 h) and pregnancy. The study was in accordance with the
Declaration of Helsinki and approved by the Medical Ethical
committees of the participating centres. Written informed
consent was obtained from all study participants.

Clinical data and bleeding phenotype
Clinical parameters in the WiN study have been described previ-

36,7 : . .
ously.” Bleeding scores were assessed using the self-administered
version of the condensed Tosetto bleeding score, while current

bleeding phenotype was defined as bleeding episodes that re-
quired haemostatic treatment in the year prior to inclusion.*’
Platelet counts of type 2B patients were collected from
patient files. Thrombocytopenia was defined as platelet
counts below 150 x 10°/L. Persistent thrombocytopenia was
defined as thrombocytopenia throughout the total follow-up
period based on available platelet count data in medical
files. Intermittent thrombocytopenia was defined as plate-
let counts that fluctuated between reference values 150-

400 x 10%/L and below 150 x 10°/L.

Plasma measurements and statistics

Measurements of VWF parameters and PF4 in plasma, as
well as statistics are described in the Supporting information.

RESULTS
PF4 levels are lower in type 2B VWD

Plasma PF4 was measured in a total of 594 VWD patients
(Table S1; Figure S1). We found that PF4 levels differed across
VWD su]btypes (p < 0.0001, Figure 1). PF4 levels in type 2B
VWD patients [63.2 (32.1-115.4) ng/ml] were lower compared
to type 1 VWD patients [110 (70.7-160.7) ng/ml, p = 0.0003].

Potential determinants of PF4 plasma levels in
type 2A and 2B VWD

In the total VWD population, we found no association be-
tween PF4 and VWF:Ag, VWF activity, or VWF collagen

* % % %
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FIGURE 1 Platelet factor 4 (PF4) levels in the von Willebrand

disease (VWD) cohort. Distribution of PF4 plasma levels in ng/ml are

shown per subtype of VWD. Subtypes are type 1 (n = 368), type 2A

(n =125), type 2B (n = 50), type 2M (n = 20), type 2N (n = 12) and type
3 (n=19). Data shown as median * interquartile range. ****, p < 0.0001
[Colour figure can be viewed at wileyonlinelibrary.com]
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binding (data not shown). We found a small negative correla-
tion between PF4 levels and VWEF propeptide/ VWF:Ag ratio
in VWD patients (r = —0.083, p = 0.043) which was primarily
attributable to type 2A patients (r = —0.214, p = 0.017). In
line with this observation, we found a positive correlation
between PF4 and VWF:Ag levels in type 2A VWD patients
(r=0.229, p = 0.010).

A further, explorative, analysis of PF4 levels in types 2A
and 2B showed that levels may be associated with specific
mutations (Figure S2A,B). We found significantly lower PF4
levels in type 2B patients with persistent thrombocytopenia
when compared to patients with intermittent thrombocyto-
penia or normal platelet counts (Figure S2C).

PF4 levels associate with bleeding requiring
treatment in VWD patients

Finally, we investigated whether PF4 levels were associated
with bleeding phenotype in VWD patients (Figure 2A).
PF4 was not associated with total bleeding score [p = 0.02
(-0.52;0.56), p = 0.940]. However, we found that PF4 levels
in the total VWD cohort were positively associated with
the current bleeding phenotype [overall response (OR)
1.21 (1.02;1.43), p = 0.029]. Similarly, the third and fourth

(A) PF4 in quartiles

BRITISH JOURNAL OF HAEMATOLOGY

PF4 quartiles contained a higher proportion of patients
who experienced recent bleeding (Q1 = 28.7%, Q2 = 23.1%,
Q3 =34.5%, Q4 = 38.0%; Figure 2A).

When VWD types were analysed separately we only found
a significant association between PF4 and current bleeding
phenotype in patients with type 1 VWD [OR 1.40 (1.10-1.79),
p =0.007]. Descriptive data are further shown in Figure 2B.

DISCUSSION

In this study, we measured PF4 levels in a large and well-
defined cohort of VWD patients aiming to investigate
platelet degranulation in VWD. We found that PF4 levels
were positively associated with the current bleeding phe-
notype, mainly in type 1 VWD patients. We also identified
that type 2B VWD patients, particularly those with persis-
tent thrombocytopenia, had lower PF4 levels in compari-
son to type 1 VWD patients. Associations between PF4,
VWE levels and VWF mutations suggest that platelet de-
granulation could play role in type 2A and 2B VWD. In
conclusion, our associative findings highlight a potential
association between PF4 levels, as a measure for platelet
degranulation, and current bleeding phenotype in VWD
patients.
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FIGURE 2 Platelet factor 4 (PF4) levels in relation to current bleeding phenotype in the von Willebrand disease (VWD) cohort. PF4 plasma levels
were related to bleeding that required treatment in the year prior to inclusion. For this analysis, PF4 was subdivided into quartiles: 0.00-65.00 ng/ml (Q1),
65.40-105.90 ng/ml (Q2), 106.30-161.00 ng/ml (Q3) and 161.80-384.50 ng/ml (Q4). The proportion of patients with no bleeding (no bleed, blue) versus
bleeding (bleed, red) were plotted across the four quartiles of PF4 levels (A). Bleeding versus PF4 levels are also plotted per subtype and total population
(B). Data are shown as proportion (A) and median * interquartile range (B) [Colour figure can be viewed at wileyonlinelibrary.com]
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The role of platelets and their cargo release in the patho-
physiology and phenotype of VWD patients is largely un-
known, as there have been no large cohort association
studies until now. We found that PF4 levels were positively
associated with a current bleeding phenotype, particularly
in type 1 VWD. Considering that bleeding in type 1 VWD
patients is also determined by factors other than VWE,>*!%!!
our data suggest that platelet cargo release may be of partic-
ular interest in this subtype. Elevated PF4 levels may be in-
dicative of partial pre-release of platelet cargo or constitutive
platelet activation, suggesting platelets may no longer fully
function during primary haemostasis. This might explain
the increasing bleeding tendency in patients with higher PF4
levels, but mechanistic studies are required to further eluci-
date this.

We also found that PF4 levels were lower in type 2B com-
pared to type 1 VWD, especially in those with persistent
thrombocytopenia. Possibly, this indicates that the contin-
uous consumption of platelets'? (capable of releasing PF4)
in some of these patients leads to lower PF4 levels. Platelet
degranulation itself could also be affected, as PF4 levels in
type 2B patients without thrombocytopenia were also lower
than in type 1 VWD. A final explanation for lower PF4 levels
in type 2B may be due to megakaryocytic defects in type 2B
patients, which could directly affect PF4 synthesis."?

In the current study, we also identified a positive correlation
between PF4 and VWF levels in type 2A VWD patients. A re-
cent in vitro study has demonstrated that VWF and PF4 may
interact under specific conditions, possibly at the A2 domain
of VWE and that this interaction may affect ADAMTS13-
mediated cleavage of VWE'* Intriguingly, we found that type
2A patients with A2 mutations had high PF4 levels, which
might indicate a similar interaction in vivo. We did not find
an association between ADAMTS13 activity and PF4 levels
(data not shown), but the assay for ADAMTS13 activity is not
suited to determine how PF4 affects ADAMTS13-mediated
VWE proteolysis."” Thus, our data cannot decisively answer
if PF4 plays a role in VWF interactions and ADAMTS13-
mediated proteolysis in vivo yet, but suggests this could ulti-
mately be relevant to type 2A patients.

One limitation of the current study was that platelet de-
granulation was measured based solely on a plasma marker.
Ideally, a parallel approach would also measure platelet cell
surface activation markers, but this requires fresh platelet
samples. Finally, another limitation is that we had no access
to a healthy control dataset that was matched to the patient
population. A prospective follow-up study that includes both
VWD and healthy subjects would be very useful to further
elucidate the role of platelet degranulation in VWD.

In conclusion, we evaluated PF4 plasma levels as a marker
of platelet degranulation in a large cohort of VWD patients.
Our findings suggest that platelet degranulation may be as-
sociated with current bleeding phenotype in type 1 VWD,
and VWF levels and mutations in type 2A and 2B VWD.
Further mechanistic and prospective studies on the role of
platelet cargo in the pathophysiology of VWD will be needed
to elucidate the associations generated in this study.
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