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Summary

Von Willebrand factor propeptide (VWEDp) is a fragment of a new synthesized VWF molecule
that plays an important part in the biosynthesis of this protein. After completion of multime-
risation of von Willebrand factor (VWF) dimers in the Golgi apparatus, as result of furin
proteolysis VIWEpp is truncated/disconnected from the mature VWFE molecule to form a non-
-covalent complex with VWE The VWFEpp-VWF complex is stored in endothelial and platelet
storage granules and released into the bloodstream where it dissociates into VWEFpp and VWE

Plasma VWFEpp level and ratio of plasma VWF propeptide (VWEpp) to VWF antigen (VWF:Ag)
1.e VIWFpp [VWF:Ag ratio are important biomarkers of VWF synthesis/release/clearance. The-
se biomarkers have distinct therapeutic utility as they help to identify patients with von Wille-
brand disease (VWD) in whom DDAVP (desmopressin 1-desamino-8-D-arginine vasopressin)
1s ineffective due to rapid VWF clearance. They also have significant diagnostic value because
they help to differentiate between congenital VWD subtypes as well as between congenital VWD
and acquired von Willebrand Syndrome (AVWS).

The purpose of the study was to determine the VWEpp level and the VWEpp/VWE: Ag ratio in
patients with VWD and AVWS and to assess the significance of these biomarkers for diagnosis
and management of congenital and acquired von Willebrand disease.

Our study involved 120 VWD patients; 21 with AVWS and 111 healthy controls. Study re-
sults confirm that VWEFpp level and the VWFpp/VWE: Ag ratio have significant value for
discrimination between severe type 1 VWD and type 3 VWD as well as between acquired and
congenital VWD which has serious implications for thervapy. The biomarkers are also useful
for identification of patients in whom DDAVP treatment may prove ineffective. In type 1 VWD
(< 30 IU/ml) the VWFpp/VWE: Ag ratio was elevated in 57% of patients while in the group of
patients with threshold VWF values (‘Low VWE’, 30-50 IU/dL) the ratio was within normal,
which may be suggestive of other underlying causes of VWF deficiency. Assays in patients with
non-neutralizing anti-VWFE antibodies (AVWS) have shown that the VWFpp/VWEF: Ag ratio
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can have significant impact on monitoring therapy and assessment of remission in patients

with anti VWF antibodies.

Key words: Von Willebrand factor propeptide, biomarker, inherited von Willebrand

disease, acquired von Willebrand Syndrome

Introduction

Von Willebrand disease (VWD) is the most
common bleeding disorder, extremely hetero-
geneous in both clinical and diagnostic terms.
The disease may either be inherited or acquired
(acquired von Willebrand Syndrome, AVWS) and
in both disorders bleeding is caused by the defi-
ciency of von Willebrand factor (VWF) which is
a protein involved in blood clotting as well as in
platelet adhesion and aggregation. However, the
pathogenesis of VWF deficiency in each disorder
is different.

Inherited von Willebrand disease (VWD)

Inherited von Willebrand disease was first
described and differentiated from hemophilia in
1926 by the Finnish doctor Eric von Willebrand [1].
According to epidemiological investigations, VWF
deficiency is responsible for this bleeding disorder
in approximately 1% of the general population —
but not all have clinically significant bleeding [2].
VWD is inherited in an autosomal dominant and less
often recessive pattern [3]. The disease presents
both phenotypic and genetic variations which is
illustrated by the fact that until 1994 more than 20
variants have been described. In 1994, a simplified
VWD classification was introduced which is valid
until today with minor modification made in 2006
[4, 5]. The current classification includes 3 types
and 4 subtypes of VWD. In VWD type 1 and 3 the
defect is quantitative caused by partial impairment
or complete lack of VWF synthesis, while in type 2
(24, 2B, 2M, 2N), the defect is qualitative and is
most often attributed to VWF gene mutations.
Approximately 70% of VWD patients are diagnosed
with type 1 and in half the number VWF half-life
is shorter which may imply little or no effect of
1-desamino-8-days-arginine vasopressin (DDAVP)
[6]. In VWD type 1, the shorter VWF half-life is
characteristic of the 1C VWD variant [7]. VWD type
1C (Clearance) was first described in 2006 when
shorter VWF survival in plasma was determined in
four families [8]. Type 1 C VWD was characterized
by shorter VWF half-life (4.4 fold shorter compared
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to healthy controls), a higher increase and a rapid
decrease of VWF level after DDAVP, high VWFpp/
/VWEF: Ag ratio as well as normal platelet count
and VWF level. Laboratory tests also demonstrate
reduced VWF: RCo and VWF: Ag levels in plasma.
In VWD type 1 C, VWF synthesis, multimerisation
and release are within normal. VWF multimers are
usually larger than in normal plasma and multimer
analysis shows abnormal VWF triplet pattern.
Paradoxically, the presence of higher molecular
weight multimers is the result of impaired VWF
degradation by ADAMTS13 (A Disintegrin And
Metaloprotease with ThromboSpondin -1 motif)
due to rapid clearance rate of VWF from plasma
[6, 7, 9-11].

In some clinical situations it is difficult to
correctly differentiate VWD type 1C and severe
VWD type 3 because VWF levels in type 1C can
be as low as < 5 IU/dl [12].

Acquired von Willebrand syndrome
(AVWD)

Acquired von Willebrand syndrome is a rare
bleeding disorder with symptoms similar to inhe-
rited von Willebrand disease [13-16]. It occurs in
0.04-0.13% of the general population [17]. Unlike
VWD, AVWS appears regardless of age, most often
in elderly people with no personal or family history
of bleeding but associated with other underlying
diseases [17]. The first reported case of AVWS
was that of a 7-year-old boy with systemic lupus
erythematosus described in 1968 [18]. In 2000,
Federici et al. [19] published study results of 186
AVWS patients from 50 hematological centers.
AVWS was reported to occur in 63% of hemato-
logic malignancies, mostly lymphoproliferative
(48%) and myeloproliferative (15%) diseases,
cardiovascular disorders (21%), solid tumors
(5%), autoimmune disorders (2%) and others
(9%). Within the category of lympho- and myelo-
proliferative diseases, AVWS is most common in
monoclonal gammopathies of unknown etiology
MGUS, monoclonal gammapathy of undetermi-
ned significance), multiple myeloma and essential
thrombocythaemia (ET).
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In some AVWS patients bleeding disorders are
the first symptoms of the underlying disease. Re-
current bleeding — from mild to severe — occurs
in approximately 20-33% of patients. Life threate-
ning are particularly spontaneous bleedings during
surgical procedures which occur in persons with no
bleeding disorders in medical history [17, 19, 20].

The mechanisms responsible for AVWS are
mainly:

— increased VWF clearance by autoantibodies;

— VWF adsorption on cancer cells, platelets and
other surfaces;

— high ionic strength affecting the loss of HMW
(high molecular weight) multimers;

— increased proteolytic degradation (plasmin,
calpain, elastase, ADAMTS13) [21, 22].
Correct diagnosis and classification of VWF

deficiency as well as determination of the cause

have significant impact on therapy. The panel of
available diagnostic tests for VWD is wide but
still not sufficient enough, especially with regard
to VWD types and subtypes. Laboratories world-
wide are therefore working on the modification of
old diagnostic methods as well as development of
new methods for more precise assessment of the
deficiency [23-28]. One such practice is determina-
tion of von Willebrand factor propeptide (VWFpp)
using a method available only in high-tech labora-
tories) [11, 29-33].

Von Willebrand factor propetide

Von Willebrand factor propetide (VWFpp)
was first described in 1978 by Montgomery and
Zimmermann [34] as part of the von Willebrand
factor precursor molecule (pre-pro VWF) which
is formed during biosynthesis of this protein in
endothelial cells and megakaryocytes [12, 35, 36].
The VWF precursor molecule is a 2,813-residue
polypeptide consisting of a 22-residue signal pep-
tide, a 741-residue VWF peptide (VWFpp) and the
2,050-residue mature subunit. Upon biosynthesis,
VWEF precursor molecule undergoes intracellular
modifications. The signal peptide (pre) is discon-
nected, pro-dimers are formed in the endoplasmic
reticulum through disulfide bonds between C-ter-
minal cysteine 1908-2050-residues, which undergo
glycosylation and sulfonation in subsequent stages
of biosynthesis. Pro-dimers are trafficked into Golgi
apparatus where multimerization continues with
the formation of interchain disulfide bonds between
cysteine residues within the N-terminal D3 domain
of pro-VWF [37-39]. D1, D2 domains of VWFpp and
D ‘and D3 domains of N-terminal of the VWF mono-

mer are involved in the multimerization process
[40-45]. As a result of furin (membrane-bound Ca
1on dependent endoprotease) proteolysis, VWFpp
is released into the environment. Proteolysis
occurs at position 763 VWE between the end of
VWFpp and D’'VWF domain [44, 46].

Up to date, it was believed that VWFpp stored
in endothelial cells and alpha granules forms
anon-covalent complex with VWF and after release
into circulation dissociates into VWFpp and VWF
under the influence of physiological and patho-
logical stimuli [23, 47]. In 2012, Madabhushi et al.
[48] demonstrated that VWF and VWFpp form
a non-covalent complex (VWFpp-D-D3-VWF) also
in circulation and the interaction of VWFpp and the
D’D3 VWF domain is an important hemostasis-
regulatory mechanism. It reduces the accessibility
of the VWF A1l domain for platelet GPIbe, limits
VWEF proteolysis by ADAMTS13, inhibits stabiliza-
tion and factor VIII: C binding [49, 50].

VWEFpp circulates as a noncovalent homodi-
mer at concentrations of approximately 1 wg/ml
as opposed to 10 ug/ml of mature VWF; the mean
half-life for VWFpp and VWF is 2-3 hours and
12 to 24 hours respectively [24, 47, 51]. In normal
plasma the concentration of VWFpp and VWF is
100% i.e. 1 ml of normal plasma contains 1 unit of
VWEF and 1 unit of VWFpp; the VWFpp/VWF: Ag
ratio equals 1 regardless of the actual concentra-
tion. The ratio of both molecules released into the
circulation is 1:1.

Differences in VWFpp and VWF half-life that
reflect the clearance rate of VWF from plasma have
been used in diagnostics of VWD [24-27, 30, 51] and
AVWS [52-55]. VWFpp concentration, the VWFpp/
/VWF: Ag ratio as well as the VIII: C/VWEF: Ag ratio
are already recognized biomarkers of VWF synthe-
sis, release and clearance [47, 56]. In AVWS cases
of acquired VWF inhibitor, VWF is rapidly removed
from circulation whereas VWFpp remains normal
at significantly increased VWFpp/VWEF:Ag ratio.
Because VWFpp concentration does not depend on
ABO blood group [57], its concentration in plasma is
believed to be a more sensitive marker of endothe-
lial cell activation/damage than VWF concentration.
Elevated VWFpp levels occur in patients with hy-
pertension, diabetes, systemic sclerosis, myocardial
infarction as well as thrombotic thrombocytopenic
purpura and haemolytic uremic syndrome [57-60].

Biomarkers of VWF synthesis and clearance

Von Willebrand’s disease is very heterog-
enous therefore a correct diagnosis requires
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several laboratory diagnostic tests, some of
which can be performed only in high-specialized
laboratories. One such test is the measurement
of VWF propeptide (VWFpp) and determina-
tion of the VWFpp/VWF: Ag ratio and the factor
VIII: C/VWF: Ag ratio. Implementation of this
assay into routine diagnostics of VWD [9, 13]
has been discussed for many years now. The
VWFpp test performed in various laboratories
is based on the assumption that 1 unit corre-
sponds to the concentration of VWFpp in 1 ml
of plasma. Studies that indicate the importance
of VWFpp assessment for the diagnosis of both
congenital and acquired von Willebrand disease
are becoming more frequent. VWFpp is believed
to be an important biomarker of VWF synthesis,
release and clearance in circulation. Lower values
or absence of VWFpp may imply impairment of
these processes but may also suggest the type
of causative mutation [8-10, 25, 40, 41, 61]. The
advantage of VWFpp assay is its independence
of blood type; there are no ABO antigens on the
VWFpp molecule while they are present on the
VWF molecule [24]. In the assessment of VWF
synthesis, release and clearance, we rely mostly
on VWFpp/VWEF: Ag ratio and VIII: C/VWEF: Ag
ratio and not on VWFpp level. [11, 61]. Elevated
VWFpp/VWEF: Ag ratio occurs in patients with
increased VWF clearance (VWD 1C) while the
normal ratio may appear in patients with normal
clearance but with impaired secretion/release and
intracellular retention of VWE.

The VIII: C/VWEF: Ag ratio is another impor-
tant biomarker of VWF synthesis and clearance
(apart from the VWFpp/VWEF: Ag ratio). Unlike
VWF and VWFpp, which appear independently
in circulation, factor VIII forms a non-covalent
complex with VWF (1 VIII molecule to 50 VWF
monomers). The complex with VWF protects
factor VIII against proteolytic degradation [62].
Each VWF monomer has 1 binding site for VIII:
C, which implies that there are many free sites
capable of binding VIII: C. The concentration
of coagulation factors is expressed in units per
1ml of plasma, therefore the ratioVIIl: C/VWEF:
Ag in normal plasma is 1. Reduction/absence
of VWF is believed to automatically cause fac-
tor VIII deficiency (type 2N VWD). Increased
VIII: C/VWEF: Ag ratio occurs when synthesis or
release are defective; VIII: C/VWF: Ag ratio is
within normal when VWF deficiency is caused
by accelerated VWF clearance [61]. Elevated

VIII: C/VWF: Ag ratio at impaired VWF syn-
thesis/release is explained by the fact that all
synthesized VIII: C can bind to VWF because
VWF has many unoccupied VIII: C binding
sites. As consequence, reduction of VWF by
50% (heterozygotes of the null allele) causes a
twofold increase in the VIII: C/VWEF: Ag ratio.
The same mechanism explains why in 2N VWD
heterozygotes, the ratioVIIl: C/VWF: Ag equals
1 although the binding capacity of facor VIII: C
1s impaired. 2N heterozygotes have 50% normal
subunits and 50% subunits with reduced or no
factor VIII binding. The 50% of normal mono-
mers bind the whole factor VIII and so VIII: C/
VWF: Ag ratio is not reduced.

Material and methods

Tests were performed in a total 252 persons:
1. 111 controls (VWF concentration 50-100 IU/dL);
2. 120 VWD patients (VWF:RCo concentration
< 5-50 IU/dL);
3. 21 AVWS patients, including:

— 3 MGUS patients (P-1, P-2, P-3);

— P-1-A-tests performed in regression follow-
ing combined (cyclophosphamide + dexa-
methasone + immunoglobulin) therapy,

— P-2 three tests performed:

e P-2-A — at the start of treatment which
involved 2 courses of bortezomide + do-
xarubicin + dexamethason-PAD,

e P-2-B — during therapy, after 6 courses
of PAD followed by transplantation of pe-
ripheral blood stem cells (PBSCT),

* P-2-C — following treatment, during com-
plete remission which lasted 292 days,

— P-3-A tests performed after dexamerhazon
pulse therapy,

— 11 patients with essential thrombocytosis
(ET) and 7 patients with aortic stenosis (SA).
With the exception of the 7 last patients under
the care of the Institute of Cardiology in Anin,
all were patients of the Institute of Hematol-
ogy and Transfusion Medicine in Warsaw.

Factor VIII activity (VIII: C), antigenic level
of von Willebrand factor (VWF: Ag), ristocetin
cofactor (VWF: RCo) assays were performed
with Siemens reagents on the BCS XP Siemens
analyzer. According to Krizek et al. [63], VWF
multimers and von Willebrand factor propeptide
were determined using ELISA assay and Sanquin
reagents (Amsterdam).
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Table 1. Characteristics of the control group (n = 111)

Research Range Average value = SD Median
VIII:C [1U/dL] 57.1-162.1 114.3 = 21.11 113
VWEF:Ag [IU/dL] 58.3-158.42 98.4 + 24.6 96
VWEF:RCo [IU/dL] 51.5-139.4 88.3 +£ 235 834
VWFpp [1U/dL] 40-136 78.7 £ 23.2 74
VII:C/VWEF:Ag 0.55-1.68 1.20 £ 0.29 1.2
VWEF:RCo/VWF:Ag 0.58-1.34 0.89 = 0.16 0.88
VWFpp/VWF:Ag 0.49-1.98 0.82 + 0.23 0.79

VWF:RCo — ristocetin cofactor; VWF:Ag — antigen VWF; VWFpp — propeptide VWF; factor VIII — VIII:C

Table 2. Results of the tests of VWD patients (n = 7) with concentration of VWF:Ag < 5 IU/dL
Nr \"/||He VWF:Ag VWEF:RCo VWF:Rco/ VWFpp VWFpp/

[%] [1U/dL] [1U/dL] /VWF:Ag [1U/dL] /VWF:Ag

1 2.37 2.37 < PD* < PD* < PD* < PD*
2 2.36 < PD* < PD* < PD* < PD* < PD*
3 2.0 < PD* < PD* < PD* < PD* < PD*
4 15.0 < PD* < PD* < PD* < PD* < PD*
5 16.81 4.6 1.79 0.38 72 15,6
6 19.25 < PD* < PD* < PD* < PD* < PD*
7 < PD* < PD* < PD* < PD* < PD* < PD*

*PD — results below detection level

Results (72%) while VWFpp/VWF: Ag markedly elevated

Tests involved 252 persons: 111 controls; 120
VWD patients and 21 AVWS patients aged 17-70.

Control group

The parameters for the control group were
as follows: VWF:RCo from 114.3 = 21.1 IU/
/dL; VWF:Ag — 98.4 = 24.67 IU/dL;
VWF:RCo/VWF:Ag ratio 0.89 =+ 0.16;
VWFpp level 78.72 = 23.26 1U/dL;
VWFpp/VWF:Ag ratio — 0.81 =+ 0.22 (Table 1).
Based on the test results, we accepted the following
normal values: for VWFpp — values from 40-136
IU/dL, for VWFpp/VWF:Ag ratio — 0.49-1.98 and
VIII:.C/VWF:Ag ratio — 0.55-1.68. VWFpp/VWE:
Ag ratio of 2.0 was the threshold value in our study.

Inherited von Willebrand disease

Patients (n = 7) with VWD and VWF:Ag

< 5 IU/dL and VWF:RCo < 10 IU/dL (Table 2)
In 6 patients VWFpp level and VWFpp/

/VWF:Ag ratio were below detection threshold

(type 3 VWD). In one patient, VWFpp was normal

— 15.6 (n-2.0). T, which implied significantly
increased VWF clearance and was suggestive of
VWD type 1C.

VWD type 1 patients with VWF:RCo of 10-
-20 IU/dL (n = 15) (Table 3)

VWFpp was reduced (n = 40-136 IU/dL)
in 12 (80%) patients, while the VWFpp/VWEF: Ag
ratio was elevated/increased (> 2.0) in 6 (40%).
In 13 patients (86.6%) the Factor VIII: C/VWF:
Ag ratio was increased as compared to control
group.

VWD type 1 patients (n = 5) with VWEF:
RCo of 20-30 IU/dL (Table 4).

In one patient (20%) VWFpp was reduced
and in two (40%) the VWFpp/VWF:Ag ratio was
increased. Factor VIII: C/VWF:Ag was elevated in
4 (80%) patients.

VWD type 1 patients (n = 16) with VWF:
RCo of 30-40 IU/dL (Table 5).

In 6 (37.5%) patients, VWFpp level was re-
duced; the VWFpp/VWEF:Ag ratio was reduced in
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Table 3. Test results of type 1 VWD patients (n = 15) and concentration of VWF:RCo 10-20 IU/dL

Nr VIII:C VWEF:Ag VWF:RCo VWFpp VIII:C/ VWEF:RCo/ VWFpp/
[1u/dL] [1u/dL] [1/dL] [1U/dL] /NWF:Ag /NWF:Ag /NWF:Ag

1 26.99 16.32 11.77 24 1.65 0.72 1.47

2 23.71 12.16 11.61 32.8 1.94 0.95 2.69

3 31.02 17.51 13.36 152 1.77 0.76 8.68

4 51.89 19.85 17.98 22 2.6 0.9 21.1

5 42.49 13.67 10.38 24 3.1 0.75 1.75

6 67 22 16 7.2 3.04 0.72 0.32

7 55 16 13 6 3.43 0.81 0.375

8 71 27 20 18 2.62 0.74 0.66

9 42 15.8 15 30 2.65 0.94 1.89

10 27 12.9 12 96 2.09 0.93 7.44

11 41.19 13.34 11.32 6 3.06 0.84 0.44

12 32.6 18.34 14.47 60 1.77 0.78 3.27

13 67.9 15.45 11.25 36 4.39 0.72 2.33

14 55.45 19.42 16.41 24 2.85 0.84 1.23

15 40.85 20.02 16.52 20 1.64 0.82 0.99

Range 27-67.9 12.16-27 11.25-20 6-152 1,64-3.43 0.72-0.94 0.99-8.68

Average * SD 4507 £1567 1731395 1407284 230=*=249 274111 0.81 = 0.08 230=*249

Median 42 16.32 13.36 1.47 2.85 0.81 1.47

Table 4. Test results of type 1 VWD patients (n = 5) and concentration of VWF:RCo 20-30 1U/dL

Nr VIII:C VWF:Ag VWF:RCo VWFpp VIII:C/ VWF:RCo/ VWFpp/
[1U/dL] [1U/dL] [1U/dL] [1U/dL] /VWF:Ag /VWF:Ag /VWF:Ag

1 67.29 33.69 29.98 68 1.99 0.88 2.01

2 64.1 27.61 25.27 32 2.32 0.91 1.15

3 65.33 29.16 21.67 68 2.24 0.74 2.33

4 65.23 31.52 27.45 52 2.06 0.87 1.64

5 56.71 37.26 27.07 56 1.52 0.72 1.5

Range 56.71-67.29 27.61-37.26  21.67-29.98 32-68 1.52-2.32 0.72-0.91 1.15-2.33

Average 63.73 £4.08 318438 26.28+3.08 552=*=14.8 2.06=0.31 0.82 = 0.08 1.72 £ 0.45

Median 65.23 31.52 27.07 56 2.06 0.87 1.64

1 patient (6,25 %). In one patient (6.25%) VIII:C
was slightly reduced; in 8 (50%) VIII.C/VWF:Ag
ratio was elevated.

VWD type 1 patients (n = 26) with VWEF:
RCo of 40-50 1U/dL (Table 6).

For all patients with VWF:RCo of 40-50%
the VWF:RCo/VWF: Ag ratio was > 0.7. In 8/26
(30.7%) patients VWFpp was reduced; VIII:C/
/VWF:Ag was elevated in 9/26 (34.61%) patients
(normal range 0.55-1.68); VWFpp/VWF:Ag ratio
was within normal range for 26/26 patients; for
3/26 (11.5%) a correlation was observed between
VWFpp reduction and VIIII: C/VWF:Ag ratio.

VWD type 2A patients (n = 11) VWF:RCo

< 10 IU/dL and VWF:Ag > 10 IU/dL (Table 7)
In 10 (90.9%) patients, the VWFpp level was

normal. In 10 (90.9%) patients VWFpp/VWEF: Ag

and VIII: C/VWF: Ag ratios were elevated (> 2.0).

VWD type 2A patients (n = 19) with
VWEF:RCo — 10-20 IU/dL (Table 8)

In 3 patients (15.7%) VWFpp was reduced,
elevated in 1 person, normal in others. The ra-
tio VWFpp/VWEF: Ag was increased in 6 people
(31.57%). Factor VIII: C/VWEF: Ag was elevated in
15 patients (78.9%).
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Table 5. Test results of type 1 VWD patients (n = 16) and concentration of VWF:RCo 30-40 1U/dL

Nr VIII:C VWF:Ag VWF:RCo VWFpp VII:C/ VWF:RCo/ VWFpp/
[1U/dL] [1U/dL] [1U/dL] [1U/dL] /NWF:Ag /NWF:Ag /NWF:Ag

1 72.44 35.03 39.51 32.8 2.06 1.12 0.93

2 72.59 45.28 36.6 60.8 1.6 0.8 1.34

3 101.38 82.61 34.25 152 0.81 0.7 1.83

4 67.31 48.67 35.04 60.8 1.38 0.71 1.24

5 73.19 40.03 40.52 46 1.82 1.01 1.14

6 68.81 38.78 34.16 10 1.77 0.88 0.25

7 73.32 39.48 34.6 26.8 1.85 0.87 0.67

8 32 35.08 36 20 0.91 1.02 0.57

9 62 41 33 72 1.51 0.80 1.75

10 76.6 38.7 39.11 76 1.97 1.01 1.96

11 91.5 38.67 39.89 24 2.36 1.03 0.62

12 76.1 36.90 31.78 28 2.09 0.87 0.77

13 61.38 42.94 39.55 60 1.42 0.92 1.39

14 73.14 37.62 34.82 52 1.42 0.92 1.38

15 60.89 4414 39.7 60 1.37 0.89 1.51

16 96.39 37.92 39.38 72 2.54 1.03 1.82

Range 32-101.38 35.03-82.61 33-40.52 10-152 0.81-2.54 0.7-1.12 0.25-1.96

Average + SD 72.44 = 42.64 = 36.74 = 2.87 53.32 + 1.68 £ 0.47 0.91 = 0.12 1.19 £ 0.51
16.01 11.28 33.48

Median 72.86 39.13 36.3 56 1.68 0.9 1.29

VWD type 2A patients (n = 8) and VWF:
RCo of 20-30 IU/dL (Table 9)

In 2 patients (25%) VWFpp was reduced
and the VWFpp/VWEF: Ag ratio was elevated in 1
(12.5%). For the whole group factor VIII: C was
normal and the factor VIII: C/VWEF: Ag ratio eleva-
ted in 5 patients (62.5%).

VWD type 2A patients (n = 13) and VWF:
RCo of 30-40 IU/dL and partially reduced
HMW VWF multimer fraction (Table 10)

In 5 patients (38%) VWFpp was reduced and
elevatedin 2 (15%); VWFpp/VWF:Ag ratio was el-
evated in 2 (15.38%) patients. In 4 (30.7%) patients
the VIII: C/VWF; Ag ratio was elevated.

Acquired von Willebrand syndrome

Patients with AVWS due to appearance of
antibodies in the course of monoclonal gam-
mapathy (n = 3) (Table 11)

Patients with anti-VWF antibodies (P-1-A,
P-2-A, P-3-A) at the beginning of therapy have re-
duced factor VIII: C level (< 10IU/dL; 28.37 IU/dL;

22 IU/dL, VWF:RCo of < 10 IU/dL < 9.89 IU/dL,
< 10 IU/dL respectively and VWF antigen concen-
tration of 47 IU/dL, 14.67 1U/dL; 21 IU/dL present-
ed normal or slightly increased VWFpp values. On
the other hand, the VWFpp/VWEF: Ag ratio was sig-
nificantly elevated to 3.57, 5.7; 4.57 respectively
(n = 0.49-1.98). Patient P-1-A with VIII: C below de-
tection threshold presented reduced VIII: C/VWF:
Ag ratio; for patients P-2-A and P-3-A the ratio was
higher.

Patient P-2 was evaluated at various stages
of (P-2-A; P-2-B; P-2-C) therapy and test results
showed reduction of VWFpp/VWF: Ag ratio from
5.7 to 3.14 and of VIII: C/VWF: Ag ratio from 1.93 to
1.78 during treatment and return to normal values
in complete remission.

Patients with AVWS in the course
of essential thrombocythaemia (n = 11)
(Table 12)

VIII: C activity was normal for all patients;
VWEF: RCo/VWF: Ag ratio < 0.7; VWFpp was nor-
mal or elevated; VWFpp/VWEF: Ag ratio and VIII:
C/VWEF: Ag ratio were normal.
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Table 6. Test results of type 1 VWD patients (n = 26) and concentration of VWF:RCo 40-50 1U/dL

Nr VIII:C VWF:Ag VWF:RCo VWFpp VIII:C/ VWF:RCo/ VWFpp/
[1U/dL] [1U/dL] [1U/dL] [1u/dL] /NVWF:Ag /NWF:Ag /NWF:Ag
1 77.43 46.35 47.09 36 1.67 1.01 0.77
2 88.14 57.29 46.47 60 1.53 0.81 1.04
3 94.96 50.29 46.13 36 1.88 0.91 0.71
4 98.55 59.37 43.3 48 1.65 0.72 0.80
5 116.46 57.18 47.73 80 2.03 0.83 1.39
6 97.69 57.18 47.73 44 1.7 0.83 0.76
7 108.86 62.23 41.18 68 1.74 0.7 1.09
8 100.52 54.66 46.73 40 1.83 0.85 0.73
9 73.19 40.03 40.52 46 1.82 1.01 1.14
10 55.35 41.89 45.95 44 1.32 1.09 1.05
11 88.96 51.18 45.49 48 1.73 0.89 0.93
12 96.67 64.45 47.94 40 1.49 0.74 0.62
13 108.41 64.39 40.95 76 1.68 0.73 1.18
14 92.89 47.92 43.54 38 1.93 0.90 0.79
15 92.51 41.95 40.83 26 2.2 0.97 0.61
16 81 54 41 44 1.5 0.75 0.81
17 93 57 43 30 1.63 0.75 0.52
18 64 58.85 48.22 34 1.08 0.81 0.57
19 89.98 54.92 44.97 52 1.63 0.82 0.94
20 90.53 56.26 43.28 36 1.6 0.76 0.63
21 57.75 53.73 48.14 36 1.07 0.89 0.67
22 75.95 56.81 48.3 48 1.33 0.85 0.84
23 80.4 51.76 44.81 52 1.55 0.86 1.0
24 73.63 51.23 48.6 44 1.43 0.94 0.85
25 86.38 62 44.35 68 1.39 0.71 1.09
26 94.14 66.1 49.3 72 1.42 0.74 1.08
Range 55.35-116.46 40.03-66.1 41-49.3 26-72 1.07-2.2 0.7-1.09 0.52-1.39
Average 8759 £ 149 5457 =695 4521 *278 4792 +1447 1.60=*0.26 0.84 = 0.10 0.86 = 0.21
+SD
Median 90.25 55.59 45.72 44 1.63 0.83 0.82

Patients with lack of high molecular multi-
mers VWF in the course of aortic stenosis
(n = 11) (Table 13)

Seven (7) patients with aortic stenosis and ab-
sence of high molecular multimeters at high VWE:
RCo concentrations prior to TAVI (transcatheter
aortic valve implantation), presented normal or
slightly reduced VWFpp/VWEF: Ag ratio.

Discussion

Our study results confirm those of other
authors who demonstrated VWFpp and VWFpp/
/VWEF: Ag ratio as well as VIII:C/VWF:Ag ratio to

be important biomarkers of normal synthesis and
VWF clearance which have significant value for
differentiation of VWD types and discrimination be-
tween VWD and AVWS. Determination of VWFpp
and VWFpp/VWF:Ag ratio has therapeutic sig-
nificance because accelerated VWF clearance may
impair the effectiveness of DDAVP treatment [64].

The tests were performed in 120 patients with
inherited VWD) (type 1, 2, 3) and 21 patients with ac-
quired von Willebrand syndrome. The results were
compared to those of controls (111) where the pa-
rameters were as follows: VWFpp — 40-136 IU/dL;
VWFpp/VWF: Ag ratio — 0.49-1.98 and VIII:
C/VWF: Ag ratio 0.55-1.68 (Table 1).
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Table 7. Test results of type 2A VWD patients (n = 11) (VWF:RCo < 10 IU/dL and VWF:Ag > 10 IU/dL)

Nr VIII:C VWF:Ag VWF:RCo VWFpp VIII:C/ VWEF:RCo/ VWFpp/
[1U/dL] [1U/dL] [1U/dL] [1u/dL] /NWF:Ag /NWF:Ag /NWF:Ag

1 95.5 44.72 7.01 120 2.1 0.15 2.68

2 109.99 41.27 3.12 108 2.6 0.075 2.61

3 110.74 50.5 9.23 128 2.1 0.18 2.53

4 44.46 13.82 1.67 44 3.2 0.12 3.18

5 41.73 20.45 5.14 46 2.04 0.25 2.24

6 32.28 104 1.4 76 3.1 0.13 7.3

7 38.4 16.78 7.2 96 2.2 0.42 5.72

8 37.38 16.41 8.31 72 0.43 0.50 4.38

9 19.89 10.16 2.82 68 1.95 0.27 6.69

10 49.93 23.94 9.55 36 2.08 0.39 1.5

11 33.81 17.96 8.33 104 1.88 0.46 5.79

Range 19.69-110.74 10.16-50.5 1.4-9.55 36-120 0.43-2.6 0.075-0.5 1.5-6.69

Average 55.81+ 3297 2421 +1438 579+3.08 81.63=*x31.78 2.15=%*0.72 0.26 = 0.15 4.05*20

Median 41.73 17.96 7.01 76 2.1 0.25 3.18

Table 8. Patients (n = 19) with type 2A VWD and concentration of VWF:RCo 10-20 IU/dL

Nr VIII:C VWF:Ag VWF:RCo VWFpp VII:C/ VWF:RCo/ VWFpp/
[1U/dL] [1U/dL] [1U/dL] [1U/dL] /VWF:Ag /VWF:Ag /VWF:Ag
1 107.9 56.61 14.56 44 1.9 0.25 0.77
2 79.53 45.57 17.52 44 1.74 0.38 0.9
3 61.15 29.71 17.13 64 2.05 0.57 2.15
4 99.5 44.72 10.1 132 2.2 0.22 2.95
5 52.15 23.05 12.27 26 2.22 0.53 1.12
6 75.7 109.68 11.8 260 0.69 0.1 2.37
7 65.23 29.03 12.85 40 2.24 0.44 1.37
8 54.01 18.01 11.05 106 2.99 0.61 5.88
9 98 56.93 19 62 1.72 0.33 1.08
10 66 33 14 50 2.0 0.42 1.51
11 84 51 13 44 1.64 0.25 0.86
12 53 26 13 64 2.03 0.5 2.46
13 87.92 45.43 10.71 140 1.93 0.23 3.08
14 67.82 21.55 14.35 40 3.14 0.66 1.85
15 54.14 37.3 13.94 64 1.45 0.37 1.71
16 49.93 23.94 10.55 28 2.08 0.44 1.16
17 61.01 24.88 13.78 48 2.45 0.55 1.92
18 79.2 47.58 11.69 72 1.66 0.24 1.51
19 61 24.8 13.78 36 2.45 0.55 1.45
Range 49.9-260 23-109.6 10-17.52 26-260 1.4-5.88 0.1-0.66 0.86-5.88
1.9 = Average =SD  71.7 £55.6 394 *21 1342 *24 71.7=*556 2.0=*=0.53 0.5 = 0.1 1911
Median 50 33 13 50 2.03 0.42 1.51
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Table 9. Test results of type 2A VWD patients (n = 8) and concentration of VWF:RCo 20-30 IU/dL

Nr VIII:C VWF:Ag VWF:RCo VWFpp VII:C/ VWEF:RCo/ VWFpp/
[1U/dL] [1U/dL] [1U/dL] /NWF:Ag /NWF:Ag /NVWF:Ag

1 91.29 42.63 26.46 66 2.14 0.62 1.54

2 116.84 76.91 26.1 60 1.51 0.33 0.78

3 62 64 26 68 0.96 0.4 1.06

4 92.05 50.6 26.43 48 1.81 0.52 0.94

5 85.45 40.02 24.19 32.8 2.13 0.6 0.82

6 90.85 43.95 29.86 48 2.06 0.67 1.09

7 66.13 334 22.21 18 1.97 0.66 0.54

8 62.95 47.34 275 68 1.32 0.58 2.47
Range 62-116.84 33.4-76.91 22.21-29.86 32-68 1.52-2.32 0.33-0.67 0.54-2.47
Average  83.44 = 1885 49.85 = 14.1 26.09 224 552=*148 2.06=*031 054+0.12 1.15*0.6
Median 88.15 45.64 26.26 56 2.06 0.59 1.0

Table 10. Test results of type 2A VWD patients (n = 13) concentration of VWF:RCo 30-40 IU/dL and partially redu-

ced HMW VWF multimers fraction

Nr VIiI:C VWF:Ag VWF:RCo VWFpp VIII:C/ VWEF:RCo/ VWFpp/
[u/dL] [lu/dL] [IU/dL] [IU/dL] /NWF:Ag /NWF:Ag /NWF:Ag

1 87.71 56.46 36.09 28 1.55 0.63 0.92

2 61.87 35.47 39.42 36 1.74 0.55 1.01

3 57.77 126.45 37.62 352 0.45 0.29 2.78

4 101.38 82.61 34.25 144 1.22 0.41 1.74

5 75.08 49.82 33.37 38 1.5 0.66 0.76

6 115.58 51.57 33.74 32 2.24 0.64 0.62

7 117.2 55.44 32.53 24 2.1 0.58 0.43

8 87.86 47.44 3234 42 1.84 0.68 0.88

9 86.44 57.02 39.64 42 1.51 0.69 0.73

10 75.08 49.82 33.37 48 1.5 0.67 0.96

11 61.87 61.87 36.78 44 1.0 0.59 1.19

12 80.87 63.15 38.09 84 1.28 0.6 2.2

13 85.7 59.3 315 80 1.44 0.53 1.34

Range  57.77-115.58 35.47-126.45 31.5-39.64 28-352 1.2-2.28 0.29-0.69 0.73-2.78

Average 84.18 + 1887 61.26+2236 3528+279 7646=8896 1.49+046 05784+0.1153 1.19 *0.67

+SD

Median 85.7 56.46 34.25 42 1.5 0.6 0.96

The first part of the study consisted in analysis
of the importance of VWFpp for differentiation of
VWD types and subtypes. Our results were con-
sistent with those of other authors [8-11].

Test results of VWD type 1 patients (Tables
2-6) revealed that the frequency of rapid VWF
clearance, impaired synthesis/release of VWF
depends on the degree of VWF deficiency. VW-
Fpp/VWF: Ag ratio was elevated inabout 60% of
patients with VWEF: RCo 10-20 IU/dL and in 40%

of patients with VWF: RCo of 20-30%; altogether
in 57% of patients with VWD1 (< 30 IU/dL). On
the other hand, for all patients with threshold val-
ues of VWF (Low VWF 30-50 IU/dL) it was found
normal, which may imply a different underlying
cause of VWF deficiency than in VWD1 patients
(< 30 IU/dL).

In VWD type 2 patients (tables 7-10) eleva-
ted VWFpp/VWEF: Ag and VIII: C/VWF: Ag ratios,
impaired synthesis and rapid VWF clearance were
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Table 11. Patients with AVWS caused by antibodies anti VWF in MGUS process

Nr VIII:C VWF:Ag VWF:RCo VWFpp VWFpp/ RCo/ VII:C/
[1U/dL] [1U/dL] [1U/dL] [1U/dL] /Ag /NWF:Ag /NWF:Ag
P-1-A <10 47 < 10% 168 3.57 ND Nd
P-2-A 28.37 14.67 < 9.89 84 5.7 ND 1.93
P-2-B 59 33.03 15.85 104 3.14 0.47 1.78
P-2-C 145.69 137.92 149.2 88 0.63 1.08 1.05
P-3-A 22 21 <10 96 4.57 ND
P-1; P-2; P-3 — patients; A — before the treatment; B — during the treatment; C — after the treatment
Table 12. Patients with AVWS during essential thrombocythaemia (ET)
Nr VIII:C VWF:Ag VWF:RCo VWFpp ViII:C/ VWF:RCo/ VWFpp/
[1U/dL] [1U/dL] [1U/dL] [1U/dL] /NVWF:Ag /NWF:Ag /NVWF:Ag
1 59 76 42 68 0.77 0.55 0.89
2 55 97 43 104 0.56 0.44 1.072
3 58 49 35 48 1.18 0.71 0.97
4 46 61 22 56 0.75 0.36 0.91
5 58 60 31 64 0.96 0.51 1.06
6 61 159 25 160 0.38 0.15 1.0
7 59 75 38 80 0.78 0.50 1.06
8 78 49 31 60 1.59 0.63 1.22
9 57 75 37 60 0.76 0.49 0.8
10 69 113 29 108 0.55 0.25 0.95
11 81 107 33 88 0.75 0.30 0.82
Range 55-81 49-159 22-43 56-160 0.38-1.59 0.15-0.71 0.8-1.22
Average 61.90 = 10.23 83.72 £33.08 33.27 = 6.58 81.45 +32.55 0.82 = 0.33 044 =0.16 097 £0.12
Median 59 75 33 68 0.76 0.49 0.97
Table 13. Patients with HMWM deficiency (n = 11) during the aortic stenosis
Nr VWF:Ag VWF:RCo VWFpp VWEF:RCo/ VWFpp/ HMW
[U/dL] [u/dL] [u/dt] /NWEF:Ag NWFAg  Multimers
1 312 331 228 1.06 0.73 Brak
2 165 141 72 0.85 0.43 Brak
3 210 166 102 0.79 0.48 Brak
4 162 99 92 0.61 0.61 Brak
5 215 129 160 0.6 0.74 Brak
6 153 131 120 0.85 0.78 Brak
7 600 203 144 0.33 0.24 Brak
Range 153-600 99-331 72-228 0.33-1.06 0.24-0.78
Average = SD  259.57 = 159.63 171.42 £ 77.5 131.14 = 52.25 0.72 £ 0.23 0.57 = 0.19
Median 210 141 120 0.79 0.61
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more common for those with VWF: RCo < 10 IU/dL
and VWF: Ag > 10 IU/dL values (90 and 91% re-
spectively). They were less frequent for patients
with VWF:RCo 10-20 IU/dL. — in 32 and 79% of
patients respectively; for patients with VWF: RCo
20-30% — in 12 and 62% of patients and for pa-
tients with vWVWF 30-40% they were least frequent
and observed in 15 and 31% respectively.

Our studies which involved patients suspec-
ted of type 3 VWD confirmed that VWFpp and
VWEFpp ratio is an important differentiation marker
between type 1 (severe) and severe type 3 VWD.
Tests results of 6 patients (Table 2) suspected of
severe VWD type (VWF < 5 IU/dL), confirmed
the diagnosis in 5 cases (VWFpp < 1IU/dL) while
1 patient with VWF: Ag — 4.6 IU/dL; VWFpp — 72
IU/dL and VWFpp/VWEF: Ag ratio — 15.6 (n < 2)
was diagnosed with type 1C VWD which presents
with rapid VWF clearance.

Due to heterogeneity of inherited von Wil-
lebrand disease, proper diagnosis often requires
detailed tests some of which can only be performed
in high-specialized laboratories. More attention is
therefore devoted to implementation of VWFpp and
VWFpp/VWEF:Ag ratio measurement into routine
VWD diagnostics.

Discussions on the implementation of such
assays into routine diagnostics of VWD [9, 13]
have been ongoing for many years. Numerous
publications point to the importance of VWFpp
in diagnostics of both inherited and acquired von
Willebrand disease. VWFpp is considered an
important biomarker of VWF synthesis, release
and clearance; normal VWFpp concentration
implies normal synthesis, release and clearance
of VWE, whereas reduced/absent VWFpp values
indicate not only impairment of the above but are
also suggestive of the type of causative mutation
[8-10, 25, 40, 41, 61]. VWFpp assays have the
advantage of being independent of blood type as
no ABO antigens appear on the VWFpp molecule
(they are present on the VWF molecule) [24]. In
the assessment of VWF synthesis, release and
clearance we rely mainly on VWFpp/VWF: Ag
and VIII: C/VWF: Ag ratios [56, 61] and not on
VWFpp levels. Increased VWFpp/VWEF: Ag ratio
is observed in patients with rapid VWF clearance
(VWD 1C) while the normal ratio in persons with
normal clearance but defect of release and intra-
cellular retention.

VWFpp/VWEF: Ag and VIII: C/VWEF: Ag ratio
helps to differentiate between severe type 1 VWD
and VWD type 3 as well as identify VWD type 1C.

Patients [25, 65] recognized as type 3 VWD
with complete absence of VWFpp are believed to be
either homozygous or heterozygous for null allele,
whereas patients with measurable VWFpp may be
heterozygous for missense mutation combined with
accelerated VWF clearance. There is a difference
between the two groups of patients with regard
to severity/degree of the bleeding disorder. The
bleeding score in patients suspected of type 3 and
with measurable VWFpp is markedly lower than in
patients with complete absence of VWFpp, therefore
patients with measurable VWFpp should be reclas-
sified as severe VWD type 1 (VWD 1C) [25, 65].

Proper identification of VWD 1C cases has
therapeutic significance because in this large group
of patients DDAVP treatment will prove ineffective.
According to Zdziarska et al. [66] VWD 1C accounts
for about 20% of all VWD type 1 cases, for over 70%
of cases with VWF concentration of 2-10 IU/dL
and almost 40% of cases with VWF: Ag ratio of
11-20 IU/dL.

VWFpp/VWF: Ag ratio not only indicates the
VWEF survival time but may also help to identify
the molecular background of the defect [25, 61, 65].

Eikenboom et al. [61] demonstrated that in
VWD type 1lpatients the VWFpp/VWF: Ag and
VIII: C/VWEF: Ag ratios are higher than in healthy
members of their families and the values correlate
with the type of causative mutation. In missense
heterozygotes the VWFpp/VWEF: Ag ratio is higher
than in null heterozygous, while FVIII: C/VWF:
Ag ratio is higher among VWF null heterozygotes.

Determination of VWFpp may also be relevant
for differentiation between VWD type 2B and PT-
-VWD. Unfortunately, here we have no experience
of our own, but Woods et al. [67] and Casonato et
al. [24] described type 2B patients who presented
elevated VWF clearance and increased VWFpp/
/VWF: Ag ratio, most probably due to increased
clearance/removal of VWF-platelet complexes by
macrophages (increased receptor 1 lipoprotein
binding). VWFpp/VWF: Ag ratio in platelet-type
von Willebrand disease (PT-VWD) is normal whe-
reas in VWD 2B it is usually elevated, the authors
suggest that the nature of hemorrhagic disorder
can be inferred from VWFpp/VWF: Ag [66].

In the second part of our study we explored
the importance of VWFpp and VWFpp/VWF: Ag
ratio for differentiation between congenital von
Willebrand disease and acquired VWS.

Tests were performed in patients with AVWS
caused by: anti-VWF antibodies (patients with
MGUS, Table 11); VWF adsorption on platelets (pa-
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tients with essential thrombocythaemia, Table 12);
deficiency of high molecular weight VWF multi-
mers (in patients with aortic stenosis, Table 13). In
3 MGUS patients, the VWFpp and VWFpp/VWEF: Ag
measurements were performed at the beginning of
treatment (P-1-A; P-2-A-; P-3-A) and in one (P-2),
during and after the end of treatment (Table 11).

The study demonstrated that in all three pa-
tients (P-1; P-2; P-3), the underlying cause of AVWS
was the appearance of anti-VWF antibodies in vivo.
In vitro — in a mixture of normal and patient’s
plasma — did not inhibit VWF: RCo activity.

At the beginning of therapy, VWF: RCo < 10
for all 3 patients, VWFpp was normal, while the
VWFpp/VWF: Ag ratio markedly elevated which
suggested normal VWF synthesis and rapid VWF
clearance. In one of these patients P-2 (with mul-
tiple myeloma IgG type lambda-IA), we followed
the changes of VWFpp/VWF:Ag values from the
beginning of therapy, in the course of therapy and
after the treatment was terminated. The value
of the ratio was observed to gradually decrease
proportionally with VWF: RCo increase and impro-
vement of the patient’s clinical condition; VWFpp
was within normal value. After two cycles of PAD
combination therapy (bortezomib + ddxarubicin
+ dexamethasone) regression occurred (partial
remission according to PAD) and the VWFpp/
/VWEF: Ag ratio was 5.7; after 6 cycles the ratio
decreased to 3.14 and the remission was partial.
In tests performed during persisting remission
following transplantation of peripheral blood stem
cells VWFpp level and VWFpp/VWF: Ag ratio were
normal (0.63; n = 0.49-1.98).

In 2014, Lee et al. [53] described changes
in VWFpp/VWEF: Ag ratio during the course of
treatment of a patient with anti-VWF inhibitor
antibodies. At first diagnosis, VWF: RCo, VWF:
Ag ratio and FVIII were indeterminate, VWFpp/
/VWEF: Ag ratio markedly increased. Following im-
munosuppression with prednisone and azathioprine
VWE/FVIII level was normal as was the VWF mul-
timeric pattern while the VWFpp/VWEF: Ag ratios
were still two-fold higher than normal. According
to the authors, this was associated with residual
antibody activity and VWF clearance which was still
too high. Complete remission (no antibodies) was
achieved after normalization of VWFpp/VWEF: Ag.

It is always extremely difficult to assess the
background of the bleeding disorder in patients
with anti VWF antibodies. There are anti-VWF
antibodies that neutralise VWF activity which
are determined by residual activity of VWF in
a mixture of normal and patient’s plasma and more

common anti-VWF antibodies that do not change
VWF function but increase its clearance. In vitro
activity of anti-VWF antibodies (in a mixture of
normal and patient’s plasma) will be normal taking
into account the dilution with tested plasma (with
inhibitor). On the other hand, in vivo VWF acti-
vity will rapidly decrease eg. after administration
of VWF concentrate. The presence of anti-VWF
antibodies is confirmed by VWFpp and VWFpp/
/VWEF: Ag ratio [53].

Summary

To summarize, determination of VWFpp and
VWFpp/VWEF: Ag ratio is of great therapeutic
and diagnostic significance. It helps to differentia-
te VWD types and subtypes in cases of inherited
VWD as well as to identify patients with shorter
VWEF survival for whom DDAVP treatment may
prove ineffective [8-11, 61]. In the case of patients
with AVWS due to presence of anti-VWF inhibitor
antibodies, the VWFpp/VWEF: Ag ratio may be
a valuable parameter of therapy effectiveness and
indicator of complete remission [53].

References

1.  Von Willebrand EA. Hereditar pseudohemophili. Finska Lakar-
selskapets Handlingar. 1926; 57: 87-112.

2. Rodeghiero F, Castaman G, Dini E. Epidemiological investigation
of the prevalence of von Willebrand’s disease. Blood. 1987; 69(2):
454-459, indexed in Pubmed: 3492222.

3. Goodeve AC. The genetic basis of von Willebrand disease. Blood
Rev. 2010; 24(3): 123-134, doi: 10.1016/;.blre.2010.03.003, inde-
xed in Pubmed: 20409624.

4. Sadler JE, Sadler JE. A revised classification of von Willebrand
disease. For the Subcommittee on von Willebrand Factor of the
Scientific and Standardization Committee of the International
Society on Thrombosis and Haemostasis. Thromb Haemost.
1994; 71(4): 520-525, indexed in Pubmed: 8052974.

5. Sadler JE, Budde U, Eikenboom JCJ, et al. Working Party on von
Willebrand Disease Classification. Update on the pathophysio-
logy and classification of von Willebrand disease: a report of the
Subcommittee on von Willebrand Factor. ] Thromb Haemost.
2006; 4(10): 2103-2114, doi: 10.1111/j.1538-7836.2006.02146.%,
indexed in Pubmed: 16839557.

6. Sadler JE. von Willebrand factor: two sides of a coin.
J Thromb Haemost. 2005; 3(8): 1702-1709, doi: 10.1111/j.1538-
-7836.2005.01369.%, indexed in Pubmed: 16102036.

7. Mannucci PM, Lombardi R, Castaman G, et al. von Willebrand
disease ,Vicenza” with larger-than-normal (supranormal) von
Willebrand factor multimers. Blood. 1988; 71(1): 6570, indexed
in Pubmed: 3257148.

8. Haberichter SL, Balistreri M, Christopherson P, et al. Assay
of the von Willebrand factor (VWF) propeptide to identify
patients with type 1 von Willebrand disease with decreased
VWF survival. Blood. 2006; 108(10): 3344-3351, doi: 10.1182/
blood-2006-04-015065, indexed in Pubmed: 16835381.

188 www.jtm.viamedica.pl


https://www.ncbi.nlm.nih.gov/pubmed/3492222
http://dx.doi.org/10.1016/j.blre.2010.03.003
https://www.ncbi.nlm.nih.gov/pubmed/20409624
https://www.ncbi.nlm.nih.gov/pubmed/8052974
http://dx.doi.org/10.1111/j.1538-7836.2006.02146.x
https://www.ncbi.nlm.nih.gov/pubmed/16889557
http://dx.doi.org/10.1111/j.1538-7836.2005.01369.x
http://dx.doi.org/10.1111/j.1538-7836.2005.01369.x
https://www.ncbi.nlm.nih.gov/pubmed/16102036
https://www.ncbi.nlm.nih.gov/pubmed/3257148
http://dx.doi.org/10.1182/blood-2006-04-015065
http://dx.doi.org/10.1182/blood-2006-04-015065
https://www.ncbi.nlm.nih.gov/pubmed/16835381

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Ksenia Bykowska et al., Von Willebrand factor propeptide (VWFpp)

Sztukowska M, Gallinaro L, Cattini MG, et al. Von Willebrand
factor propeptide makes it easy to identify the shorter Von Wil-
lebrand factor survival in patients with type 1 and type Vicenza
von Willebrand disease. Br ] Haematol. 2008; 143(1): 107-114,
doi: 10.1111/5.1365-2141.2008.07311.%, indexed in Pubmed:
18691167.

Haberichter SL, Castaman G, Budde U, et al. Identification of
type 1 von Willebrand disease patients with reduced von Wil-
lebrand factor survival by assay of the VWF propeptide in the
European study: molecular and clinical markers for the diagno-
sis and management of type 1 VWD (MCMDM-1VWD). Blood.
2008; 111(10): 4979-4985, doi: 10.1182/blood-2007-09-110940,
indexed in Pubmed: 18344424.

Stufano E Boscarino M, Bucciarelli P, et al. Evaluation of the
Utility of von Willebrand Factor Propeptide in the Differential
Diagnosis of von Willebrand Disease and Acquired von Wille-
brand Syndrome. Semin Thromb Hemost. 2019; 45(1): 36-42,
doi: 10.1055/s-0038-1660481, indexed in Pubmed: 29913537.
Haberichter SL. von Willebrand factor propeptide: biology and
clinical utility. Blood. 2015; 126(15): 1753-1761, doi: 10.1182/
blood-2015-04-512731, indexed in Pubmed: 26215113.

Mital A. Acquired von Willebrand Syndrome. Adv Clin Exp Med.
2016; 25(6): 1337-1344, doi: 10.17219/acem/64942, indexed in
Pubmed: 28028990.

Mohri H. Acquired von Willebrand syndrome: features and ma-
nagement. Am J Hematol. 2006; 81(8): 616-623, doi: 10.1002/
ajh.20455, indexed in Pubmed: 16823821.

Eikenboom JCJ, Tjernberg P, Van Marion V, et al. Acquired von
Willebrand syndrome: diagnostic problems and therapeutic op-
tions. Am J Hematol. 2007; 82(1): 55-58, doi: 10.1002/2jh.20760,
indexed in Pubmed: 16986130.

Nitu-Whalley IC, Lee CA. Acquired von Willebrand syndrome-
-report of 10 cases and review of the literature. Haemophilia.
1999; 5(5): 318-326, doi: 10.1046/.1365-2516.1999.00340.%, in-
dexed in Pubmed: 10583513.

Lison S, Dietrich W, Spannagl M. Review article: unexpected
bleeding in the operating room: the role of acquired von Wille-
brand disease. Anesth Analg. 2012; 114(1): 73-81, doi: 10.1213/
ANE.0b013e318236b16a, indexed in Pubmed: 22025497.
Simone JV, Cornet JA, Abildgaard CE. Acquired von Willebrand’s
syndrome in systemic lupus erythematosus. Blood. 1968; 31(6):
806-812, indexed in Pubmed: 4172730.

Federici AB, Budde U, Rand JH, et al. Subcommittee on von Wil-
lebrand Factor. Acquired von Willebrand syndrome: data from an
international registry. Thromb Haemost. 2000; 84(2): 345-349,
indexed in Pubmed: 10959711.

Franchini M. [Acquired von Willebrand syndrome]. Recenti
Prog Med. 2006; 97(7-8): 417-21; quiz 440, indexed in Pubmed:
16913181.

Kasatkar P, Ghosh K, Shetty S. Acquired von Willebrand syndro-
me: a rare disorder of heterogeneous etiology. ] Postgrad Med.
2013; 59(2): 98-101, doi: 10.4103/0022-3859.113816, indexed in
Pubmed: 23793308.

Shetty S, Kasatkar P, Ghosh K. Pathophysiology of acquired von
Willebrand disease: a concise review. Eur J Haematol. 2011;
87(2): 99-106, doi: 10.1111/.1600-0609.2011.01636.%, indexed
in Pubmed: 21535159.

Federici A. VWF propeptide: a useful marker in VWD. Blood.
2006; 108(10): 3229-3230, doi: 10.1182/blood-2006-09-043117.
Casonato A, Daidone V, Padrini R. Assessment of von Wille-
brand factor propeptide improves the diagnosis of von Wille-

25.

26.

27.

28.

29.

30.

3L

32.

33.

34.

35.

36.

37.

38.

39.

brand disease. Semin Thromb Hemost. 2011; 37(5): 456-463,
doi: 10.1055/s-0031-1281029, indexed in Pubmed: 22102187.
Sanders YV, Groeneveld D, Meijer K, et al. WiN study group. von
Willebrand factor propeptide and the phenotypic classification of
von Willebrand disease. Blood. 2015; 125(19): 3006-3013, doi:
10.1182/blood-2014-09-603241, indexed in Pubmed: 25673639.
Haberichter SL. VWF propeptide in defining VWD sub-
types. Blood. 2015; 125(19): 2882-2883, doi: 10.1182/
blood-2015-03-629832, indexed in Pubmed: 25953977.
Marianor M, Zaidah AW, Maraina ChC. von Willebrand Factor
Propeptide: A Potential Disease Biomarker Not Affected by ABO
Blood Groups. Biomark Insights. 2015; 10: 75-79, doi: 10.4137/
BMI.S24353, indexed in Pubmed: 26339184.

Federici AB. Current and emerging approaches for assessing von
Willebrand disease in 2016. Int J] Lab Hematol. 2016; 38 Suppl
1: 4149, doi: 10.1111/4j1h.12540, indexed in Pubmed: 27426859.
Federici AB, Canciani MT. Clinical and laboratory versus mo-
lecular markers for a correct classification of von Willebrand
disease. Haematologica. 2009; 94(5): 610-615, doi: 10.3324/hae-
matol.2009.005751, indexed in Pubmed: 19407316.

Gadisseur A, Hermans C, Berneman Z, et al. Laboratory diag-
nosis and molecular classification of von Willebrand disease.
Acta Haematol. 2009; 121(2-3): 71-84, doi: 10.1159/000214846,
indexed in Pubmed: 19506352.

Gadisseur A, Berneman Z, Schroyens W, et al. Laboratory diag-
nosis of von Willebrand disease type 1/2E (2A subtype IIE), type
1 Vicenza and mild type 1 caused by mutations in the D3, D4,
B1-B3 and C1-C2 domains of the von Willebrand factor gene.
Role of von Willebrand factor multimers and the von Willebrand
factor propeptide/antigen ratio. Acta Haematol. 2009; 121(2-3):
128-138, doi: 10.1159/000214853, indexed in Pubmed: 19506359.
Castaman G, Montgomery RR, Meschengieser SS, et al.
von Willebrand’s disease diagnosis and laboratory issues.
Haemophilia. 2010; 16 Suppl 5: 67-73, doi: 10.1111/.1365-
-2516.2010.02296.x, indexed in Pubmed: 20590859.

Federici AB. Clinical and laboratory diagnosis of VWD. Hemato-
logy Am Soc Hematol Educ Program. 2014; 2014(1): 524-530,
doi: 10.1182/asheducation-2014.1.524, indexed in Pubmed:
25696905.

Montgomery RR, Zimmerman TS. von Willebrand’s disease anti-
gen II. A new plasma and platelet antigen deficient in severe von
Willebrand’s disease. J Clin Invest. 1978; 61(6): 1498-1507, doi:
10.1172/JCI1109070, indexed in Pubmed: 307007.

Wagner DD, Marder V]. Biosynthesis of von Willebrand protein
by human endothelial cells: processing steps and their intracellu-
lar localization. J Cell Biol. 1984; 99(6): 2123-2130, doi: 10.1083/
j¢b.99.6.2123, indexed in Pubmed: 6334089.

Sporn LA, Chavin SI, Marder V], et al. Biosynthesis of von Wil-
lebrand protein by human megakaryocytes. J Clin Invest. 1985;
76(3): 1102-1106, doi: 10.1172/JCI112064, indexed in Pubmed:
2413071.

Lenting PJ, Casari C, Christophe OD, et al. von Willebrand fac-
tor: the old, the new and the unknown. ] Thromb Haemost. 2012;
10(12): 2428-2437, doi: 10.1111/jth.12008, indexed in Pubmed:
23020315.

Sadler ]. Biochemistry and genetics of von Willebrand factor. An-
nual Review of Biochemistry. 1998; 67(1): 395-424, doi: 10.1146/
annurev.biochem.67.1.395.

Yee A, Kretz CA. Von Willebrand factor: form for function. Se-
min Thromb Hemost. 2014; 40(1): 17-27, doi: 10.1055/s-0033-
1363155, indexed in Pubmed: 24338608.

www. jtm.viamedica.pl 189


http://dx.doi.org/10.1111/j.1365-2141.2008.07311.x
https://www.ncbi.nlm.nih.gov/pubmed/18691167
http://dx.doi.org/10.1182/blood-2007-09-110940
https://www.ncbi.nlm.nih.gov/pubmed/18344424
http://dx.doi.org/10.1055/s-0038-1660481
https://www.ncbi.nlm.nih.gov/pubmed/29913537
http://dx.doi.org/10.1182/blood-2015-04-512731
http://dx.doi.org/10.1182/blood-2015-04-512731
https://www.ncbi.nlm.nih.gov/pubmed/26215113
http://dx.doi.org/10.17219/acem/64942
https://www.ncbi.nlm.nih.gov/pubmed/28028990
http://dx.doi.org/10.1002/ajh.20455
http://dx.doi.org/10.1002/ajh.20455
https://www.ncbi.nlm.nih.gov/pubmed/16823821
http://dx.doi.org/10.1002/ajh.20760
https://www.ncbi.nlm.nih.gov/pubmed/16986130
http://dx.doi.org/10.1046/j.1365-2516.1999.00340.x
https://www.ncbi.nlm.nih.gov/pubmed/10583513
http://dx.doi.org/10.1213/ANE.0b013e318236b16a
http://dx.doi.org/10.1213/ANE.0b013e318236b16a
https://www.ncbi.nlm.nih.gov/pubmed/22025497
https://www.ncbi.nlm.nih.gov/pubmed/4172730
https://www.ncbi.nlm.nih.gov/pubmed/10959711
https://www.ncbi.nlm.nih.gov/pubmed/16913181
http://dx.doi.org/10.4103/0022-3859.113816
https://www.ncbi.nlm.nih.gov/pubmed/23793308
http://dx.doi.org/10.1111/j.1600-0609.2011.01636.x
https://www.ncbi.nlm.nih.gov/pubmed/21535159
http://dx.doi.org/10.1182/blood-2006-09-043117
http://dx.doi.org/10.1055/s-0031-1281029
https://www.ncbi.nlm.nih.gov/pubmed/22102187
http://dx.doi.org/10.1182/blood-2014-09-603241
https://www.ncbi.nlm.nih.gov/pubmed/25673639
http://dx.doi.org/10.1182/blood-2015-03-629832
http://dx.doi.org/10.1182/blood-2015-03-629832
https://www.ncbi.nlm.nih.gov/pubmed/25953977
http://dx.doi.org/10.4137/BMI.S24353
http://dx.doi.org/10.4137/BMI.S24353
https://www.ncbi.nlm.nih.gov/pubmed/26339184
http://dx.doi.org/10.1111/ijlh.12540
https://www.ncbi.nlm.nih.gov/pubmed/27426859
http://dx.doi.org/10.3324/haematol.2009.005751
http://dx.doi.org/10.3324/haematol.2009.005751
https://www.ncbi.nlm.nih.gov/pubmed/19407316
http://dx.doi.org/10.1159/000214846
https://www.ncbi.nlm.nih.gov/pubmed/19506352
http://dx.doi.org/10.1159/000214853
https://www.ncbi.nlm.nih.gov/pubmed/19506359
http://dx.doi.org/10.1111/j.1365-2516.2010.02296.x
http://dx.doi.org/10.1111/j.1365-2516.2010.02296.x
https://www.ncbi.nlm.nih.gov/pubmed/20590859
http://dx.doi.org/10.1182/asheducation-2014.1.524
https://www.ncbi.nlm.nih.gov/pubmed/25696905
http://dx.doi.org/10.1172/JCI109070
https://www.ncbi.nlm.nih.gov/pubmed/307007
http://dx.doi.org/10.1083/jcb.99.6.2123
http://dx.doi.org/10.1083/jcb.99.6.2123
https://www.ncbi.nlm.nih.gov/pubmed/6334089
http://dx.doi.org/10.1172/JCI112064
https://www.ncbi.nlm.nih.gov/pubmed/2413071
http://dx.doi.org/10.1111/jth.12008
https://www.ncbi.nlm.nih.gov/pubmed/23020315
http://dx.doi.org/10.1146/annurev.biochem.67.1.395
http://dx.doi.org/10.1146/annurev.biochem.67.1.395
http://dx.doi.org/10.1055/s-0033-1363155
http://dx.doi.org/10.1055/s-0033-1363155
https://www.ncbi.nlm.nih.gov/pubmed/24338608

Journal of Transfusion Medicine 2019, tom 12, nr 4

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

190

Haberichter SL, Jozwiak MA, Rosenberg JB, et al. The von Wille-
brand factor propeptide (VWFpp) traffics an unrelated protein to
storage. Arterioscler Thromb Vasc Biol. 2002; 22(6): 921-926, doi:
10.1161/01.atv.0000017063.36768.87, indexed in Pubmed: 12067899.
Haberichter SL, Jacobi P, Montgomery RR. Critical independent
regions in the VWF propeptide and mature VWF that enable nor-
mal VWF storage. Blood. 2003; 101(4): 1384-1391, doi: 10.1182/
blood-2002-07-2281, indexed in Pubmed: 12393513.

Haberichter SL, Allmann AM, Jozwiak MA, et al. Genetic alte-
ration of the D2 domain abolishes von Willebrand factor multi-
merization and trafficking into storage. ] Thromb Haemost. 2009;
7(4): 641-650, doi: 10.1111/5.1538-7836.2009.03290.%, indexed in
Pubmed: 19192112.

Haberichter SL, Budde U, Obser T, et al. The mutation N528S in
the von Willebrand factor (VWF) propeptide causes defective mul-
timerization and storage of VWE Blood. 2010; 115(22): 45804587,
doi: 10.1182/blood-2009-09-244327, indexed in Pubmed: 20335223.
Yin J, Ma Z, Su ], et al. Mutations in the D1 domain of von Wille-
brand factor impair their propeptide-dependent multimerization,
intracellular trafficking and secretion. ] Hematol Oncol. 2015; 8: 73,
doi: 10.1186/s13045-015-0166-9, indexed in Pubmed: 26088471.
Rosenberg JB, Haberichter SL, Jozwiak MA, et al. The role of
the D1 domain of the von Willebrand factor propeptide in multi-
merization of VWE Blood. 2002; 100(5): 1699-1706, doi: 10.1182/
blood-2002-03-0789, indexed in Pubmed: 12176890.

McCarroll DR, Ruggeri ZM, Montgomery RR. The effect of
DDAVP on plasma levels of von Willebrand antigen II in normal
individuals and patients with von Willebrand’s disease. Blood.
1984; 63(3): 532-535, indexed in Pubmed: 6607754.

Borchiellini A, Fijnvandraat K, ten Cate JW, et al. Quantitative ana-
lysis of von Willebrand factor propeptide release in vivo: effect of
experimental endotoxemia and administration of 1-deamino-8-D-
-arginine vasopressin in humans. Blood. 1996; 88(8): 2951-2958,
indexed in Pubmed: 8874191.

Madabhushi SR, Shang C, Dayananda KM, et al. von Willebrand
factor (VWF) propeptide binding to VWF D’D3 domain attenua-
tes platelet activation and adhesion. Blood. 2012; 119(20): 4769—
—4778, doi: 10.1182/blood-2011-10-387548, indexed in Pubmed:
22452980.

Wise R], Dorner AJ, Krane M, et al. The role of von Willebrand fac-
tor multimers and propeptide cleavage in binding and stabilization
of factor VIIL J Biol Chem. 1991; 266(32): 21948-21955, indexed
in Pubmed: 1939217.

Casonato A, Sartorello F Cattini MG, et al. An Arg760Cys mu-
tation in the consensus sequence of the von Willebrand factor
propeptide cleavage site is responsible for a new von Willebrand
disease variant. Blood. 2003; 101(1): 151-156, doi: 10.1182/
blood-2002-04-1046, indexed in Pubmed: 12393698.

Wagner DD, Fay PJ, Sporn LA, et al. Divergent fates of von Wil-
lebrand factor and its propolypeptide (von Willebrand antigen II)
after secretion from endothelial cells. Proc Natl Acad Sci U S A.
1987; 84(7): 1955-1959, doi: 10.1073/pnas.84.7.1955, indexed in
Pubmed: 3494248.

van Genderen PJ, Boertjes RC, van Mourik JA. Quantitative analy-
sis of von Willebrand factor and its propeptide in plasma in acqui-
red von Willebrand syndrome. Thromb Haemost. 1998; 80(3):
495-498, indexed in Pubmed: 9759633.

Lee A, Sinclair G, Valentine K, et al. Acquired von Willebrand syn-
drome: von Willebrand factor propeptide to von Willebrand factor
antigen ratio predicts remission status. Blood. 2014; 124(5): el-€3,
doi: 10.1182/blood-2014-02-557132, indexed in Pubmed: 24951428.

54.

55.

56.

57.

58.

60.

61.

62.

63.

64.

65.

66.

67.

Federici AB, Budde U, Castaman G, et al. Current diagnostic
and therapeutic approaches to patients with acquired von Wille-
brand syndrome: a 2013 update. Semin Thromb Hemost. 2013;
39(2): 191-201, doi: 10.1055/s-0033-1334867, indexed in Pubmed:
23397553.

Kumar S, Pruthi RK, Nichols WL. Acquired von Willebrand disease.
Mayo Clin Proc. 2002; 77(2): 181-187, doi: 10.4065/77.2.181, inde-
xed in Pubmed: 11838652.

Eikenboom JCJ, Castaman G, Kamphuisen PW, et al. The fac-
tor VIII/von Willebrand factor ratio discriminates between redu-
ced synthesis and increased clearance of von Willebrand factor.
Thromb Haemost. 2002; 87(2): 252-257, indexed in Pubmed:
11859851.

Frankel DS, Meigs JB, Massaro JM, et al. Von Willebrand factor,
type 2 diabetes mellitus, and risk of cardiovascular disease: the
framingham offspring study. Circulation. 2008; 118(24): 2533—
-2539, doi: 10.1161/CIRCULATIONAHA.108.792986, indexed in
Pubmed: 19029465.

Scheja A, et al. Akesson A. Geborek P . Von Willebrand factor
propeptide as a marker of disease activity in systemic aclerosis
(scleroderma) Arthritis Research and Therapy. 2001; 3: 178-182.
Tobin WO, Kinsella JA, Kavanagh GE et al. Profile of von Wil-
lebrand factor antigen and von Willebrand factor propeptide in
an overall TIA and ischaemic stroke population and amongst
subtypes. J Neurol Sci. 2017; 375: 404-410, doi: 10.1016/.
jns.2017.02.045, indexed in Pubmed: 28320178.

Habe K, Wada H, Higashiyama A, et al. The Plasma Levels of
ADAMTS-13, von Willebrand Factor, VWFpp, and Fibrin-Related
Markers in Patients With Systemic Sclerosis Having Throm-
bosis. Clin Appl Thromb Hemost. 2018; 24(6): 920-927, doi:
10.1177/1076029617736382, indexed in Pubmed: 29130325.
Eikenboom J, Federici AB, Dirven RJ, et al. MCMDM-1VWD
Study Group. VWF propeptide and ratios between VWE, VWF
propeptide, and FVIII in the characterization of type 1 von Wil-
lebrand disease. Blood. 2013; 121(12): 23362339, doi: 10.1182/
blood-2012-09-455089, indexed in Pubmed: 23349392.

Weiss HJ, Sussman II, Hoyer LW. Stabilization of factor VIII in
plasma by the von Willebrand factor. Studies on posttransfusion
and dissociated factor VIII and in patients with von Willebrand’s
disease. J Clin Invest. 1977; 60(2): 390-404, doi: 10.1172/
JCI108788, indexed in Pubmed: 17621.

Krizek DR, Rick ME. A rapid method to visualize von willebrand
factor multimers by using agarose gel electrophoresis, immu-
nolocalization and luminographic detection. Thromb Res. 2000;
97(6): 457-462, doi: 10.1016/s0049-3848(99)00196-6, indexed in
Pubmed: 10704655.

Federici AB, Mazurier C, Berntorp E, et al. Biologic response to
desmopressin in patients with severe type 1 and type 2 von Wil-
lebrand disease: results of a multicenter European study. Blood.
2004; 103(6): 2032-2038, doi: 10.1182/blood-2003-06-2072, inde-
xed in Pubmed: 14630825.

De Jong A, Eikenboom J. Developments in the diagnostic proce-
dures for von Willebrand disease. ] Thromb Haemost. 2016; 14(3):
449-460, doi: 10.1111/jth.13243, indexed in Pubmed: 26714181.
Zdziarska ], Iwaniec T, Musial ], et al. Nowosci postepowania
w chorobie von Willebranda. Hematologia. 2014; 5: 203-211.
Woods Al, Sanchez-Luceros A, Bermejo E, et al. Identification
of p.W246L as a novel mutation in the GP1BA gene responsible
for platelet-type von Willebrand disease. Semin Thromb Hemost.
2014; 40(2): 151-160, doi: 10.1055/s-0033-1364183, indexed in
Pubmed: 24474090.

www. jtm.viamedica.pl


http://dx.doi.org/10.1161/01.atv.0000017063.36768.87
https://www.ncbi.nlm.nih.gov/pubmed/12067899
http://dx.doi.org/10.1182/blood-2002-07-2281
http://dx.doi.org/10.1182/blood-2002-07-2281
https://www.ncbi.nlm.nih.gov/pubmed/12393513
http://dx.doi.org/10.1111/j.1538-7836.2009.03290.x
https://www.ncbi.nlm.nih.gov/pubmed/19192112
http://dx.doi.org/10.1182/blood-2009-09-244327
https://www.ncbi.nlm.nih.gov/pubmed/20335223
http://dx.doi.org/10.1186/s13045-015-0166-9
https://www.ncbi.nlm.nih.gov/pubmed/26088471
http://dx.doi.org/10.1182/blood-2002-03-0789
http://dx.doi.org/10.1182/blood-2002-03-0789
https://www.ncbi.nlm.nih.gov/pubmed/12176890
https://www.ncbi.nlm.nih.gov/pubmed/6607754
https://www.ncbi.nlm.nih.gov/pubmed/8874191
http://dx.doi.org/10.1182/blood-2011-10-387548
https://www.ncbi.nlm.nih.gov/pubmed/22452980
https://www.ncbi.nlm.nih.gov/pubmed/1939217
http://dx.doi.org/10.1182/blood-2002-04-1046
http://dx.doi.org/10.1182/blood-2002-04-1046
https://www.ncbi.nlm.nih.gov/pubmed/12393698
http://dx.doi.org/10.1073/pnas.84.7.1955
https://www.ncbi.nlm.nih.gov/pubmed/3494248
https://www.ncbi.nlm.nih.gov/pubmed/9759633
http://dx.doi.org/10.1182/blood-2014-02-557132
https://www.ncbi.nlm.nih.gov/pubmed/24951428
http://dx.doi.org/10.1055/s-0033-1334867
https://www.ncbi.nlm.nih.gov/pubmed/23397553
http://dx.doi.org/10.4065/77.2.181
https://www.ncbi.nlm.nih.gov/pubmed/11838652
https://www.ncbi.nlm.nih.gov/pubmed/11859851
http://dx.doi.org/10.1161/CIRCULATIONAHA.108.792986
https://www.ncbi.nlm.nih.gov/pubmed/19029465
http://dx.doi.org/10.1016/j.jns.2017.02.045
http://dx.doi.org/10.1016/j.jns.2017.02.045
https://www.ncbi.nlm.nih.gov/pubmed/28320178
http://dx.doi.org/10.1177/1076029617736382
https://www.ncbi.nlm.nih.gov/pubmed/29130325
http://dx.doi.org/10.1182/blood-2012-09-455089
http://dx.doi.org/10.1182/blood-2012-09-455089
https://www.ncbi.nlm.nih.gov/pubmed/23349392
http://dx.doi.org/10.1172/JCI108788
http://dx.doi.org/10.1172/JCI108788
https://www.ncbi.nlm.nih.gov/pubmed/17621
http://dx.doi.org/10.1016/s0049-3848(99)00196-6
https://www.ncbi.nlm.nih.gov/pubmed/10704655
http://dx.doi.org/10.1182/blood-2003-06-2072
https://www.ncbi.nlm.nih.gov/pubmed/14630825
http://dx.doi.org/10.1111/jth.13243
https://www.ncbi.nlm.nih.gov/pubmed/26714181
http://dx.doi.org/10.1055/s-0033-1364183
https://www.ncbi.nlm.nih.gov/pubmed/24474090

