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Abstract:

Type 2N is a rare von Willebrand disease (VWD) variant involving an impairment in the FVIII carrier function of von Willebrand
factor (VWF). It has a phenotype that mimics hemophilia A, and FVIII binding to VWF (VWEF:FVIIIB) is tested to differentiate
between the two disorders. Type 2N VWF defects may also be associated with quantitative VWF mutations (type 2N/type 1),
further complicating the identification of cases.

We report on a new quantitative VWF mutation (c.2547-1G>T) revealed by a p.R854Q type 2N mutation acting as homozy-
gous despite being carried as a heterozygous defect. The proband had near-normal VWF levels (initially ruling out a defective
VWEF synthesis) and slightly reduced FVIII levels, while a VWF:FVIIIB test showed significantly reduced binding. Routine tests
on type 2N homozygotes or heterozygotes combined with quantitative VWF defects in our cohort showed reduced FVIII levels
in both groups, but it was only in the former that the FVIII/VWF:Ag ratio was always significantly reduced. The two tests are
therefore not enough to identify all forms of type 2N VWD. While relatives of type 2N homozygotes usually have normal FVIII
levels and FVIII[/VWF:Ag ratios, relatives of type 2N/type 1 may have high FVIII/VWF:Ag ratios, but their VWF:FVIIIB and/or
VWEF:FVIIIB/VWF:Ag ratios are always low.

Measuring FVIII and VWF levels may therefore suggest type 2N VWD in patients carrying type 2N mutations alone, but not in
type 2N combined with quantitative VWF defects. The VWEF:FVIIIB test should consequently always be included when explo-
ring VWF function, whatever VWD patient’s phenotype.
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Abstract
Type 2N is a rare von Willebrand disease (VWD) variant involving an impairment in the

FVIII carrier function of von Willebrand factor (VWF). It has a phenotype that mimics
hemophilia A, and FVIII binding to VWF (VWF:FVIIIB) is tested to differentiate between
the two disorders. Type 2N VWF defects may also be associated with quantitative VWF
mutations (type 2N/type 1), further complicating the identification of cases.

We report on a new quantitative VWF mutation (c.2547-1G>T) revealed by a p.R854Q type
2N mutation acting as homozygous despite being carried as a heterozygous defect. The
proband had near-normal VWEF levels (initially ruling out a defective VWF synthesis) and
slightly reduced FVIII levels, while a VWF:FVIIIB test showed significantly reduced
binding. Routine tests on type 2N homozygotes or heterozygotes combined with quantitative
VWEF defects in our cohort showed reduced FVIII levels in both groups, but it was only in the
former that the FVIII/VWEF:Ag ratio was always significantly reduced. The two tests are
therefore not enough to identify all forms of type 2N VWD. While relatives of type 2N
homozygotes usually have normal FVIII levels and FVIII/VWEF:Ag ratios, relatives of type
2N/type 1 may have high FVIII/VWEF:Ag ratios, but their VWF:FVIIIB and/or
VWE:FVIIIB/VWEF:Ag ratios are always low.

Measuring FVIII and VWF levels may therefore suggest type 2N VWD in patients carrying

type 2N mutations alone, but not in type 2N combined with quantitative VWF defects. The
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VWE:FVIIIB test should consequently be included when exploring VWF function, whatever
VWD patient’s phenotype.
Key words
von Willebrand factor
type 2N von Willebrand disease
VWEF FVIII carrier function
VWE:FVIIIB
type 2N VWF mutations

INTRODUCTION
Von Willebrand factor (VWF) carries factor VIII (FVIII) in the plasma (1), thereby
protecting it against proteolysis by activated protein C (2), and preventing its clearance from
the bloodstream, and the consequent downregulation of its circulating levels (3). The FVIII-
binding domain of VWF was first identified in the amino-terminal portion of mature VWF,
extending between the D’D3 domains, involving residues from 763 to 1036 (4, 5), and
requiring the cleavage of VWF propeptide (6, 7). It was later demonstrated that the
interactive region for FVIII resides mainly in the D’ domain of VWF (8). Approximately 95-
98% of FVIII is in dynamic equilibrium complexed with VWF, with a 1:50 molar ratio of
FVIII to VWF (9), meaning that most circulating VWF is FVIII-free. Mutations in the D’D3
domain impair the capacity of VWF to carry FVIII, and the associated phenotype features
normal VWF levels and lower than normal FVIII levels, with a picture resembling mild or
moderate hemophilia A (10), but with an autosomal recessive mode of inheritance. The
diagnosis of type 2N VWD is suspected when a disproportionate reduction in FVIII levels
with respect to VWF levels comes to light, in males or females. This condition was first
described in 1987 and called type Normandy (after the area where the first patient was

described), and later named type 2N VWD (11, 12). The other function of VWF, i.e. primary
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hemostasis (platelet adhesion and aggregation), is preserved in type 2N patients. Many type
2N mutations have been reported, most of them located in exons 18-20 of the VWF gene (13-
16), though exon 17 (7), and exons 21-26 have sometimes been involved (17, 18). The most
common 2N mutation is p.R854Q, which is associated with a relatively mild form of the
disease (13, 14).
Heterozygotes for type 2N defects generally have no bleeding symptoms (19, 20) unless their
defect is combined with other hemostatic disorders, such as Glanzmann thromboasthenia or
hemophilia A, in which case their bleeding symptoms may even be severe (21, 22).
Homozygotes or double heterozygotes for type 2N mutations have bleeding symptoms
resembling those of hemophilia A, i.e. hemarthrosis or muscle hematomas, and
mucocutaneous bleeding (spontaneous or after trauma). This means that establishing a
diagnosis of type 2N VWD includes differentiating it from hemophilia A, and there have
been numerous reports of patients with type 2N VWD being misdiagnosed as cases of
hemophilia A (23, 24). Diagnosing type 2N VWD necessitates measuring the exogenous
FVIII-binding capacity of a patient’s VWF in vitro. The method currently employed is the
VWE:FVIIIB test, using exogenous recombinant FVIII (25).
In this paper, we report on the complex and elusive phenotype of a heterozygous type 2N
defect combined with a new quantitative VWF mutation, which had remained undiagnosed
until a VWF:FVIIIB test was performed. The most useful approaches to diagnosing type 2N
VWD are also discussed.

MATERIALS AND METHODS
Patients and normal subjects were studied in accordance with the Declaration of Helsinki,
after giving their written informed consent, and the study was approved by our institutional

review board.
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Blood was drawn from patients and normal controls into 3.2% trisodium citrate (1:10 vol/vol)
anticoagulant. Basic hemostatic analyses to measure plasma VWF antigen (VWF:Ag), VWF
collagen binding (VWF:CB), VWF ristocetin cofactor (VWF:RCo), and FVIII were
conducted as described elsewhere (26).

The VWEF:FVIIIB test was done with a home-made ELISA method (25). Briefly,
microtitration plates were coated with anti-VWF polyclonal antibody (Dako, Glostrup,
Denmark) and left overnight at +4°C. After washing and saturating the plate with 3% fat-free
milk, plasma VWF was added and incubated at room temperature for 1 hour. After further
washing, bound endogenous FVIII was removed with CaCl,, then recombinant FVIII (rFVIII)
(Helixate, Aventis, Marburg, Germany) was added at a concentration of 1 U/mL, and
incubated for 1 hour at room temperature. After washing again, the amount of bound FVIII
was tested with an anti-FVIII HRP-conjugated polyclonal antibody (Enzyme Research, South
Bend, IN, USA). The values were expressed in U/dL, taking as 100 the first dilution of a
normal pooled plasma serving as a reference curve. The VWEF:FVIIIB values were also
normalized to the VWF:Ag values to calculate the VWF:FVIIIB/VWEF:Ag ratio
(VWEF:FVIIIB ratio).

A dose of 0.3 pg/kg of 1-desamino-8-d-arginine vasopressin (DDAVP) (Emosint, Kedrion,
Italy) was administered subcutaneously. Blood samples were collected before and then 15,
30, 60, 120, 180, 240, 360, 480 minutes, and 24 hours after administering the DDAVP. The
time-course of the post-DDAVP plasma concentrations of VWF:Ag and FVIII was analyzed
using a one-compartment model with first-order input and output kinetics (27). The model
was fitted to each set of concentration-time data using the Prism statistical package
(GraphPad, San Diego, CA). The main pharmacokinetic parameters were calculated as

explained elsewhere (28).
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Genetic analysis. Genomic DNA was extracted from peripheral blood leukocytes using the
Maxwell® 16 Blood DNA Purification Kit and a Maxwell 16 Instrument (Promega,
Wisconsin, USA). PCR reactions for VWF gene sequencing were obtained using the
AmpliTaq Gold® DNA Polymerase Kit (Applied Biosystems, AB, California, USA), and
primer pairs constructed on the NM_000552 genomic sequence. The sequencing reactions
were conducted with the BigDye Terminator Sequencing kit v.1.1 (Thermo Fisher,
Massachusetts, USA), and an ABI 3130 XL Genetic Analyzer (AB). RNA was extracted
from peripheral blood platelets using the TRIzol™ Reagent (Thermo Fisher) according to the
manufacturer’s instructions, then retro-transcribed into cDNA using the SuperScript® II1
First-Strand Synthesis kit (Thermo Fisher).

RESULTS
Patients. Three members of Family 1, coming from northeast Italy, were studied. The

proband was a 24-year-old male with a history of bleeding after surgery, dental extractions
and minor wounds, and post-trauma hemarthrosis. His bleeding score (BAT) was 7 (0-5 is
normal for males). His parents were asymptomatic. Their main hemostatic findings are listed
in Table 1.

Six subjects from five families with type 2N VWD combined with a quantitative VWF defect
(type 2N/type 1), 4 homozygotes for type 2N VWD (from 3 unrelated families), and 40 type
2N carriers from our cohort were also studied. Their pertinent hemostatic findings are shown
in Table 2 and Table 3, respectively.

Hemostatic and genetic findings in the members of Family 1. The proband (Table 1) was
characterized by a mildly reduced FVIII (33 U/dL) level and FVIII/VWF:Ag ratio (0.58 vs
normal 0.83-1.17), with normal or near-normal VWF:Ag, VWF:CB and VWF:RCo values.
His VWEF:FVIIIB was significantly reduced (11.3 U/dL vs normal 60-160 U/dL), as was his
VWE:FVIIIB ratio (0.2 vs >0.74 in normal subjects). This hemostatic pattern was compatible

with the presence of homozygous type 2N VWF defects. The father had a reduced
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VWE:FVIIIB ratio, while the mother’s hemostatic results were all normal, and her
FVIII/VWF:Ag ratio was slightly higher than normal (Table 1). Exons 17-22 of the VWF
gene were studied to search for the mutation(s) responsible for the defective FVIII binding by
VWE. The proband appeared to be heterozygous for the p.R854Q mutation and the novel
€.2547-1G>T mutation at the splicing site between intron 19 and exon 20, in a heterozygous
state. The father was heterozygous for the p.R854Q mutation, the mother for the new ¢.2547-
1G>T mutation. No other mutations were found.

Since the p.R854Q in a heterozygous state did not explain the patient's VWD phenotype, we
suggest that the ¢.2547-1G>T mutation could induce a quantitative VWF defect. Analyzing
the proband’s cDNA showed that all genetic polymorphisms seen at heterozygous level in the
DNA (including the p.R854Q mutation) were homozygous, and so was the cDNA along its
full length (Fig 1). The same pattern emerged in the mother, enabling us to conclude for a
degradation of the mRNA carrying the ¢.2547-1G>T mutation giving rise to a gene null
picture. This explains why the proband’s heterozygous type 2N defect acts like a
homozygous one. The proband was thus classified as having a combination of quantitative
and type 2N VWF defects.

Hemostatic and genetic findings in the families with type 2N/type 1 VWD. Patients with
combined quantitative and type 2N VWF defects (drawn from our cohort) were analyzed for
comparison. They were characterized by a prolonged aPTT, a reduced VWF:Ag and a
slightly more severely reduced FVIII, with a normal or slightly reduced FVIII/VWF:Ag ratio
(Table 2). VWF:FVIIIB was lower than normal too, and there was a more marked reduction
in the VWF:FVIIIB ratio. The patients’ mean BAT was 10+/-2.

All the above patients were heterozygous for the type 2N p.R854Q mutation combined with a

quantitative VWF mutation giving rise to a gene null pattern (p.P812_fsX3,
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p.G2352_2360del, p.T577Sfs*10) or a quantitative VWF defect (p.C524T and p.R760C) (7)
(Table 2).

The relatives carrying the quantitative VWF defect had lower than normal VWF levels,
normal FVIII levels, and a higher FVIII/VWEF:Ag ratio (2.1+/-0.93), whereas the results of
the above-mentioned routine tests were normal in those carrying the type 2N defect
(FVIII/VWF:Ag ratio 0.99+/-0.10). The families with type 2N/type 1 thus included
individuals with a normal or increased, or slightly decreased FVIII/VWEF:Ag ratio, and with
normal or decreased FVIII and VWF levels.

Hemostatic findings in patients carrying type 2N mutations alone. The 4 type 2N
homozygotes for the p.R854Q mutation revealed a prolonged aPTT, reduced FVIII levels and
a lower FVIII/VWE:Ag ratio, a reduced VWF:FVIIIB and VWEF:FVIIIB ratio, but normal
VWE:Ag levels (Table 3). While their VWF:FVIIIB ratios were much the same as in the
patients with type 2N/typel VWD, the reduction in FVIII/VWF:Ag ratio was significantly
greater (0.31+0.02) in the homozygotes than in the cases of type 2N/type 1 VWD (mean
0.76+0.21). The patients’ mean BAT was 7.6+/-2.88.

VWEF survival in type 2N. To investigate the consequence of VWF having a FVIII carrier
defect, patients’ FVIII survival was explored using a DDAVP test lasting 24 hours. The T, el
of FVIII was calculated with a one-compartment model, adjusted to patients” ABO blood
group (Table 4). In the cases homozygous for the p.R854Q mutation, the half-life of FVIII
was within normal range, as it was for VWF:Ag (Table 4). A shorter FVIII half-life was
found in the 2 subjects with

type 2N/type 1, though the values remained within normal range or at the lower limit of
normal range, as seen for VWF:Ag. There was no difference in the half-life of FVIII or VWF

between the heterozygote for type 2N VWD and the normal subjects. No correlations
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emerged between FVIII survival and the VWF:FVIIIB ratio or the FVIII/VWF:Ag ratio in
the subjects investigated (p=0.517 and p=1, respectively).

DISCUSSION
We report a new gene null VWF mutation (c.2547-1G>T) that, combined with the p.R854Q
type 2N mutation, gives rise to a type 2N VWD. Without performing the VWF:FVIIIB test,
neither the type 2N nor the quantitative VWF defects would have been easy to diagnose,
given the patients’ normal or near-normal VWF levels and only slightly reduced
FVIII/VWF:Ag ratio. The VWF:FVIIIB test enabled us not only to identify the type 2N VWF
defect, but also to reveal the presence of a hidden gene null VWF mutation. The patients
with this picture were also compared with type 2N homozygotes or type 2N/type 1 VWD
patients from our cohort, to clarify the most useful approach to identifying such patients.
Type 2N accounts for 1-2.5% of all cases of VWD (11, 29), so it is a rare variant of a rare
disorder, which explains why it is sought less frequently during procedures for diagnosing
VWD (30). On the other hand, it may be that this variant is rare because it is not usually
tested for - as suggested by the finding in various countries that from 1.7% to 5.1% of the
general population are heterozygotes for type 2N defects (11, 31).
Diagnosing type 2N VWD is made more complicated by an elusive phenotype describing two
groups of patients: homozygotes or double heterozygotes for type 2N mutations; and patients
carrying a type 2N mutation combined with a quantitative VWF defect. Homozygotes or
double heterozygotes for type 2N mutations are characterized by lower FVIII levels and
FVIII/VWF:Ag ratios, and a picture indistinguishable from mild forms of hemophilia A.
Patients with type 2N/type 1 VWD, on the other hand, have reduced FVIII levels, but normal
or only slightly reduced FVIII/VWF:Ag ratios. Their relatives’ FVIII/VWF:Ag ratios vary,
and may be normal or only slightly lower or higher than normal (33), in contrast with

subjects whose VWF only reveals a FVIII carrier deficiency. Type 2N/type 1 patients are

Downloaded by: UNIV. STUDI DI PADOVA. Copyrighted material.



characterized by reduced VWF levels, which means that diagnostic procedures tend to focus
on their VWF rather than on their FVIII levels or FVIII/VWEF:Ag ratio. As a consequence,
the type 2N defect may go undiagnosed unless the nature or severity of a patient’s bleeding
symptoms are inconsistent with their VWF levels, as in the patient described here. It was the
presence in our patient of a type 2N VWF defect at heterozygous level that led to us to find
the ¢.2547-1G>T VWF mutation, which does not significantly affect a patient’s plasma VWF
levels. The novel VWF mutation reported here is paradigmatic inasmuch as it teaches us that
algorithms or excessively stringent criteria for diagnosing such a complicated and
heterogeneous bleeding disorder as VWD may not always be helpful. According to recent
guidelines for the diagnosis of VWD (32), it is unnecessary to search for a VWF defect in
patients with VWF levels above 50 U/dL (32). So, it would have been unnecessary to proceed
in the proband or his mother.

Different cases of type 2N VWD may need a different diagnostic work-up: homozygotes or
double heterozygotes for type 2N mutations need differentiating from cases of hemophilia A,
whereas those with type 2N/type 1 should be distinguished mainly from patients with
quantitative VWF defects alone. In both instances, routine tests to ascertain FVIII levels and
FVIII/VWF:Ag ratios are not enough for a reliable diagnosis, which can only be achieved by
measuring VWF:FVIIIB.

Carrying FVIII is just one of the functions of VWF, which also include binding to collagen or
platelet GPIb. The latter functions are measured as part of the diagnosis and characterization
of VWD and, by the same logic, VWF binding to FVIII should be as well. Because
laboratories do not routinely perform the VWF:FVIIIB test or genetic analyses, it has recently
been suggested that one or the other be included in the flowchart for diagnosing type 2N

VWD (32). Either one may be chosen, where available, but the fact remains that the
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VWE:FVIIIB test will always be needed to validate new type 2N genetic variants, so it
should be the first choice.

Type 2N VWD is rare, but identifying cases is not just a matter of diagnostic needs or to
ensure appropriate genetic counseling for the families involved (though that in itself might
suffice), it also affects a patient’s treatment. As their reduced plasma FVIII levels are
reportedly caused by a shorter FVIII survival (34, 35), type 2N patients should only be
treated with FVIII concentrates containing VWF. This rule holds, even though DDAVP tests
performed in some of our type 2N VWD patients showed a near-normal FVIII half-life (both
in patients with type 2N defects alone, and in type 2N carriers). FVIII survival was shorter in
those who also had a quantitative VWF defect, partly because their VWF survival was also
slightly lower than in normal subjects, and related to ABO blood group (as in healthy
subjects).

To sum up, FVIII levels and FVIII/VWEF:Ag ratios may not always be useful when a case of
type 2N VWD is suspected. These patients can only be identified by measuring VWE:FVIIIB
binding and its ratio. Diagnosing type 2N/type 1 can be complicated, and identifying type 2N
carriers even more so, as the tests routinely used to diagnose VWD are not informative. That
is why we recommend including the VWF:FVIIIB test in the study of VWF function in
bleeding patients, whatever the VWD phenotype emerging from routine laboratory tests. We
hope that automated VWF:FVIIIB tests can be developed in future, and made available for
routine use at all laboratories. This will happen if there is consensus on the need to analyze

the FVIII carrier function of VWF for a thorough assessment of VWF function.

What is known about this topic?
e Type 2N is a variant of VWD associated with an impaired FVIII carrier function of

VWE.
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e FVIII carrier function is rarely explored, unlike other functions of VWEF. This is done
by VWE:FVIIIB assay.
¢ Diagnosing type 2N may be challenging when it is combined with quantitative VWF

mutations.

What does this paper add?
¢ As learned from the reported new c.2547-1G>T and p.R854Q mutations combined,

measuring FVIII and the FVIII/VWF ratio may not be enough to diagnose type 2N
VWD.

e This diagnosis can only be achieved by VWF:FVIIIB assays, which may also be able
to reveal hidden VWF mutations.

e We recommend always performing WF:FVIIIB assays when exploring VWF function

in bleeding patients.
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Fig. 1. DNA and cDNA in the proband and his mother. Panel A, the new ¢.2547-1G>T

mutation identified in the DNA. Panel B, polymorphisms found at heterozygous state in the

proband’s and his mother’s DNA (mainly the c.2561G>A, associated with the p.R854Q type

2N mutation in the proband) were in a homozygous state in the cDNA, as was the whole

c¢DNA in both the proband and his mother, suggesting loss of the allele carrying the new

c.2547-1G>mutation.

Table 1. Main hemostatic and

enetic findings in Family 1 members

Patie | Blo | aP | VWF: | FVI | FVIIl/ VWE:FV | *VWE:F | VWF: | VWF: | VWF
nts od |TT | Ag I1 VWEF:Ag I11B VIIIB CB RCo mutatio
gro | sec | U/dL | U/ Ratio U/dL Ratio U/dL U/dL ns
Proba | O 37. | 56.1 33 0.58 11.3 0.20 69 64 p.R854Q
nd 3 / €.2547-
1G>T
Moth | A 29. | 84.9 119 | 14 78.2 0.92 100 92 €.2547-
er 9 1G>T/
WT
Fathe | A 30. | 106 104 | 0.98 62.6 0.59 136 119 p.R854Q
r 8 /WT
Norm 25. 60- | 0.83-1.17 60-160 >0.74 65- 60-130
al 5- 60- 160 150
range 32. | 160
WT= Wild Type
* VWF:FVIIIB/VWF:Ag ratio
Table 2. Main hemostatic and genetic findings in type 2N/type 1 VWD patients:
Fa Sex/ | Blo | aP | VW | FV | FVIIl/ VWE:F | *VWF: | VWF | VWF: | VWF
mily | age | od | TT | F:Ag | III | VWF:Ag | VIIIB FVIIIB | :CB | RCo mutations
gro | sec | U/dL | U/ | ratio U/dL ratio U/dL | U/dL
2 F/49 | B 40 | 42 24 | 0.57 8.53 0.2 448 | 42.8 p-R854Q)/
p.P812_fsX31
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2 F/54 | B 40. | 57.7 34. | 0.59 12.7 0.22 51.4 49.25 | p.R854Q/
5 5 p.P812_fsX31
3 M/ A 42. 1 19.42 | 12. | 0.63 4.7 0.24 22.45 | 245 p.-R854Q)/
53 6 2 p.C524T
4 M/ O 41. | 41.7 35. | 0.86 14.8 0.35 39.9 41.8 p.R854Q)/
60 9 9 p.R760C
5 F/14 | A 38. | 46.1 51. | 1.1 14.8 0.36 46.4 50.6 p.R854Q)/
1 1 p-G2352_2360d
6 F/11 | O 41. | 28.8 24 | 0.83 3.6 0.13 34.2 - p-R854Q)/
0 p.T577Sfs*10
Nor 24- | 60- 60- | 0.83-1.17 | 60-160 >0.74 65- 60-
mal 36 | 160 16 150 130
ran 0

* VWF:FVIIIB/VWF:Ag ratio

Table 3. Main hemostatic and genetic findings in homozygotes for type 2N VWF mutations,
and type 2N carriers

Family | Sex | Bl | aPT | VWF | FVI | FVIIl/ VWE: | *VWF: | VW | VWF | VWF
/age | o0 | T :Ag II VWEF:A | FVIIIB | FVIIIB | F:C :RCo | mutation
d sec u/dL | U/ g U/dL ratio B U/dL | s
gr dL | Ratio U/dL
7 F/ O |404 | 109 36.7 | 0.33 5.7 0.23 133. | 120 p-R854Q/
28 8 p-R854Q
7 F/ O |426 | 1142 | 34 0.30 28 0.24 118. | 107.2 | p.R854Q)/
24 8 p-R854Q
8 M/7 | O | 419 | 629 18.5 | 0.29 10.7 0.17 53.3 | 58.5 p.R854Q)/
p-R854Q
9 M/ | O |[436 | 950 31.1 | 0.33 23.28 0.25 101. | 91.1 p-R854Q)/
73 6 p-R854Q
SHetero 29.9 | 103.5 | 85.0 | 0.85£0.2 | 67.0+4 | 0.57£0. | 79.3 | 97#5 | p.R854QY
zygotes +2.8 | £51.6 | £34 | 4 5.39 09 £29. |1 WT or
4 p.R760C/
Normal 24- | 60- 60- | 0.83- 60-160 | >0.74 65- 60-
range 36 160 160 | 1.17 150 130

5 39 subjects had the p.R854Q mutation, and 1 had the p.R760C mutation.
* VWE:FVIIIB/VWF:Ag ratio

Table 4. Main post-DDAVP pharmacokinetic parameters in type 2N patients and carriers and healthy

subjects
Type 2N subjects Bloo | VWF:Ag FVIII/VWF:Ag *VWF:FVIIIB
d uU/dL ratio ratio T1/2 T1/2elimination
grou elimination FViil
p VWF:Ag h
h
Homozygote 0.29 (21) 0.24 (17.5)
p.R854Q A 73.3 16.8 10.6
Combined 0.94 (35.9) 0.23 (16.8) 2.31
p.R854Q/p.R760C (0] 38.1 10.2
Combined 1.26 (38.5) 0.36 (10.9) 8.89 3.43
p.R854Q/p.G2352_2360del | A 30.5
Heterozygote 1.4 (139.4) 0.65 (65.2) 21.3 9.85
p.R854Q A 99.4
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Heterozygote 1.31(75.1) 0.6 (34.2) 7.98 5.0

p.R854Q 57.0

Normal subjects 084.4+35.1 | 00.9+0.2 20.74 0 12.5+5.9 04.5+2.1
Non-O Non-O 0.97% Non-O Non-O 6.5+3.8
96+26.5 0.15 16.6+6.5

In the brackets are included FVIII and VWF:FVIIIB values
* VWF:FVIIIB/VWF:Ag ratio
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