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Summary

Several cohort studies have investigated the molecular basis of von Willebrand disease (VWD);
however these have mostly focused on European and North American populations. This study
aimed to investigate mutation spectrum in 26 index cases (IC) from Turkey diagnosed with all
three VWD types, the majority (73%) with parents who were knowingly related. IC were screened
for mutations using multiplex ligation-dependent probe amplification and analysis of all von
Willebrand factor genelWF) exons and exon/intron boundaries. Selected missense mutations
were expressef vitro. Candidatel/W/F mutations were identified in 25 of 26 IC and included
propeptide missense mutations in four IC (two resulting in type 1 and two in recessive 2A), all
influencing VWF expressiom vitro. Four missense mutations, a nonsense mutation and a small
in-frame insertion resulting in type 2A were also identified. Of 15 type 3 VWD IC, 13 were
homozygous and two compound heterozygous for 14 candidate mutations predicted to result in
lack of expression and two propeptide missense changes. ldentification of intronic breakpoints of
an exon 17-18 deletion suggested that the mutation resulted from non-homologous end joining.
This study provides further insight into the pathogenesis of VWD in a population with a high
degree of consanguineous partnerships.
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Introduction

von Willebrand disease (VWD) is a common autosomally inherited bleeding disorder
resulting from mutations in the von Willebrand facte#F) gene. VWD is divided into

three distinct types; types 1 and 3 result from mild-moderate and severe reductions in
circulating plasma VWF respectively while type 2 results from specific functional defects
influencing VWF (1). Type 2 VWD is further subdivided into types 2A, 2B, 2M and 2N
based on the nature of the particular functional defect (1). Population studies have estimated
the prevalence of VWD to be between 1% and 1 in 10,000 (2, 3), with the majority of
reported cases being diagnosed with type 1 (4). Studies performed during the past two
decades have investigated the molecular basis of VWD in several populations to ascertain
the mechanisms involved in the pathogenesis of this disorder and to understand how these
mechanisms differ between VWD types. The majority of these studies have focused on
European and North American populations where type 1 VWD cases predominate in the
clinical population. However, studies of ethnic populations with a greater degree of
consanguineous marriage suggest that recessively inherited forms of VWD are more
prevalent (5, 6).

The aim of this study was to investigate and characterise VWD pathogenesis in a cohort of
patients from Turkey. Given the high levels of consanguineous marriage reported (7, 8), it
was hypothesised that recessively inherited forms of VWD would be more prevalent in this
cohort and that their investigation would therefore provide additional insight into the
mechanisms associated with these forms of VWD.

Materials and methods

Study population and phenotypic analysis

Following informed consent, peripheral venous blood samples and plasma were obtained in
Turkey from 26 families diagnosed with VWD. The majority of index cases (IC; 73%) had
parents who were eithefTousins (n=14),% cousins once removed (n=1) &¥2ousins

(n=4). Only 7 IC had parents who were not knowingly related (#5, 11, 12, 17, 21, 25 and
26). Skin bleeding times (BT) were determined using a Simplate-II device (General
Diagnostics, Morris Plains, NJ, USA). Blood samples and plasma were sent to Aarhus,
Denmark for basic phenotypic and multimer analysis and to Sheffield, UK for genotyping
and mutation detection. VWF plasma levels (VWF:AQ), ristocetin cofactor activity
(VWF:RCo) and factor VIII coagulant activity (FVIII:C) were measured as previously
described (9). Ristocetin induced platelet aggregation (RIPA) was performed on platelet-rich
plasma using standard methods with a final ristocetin concentration of 1.2 mg/mL (10).
Plasma multimers were analysed via electrophoresis on 2% or 3% (w/v) sodium dodecyl
sulphate (SDS)-agarose gels and colorimetric staining (11). Four additional families from
the cohort were omitted from the study due either to lack of DNA (n=2) or to insufficient
phenotypic information (n=2).
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Genotyping and mutation analysis

DNA was extracted from citrated blood using standard methods for all 26 IC, available
family members (n=102) and 100 Caucasian healthy control individuals (HC). Genotypes
were determined for ABO blood group and two (ATE3hort tandem repeats (STR) in

intron 40 (12, 13) in all 26 families as previously described (14). In addition, single
nucleotide polymorphism (SNP) genotypes were determined via direct DNA sequence
analysis where relevant. Initially, mutation analysis of W& promoter and all 52 exons/
flanking intronic sequence was performed in IC using chemical cleavage mismatch analysis
(CCMA) or conformation-sensitive gel electrophoresis (CSGE) (9). Standard PCR
amplification using redesigned primers (sequences and reaction conditions available on
request) followed by direct DNA sequence analysis of each amplicon was subsequently
performed to confirm mutations identified and to identify additional mutations not detected
using CCMA or CSGE.

Multiplex ligation-dependent probe amplification (MLPA)

MLPA, a technique based on sequence-specific probe hybridisation to genomic DNA (15),
was used to screen IC and 5 HC for copy number variation (CNWWi#, utilising VWF-
specific kits (P011-A1/P012-Al and P011-B1/P012-B1; MRC-Holland b.v., Amsterdam,
The Netherlands). Fragment size analysis was performed using an ABI 3730 DNA
sequencer and Peak Scanhsoftware v1.0 (Applied Biosystems Europe BV, Warrington,
UK). Calculation of copy number ratios for each exon-specific amplicon was performed in
comparison with HC using the gene dosage analysis method developed by the National
Genetics Reference Laboratory (Manchester, kiky://www.ngrl.org.uk/Manchester/
publications/MLPA%20Spreadshekts

Characterisation of the exon 17-18 deletion

The size of the exon 17-18 deletion was estimated using Southern blot analysis utilising
standard procedures. Briefly, 10 ug DNA digested overnight fAddiR| was

electrophoresed on a 0.8% (w/v) agarose gel for 18 h, blotted on Hybond-N nylon
membrane (Amersham Pharmacia Biotech UK Ltd., Bucks) and VWF specific bands
detected using a full length VWF cDNA probe labelled W a-dCTP (Amersham).
Long-range PCR (primer sequences and reaction conditions available on request) utilising
the Expand Long Template PCR System (Roche Diagnostics Ltd., Burgess Hill, UK)
followed by direct DNA sequence analysis was used to determine breakpoints. Multiplex
PCR was designed to detect the exon 17-18 deletion utilising stafaapdlymerase
(deletion-specific forward primer/ B GAAGTTGGGATGAGGTTCA-3; wild-type

forward primer: 5GTATCTGCTCCTGCCATCGT-3 reverse primer:’s
ATTCCCTGCAGCATCTCTGT-3.

Expression of recombinant VWF containing p.S49R or p.R324Q

The expression vector containing wild-type full length VWF cDNA (pSVH vWF1; WT) was
obtained as described (9). The expression vector containing ¢.147C>A (pVWF-S49R) was
constructed via mutagenesis of shuttle vector pXbal, which contained ~450 bp of WT
(encompassing exons 2—4) obtainedXbd digestion cloned into pGEM-3Z (Promega UK

Thromb HaemosAuthor manuscript; available in PMC 2014 October 30.
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Ltd., Southampton, UK). The expression vector containing ¢.971G>A (pVWF-R324Q) was
constructed via mutagenesis of shuttle vector pKpnl, which contained ~4.5 kb of WT
(encompassing exons 4—28) obtainedkipyl digestion cloned into pGEM-3Z. Site-directed
mutagenesis of pXbal and pKpnl was performed using the GeneEdigstem (Promega)

and mutagenic oligonucleotides BTGATGGGAGAATGTACAGCT-3 (c.137_157 of

VWF, pXbal) and 5GTCAGGAGCAATGCGTGGATG-3(c.962_982 ofVWF, pKpnl).
Mutant fragments were sub-cloned back into WT VWF cDNA and sequence analysis
confirmed the presence of each mutation in the p.VWF-S49R and p.VWF-R324Q vectors.

Expression of WT, p.VWF-S49R and p.VWF-R324Q in COS-7 cells, steady-state analysis
of VWF secretion and multimer analysis of secreted VWF concentrated from COS-7 growth
medium following transfection with WT or p.VWF-S49R was performed as described (9).
Multimer analysis of secreted VWF concentrated from COS-7 growth medium following
transfection with WT and/or pVWF-R324Q was performed in Hamburg, Germany via
electrophoresis on medium resolution (1.5% w/v) SDS-agarose (16).

In silico analysis

Results

Type 1 VWD

The effect of candidate missense mutations on VWF was predicted using three online
protein prediction tools: Align-Grantham Variation Grantham Deviation (A-GVGD) (17),
PolyPhen-2 (18) and Sorting Intolerant From Tolerant (SIFT) (19). The effect of candidate
splice mutations was predicted using six online prediction tools (20). Multi-species protein
alignment was performed using Clustalw?2 (21). /Alkifico analysis was performed in June
2011. Sequence numbering followed Human Genome Variation Society homenclature with
“ A’ of the first methionine termed nucleotide 1 (nucleotide RefSeq NM_000552.3; amino
acid RefSeq NP_000543.2).

Families from all regions of Turkey were referred to the Pediatric Hematology Unit, Ankara
for diagnosis. Bleeding history in the IC, family history of bleeding, bleeding time (BT),
VWF:Ag, VWF:RCo and FVIII:C levels were taken into account when diagnosing VWD.

BT comprised part of the initial diagnosis of patients with IC considered to have VWD if BT
was =6 min. IC were initially diagnosed with type 1 VWD (n=5), type 2 VWD (n=6) and

type 3 VWD (n=15), but final diagnosis was altered in five IC following detailed phenotypic
and mutation analysis (Table 1). Mutation analysis identified 24 different mutations in 25/26
(96%) of IC, each of which segregated with disease phenotype (Table 1).

Mutations were identified in all five IC initially diagnosed with type 1 VWD. Four of the
mutations resulted in missense alterations within the VWF propeptide; p.S49R, p.R273W
and p.R324Q. The p.R273W mutation was recessively inherited in two IC, both of whom
had a severe type 1 phenotype (VWF:Ag 6 and 9 IU/dL, VWF:RCo 6 and 4 1U/dL
respectively). The other two mutations were dominantly inherited and associated with a mild
type 1 phenotype. The remaining IC was heterozygous for a p.Y1456* nonsense mutation.

Thromb HaemosAuthor manuscript; available in PMC 2014 October 30.
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Previous functional analyses investigating the influence of the p.R273W mutation on VWF
storage and secretion have confirmed that it causes severe intracellular retention f VWF
vitro (14, 22, 23), however the other two propeptide mutations had not been previously
characterised. Both mutations were shown to affect poorly conserved VWF residues (Fig.
S1) andin silicoanalysis predicted that both mutations would be beigwiro
characterisation of recombinant VWF containing each mutation highlighted that both
mutations had a significant influence on VWF expression (Fig. 1). Expression of p.S49R
resulted in a significant increase in the amount of VWF secreted from the cell compared to
WT (100%) both when expressed in homozygous form (139%) and heterozygous form
(109%; Fig. 1). Conversely, expression of p.R324Q caused a significant retention of VWF
within the cell compared to WT (100%) when expressed in homozygous (113%) and
heterozygous (106%) forms (Fig. 1). Neither IC had abnormal multimers (Table 1; Fig. 1);
however when p.S49R was expressed alonéfro, a reduction in high molecular weight
multimers was observed. Multimer profiles followingvitro expression of p.R324Q were
normal (Fig. 1).

Type 2 VWD

IC diagnosed with type 2 VWD were initially classified as having either 2A or 2N VWD.
The two IC with type 2N were homozygous for missense mutations located ih the D
(p.C788R) and D3 (p.C1225G) domains respectively. When compared against normal
plasma (100%), patient plasma had reduced FVIII binding capacity (VWF:FVIIIB) similar
to that observed in plasma from a known type 2N patient homozygous for p.T791M
(p.C788R homozygote 0% (heterozygote 49%) vs. 1.3%; p.C1225G homozygote 7.1% vs.
7.1%) (9, 24). Previous investigations have also shown that these mutations impair VWF
secretion and FVIII bindingn vitro, confirming that both account for the observed disease
phenotype (9, 23). Mutations were identified in three of the four IC with type 2A VWD.
Each had a classic dominantly inherited 2A phenotype. One IC had the common p.R1597W
missense mutation located in the VWF A2 domain (25). The other two IC had novel
mutations; a p.L1657H missense mutation in the A2 domain and a small 9 bp duplication
resulting in a three amino acid insertion in the A1 domain (p.Y1271_C1272insYFY)
respectively. A p.L1657] mutation has been previously described in type 2A VWD (26) and
substitution of p.C1272 has been reported several times in type 2A (25).

Despite performing MLPA and sequence analysis of all 52 exons and closely flanking
intronic sequence, no mutation was identified in the remaining IC diagnosed with type 2A
VWD. Notably, STR/SNP genotyping of the IC and their parents was consistent with an
autosomal recessive inheritance pattern (data not shown) and the multimer profile observed
in the IC correlated well with multimer patterns reported in type 2A(IIC) patients (Fig. 2)
(27).

Type 3 VWD
Mutations were identified on both alleles in all IC diagnosed with type 3 VWD, the majority
of whom were homozygous for a single point mutation (13/15; 87%). Most candidate
mutations (n=16) were predicted to result in null alleles and included nonsense (n=6),
frameshift (n=4) and splice mutations (n=3) plus a deletion of exons 17-18, whilst two were

Thromb HaemosAuthor manuscript; available in PMC 2014 October 30.
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missense mutations. Only four of these mutations had been reported previously (Table 1)
(25, 28-30).

In silicoanalysis of the three candidate splice mutations predicted that they would result in
exon skipping (n=2) or intron retention (n=1) resulting in a frameshift (Table 1). A
homozygous deletion of exons 17-18 was identified during PCR analysis of VWF in IC #3
through lack of amplification of these exons. Southern blot analysis of genomic DNA
highlighted a novel ~8 kb band (Fig. 3A) indicating that the deletion encompassed the
EcdRl restriction enzyme site within intron 18 and at least part of intron 16. MLPA analysis
confirmed the deletion was recessively inherited (Fig. 3B) and long-range PCR followed by
direct DNA sequencing mapped the breakpoints (c.2186+2253 2442+3683del, predicted to
result in p.C729Wfs*29) and indicated that the deletion was 9683 bp in size (Fig. 3C).

Two type 3 VWD IC were homozygous for missense mutations in the VWF propeptide. One
IC had the p.R273W mutation which has been characterised and shown to result in
intracellular retention (14, 22, 23). The remaining IC had a novel p.R34G mutation. p.R34 is
completely conserved across species (Fig. S1)raadicoevolutionary conservation

analysis predicted that the mutation would have a detrimental effect on the VWF protein.

Phenotype of heterozygous type 3 VWD parents

Both parents were available for all fifteen type 3 VWD IC. Only three individuals (10%) had
increased bleeding times (6, 7 and 13 min), but VWF:RCo and VWF:Ag were reduced
below the normal range in 15 (52%) and 13 (43%) of individuals analysed respectively
(Table 2). Mean VWF:RCo/VWF:Ag ratio was 1.0 for all individuals analysed. None of
these 30 heterozygous carriers of 16 different mutations had abnormal multimer profiles
(Table 2). Fourteen individuals reported one or more bleeding symptoms (47%), but their
VWEF levels were not significantly different to those of 16 individuals who did not report
symptoms (Table 2). It has previously been observed that heterozygous carriers of type 3
VWD mutations have significantly raised ratios of FVIII:C to VWF:Ag (31, 32). In this
cohort, FVIII:C/VWF:Ag ratio (mean 1.4) was increased (1.5-2.3) in 43% of type 3 VWD
carriers. Notably an increased ratio was not observed in splice mutation carriers (mean
FVIII:C/VWEF:Ag ratio 0.9) with four of four carriers having normal ratios, whereas in
nonsense/frameshift mutation carriers 11 of 21 (52%) had raised ratios (mean FVIII:C/
VWEF:Ag ratio 1.5; Table 2).

Discussion

To date there have been few reports concerning VWD in populations with high rates of
consanguinity. In this study, a cohort of 26 Turkish IC diagnosed with VWD types 1-3 and
their family members had phenotypic and genotypic investigation of their VWD to
understand the mutations responsible and the consequences of those mutations. Prolonged
BT in all IC may have enhanced the selection of cases with significant bleeding, leading to
the high detection rate for mutations in this cohort. At the time of recruitment VWF collagen
binding (VWF:CB) assays were not routinely performed, so unfortunately VWF:CB data
(which might have allowed additional characterisation of VWD phenotype) was unavailable
for this cohort.

Thromb HaemosAuthor manuscript; available in PMC 2014 October 30.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Hampshire et al.

Page 7

Four of the five type 1 VWD mutations were missense and all occurred in the VWF
propeptide. p.R273W has previously been shown to result in intracellular retention (14, 22,
23), andin vitro characterisation carried out in this study suggests that both the p.S49R and
p.R324Q mutations also affect VWF expression. In addition to the three missense mutations
reported here, 36 missense mutations have been reported within the VWF propeptide to date
(25, 33). Six of these (p.D141Y, p.G160W, p.N166l, p.C275R/S and p.R760C) have also
been shown to affect VWF expressinvitro when expressed in the heterozygous form (25,
33). In comparison to these mutations and p.R273W, the effect of p.S49R and p.R324Q on
VWEF expression is not as pronounced. However, all these previously reported mutations
affect VWF residues completely conserved across species, unlike p.S49R and p.R324Q,
suggesting that disruption of p.S49 and p.R324 residues is likely to be less detrimental.

In vitro expression of recombinant p.S49R showed a significant increase in VWF secreted
from the cell compared with WT both when expressed in the homozygous form or when co-
expressed in the heterozygous form with WT, although in both cases there was no
significant difference in VWF retained within the cell (Fig. 1). The IC had a normal
multimer profile, however homozygous expression of recombinant p.S49R appeared to
indicate a loss of high molecular weight multimers (multimer analysis of recombinant
p.S49R/WT was not performed). p.S49R may therefore interfere with the VWF
multimerisation process within the cell resulting in only low molecular weight forms of
VWEF being secreted. Increased secretion of VWF has not been previously reported,
however mutations affecting amino acid substitutions in proximity to p.S49 have not been
functionally characterised (25, 33). Although VWF:Ag level in the IC (58 1U/dL) was within
the normal range observed in this study (46—146 IU/dL), the IC suffered from frequent
epistaxis and prolonged bleeding from superficial wounds. The IC also had blood group O
and combined with p.S49R this may be sufficient to explain the mild bleeding phenotype
observed. In addition, p.S49R was not present when screened in 35 HC and 35 unrelated
Turkish family members, and has not been reported by HapMap (34), the 1000 Genomes
Project (35) or in African-American HC (36), which suggests that this variant is unlikely to
be a polymorphism.

Expression of recombinant p.R324Q resulted in a significantly reduced VWF secretion and
increased intracellular retention of VWF both when expressed in homozygous or
heterozygous forms, although recombinant p.R324Q still formed normal multimers (Fig. 1).
p.R324Q is therefore likely to result in type 1 VWD through impaired secretion of VWF,
similar to several other type 1 VWD mutations (37).

Interestingly, in this cohort, p.R273W was initially associated with both recessive type 1 and
type 3 VWD. Of note, a recessive type 2A VWD patient, compound heterozygous for
missense mutations p.C275R and p.P1337L, has been described with a similar phenotype to
both IC initially diagnosed as recessive type 1 (VWF:Ag 7 1U/dL, VWF:RCo 2 1U/dL,

FVIII:C 32 IU/dL, BT 11 min, absent high molecular weight multimers); the p.C275R
mutation resulting in intracellular retention of VWF and contributing to the abnormal

multimer profile (38). These two IC may therefore be more accurately classified as having
recessive 2A VWD (despite IC #2 having a VWF:RCo/VWF:Ag ratio of 1.0 as the ratio

may be misleading when VWF:RCo is <10 IU/dL) and re-examination of the multimer

Thromb HaemosAuthor manuscript; available in PMC 2014 October 30.
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profile in one of these IC supported a reclassification. The difference in phenotype between
the three p.R273W IC cannot be explained by ABO blood group, as both the type 3 and one
of the type 2A IC had blood group A (14). Heterozygous carriers of this mutation did not
report a bleeding phenotype (Table 2). It is possible that this phenotypic difference between
IC is due to other genetic influences, for example polymorphic variation withivltie

locus or other genes (39, 40). However, DNA sequence analygid4/6fdid not reveal
differences betweelWF haplotypes in the IC (14).

One IC (initially classified as type 1) was heterozygous for a p.Y1456* nonsense mutation
and had a severe phenotype (VWF:Ag 15 1U/dL, VWF:RCo <3 IU/dL, BT >20 min,

abnormal multimers). This nonsense mutation has previously been reported in a compound
heterozygous type 3 VWD patient and the familial carrier of this mutation had normal VWF
levels and no bleeding symptoms (41). A further unidentified mutation in addition to this
nonsense mutation must occur in this IC to explain the severe phenotype observed and this
IC could also be more accurately classified as having recessive 2A VWD. No other mutation
was identified and no further DNA is available for this IC. Linkage analysis indicated that
the IC inherited the mutation from their father, from whom no DNA or phenotypic data was
collected.

Two IC were homozygous for novel missense mutations (p.C788R and p.C1225G
respectively) and initially diagnosed with type 2N VWD based on impaired VWF:FVIIIB
results (9), despite both IC having FVIII:C levels similar or higher than those recorded for
VWF:Ag and VWF:RCo. Interestingly, one of these mutations (p.C1225G) has recently
been identified in two German patients classified with type 2A VWD because the mutation
had no detectable effect on VWF:FVIIIB (42). As mentioned by Yadegari and colleagues
(42), it seems likely that p.C1225G may belong to a group of mutations that have pleiotropic
effects on VWF function, and p.C788R may also fall into this category.

This study failed to identify a mutation in IC #4 who had an apparent recessive type 2A(IIC)
VWD phenotype and in whom pedigree analysis indicated homozygous inheritance.
Although rare, several 2A(lIC) mutations have been reported clustered within the D2
domain encoded by exons 11-17 (25, 43) and the phenotype in the IC resembles those
previously reported. Despite analysis of DNA from the IC using both MLPA and direct
DNA sequencing, no evidence of CNV or any mutation in exons 1-52 was identified. The
possibility that the IC had a homozygous deep intronic mutation within this region affecting
MRNA splicing cannot be dismissed (44). To result in a 2A(lIC) phenotype, a candidate
mutation would have to result in the production of an in-frame altered VWF protein
disrupting VWF multimerisation. An intronic mutation leading to creation of a cryptic splice
site and introduction of an additional in-frame exon is a possible explanation, similar to
recently reported8&intronic mutations causing mild haemophilia A (45). Unfortunately,
mRNA from the IC was unavailable and further analysis would therefore need to focus on
analysis of genomic DNA for variation in introns 10-17, which range in size from ~750 bp
up to 6 kb. DNA sequence analysis of those introns <1.2 kb in size (i.e. introns 11, 12 and
14) revealed no candidate mutation in the IC.

Thromb HaemosAuthor manuscript; available in PMC 2014 October 30.
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The majority of IC had type 3 VWD. In total, 16 different mutations were found in this

group, 87% predicted to result in a null allele (6 nonsense, 5 frameshift and 3 splice),
comparable with other type 3 studies (43). A homozygous p.P2063S missense change was
initially identified in IC #9. Although p.P2063S has a reported population frequency of 2.5%
(46) and was previously considered to be a mutation (25), it does not influence VWF
expression and is now considered to be a polymorphism (37). Recent DNA sequence
analysis identified a homozygous p.Q1734* nonsense mutation in IC #9 (Table 1), providing
further indication that p.P2063S is not responsible for the type 3 phenotype. No VWF
inhibitor history was reported and e novemutations were identified in any of the type 3
VWD IC.

A previously unreported exon 17-18 deletion was mapped to breakpoints within intron 16
(c.2186+2253) and intron 18 (c.2442+3683) allowing design of a specific multiplex PCR to
detect this deletion (Fig. 3D). Previously reported large deletions in type 3 VWD have been
shown to occur via homologous recombination involvitig repetitive elements (43),

however breakpoints for this deletion occurred within a L2b long interspersed nuclear
element (LINE) and within a MIRb short interspersed nuclear element (SINE) respectively.
Notably, it has been shown that non-homologous recombination can occur between different
repetitive elements via a mechanism of non-homologous end-joining due to microhomology
around the breakpoints (47), most recently in CNV events observed in haemophilia A (48).
The sequence at the exon 17-18 deletion breakpoints has CC dinucleotide microhomology
and there are motifs associated with DNA recombination located within 75 bp of each
breakpoint, i.e. deletion hotspot consensuses, DNA polymerase arrest sites and DNA
polymerase a/b frameshift hotspots (Fig. 3C) (49, 50). The deletion is therefore proposed to
have resulted from non-homologous end joining. It leads to introduction of a premature stop
codon (p.C729Wfs*29) and is likely to result in nonsense mediated decay, and thus a null
allele.

In conclusion, this study provides further insight into the pathogenesis of VWD. The
observations of recessive type 2A VWD, including type 2A(lIC), and a high proportion of
type 3 VWD cases in this study highlights the contribution of consanguinity to VWD and
provides additional insight into the mechanisms associated with VWD.
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Refer to Web version on PubMed Central for supplementary material.

Acknowledgments

Financial support:

This study was supported by the National Institutes of Health program project grant HL081588 Zimmerman
Program for the Molecular and Clinical Biology of VWD (DJH, IRP and ACG), King Abdulaziz University in
Saudi Arabia (AM Abuzenadah), the UK Medical Research Council (AC) and King Saud University in Saudi
Arabia (AM Al-Buhairan).

Thromb HaemosAuthor manuscript; available in PMC 2014 October 30.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Hampshire et al.

References

1.

Page 10

Sadler JE, Budde U, Eikenboom JCJ, et al. Update on the pathophysiology and classification of von

Willebrand disease: a report of the Subcommittee on von Willebrand Factor. J Thromb Haemost.

2006; 4:2103-14. [PubMed: 16889557]

. Rodeghiero F, Castaman G, Dini E. Epidemiological investigation of the prevalence of von
Willebrand’ s disease. Blood. 1987; 69:454-9. [PubMed: 3492222]

. Werner EJ, Broxson EH, Tucker EL, et al. Prevalence of von Willebrand disease in children: a

multiethnic study. J Pediatr. 1993; 123:893-8. [PubMed: 8229521]

. Sadler JE. Von Willebrand disease type 1: a diagnosis in search of a disease. Blood. 2003;

101:2089-93. [PubMed: 12411289]

. Gupta PK, Ahmed RPH, Sazawal S, et al. Relatively high frequency of VWD types 3and 2 in a

cohort of Indian patients: the role of multimeric analysis. J Thromb Haemost. 2005; 3:1321-2.
[PubMed: 15946229]

. EI-Bostany EA, Omer N, Salama EE, et al. The spectrum of inherited bleeding disorders in

pediatrics. Blood Coagul Fibrinolysis. 2008; 19:771-5. [PubMed: 19002043]

. Donbak L. Consanguinity in Kahramanmaras city, Turkey, and its medical impact. Saudi Med J.

2004; 25:19914. [PubMed: 15711682]

. Akbayram S, Sari N, Akguin C, et al. The frequency of consanguineous marriage in Eastern Turkey.

Genet Couns. 2009; 20:207-14. [PubMed: 19852426]

. Allen S, Abuzenadah AM, Blagg JL, et al. Two novel type 2N von Willebrand disease-causing

mutations that result in defective factor VIII binding, multimerization, and secretion of von
Willebrand factor. Blood. 2000; 95:2000-7. [PubMed: 10706867]

10. Ingerslev J, Stenbjerg S, Taaning E. A case of Bernard-Soulier syndrome: study of platelet

11.

12.

13.

14.

15.

16.

17.

glycoprotein Ib in a kindred. Eur J Haematol. 1987; 39:182—4. [PubMed: 3666106]

Bukh A, Ingerslev J, Stenbjerg S, et al. The multimeric structure of plasma F VIII:RAg studied by
electroelution and immunoperoxidase detection. Thromb Res. 1986; 43:579-84. [PubMed:
3092398]

Peake IR, Bowen D, Bignell P, et al. Family studies and prenatal diagnosis in severe von
Willebrand disease by polymerase chain reaction amplification of a variable number tandem repeat
region of the von Willebrand factor gene. Blood. 1990; 76:555-61. [PubMed: 2378985]

Ploos van Amstel HK, Reitsma PH. Tetranucleotide repeat polymorphism in the vVWF gene.
Nucleic Acids Res. 1990; 18:4957.

Allen S, Abuzenadah AM, Hinks J, et al. A novel von Willebrand disease-causing mutation
(Arg273Trp) in the von Willebrand factor propeptide that results in defective multimerization and
secretion. Blood. 2000; 96:560-8. [PubMed: 10887119]

Schouten JP, McElgunn CJ, Waaijer R, et al. Relative quantification of 40 nucleic acid sequences
by multiplex ligation-dependent probe amplification. Nucleic Acids Res. 2002; 30:e57. [PubMed:
12060695]

Budde U, Schneppenheim R, Eikenboom J, et al. Detailed von Willebrand factor multimer analysis
in patients with von Willebrand disease in the European study, molecular and clinical markers for
the diagnosis and management of type 1 von Willebrand disease (MCMDM-1VWD). J Thromb
Haemost. 2008; 6:762—-71. [PubMed: 18315556]

Tavtigian SV, Deffenbaugh AM, Yin L, et al. Comprehensive statistical study of 452 BRCA1
missense substitutions with classification of eight recurrent substitutions as neutral. J Med Genet.
2006; 43:295-305. [PubMed: 16014699]

18. Adzhubei IA, Schmidt S, Peshkin L, et al. A method and server for predicting damaging missense

mutations. Nat Methods. 2010; 7:248-9. [PubMed: 20354512]

19. Ng PC, Henikoff S. Predicting deleterious amino acid substitutions. Genome Res. 2001; 11:863—

74. [PubMed: 11337480]

20. Houdayer C, Dehainault C, Mattler C, et al. Evaluation of in silico splice tools for decision-making

in molecular diagnosis. Hum Mutat. 2008; 29:975-82. [PubMed: 18449911]

Thromb HaemosAuthor manuscript; available in PMC 2014 October 30.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Hampshire et al.

Page 11

21. Larkin MA, Blackshields G, Brown NP, et al. Clustal W and Clustal X version 2. O.
Bioinformatics. 2007; 23:2947-8. [PubMed: 17846036]

22. Allen S, Goodeve AC, Peake IR, et al. Endoplasmic reticulum retention and prolonged association
of a von Willebrand’ s disease-causing von Willebrand factor variant with ERp57 and calnexin.
Biochem Biophys Res Commun. 2001; 280:448-53. [PubMed: 11162537]

23. Michaux G, Hewlett LJ, Messenger SL, et al. Analysis of intracellular storage and regulated
secretion of 3 von Willebrand disease-causing variants of von Willebrand factor. Blood. 2003;
102:2452-8. [PubMed: 12791651]

24. Caron C, Mazurier C, Goudemand J. Large experience with a factor VIl binding assay of plasma
von Willebrand factor using commercial reagents. Br J Haematol. 2002; 117:716-8. [PubMed:
12028048]

25. VWFdb. [Accessed June 30, 2011] International Society on Thrombosis and Haemostasis
Scientific and Standardization Committee VWF Information Homepage. Available at:
www.vwf.group.shef.ac.uk

26. Enayat MS, Guilliatt AM, Surdhar GK, et al. A new candidate missense mutation (Leu 1657 lle) in
an apparently asymptomatic type 2A (phenotype IIA) von Willebrand disease family. Thromb
Haemost. 2000; 84:369-73. [PubMed: 11019957]

27. Haberichter SL, Budde U, Obser T, et al. The mutation N528S in the von Willebrand factor (VWF)
propeptide causes defective multimerization and storage of VWF. Blood. 2010; 115:4580-7.
[PubMed: 20335223]

28. Eikenboom JCJ, Castaman G, Vos HL, et al. Characterization of the genetic defects in recessive
type 1 and type 3 von Willebrand disease patients of Italian origin. Thromb Haemost. 1998;
79:709-17. [PubMed: 9569178]

29. Baronciani L, Cozzi G, Canciani MT, et al. Molecular defects in type 3 von Willebrand disease:
updated results from 40 multiethnic patients. Blood Cells Mol Dis. 2003; 30:264—70. [PubMed:
12737944]

30. Shahbazi S, Mahdian R, Ala FA, et al. Molecular characterization of Iranian patients with type 3
von Willebrand disease. Haemophilia. 2009; 15:1058-64. [PubMed: 19500169]

31. Eikenboom JCJ, Castaman G, Kamphuisen PW, et al. The factor Vlll/von Willebrand factor ratio
discriminates between reduced synthesis and increased clearance of von Willebrand factor.
Thromb Haemost. 2002; 87:252—7. [PubMed: 11859851]

32. Eikenboom J, Federici AB, Dirven RJ, et al. VWF propeptide and ratios between VWF, VWF
propeptide and FVIII in the characterization of type 1 von Willebrand disease. Blood. 2013;
121:2336-9. [PubMed: 23349392]

33. [Accessed November 14, 2012] The Human Gene Mutation Database (HGMD). Available at:
www.hgmd.cf.ac.uk

34. The International HapMap Consortium. A second generation human haplotype map of over 3. 1
million SNPs. Nature. 2007; 449:851-61. [PubMed: 17943122]

35. The 1000 Genomes Project Consortium. An integrated map of genetic variation from 1,092 human
genomes. Nature. 2012; 491:56—65. [PubMed: 23128226]

36. Bellissimo DB, Christopherson PA, Flood VH, etldl//F mutations and new sequence variations
identified in healthy controls are more frequent in the African-American population. Blood. 2012;
119:2135-40. [PubMed: 22197721]

37. Eikenboom J, Hilbert L, Ribba AS, et al. Expression of 14 von Willebrand factor mutations
identified in patients with type 1 von Willebrand disease from the MCMDM-1VWD study. J
Thromb Haemost. 2009; 7:1304-12. [PubMed: 19566550]

38. Baronciani L, Federici AB, Cozzi G, et al. Biochemical characterization of a recombinant von
Willebrand factor (VWF) with combined type 2B and type 1 defects in the VWF gene in two
patients with a type 2A phenotype of von Willebrand disease. J Thromb Haemost. 2007; 5:282-8.
[PubMed: 17155947]

39. Smith NL, Chen M-H, Dehghan A, et al. Novel associations of multiple genetic loci with plasma
levels of factor VII, factor VIII, and von Willebrand factor: The CHARGE (Cohorts for Heart and
Aging Research in Genome Epidemiology) Consortium. Circulation. 2010; 121:1382-92.
[PubMed: 20231535]

Thromb HaemosAuthor manuscript; available in PMC 2014 October 30.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Hampshire et al.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

Page 12

Hickson N, Hampshire D, Castaman G, et al. Effect ofAt promoter (GTy) repeat and single-
nucleotide polymorphism c.-2527G>A on circulating von Willebrand factor levels under normal
conditions. J Thromb Haemost. 2011; 9:603-5. [PubMed: 21143374]

Xie F, Wang X, Cooper DN, et al. Compound heterozygosity for two novel mutations (1203insG/
Y1456X) in the von Willebrand factor gene causing type 3 von Willebrand disease. Haemophilia.
2007; 13:645-8. [PubMed: 17880457]

Yadegari H, Driesen J, Pavlova A, et al. Mutation distribution in the von Willebrand factor gene
related to the different von Willebrand disease (VWD) types in a cohort of VWD patients. Thromb
Haemost. 2012; 108:662—-71. [PubMed: 22871923]

Goodeve AC. The genetic basis of von Willebrand disease. Blood Rev. 2010; 24:123-34.
[PubMed: 20409624]

Hampshire DJ, Goodeve AC. The molecular basis of von Willebrand disease: the under
investigated, the unexpected and the overlooked. Haematologica. 2011; 96:798-800. [PubMed:
21632843]

Castaman G, Giacomelli SH, Mancuso ME, et al. Deep intronic variations may cause mild
hemophilia A. J Thromb Haemost. 2011; 9:1541-8. [PubMed: 21689372]

Goodeve A, Eikenboom J, Castaman G, et al. Phenotype and genotype of a cohort of families
historically diagnosed with type 1 vonWillebrand disease in the European study, Molecular and
Clinical Markers for the Diagnosis and Management of Type 1 vonWillebrand Disease
(MCMDM-1VWD). Blood. 2007; 109:112-21. [PubMed: 16985174]

Gu W, Zhang F, Lupski JR. Mechanisms for human genomic rearrangements. Pathogenetics. 2008;
1:4. [PubMed: 19014668]

Zimmermann MA, Oldenburg J, Milller CR, et al. Characterization of duplication breakpoints in
the factor VIl gene. J Thromb Haemost. 2010; 8:2696—704. [PubMed: 20735723]

Abeysinghe SS, Chuzhanova N, Krawczak M, et al. Translocation and gross deletion breakpoints
in human inherited disease and cancer I: nucleotide composition and recombination-associated
motifs. Hum Mutat. 2003; 22:229-44. [PubMed: 12938088]

Vissers LELM, Bhatt SS, Janssen IM, et al. Rare pathogenic microdeletions and tandem
duplications are microhomology-mediated and stimulated by local genomic architecture. Hum Mol
Genet. 2009; 18:3579-93. [PubMed: 19578123]

Thromb HaemosAuthor manuscript; available in PMC 2014 October 30.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Hampshire et al.

Page 13

What is known about this topic?

What does this paper add?

von Willebrand disease (VWD) is a common autosomally inherited bleeding
disorder with a population prevalence between 1% and 1 in 10,000.

In Europe and North America, dominantly inherited forms of VWD, especially

type 1 VWD, predominate in the clinical population.

Studies of ethnic populations with a greater degree of consanguineous marr,
suggest that recessively inherited forms of VWD are more prevalent.

Investigation of a cohort of VWD families demonstrating a high proportion of

age

consanguineous marriage identifies a significant proportion of rare VWD forms

confirming the contribution of consanguinity to VWD severity.

Eighteen novel VWD mutations were identified in this patient cohort including

three missense mutations in the von Willebrand factor propeptide and a larg
deletion of exons 17-18.

[¢)

Investigation of these novel mutations and rarer forms of VWD provides further
insight into the pathogenesis of VWD and the associated disease mechanisms.
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Figure 1.

Recombinant VWF (rVWF) expression in COS-7 cells (mean values from six independent
experiments). A and B) Mutant rVWF (p.S49R and p.R324Q respectively) secreted into the
culture medium and retained within the cell relative to WT rVWF only (100%). C and D)
Comparison of patient multimer profile (electrophoresed on 2% SDS-agarose) and multimer
profile of secreted rVWF (1.5% SDS-agarose) observed for p.S49R (rVWF in homozygous
state only) and p.R324Q respectively (IC, index case; F, father; M, mother; NP, normal
plasma; *p<0.05, two-tailed Student’ s t-test).

p.S49R p.R324Q p.R324Q/WT
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IC NP

Figure 2.
Multimer profiles observed in IC #4 with 2A(IIC) VWD and their parents (M, mother:

VWF:Ag 60 IU/dL, VWF:RCo 36 IU/dL, FVIII:C 98 1U/dL, no bleeding symptoms; F,
father: VWF:Ag 26 1U/dL, VWF:RCo 30 1U/dL, FVIII:C 107 IU/dL, moderate bleeding
symptoms) when electrophoresed on 2% (A) or 3% (B) SDS-agarose (NP, normal plasma).
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€.2186+2253_2442+3683del

Int 16 ACGTTGACCGATAAGAAGGTAGCGAGGCCTTGGATCAAGCGATAGCAGTA

FEULE TEER RV ver ey npvy e e reea
IC #3 ACGTTGACCGATAAGAAGGTAGCGAGGCCTTGGATCAAGCGATAGCAGTA

Int 18 AAATGAAGGGCAGAGAAACCGCCTGGAAACGGCATGGTATCGGAACCTCA

Int 16 GAAAtggagAGTGGAAGCCAGAAGCCAGAGACGCTGGGAAAGCAGATGGA
PEEREERERT R e e e s
IC #3 GAAATGGAGAGTGGAAGCCAGAAGCCTAACATCTACTTAAGTGAGTGGCA

HRERNN RN RN
Int 18 CACTTCCAGGTTTGAATCCTGCcHeCXAACATCTACTTAAGTGAGTGGCA

Int 16 CTAGTGGGATGTTTGAGaggaggagGGGCTGTTGCAGATGGCCCtggagT

IC #3 AGTCACTTAACATCTTGGCGTCTTAATTTTCTTATCTGTAAAACTGGCTT

PEEREERERr e e e bbb e e e e e e e e err el
Int 18 AGTCACTTAACATCTTGGCGTCTTAATTTTCTTATCTGTAAAACTGGCTT

D
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Figure 3.
Characterisation of the exon 17-18 deletion. A) Southern blot analySizief digested

DNA highlighting the novel ~8 kb fragment (*) observed in IC #3 but neither HC. B)
Confirmation of the exon 17-18 deletion following dosage analysis by MLPA in the index
case (IC), a heterozygous parent (P) and a healthy control (HC). C) Deletion breakpoints in
intron 16 and intron 18 highlighting 2 bp microhomology (dotted border), deletion hotspot
consensus sequences (solid underline), DNA polymerase arrest sites (lowercase) and DNA
polymerase a/b frameshift hotspots (dotted underline) close to the breakpoint junctions. D)
Multiplex PCR designed to detect the exon 17-18 deletion (DSPF, deletion-specific forward
primer; WTPF, wild-type forward primer; R, reverse primer) further confirming the
homozygous inheritance in the index case (IC) and heterozygous inheritance in both parents
(F and M).
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Table 1

Candidate mutations and phenotype in the 26 Turkish VWD index cases following all analyses

1duosnuen Joyiny vd-HIN

VWD

Candidate mutation(SP

VWF:RCo

VWF:Ag

VWF:RCo/

FVill:C

ABO

Bleeding

RIPA

type IC® o Ao 2 (udl)  (U/L)  VWFAg  (UidL) genotype time (min) (1.2mg/mL) ~ Multimers®
1 26 €.147C>A (p.S49R) - ND 58 - ND 0/0 8 R NM
1 22 €.971G>A (p.R324Q) - 56 48 1.2 70 0/0 10 R NM
2A 4 - - <3 11 0.3 10 0/o >20 ND 2n31C)"
oad 2 €.817C>T (p.R273W) €.817C>T (p.R273W) 6 6 1.0 20 0/0 15 No agg ND
oad 8 €.817C>T (p.R273W) €.817C>T (p.R273W) 4 9 0.4 21 AIA 15 No agg 2A(unspecified
2A 17  c.3806_3814dup (p.Y1271_C1272insYFY) - 12 35 0.3 20 ND >20 R 2A(sm)y
oad 12 €.4368C>G (p.Y1456*) - <3 15 0.2 18 0/0 >20 Noagg pAunspecified|
2A 25 c.4789C>T (p.R1597W) - 17 35 0.5 40 AIO 15 R 20318)
2A 21 €.4970T>A (p.L1657H) - 7 15 05 10 AIO >20 No agg 20(18)
a6 18 €.2362T>C (p.C788R) ¢.2362T>C (p.C788R) 10 18 0.6 15 0/o 10 R Dimersd
pe 24 €.3673T>G (p.C1225G) €.3673T>G (p.C1225G) <3 7 0.4 22 B/B >20 R Dimersd
3 15 €.100C>G (p.R34G) ¢.100C>G (p.R34G) <3 2 NA 1 B/O >20 No agg Ab
3 6 ¢.171C>A (p.C57%) c.171C>A (p.C57%) 3 <1 NA 2 B/O >20 No agg ND
3 20 €.817C>T (p.R273W) ¢.817C>T (p.R273W) <3 <1 NA 9 AIA >20 No agg Ab
3 23 €.1730-1G>C (p.T577Sfs*10) C.7448dupA (p.Y2483%) <3 <1 NA 2 AIA >20 No agg ND
3 3 .2186+2253_2442+3683del (p.C729Wfs*29)  ¢.2186+2253_2442+3683del (p.C729Wfs*29) ND <1 - 4 AIO >20 No agg Ab
3 1 €.2443-1G>C (p.V815Cfs*15) €.2443-1G>C (p.V815Cfs*15) <3 <1 NA 8 B/O >20 No agg ND
3 5 €.2641delC (p.L881Sfs*28) €.7130dupC (p.H2378Afs*13) 3 <1 NA 4 o/0 >20 No agg Ab
3 19 €.2733dupT (p.K912%) €.2733dupT (p.K912*) <3 3 NA 5 0)[e} >20 No agg Ab
3 11 €.3385_3386delAG (p.S1129Lfs*12) €.3385_3386delAG (p.S1129Lfs*12) <3 <1 NA 5 AIO >20 No agg Ab
3 13 €.4413dupC (p.D1472Rfs*40) €.4413dupC (p.D1472Rfs*40) <3 1 NA 9 AIO >20 No agg Ab
3 14 €.5053+1G>T (p.D1685Tfs*8) €.5053+1G>T (p.D1685Tfs*8) <3 2 NA 5 AIO >20 No agg Ab
3 9 €.5200C>T (p.Q1734%) €.5200C>T (p.Q1734%) ND <1 - 2 0/0 >20 No agg ND
3 7 C.7176T>G (p.Y2392%) €.7176T>G (p.Y2392%) ND <1 - 4 0/0 >20 No agg Ab
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WD | o Candidate mutation(sf VWF:RCo  VWF:Ag  VWFRCo/  FVII:C ABO Bleeding RIPA Multimers €
type Allele 1 Allele 2 (Iu/dL) (IU/dL) VWF:Ag (lU/dL)  genotype time (min) (1.2 mg/mL)
3 10 C.7176T>G (p.Y2392%) C.7176T>G (p.Y2392%) ND <1 - 4 AIO >20 No agg Ab
3 16 ¢.7603C>T (p.R2535%) €.7603C>T (p.R2535%) <3 <1 NA <1 AIO >20 No agg Ab

Normal range: 50-172 46-146 - 52-140

- <6 - -

Ab, absent; No agg, no aggregation at 1.2mg/mL ristocetin; NM, normal multimers; R, reduced; ND, not determined; NA, not appropriate to calculate.
a/n vitro characterisation of IC 2, 8, 18, 20 and 24 has previously been reported (9, 14);

bMutations €.2443-1G>C, p.Y1456*, p.D1472Rfs*40, p.R1597W, p.H2378Afs*13 and p.R2535* previously reported (25, 28-30, 41);

cMuItimers electrophoresed on 2% SDS-agarose;

dPrevioust classified as type 1 VWD;

ePrevioust classified as type 2N VWD

fBased on multimer phenotypes described by Buatd# (16);

gOnIy dimers visible.
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Table 2
Phenotype in type 3 VWD mutation carriers
, . VWF:RCo VWF:Ag VWF:RCo/ FVIIEC — FVII:C/ ABO Bleeding RIPA _ Bleeding
Mutation type  Mutation (UdL)  (UlL)  VWFAg  (Udl) VWFAg genotype time (min) (L2mg/mi) Mulimers® o oo b
60 72 0.8 90 1.3 B/O 3 R ND E
p.R34G
65 86 0.8 90 1.0 o/o 7 R ND B,E, M, P
Missense
60 47 13 70 15 AIA 3 ND NM None
p.R273W
ND 79 ND ND ND AIA ND ND NM None
50 33 15 47 1.4 B/O 2 R NM None
p.C57*
36 42 0.9 98 2.3 AIO 4 R NM None
24 36 0.7 60 1.7 o/o 5 N ND None
p.K912*
26 44 0.6 50 11 0/o 6 N ND None
30 39 0.8 60 15 o/o 3 R NM None
p.Q1734*
52 47 11 110 2.3 o/o 4 R NM None
Nonsense 20 30 0.7 30 1.0 0/0 4 ND NM Mild
30 30 1.0 60 2.0 o/o 5 ND NM Mild
p.Y2392*
82 47 17 100 2.1 o/o 5 R NM Mild
59 57 1.0 59 1.0 AIO 13 R NM Mild
p.Y2483* 46 60 0.8 94 17 AIO 1 R NM s
75 118 0.6 100 0.8 AIO 4 R NM None
p.R2535*
35 134 0.3 105 0.8 AIO 5 R NM None
43 45 1.0 90 2.0 AIO 2 R NM E
p.C729Wfs*29
48 74 0.6 100 1.4 AB 3 R NM None
. p.L881Sfs*28 38 41 0.9 25 0.6 o/o 5 R NM Mild
Frameshift
21 36 0.6 60 17 0O/0 4 R NM None
p.S1129Lfs*12
84 64 13 65 1.0 AIO 5 R NM None
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. . VWF:RCo VWF:Ag VWF:RCo/ FVII:C  FVIIC/ ABO Bleeding RIPA ) a Bleeding
Mutation type  Mutation (Udl)  (UdL) ~ VWFAg  (UidL) VWFAg genotype time (min) (L2mg/mL) Mulimers® o b
72 66 1.1 100 15 AIA 2 N NM None
p.D1472Rfs*40
70 64 1.1 102 1.6 0/0 4 ND ND D,M
p.H2378Afs*13 76 54 1.4 55 1.0 AIO 3 N NM None
€.1730-1G>C 100 62 1.6 ND ND AIO 3 N NM None
104 51 2.0 43 0.8 AIO 2 NM Mod
c.2441-1G>C
Splice 35 43 0.8 38 0.9 B/O 5 NM Mod
32 40 0.8 37 0.9 AIA 3 R NM Mod
€.5053+1G>T
24 41 0.6 40 1.0 A/O 4 No agg NM Mod
Normal range: ~ 50-172 46-146 ND 52-140 ND - <6 - - -

No agg, no aggregation at 1.2mg/mL ristocetin; N, normal; NM, normal multimers; R, reduced; ND, not determined.

ﬁvlultimers run on 2% SDS-agarose.

bBIeeding symptoms reported by referring clinician: B, bruising; D, dental bleeding; E, epistaxis; M, menorrhagia; P, post-partum bleeding; S, surgical bleed; Mild; mild bleeding; Mod, moderate bleeding.
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