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Abstract 

von Willebrand Disease (vWD) is the most frequently inherited bleeding disorder in 

humans, and is caused by a qualitative and/or quantitative abnormality of the von 

Willebrand factor (vWF). A large number of defects that cause qualitative variants have 

been located in the A1 domain of the vWF, which contains sites for interaction with 

platelet glycoprotein Ib (GPIb). We have developed a new approach to detect mutations 

based on DdeI digestion and single-strand conformation polymorphism analysis. A 

segment of 487 nucleotides, extending from intron 27 to codon 1368 of the pre-pro 

vWF was amplified from genomic DNA. The cleavage with DdeI yields two fragments 

of appropriate size for this kind of analysis and confirms that the gene, rather than the 

pseudogene, is being investigated. Six families with type 2B vWD, one type 2M vWD 

family, and one another type 2A vWD family were studied. After sequencing the 

fragments with an altered electrophoretic pattern, we found four mutations previously 

described—R1308C, V1316M, P1337L, and R1306W—in patients with 2B vWD. The 

last one arose de novo in the patient. In addition, two new candidate mutations were 

observed: R1315C and R1341W. The first one was associated to type 2M vWD, 

whereas the one second cosegregated with type 2B vWD. The fact that these new 

mutations were not found in 100 normal alleles screened further supports their causal 

relationship with the disease. These mutations, which induce either a gain or a loss of 

function, further show an important regulatory role of this region in the binding of vWF 

to GPIb and its implications in causing disease. 
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INTRODUCTION 

von Willebrand Disease (vWD) is an autosomally inherited bleeding disorder caused by 

a qualitative and/or quantitative abnormality of von Willebrand factor (vWF) [1]. 

Human vWF is a large multimeric glycoprotein that plays an essential role in the 

adhesion of platelets to the subendothelium under the high shear stress that is prevalent 

in the microcirculation of the blood. It also acts as a carrier for coagulation factor VIII 

[2]. The vWF cDNA was cloned by several groups simultaneously between 1985 and 

1986. The vWF gene, located on the short arm of chromosome 12 [3,4] spans 178 kb in 

length and contains 52 exons [5]. There is also a pseudogene on chromosome 22 [6] 

spanning exons 23–34 of the vWF gene. These sequences have about 97% homology, 

which makes it difficult to detect mutations in these regions. vWF is synthesized in the 

megakaryocytes and endothelial cells from an 8.8 kb transcript of the gene that encodes 

a precursor protein of 2813 amino acids (aa), which contains four different repeated 

domains. The pre-pro vWF includes a typical 22 aa signal peptide, a pro-peptide of 741 

aa and the mature subunit of 2050 aa that contains all functional domains. After 

complex post-translational modifications [7] the protein is stored in the a-granules of 

the platelets and in the Weibel-Palade body of the endothelial cells. In spite of the 

heterogeneous nature of vWD, it is caused by defects at the vWF locus. The revised 

classification [8] of vWD distinguishes between partial quantitative (type 1), qualitative 

(type 2), and total quantitative (type 3) deficiencies of vWF. Qualitative defects are 

divided in four subcategories—2A, 2B, 2M, and 2N. Type 2A is a qualitative variant 

characterized by a reduced platelet-dependent function, associated with an absence of 

large multimers, while type 2M vWD refers to variants with decreased platelet-

dependent function that are not caused by the absence of large multimers. Type 2B 

vWD refers to variants with increased affinity for platelet glycoprotein Ib (GPIb), and 



finally type 2N refers to variants with decreased affinity for factor VIII. When all types 

are considered, vWD is the most common inherit ed human bleeding disorder. 

Approximately one out of every 8,000 individuals have symptomatic vWD, whereas 

asymptomatic inherited defects in vWF are detectable in nearly 1% of the population 

[9]. The binding domain to the platelet GPIb was located in a fragment of the mature 

subunit (aa 449–728) [10] that includes the A1 domain of vWF. A large number of 

missense mutations resulting in vWD type 2B have been located in this domain [11] 

(vWF database, http://mmg2.im.med.umich.edu/vWF/), the majority of them are 

confined to a short peptide that extends from amino acid 540 to 580.  

The present report describes the search for mutations in a fragment of 487 bp (base 

pairs) that spans from intron 27 to codon 605 of the mature subunit of the vWF. Patients 

that showed an increased or decreased affinity for GPIb were studied, and the analysis 

was performed in families previously classified as type 2B, 2M, or 2A, and in their 

relatives. Type 1 vWD patients with a slight discrepancy between the antigen and the 

function of vWF, and unclassified vWD patients were also included in order to test the 

possibility that these patients could have a genetic alteration in this functional domain. 

Two new candidate mutations, the R1341W and the R1315C were found in two families 

with type 2B and 2M, respectively. 

 

MATERIAL AND METHODS 

Patients 

The study involved 17 type 2B vWD patients from six families, one type 2A patient in 

which any mutation was found in the A2 domain, 2 type 2M patients from the same 

family, and 15 patients from seven families with type 1 vWD or unclassified. The latter 

patients were selected because they showed a slight decrease in vWF: RCo vs. vWF:Ag. 

http://mmg2.im.med.umich.edu/vWF/


Thirty-nine unaffected family members were also studied. All families were aware of 

the investigative nature of the studies, and gave their consent. 

 

Functional and Antigenic Assays 

The bleeding time was measured by Ivy method using Simplate II. The plasma samples 

were obtained from blood collected with 0.129 M sodium citrate (9:1). The factor 

VIII:C was measured by the one-stage assay. The ristocetin cofactor (vWF:RCo) was 

determined using formalin-fixed platelets as previously described [12]. The antigen 

(vWF:Ag) was determined by the enzyme-linked immunosorbent assay (ELISA) 

method [13]. Ristocetininduced platelet aggregation (RIPA) was measured in platelet 

rich plasma (PRP) using an Aggrecorder II aggregometer (Kyoto Daiichi Kagaku Co., 

Japan). The function of plasmatic vWF in platelet poor plasma (PPP) vs. washed normal 

platelets was analyzed by RIPA [14]. 

 

Multimeric assays 

The multimeric structure analysis was performed according to the original method 

described by Ruggeri and Zimmerman [15]. In summary, the non-reduced samples were 

analyzed by sodium dodecyl sulfate (SDS)-agarose electrophoresis (1.4% and 2.2%). 

The multimers were identified using peroxidase labelled antibodies and detected by 

luminol after blotting to an immobilon membrane [16]. 

 

DNA Extraction 

The DNA was extracted from blood collected in ethylene diaminetetraacetic acid 

(EDTA) using a standard method [17]. 

 



Polymorphisms Segregation Analysis 

The following microsatellites were analyzed: VNTR3, VNTR1, and VNTR2 (all of 

them located in intron 40 of the vWF gene, corresponding to 1640–1794, 1890–1991, 

and 2215–2380 nucleotides, respectively) [18], and another one in the promoter region 

(1490–1665 nucleotides). The RsaI polymorphism located on exon 18 (15/292 

nucleotide), and the BstEI on exon 28 (24/1172 nucleotide) were also analyzed. The 

nucleotide numbering used is according to Mancuso et al. [5]. 

 

PCR Amplification 

A 487 bp fragment containing part of exon 28 of the vWF gene, and extending from 

intron 27 to codon 1368 was amplified by polymerase chain reaction (PCR) using 

primers A (58-AGAAGTGTCCACAGGTTCTTC-38) and B (58-

AGATTTGGAACAGTGTGTATTTCAAGACCT-38), nucleotides 7560–8046 [6]. 

These primers were specific for the gene sequence. The reaction volume was 50 ml, 

containing 10 mM Tris-HCl, 50 mM KCl, 2.5 mM MgCl2, and 0.1% Triton X-100 (pH 

8.8), 1U of DNA polymerase (DynaZyme™, Finnzymes Oy, Finland), 50 mM of each 

dNTP, 200 ng of genomic DNA, and 0.25 mM of each primer. The PCR conditions 

were initial denaturation at 94°C for five min followed by 30 cycles of 94°C for one 

min, 55°C for one min, 72°C for two min and a final step of 72°C for seven min. 

 

Single-Strand Conformation Polymorphism Analysis (SSCP) 

The product of PCR was diluted three times and digested with DdeI. A volume of 

loading buffer was then added. The samples were heated to 95°C for five min and then 

cooled in ice. Five ml of each mixture was applied to 10% polyacrylamide (29:1) gels 

and run for 16 hr at 10 watts. The bands were detected by staining with silver nitrate. 



Mutation’s detection 

The amplified DNA was purified using microfiltration (Centricon-100), and quantified 

by electrophoresis vs. φX174. After that, 30 ng of DNA were sequenced by the 

fluorescent dideoxy terminator method and analyzed in an ABIPRISM DNA sequencer 

with the A and B primers. To detect the C4193T (R1315C) change (family AS), a 189 

bp fragment was amplified with the B and C primers (C: 58-

GGCTGCGCATCTCCCAGAAGTaGaTC-38, where the modified nucleotides are 

written with underlined small letters). When the mutation was present, the primer C 

created a BglII restriction site. The PCR conditions were the same as those described 

above, except that 1.5 mM MgCl2 was used, and the annealing temperature was 65°C. 

The R1341C substitution was detected by ItaI restriction analysis of the same fragment. 

The different bands were analyzed in 12% and 15% polyacrylamide minigels, and silver 

stained. 

 

Sequence Analysis 

The sequence analysis was performed with the GCG program from Wisconsin Sequence 

Analysis Package. 

 

RESULTS 

The amplification from genomic DNA with primers A and B yielded the expected 487 

bp fragment, which includes 57 bp from intron 27 and 430 bp from exon 28, until 

nucleotide 4355 of the cDNA (codon 1368 pre-pro vWF). The nucleotides of the cDNA 

sequences are numbered assigning +1 to the major transcription cap, which is 250 

nucleotides upstream the initiation codon for methionine [19]. The fragment amplified 

was specific for the gene and the cleavage with DdeI yielded two bands of 254 and 233 



bp. The corresponding fragment in the pseudogene would have given three bands of 

168, 86, and 233 bp. The SSCP analysis showed different electrophoretic mobilities in 

samples corresponding to patients. One sample per family was sequenced with primers 

A and B. This allowed us to detect four previously described mutations (vWF database). 

The R1308C, V1316M, and P1337L mutations were found in patients from three 

families with a typical 2B phenotype. By restriction analysis, it was confirmed that 

these mutations segregated with the disease in each family. The R1306W substitution 

was found in a sporadic patient who also had a classical 2B phenotype. The SSCP 

analysis in the parents and seven brothers verified that the mutation arose de novo in the 

patient. In all cases, the patients were heterozygous for the mutations. We also could 

detect two new candidate mutations. 

 

R1315C Mutation 

This substitution was detected in individual I:1 from family AS. Laboratory data on 

clinical material are shown in Table I. It is worth noting that patient I:1 had 

vWF:RCo/vWF:Ag ratios of less than 0.3, and both I:1 and II:2 had less than 6% of 

vWF:RCo in more than three measurements. On the other hand, they repeatedly showed 

all the vWF multimers in plasma (Fig. 1). Both of these patients have a moderate to 

severe diathesis and it was necessary to resort to plasma concentrates containing factor 

VIII and vWF in many instances. Both the family structure and the polymorphism 

segregation analysis suggest that vWD segregated with the locus of the vWF gene in 

one autosomal dominant pattern (Fig. 2). The SSCP analysis showed an altered 

electrophoretic pattern in samples from both patients, I:1 and II:2 (Fig. 3). The posterior 

sequencing of the purified DNA from I:1 made it possible to identify the transition 

C4193T as a heterozygous mutation. This produces the R1315C substitution in the pre-



pro vWF that corresponds with Arg552Cys of the mature subunit. The amplification 

from genomic DNA with primer B and the modified primer C yielded a 189 bp 

fragment. The cleavage with BglII produced two bands of 167 bp and 22 bp. As can be 

seen in Figure 4B, lanes 4 and 5 (II:1 and I:1 samples), the 189 bp band corresponds to 

the normal allele and another of 168 bp corresponds to the mutated allele (the small 22 

bp band was not present in the gel). This kind of analysis was performed in 100 

unrelated normal alleles, and this transition was not detected. 

 

R1341W Mutation 

Individuals III:2, III:4, and II:2 exhibited a 2B vWD phenotype (Table I), showed an 

increased ristocetin sensitivity, and all the vWF multimers were present in their plasma. 

In addition, they had a mild bleeding diathesis. The analysis with intragenic markers 

was concordant with a defect at the vWF gene locus inherited in a autosomal dominant 

fashion. The SSCP analysis showed an altered electrophoretic pattern in the samples 

from III:2, III:4, and II:2. By automated sequencing, we detected a thymidine (T) in 

addition to the normal cytidine (C) at nucleotide 4271 in individual III:2. This C4271T 

change, which produced the anomalous migration of the bands in SSCP analysis, led the 

1341 codon from pre-pro vWF to encode a tryptophan instead of the normal arginine 

that corresponds to Arg578Trp in the mature subunit. This candidate mutation has not 

been described previously, and we detected it in the other patients because the transition 

C4271T destroys two restriction sites of the ItaI enzyme. The 189 bp fragment obtained 

with primers B and C produced fragments of three bp (two), 99 bp, 32 bp, and 52 bp in 

the normal alleles, whereas the mutation yielded segments of 3 bp, 134 bp, and 52 bp, 

as can be seen in Figure 4C. This change was excluded from the rest of the family 



members analyzed. A search of this mutation in 100 unrelated normal alleles was 

negative. 

No altered electrophoretic pattern was found by SSCP analysis in the remaining family 

with a 2B vWD phenotype. No mutation could be identified by later sequencing of the 

487 bp genomic fragment. Moreover, an altered pattern SSCP analysis was not 

observed in the type 2A sporadic patient, neither in the remaining type 1 vWD or 

unclassified families analyzed. Studies in other regions are currently in progress. 

 

 

DISCUSSION 

We have developed a method for searching for mutations in a segment that includes part 

of the domain A1 and a short part of the domain D3, based on PCR amplification, DdeI 

digestion, and SSCP analysis. The DdeI digestion has a double use: It generates 

fragments of an appropriate size for SSCP analysis, and confirms that the gene, and not 

the pseudogene, is being investigated. In this way, we have identified the mutation 

causing vWD in five out of the six families with type 2B vWD, and in the 2M 

phenotype family studied.  

The R1308C, V1316M, R1306W, and P1337L mutations that we found in four families 

with a typical 2B vWD phenotype have been described multiple times (database). Some 

patients showed thrombocytopenia several times, especially in stressful situations or in 

others that are known to increase the vWF plasma concentration and aggravate the 

haemostatic abnormalities in 2B patients, but on the whole they had moderate 

symptoms. The loss of high molecular weight (HMW) plasma multimers was more or 

less pronounced [20]. Several functional studies have been performed, and in one of the 



latest, R1308C, V1316M, and R1306W substitutions were analyzed in the same system 

assay. This study demonstrated that these mutations produced similar binding of the 

vWF to platelets both spontaneously and when induced by ristocetin [21]. 

We found the transition C4193T that produces the R1315C mutant protein in a patient 

with 2M vWD [22]. The same mutation was simultaneously reported in patients 

classified as 2A. Nevertheless, the clinical and laboratory characteristics of patients with 

this variant have not been detailed. This disagreement appears similar to two other cases 

with a 2A phenotype that share the same mutations proven to cause 2B vWD [23]. Our 

patients had a moderate-to-severe bleeding diathesis, the laboratory data were 

compatible with a qualitative 2M variant with lower vWF:RCo/vWF:Ag ratios, and all 

of the vWF multimers were detected in plasma in repetitive testing. The real reason for 

this discrepancy is still not clear. A second mutation elsewhere in the same gene may be 

implicated in the differences observed. However, variants in other loci outside the vWF 

gene could also be involved. Platelet vWF studies and functional assays with 

recombinant protein may help elucidate this discrepancy between phenotype and 

genotype. In any case, the substitution of the arginine, positively charged under 

physiological conditions by cysteine, which is able to establish a disulphide bond, is 

important enough to be considered the cause of the disease.  

The R1341W mutant protein produced by the transition C4271T was detected in three 

patients of the SLL family. They showed a type 2B vWD phenotype characterized by 

increased ristocetin sensitivity and the presence of all vWF multimers in plasma. They 

also had mild bleeding diathesis. The substitution of a positively charged amino acid 

(Arg) by another one with a big aromatic group (Trp) is a good candidate to produce a 

conformational change that could affect the binding of the vWF to the platelet GPIb. 

Both arginine at codon 1315 and 1341 are conserved in the porcine vWF gene [24], and 



this may mean that they play an important role in protein function. Different 

substitutions of amino acids at this codon have been described (database). The R1341Q 

(G4272A) substitution is particularly frequent and there are functional studies that 

reproduce the 2B phenotype. R1341P (G4272C) have also been described in a patient 

with 2B vWD.  

A possible change in the VNTR3 allele was observed in an SLL family. Regrettably, the 

parents were not available for the study. However, the analysis of different 

microsatellite markers at the X chromosome (data not shown) could not exclude false 

paternity.  

Strikingly, all sequence changes found are C®T transitions within CG dinucleotides. 

The cytosine residue is frequently methylated [25] and may undergo deamination to 

yield thymine at CG dinucleotides. Such CG dinucleotides are mutational hotspots in 

many genes.  

The loss of function can be inherited in a dominant negative fashion because both 

normal and defective subunits are present after multimerization. The mutations detected 

in the A1 domain, that induce either a gain or a loss of function, further underlines the 

important regulatory role of that region in the binding of vWF to GPIb, perhaps through 

conformational changes. On the other hand, these substitutions reaffirm the phenotypic 

and genetic variability in these qualitative variants.  

The clinical benefits of these analyses include confirmation of clinical diagnosis, early 

diagnosis of asymptomatic or presymptomatic carriers, and more accurate genetic 

counselling that can be offered both to patients and healthy members of the family. This 

is best illustrated in the case in which the mutation R1306W arose de novo. 
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