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LETTER TO THE EDITOR
Type 2 von Willebrand disease (VWD) is due to qualitative defects of von Willebrand 

factor (VWF) and can be further divided into four subgroups: (i) type 2A includes variants 

with decreased VWF-dependent platelet adhesion and the deficiency of high molecular 

weight multimers (HMWM); (ii) type 2B includes variants with increased affinity of VWF 

for platelet glycoprotein Ibα (GPIbα) and a variable deficiency of HMWM; (iii) type 2M 

includes variants with decreased VWF-dependent platelet adhesion without selective 

deficiency of HMWM and (iv) type 2N includes variants with markedly decreased binding 

affinity for factor (F)VIII [1]. Patients with the most common form of type 2A [2] and 

type 2B [3] VWD may have similar FVIII and VWF levels (FVIII coagulant activity [FVIII:C], 

VWF antigen [VWF:Ag], VWF ristocetin cofactor activity [VWF:RCo], VWF collagen 

binding [VWF:CB]) and also the multimeric pattern may be quite similar. On the contrary, 

ristocetin induced platelets agglutination (RIPA) is remarkably different in type 2A and 2B 

VWD patients, being impaired in the former and heightened in the latter. RIPA is the most 

commonly used method to discriminate type 2B from other VWD types, although it 

suffers of limitations such as the need of a fresh blood sample and the requirement 

of an adequate patient platelet count [4]. Furthermore, we prefer not to perform RIPA 

in paediatric patients, due to the relatively large amount of required blood. There are 

other assays which are able to discriminate type 2B VWD using smaller amount of 

blood such as: (i) the measurement of ristocetin-induced binding of VWF to platelets by 

flow cytofluorimetry, performed using autologous platelets [5] and (ii) the whole blood 

ristocetin-activated platelet impedance aggregometry [6], although these assays are not 

currently available in our laboratory. Molecular analysis is another valid alternative to RIPA 

assay even if it might be occasionally inconclusive as in the case herein discussed.

Flood et al., [7] developed a ristocetin independent ELISA method using a recombinant 

gain-of-function GPIbα [7] to evaluate the platelet-dependent VWF activity (VWF:GPIbM) 

[8] and claimed to be able to discriminate type 2B from the other type 2 VWD patients 

using this assay [7]. Recently, we proposed a modified version of the Flood’s ELISA as 

an alternative to RIPA to differentiate type 2B from the other VWD types, showing that 

the VWF:GPIbM/VWF:RCo ratio distinguishes most type 2B VWD patients from non-type 

2B VWD. Indeed, type 2B VWD patients showed much higher VWF:GPIbM/VWF:RCo 

ratios than healthy subjects and other VWD patients. Furthermore, among type 2B 

patients, the increase in this ratio is proportional to the loss of HMWM [9].

With this background, we describe the practical use of the VWF:GPIbM/VWF:RCo ratio 

as an alternative to RIPA to perform the differential diagnosis between type 2A and 2B 

VWD in a paediatric patient with a previously undescribed de novo mutation. All subjects 

were aware of the study and gave their informed consent, according to the Declaration 

of Helsinki. The bleeding history of the proband, collected using the International Society 

On Thrombosis And Haemostasis-Bleeding Assessment Tool (ISTH-BAT) [10] and obtaining 

a score of 5, was characterized by easy bruising, prolonged bleeding after minor wounds 
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and recurrent epistaxis that in one instance required cauterization. The last event of 

epistaxis was followed by hemorrhagic shock which required blood transfusion and 

replacement therapy with a FVIII-VWF plasma-derived concentrate in association with 

tranexamic acid. The biochemical analysis of the 2 years old girl showed a platelet count 

of 323.000/mm3 and FVIII:C of 56 IU/dL, but reduced VWF levels (VWF:Ag 33 IU/dL, 

VWF:RCo 6 IU/dL, VWF:CB 3 IU/dL) [11]. Multimeric analysis, performed by electrophoresis 

using 1.2% HGT agarose gel in presence of 0.1% SDS [12], showed the lack of high/

intermediate MWM in the proband’s plasma (Figure 1a). 

The proband’s parents had normal FVIII and VWF levels (FVIII:C 156 IU/dL, VWF:Ag 

128 IU/dL and VWF:RCo 115 IU/dL for the mother and FVIII:C 130 IU/dL, VWF:Ag 119 IU/

dL and VWF:RCo 110 IU/dL for the father).

The lack of high/intermediate MWM and the markedly reduced VWF:CB (3 IU/dL; 

normal range 45-174 IU/dL [11]) excluded a diagnosis of type 2M, but led to a possible 

diagnosis of type 2A or 2B VWD. The normal platelet count of the proband (323.000/

mm3) suggested a type 2A VWD diagnosis, because most type 2B patients with a severe 

loss of high/intermediate MWM are thrombocytopenic.

Figure 1. Multimeric analysis of proband and type 2a and 2B VWD patients used as controls. 
Multimeric structure of plasma von Willebrand factor (VWF) visualized in a non-reducing agarose 
gel (1.2% HGT agarose/0.1% SDS). The plasma VWF of the proband and those of type 2A (a) and 
2B VWD (B) patients used for comparison showed a comparable multimeric pattern with the lack 
of high and intermediate molecular weight multimers. Lanes from the same gel are delimited by 
a black line.
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Sanger sequencing of VWF exon 28 was performed for the proband in order to investigate 

the presence of a type 2 VWD mutation in both the A1 and the A2 domains [13] and 

a previously undescribed heterozygous in-frame deletion (c.[4606_4611delCACGTC];[=], 

p.[H1536_V1537del];[=]) was identified in addition to the already reported polymorphisms 

c.4141A>G (p.Thr1381Ala) and c.4641T>C (p.Thr1457Thr), both in homozygosis 

(reference sequence NM_000552.4). Then, the candidate mutation (p.H1536_V1537del) 

found in the proband was also searched in both parents without success. Short tandem 

repeats (STR)I and II were analysed by PCR in the proband and her parents using labelled 

oligonucleotides as previously described [14] to confirm the de novo origin of the mutation. 

The proband showed the same alleles (STRI-II 101-162 bp and STRI-II 121-170 bp) and 

also identified in her mother (STRI-II 101-162 bp; STRI-II 105-158 bp) or father (STRI-II 

121-170 bp; STRI-II 125-182 bp). 

Therefore, we could conclude that p.H1536_V1537del is a de novo mutation, which 

arose either in the proband herself at the early stages of embryogenesis or in the germ 

line cells of one of her parents. De novo mutations are rarely reported for VWD and their 

frequency is not precisely estimated [15], although Shen et al. [16] have recently described 

4 de novo mutations in 15 families affected by type 2 VWD . Based on the STRI-II analysis, 

the proband has inherited the VWF alleles from her unaffected parents. Therefore, the de 

novo mutation identified is likely to be the disease-causing mutation, as also supported 

by the in silico evaluation performed using PROVEAN (-6.5; cut-off of -2.5) [17], SIFT-indel 

(0.894; max= 1) [18] and MutationTaster (damaging mutation) [19]. 

In this case, molecular analysis did not help us to distinguish between type 2A or 

type 2B VWD, because this mutation has never been reported before. Then, we carried 

out the VWF:GPIbM assay. The plasma samples of two type 2A and two type 2B VWD 

patients, characterized by the lack of the high/intermediate MWM and by plasma VWF 

levels similar to those of the proband, were used as controls (Figure 1 a,B). Each plasma 

sample was determined twice at two different dilutions.

The proband had a VWF:GPIbM/VWF:RCo ratio of 1, similar to those of the type 2A 

VWD controls but lower than those of type 2B VWD (Table 1).

This allowed us to exclude a type 2B gain-of-function effect for this mutation, 

thus obtaining the type 2A VWD diagnosis. A limitation of this approach is that 

the VWF:GPIbM/VWF:RCo ratio is inadequate to evaluate a possible type 2A patient with 

a VWF:RCo< 6 (IU/dL). In this case, the comparisons between VWF:GPIbM and VWF:RCo 

versus the corresponding VWF:Ag values have to be considered. Indeed, in type 2A VWD 

patients, the discrepancy between VWF activity and VWF:Ag is present when the activity is 

measured with both VWF:GPIbM and VWF:RCo assays, whereas in type 2B VWD patients 

this discrepancy is absent when the VWF:GPIbM assay is performed (Table 1).

In conclusion, this is a rare case of a previously undescribed de novo VWF mutation 

causing type 2 VWD. Both the platelet count and the localization of the p.H1536_

V1537del mutation in the A2 domain suggested the type 2A VWD phenotype, although 

a firm diagnosis was obtained only by evaluating the VWF:GPIbM/VWF:RCo ratio.
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Table 1. Biochemical and molecular data of proband and type 2A and 2B VWD patients used as controls

Patient Type
amino acid
substitution

VWF:ag
(IU/dL)

VWF:rCo
(IU/dL)

VWF:GPIbM 
(IU/dL)

VWF:GPIbM/
VWF:rCo

Proband 2A or 2B p.[H1536_V1537del];[=] 33 6 6 1

Control 1 2A p.[S1506L];[=] 24 8 10 1.3

Control 2 2A p.[R1597Q];[=] 39 7 9 1.3

Control 3 2B p.[R1306W];[=] 35 <6 a 42 8.4

Control 4 2B p.[V1316M];[=] 35 8 34 4.5

Mutations are reported following the guidelines of the Human Genome Variation Society (http://varnomen.
hgvs.org/; accessed on April 2018). Type 2A and type 2B VWD plasma samples with VWF levels and multimeric 
patterns comparable to those of the proband were used as controls. VWF:Ag, von Willebrand factor antigen; 
VWF:GPIbM, VWF gain-of-function mutant GPIb-binding assay; VWF:RCo, VWF ristocetin cofactor activity. 
a Because the lower detection limit of the aggregometric VWF:RCo test is 6 IU/dL, a value of 5 was considered 
in the ratio calculation.



DIFFERENTIAL D IAGNOSIS  BETWEEN TYPE 2A AND 2B VON WILLEBRAND DISEASE

25

2

REFERENCES 
1. Sadler JE, Budde U, Eikenboom JC, Favaloro 

EJ, Hill FG, Holmberg L, 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; 4:2103-2114.

2. Hassenpflug WA, Budde U, Obser T, 
Angerhaus D, Drewke E, Schneppenheim 
S, et al. Impact of mutations in 
the von Willebrand factor A2 domain 
on ADAMTS13-dependent proteolysis.  
Blood. 2006; 107:2339-2345.

3. Federici AB, Mannucci PM, Castaman G, 
Baronciani L, Bucciarelli P, Canciani MT, 
et al. Clinical and molecular predictors of 
thrombocytopenia and risk of bleeding 
in patients with von Willebrand disease 
type 2B: a cohort study of 67 patients.  
Blood. 2009; 113:526-534; 

4. Ruggeri ZM, Pareti FI, Mannucci PM, 
Ciavarella N, Zimmerman TS. Heightened 
interaction between platelets and factor 
VIII/von Willebrand factor in a new subtype 
of von Willebrand’s disease. N Engl J  
Med. 1980; 302:1047-1051.

5. Giannini S, Mezzasoma AM, Leone M, 
Gresele P. Laboratory Diagnosis And 
Monitoring Of Desmopressin Treatment Of 
Von Willebrand’s Disease By Flow Cytometry. 
Haematol. 2007; 92:1647-1654.

6. Valarche V, Desconclois C, Boutekedjiret 
T, Dreyfus M, Proulle V. Multiplate whole 
blood impedance aggregometry: a new 
tool for von Willebrand disease. J Thromb 
Haemost. 2011; 9:1645-1647. 

7. Flood VH, Gill JC, Morateck PA, 
Christopherson PA, Friedman KD, 
Haberichter SL, et al. Gain-of-function 
GPIb ELISA assay for VWF activity 
in the Zimmerman Program for 
the Molecular and Clinical Biology of VWD.  
Blood. 2011; 117:67-74. 

8. Bodó I, Eikenboom J, Montgomery R, 
Patzke J, Schneppenheim R, Di Paola J, for 
the Subcommittee on von Willebrand factor. 
Platelet dependent von Willebrand factor 
activity. Nomenclature and methodology: 
communication from the SSC of the ISTH. 
J Thromb Haemost. 2015; 13:1345-1350.

9. Stufano F, Baronciani L, Pagliari MT, 
Franchi F, Cozzi G, Garcia-Oya I, et al. 
Evaluation of an heterogeneous group 
of patients with von Willebrand disease 
using an assay alternative to ristocetin 
induced platelet agglutination. J Thromb  
Haemost. 2015; 13:1806-1814. 

10. Rodeghiero F, Tosetto A, Abshire T, Arnold 
DM, Coller B, James P, et al. ISTH/SSC bleeding 
assessment tool: a standardized questionnaire 
and a proposal for a new bleeding score 
for inherited bleeding disorders. J Thromb 
Haemost. 2010; 8:2063-2065.

11. Federici AB, Canciani MT, Forza I, Mannucci 
PM, Marchese P, Ware J, et al. A sensitive 
ristocetin co-factor activity assay with 
recombinant glycoprotein Ibα for the diagnosis 
of patients with low von Willebrand factor 
levels. Haematol. 2004; 89:77-85.

12. Budde U, Scharf RE, Franke P, Hartmann-
Budde, K, Dent J. & Ruggeri ZM. Elevated 
platelet count as a cause of abnormal von 
Willebrand factor multimer distribution in 
plasma. Blood. 1993;82:1749-1757.

13. Baronciani L, Goodeve A, Peyvandi F. 
Molecular diagnosis of von Willebrand 
disease. Haemophilia. 2017; 23:188-197.

14. Pagliari MT, Baronciani L, Garcìa Oya I, 
Solimando M, La Marca S, Cozzi G, et al. 
A synonymous (c.3390C>T) or a splice-
site (c.3380-2A>G) mutation causes 
exon 26 skipping in four patients with 
von Willebrand disease (2A/IIE). J Thromb 
Haemost. 2013; 11:1251-1259.



CHAPTER 2

26

2

15. James PD, Goodeve AC. von Willebrand 
Disease. Genet Med. 2011; 13:365-376. 

16. Shen MC, Chen M, Ma GC, Chang SP, 
Lin CY, Lin BD, et al. De novo mutation 
and somatic mosaicism of gene mutation 
in type 2A, 2B and 2M VWD. Thromb J. 
2016; 14(suppl 1):36. eCollection 2016.

17. Choi Y, Sims GE, Murphy S, Miller JR, Chan 
AP. Predicting the Functional Effect of 
Amino Acid Substitutions and Indels. PLoS 
ONE. 2012; 7(10):e46688.

18. Hu J, Ng PC. SIFT Indel: Predictions for 
the Functional Effects of Amino Acid 
Insertions/Deletions in Proteins. PLoS  
ONE. 2013; 8(10):e77940.

19. Schwarz JM, Cooper DN, Schuelke M, 
Seelow D. MutationTaster2: mutation 
prediction for the deep-sequencing age. 
Nat Methods. 2014; 11:361-362.




