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Abstract

Background: von Willebrand factor propeptide (VWFpp) plays an important role in
VWEF multimerization and storage. VWFpp mutations have been previously associated
with types 1, 3 and 2A/11C von Willebrand disease (VWD).

Aims: To characterize the novel p.Thr274Pro variant identified in two unrelated type 1
VWD patients.

Methods: Phenotype tests were performed to evaluate patients’ plasma and platelets
following the current ISTH-SSC guidelines. Molecular analysis was performed using
next-generation sequencing. The pcDNA3.1-VWF-WT and mutant pcDNA3.1-VWEF-
Thr274Pro expression vectors were transiently transfected into HEK293 cells to eval-
uate recombinant (r)VWF constitutive and regulated secretion. For the latter, the
transfected cells were stimulated with phorbol-12-myristate-13-acetate. Immunoflu-
orescence staining was performed to assess the localization of WT-rVWF and
Thr274Pro-rVWEF in endoplasmic reticulum, lysosomes, cis-/trans-Golgi and pseudo-
Weibel Palade bodies.

Results: Biochemical characterization of patients’ plasma samples indicated a type
1 VWD diagnosis. Both patients were heterozygous for the p.Thr274Pro variant.
Hybrid Thr274Pro/WT-rVWF showed a secretion reduction of 36+4% according to
patients’ plasma VWF:Ag levels, whereas Thr274Pro-rVWF secretion was strongly
impaired (21+2%). The amount of rVWEF in cell lysates was nearly normal for both
Thr274P (62+17%) and Thr274Pro/WT-rVWF (72+23%). The regulated secretion
was impaired for Thr274Pro/WT-rVWEF, whereas Thr274Pro-rVWF was not released
at all. Immunofluorescence staining revealed no particular differences between WT
and Thr274Pro-rVWE, although Thr274Pro-rVWF showed less pseudo-Weibel Palade
bodies with a rounder shape than WT-rVWEF.

Conclusions: The novel p.Thr274Pro mutation has a dominant effect and it is respon-
sible of patients’ type 1 VWD phenotype through a combined mechanism of reduced

synthesis, impaired secretion and multimerization.
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1 | INTRODUCTION

von Willebrand disease (VWD) is a common bleeding disorder due to
guantitative or qualitative defects of von Willebrand factor (VWF) and
caused by mutations on VWF. Type 1 VWD is characterized by low VWF
antigen (VWF:Ag) levels in line with VWF platelet-dependent activity
and VWEF collagen binding capacity (VWF:CB) in presence of a nor-
mal/nearly normal multimeric pattern.>2

VWEF can be synthesized by endothelial cells and megakaryocytes
as a pre-pro-VWF molecule of 2813 amino acids (aa) that includes a
signal peptide (22-aa), a propeptide (741-aa) and the mature VWF
subunit (2050-aa).? Post translational modifications such as sulfation,
glycosylation, carboxy-terminal dimerization, amino-terminal multi-
merization and the proteolytic cleavage of VWF propeptide (VWFpp)
are necessary to obtain the mature VWF.# Then, VWF is stored within
the Weibel-Palade bodies (WPBs) in endothelial cells and platelets a-
granules (regulated secretion) or it can also be constitutively secreted
into the bloodstream in the case of endothelial cells.>~”

The VWFpp plays an important role in both VWF multimeriza-
tion and regulated storage. Different mutations within the propeptide
have been reported to be responsible for types 1, 3 and 2A/IIC VWD,
although they behaved as recessive defects and in vitro expression
studies were available only for few of them.8-1>

Here, we describe the biochemical and molecular characterization
of two unrelated Italian patients diagnosed with type 1 VWD. Both
patients were heterozygous carriers for the novel missense mutation
p.Thr274Pro localized in the VWFpp. In vitro expression studies of
wild-type (WT), mutant Thr274Pro and hybrid Thr274Pro/WT recom-
binant (r)VWF proteins with the immunofluorescence characterization
led us to demonstrate the dominant effect of this mutation and the
mechanism responsible for the type 1 VWD.

2 | MATERIALS AND METHODS

Patients. The two patients were informed of the experimental nature
of this study and gave their informed consent, according to the dec-
laration of Helsinki (1964). Patients bleeding history was collected in
agreement with ISTH Bleeding Assessment Tool.1®

Blood sampling and laboratory methods. Twenty millilitre of blood was
drawn in 3.13% sodium citrate (9:1 v/v) and 5 mM EDTA (9:1 v/v). Fac-
tor VIII coagulant activity (FVIII:C) was measured using the one-stage
clotting assay on ACL TOP 700 analyser (Instrumentation Laboratory,
Milan, Italy). VWF:Ag and VWF:CB of patient plasma were measured
as previously described.l” The platelet-dependent VWF activity
was measured using a ristocetin-triggered glycoprotein-lb binding
(VWF:GPIbR) automated assay based on WT GPIb fragment and ris-
tocetin (HemoslL von Willebrand Factor Ristocetin Cofactor Activity
assay [VWF:RCo], Instrumentation Laboratory). Measurements of
VWEF propeptide (VWFpp) was performed by ELISA using anti-human
VWEF propeptide antibodies (Sanquin, Amsterdam, The Netherlands).

Platelets were isolated using a density gradient and lysed with Triton
X-100.18 Platelet VWF content was evaluated with the VWF:Ag ELISA,
whereas VWF:GPIbR was measured using HemosIL AcuStar VWF:RCo
(Instrumentation Laboratory). In-house plasma VWF multimeric
analysis was performed by sodium dodecyl sulphate (SDS) gel elec-
trophoresis under non reducing conditions using gels at low-resolution
(1.2% HGT agarose/.1% SDS) and intermediate-resolution (1.6%
LGT agarose/.1% SDS).1? Low-resolution VWF multimeric analysis
of patients’ plasma and platelet lysates was also performed using
the Hydragel 5 von Willebrand multimers on the semi-automated
SEBIA HYDRASYS 2 SCAN (Sebia, Lisses, France). Densitometry was
performed using the Phoresis 8.6.3 Software (Sebia) considering
peaks 1-3 as low-molecular weight multimers (LMWM), peaks 4-7 as
intermediate (I) MWM, and peaks > 7 as high (HMWM.

VWEF analysis. Genomic DNA was extracted from peripheral blood
using standard methods. Patients | and Il genomic DNA were
sequenced using costumed next-generation sequencing (NGS) panels
(lllumina [San Diego, CA] or Agilent [Santa Clara, CA]). The presence of
the mutation was confirmed by Sanger sequencing of exon 7. Details
about the NGS panels, oligonucleotides and PCR conditions are avail-

able on request.

2.1 | Insilico evaluation of VWF mutations

The potential damaging effect of the p.Thr274Pro variant was
evaluated using different in silico tools: SIFT (http://sift.jcvi.org/),
Align Grantham Variation Grantham Deviation (Align-GVGD—http:
//agvgd.iarc.fr/), PolyPhen-2 (http://genetics.bwh.harvard.edu/pph2/),
PROVEAN (http://provean.jcvi.org/), PMut (http://mmb.irbbarcelona.
org/PMut/) and Effect according to Russell (http://russelllab.org/aas/).
The p.Thr274Pro variant was also classified using the standards of the
American College of Medical Genetics guidelines.2°

Plasmid construction. Mutant expression vector pcDNA3.1-VWEF-
Thr274Pro, was generated by site-directed mutagenesis (QuikChange
Lightning Site-Directed Mutagenesis Kit, Agilent Technologies, La Jolla,
California, USA), using as template the pcDNA3.1-VWF-WT vector??
and specifically designed oligonucleotides.

Transfection experiments. Human embryonic kidney 293 (HEK293)
cells were grown on 100-mm dishes using Dulbecco’s Modified Eagle’s
medium (DMEM):F12 supplemented as previously reported.?! Cells
at 80-90% of confluence were transiently transfected with 8 ug of
plasmid DNA using jetPEI™ (PolyPlus-transfection, Euroclone, Pero,
Italy). For WT and mutant co-transfection (hybrids) 4 ug of each
vector was used. For basal secretion, cell media were replaced before
transfection and collected after 72 h, whereas cells were harvested
and lysed as previously described.2?2 VWF:Ag in cell media and lysates
were measured using an ELISA. Cell media were concentrated (10X
v/v) using Aquacide Il (Calbiochem, La Jolla, California, USA), evaluated
again for VWF:Ag.23
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FIGURE 1 Multimeric analysis of patients’ A
plasma VWF. (A) Multimeric structure of
plasma von Willebrand factor (VWF) visualized
in a non-reducing low-resolution gel (1.2%
HGT agarose/.1% SDS) in order to highlight the
high molecular weight multimers (HMWM,;
left). Non-reducing intermediate-resolution gel
(1.6% LGT agarose/.1% SDS) was performed to
highlight the triplet structure (right). NP,
normal plasma. NP-VWF showed the typical
triplet structure; |, patient I; II, patient Il. The
satellite bands are indicated by the arrows.
Lanes from the same gel are delimited by a

black line. (B) Low-resolution multimeric
analysis performed using a semi-automated

11

assay (Sebia). Patients’ multimers mainly B
showed a slight increase of low-MWM and a

decrease of intermediate- and high- MWM

confirmed by the densitogram on the right.

(C) Multimeric pattern of platelets’ VWF

highlighted the quantitative loss of

intermediate, high- and ultra-large multimers.

Lanes from the same gel are delimited by a

black line. NL, normal lysate
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was increased in both patients (2.2 and 3.11, respectively), whereas
VWEF:GPIbR/VWF:Ag and VWF:.CB/VWF:Ag and VWFpp/VWF:Ag
ratios were normal. Platelet VWF:Ag was at the lower limit of the
normal range for patient | and reduced for patient Il, whereas the
platelet VWF:GPIbR was markedly reduced in both. The in-house
low-resolution multimeric analysis of patients’ plasma showed a nor-
mal pattern (Figure 1A, left panel) with a slight decrease of high
molecular weight multimers (HMWM), whereas the intermediate-
resolution gel showed the presence of a normal triplet structure com-
parable to that of pooled normal plasma (NP; Figure 1A, right panel).
Low-resolution multimeric analysis of patients’ plasma performed

using the semi-automated assay showed a slight increase of LMWM,

NL-II 1l ] fj\::mﬁyw@’“”f& \

but a decrease of IMWM and HMWM (Figure 1B). Platelet VWF
showed a decrease of IMWM, HMWM and ultra large (UL) multimers
(Figure 1C).

3.2 | Genetic analysis and in silico evaluation of
VWF mutation

Both patients were heterozygous carriers for a novel missense muta-
tion, c.[820A > CJ;[ =] (p.[Thr274Pro];[ =) localized within the VWFpp
(D1 domain). The p.Thr274Pro was predicted as damaging by SIFT,
ALIGN, GVD Polyphen 2.0, SNP&GO, Mutation Taster, Pmut, whereas
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FIGURE 2 Basal and stimulated secretion of wild-type, hybrid and mutant recombinant von Willebrand factor. (A) basal secretion of wild-type
(WT), hybrid (Thr274Pro/WT) and mutant (Thr274Pro) recombinant von Willebrand factor (rVWF) was measured using an ELISA. The amount of
Thr274Pro/WT and Thr274Pro-rVWF were expressed as a percentage of the WT-rVWEF referred as 100% + standard deviation; **** P <.0001;

** P < .01; ns, not statistically significant. (B) Regulated secretion was evaluated by stimulation the transfected cells with phorbol-12-myristate-
13-acetate (PMA,; final concentration 160 nM). Seventy-two hours post-transfection, HEK293 cells were washed twice and incubated with the
release media with/without PMA for 1 h at 37°C. Then, the media were collected and cells harvested. von Willebrand factor antigen (VWF:Ag) was
measured using ELISA and results were reported as fraction of the total VWF (secreted plus intracellular VWF). Black bars represent the control
(unstimulated release), whereas white bars represent the VWF secreted after stimulation with PMA. **** P < 0001; ns, not significant

PROVEAN and Effect according to Russel suggested a neutral effect.
The p.Thr274Pro was classified as pathogenic following the standards
of the American College of Medical Genetics guidelines.

3.3 | In vitro expression studies

VWE in conditioned media and cell lysates was quantified as VWF:Ag
using an ELISA. The results were expressed as a percentage of the
WT-rVWF referred as 100% + standard deviation (Figure 2A). The
amount of secreted mutant Thr274Pro and hybrid Thr274Pro/WT-
rVWF was decreased (21+2% and 36+4%, respectively). The amount
of rVWF in cell lysates was slightly decreased for both mutant
Thr274Pro (62+17%) and hybrid Thr274Pro/WT-rVWF proteins
(72+23%). The regulated secretion from pseudo-WPBs was induced
with PMA (Figure 2B). The WT-rVWF secretion increased from 6%
to 11% (P < .0001), whereas Thr274Pro/WT-rVWEF secretion slightly
increased from 1% to 1.55%. Mutant Thr274Pro-rVWF was not
detectable in the conditioned media even with the use of PMA,
although it was detected in the related cell lysates (52+6% vs. 48+2%
for unstimulated and stimulated Thr274Pro-rVWEF cells, respectively;
WT set as 100%). Multimeric analysis of hybrid Thr274Pro/WT-rVWF
released in the conditioned media showed a full set of multimers,
although slightly smeared. The mutant Thr274Pro-rVWF only showed
LMWM, but no sub-bands were visible (Figure 3).

34 | Immunofluorescence

Immunostaining was performed on HEK293 cells transfected with WT
(reference) or mutant (Thr274Pro) expression vectors. Cells transfec-
tion efficiency, quantified on the basis of VWF positive staining (VWF)
and measured in n> 40 field of view (FOVs) prior each analysis, was
about 50%. On average, the 40% of lysosomes showed a VWF* without
a significant difference between WT and Thr274Pro-rVWF (P > .05;
Figure 4A). VWF+/ER™ was slightly lower for mutant Thr274Pro than
for WT-rVWF (20% vs. 30%, P = .0016; Figure 4A), as confirmed by
Pearson correlation (Pearson Index [Pl], .25 and .37 for Thr274Pro
and WT-rVWEF, respectively; P < .0001). The VWF™ /cis-Golgi*™ was of
50% for WT-rVWF and 30% for Thr274Pro-rVWF (P < .01). Similarly,
VWEF*/trans-Golgi* was slightly higher for WT than for Thr274Pro-
rVWF (48% vs. 42%; P < .05; Figure 4B). Pearson correlation analy-
sis was not statistically significant neither for cis-, nor for trans-Golgi
(P>.05).

Atotal of 320 pseudo-WPBs were analysed in n > 3500 VWF* cells.
The amount of rVWF co-localized within pseudo-WPBs was higher for
WT than Thr274Pro-rVWF (75% vs. 65%, P < .05; Figure 5). The num-
ber of cells witha VWF*/pseudo-WPBs™* was slightly higher for the WT
than Thr274Pro-rVWF by considering the percentage of all VWF* cells
at first and then the mean VWF™ cells (FOVs> 35; P <.05). The Pearson
correlation did not show a statistically significant difference between
WT and Thr274Pro-rVWEF (P, .79 vs..76; P > .05).
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FIGURE 3 Multimeric analysis of rVWEF. Multimeric structure of
wild-type (WT), hybrid (Thr274Pro/WT) and mutant (Thr274Pro)
recombinant von Willebrand factor (rVWF) were visualized in a
non-reducing low-resolution gel (1.2% HGT agarose/.1% SDS). NP,
normal plasma was used as reference. Hybrid Thr274Pro/WT showed
amultimeric pattern similar to that of the WT rVWEF, although slightly
smeared. Both WT and hybrid rVWF had ultra-large multimers.
Mutant Thr274Pro-rVWF multimers consisted of a unique undefined
band (no sub-bands were visible) indicating a strongly impaired
multimerization process

Pseudo-WPBs morphology evaluation was performed by binariz-
ing both fluorescent channel signals (VWF-AF647; WPBs-VF488).
Morphological differences in the pseudo-WPBs structures, circularity,
elongation and the shape factor were estimated. In brief, circularity = 1
stands for a 2D round object, elongation = 1 stands for minimum aper-
ture of the object, again attributable to 2D round objects. Biological
round objects normally display .5-.8 of shape factor, whereas increas-
ing shape factors (i.e. < 1) stands for multi-facetted, multi filament-
bearing highly starry-like 2D structure. Both WT and Thr274Pro-
rVWF showed pseudo-WPBs with similar median circularity (.85 vs.
.87). Thr274Pro VWF™ cells showed less elongated pseudo-WPBs
compartments than WT VWF™ cells (medians, 1.62vs. 1.72; P=.0381).

4 | DISCUSSION

The VWFpp plays a key role in intracellular processing, multimeriza-
tion and storage of VWF. To date, different mutations localized within
the VWFpp have been reported as responsible of multimerization
defects (type 2A/IIC), in presence or absence of reduced synthesis
and/or impaired secretion (types 1 and 3).8-1524 |n this study we have

described two unrelated Italian patients carrying the novel missense

Haemophilia WILEY-?"

mutation (p.Thr274Pro) localized within the VWFpp. Both patients
showed reduced VWF levels compatible with the diagnosis of type
1 VWD and an increased FVIII:C/VWF:Ag ratio which suggested a
reduced VWF synthesis and/or secretion as the possible pathophysi-
ological mechanism responsible for type 1 VWD, whereas they had a
normal VWFpp/VWEF:Ag ratio. Previous studies demonstrated that an
increased VWFpp/VWF:Ag ratio can be used to identify VWD type 1
patients and it was indicative of an increased VWF clearance.?> How-
ever, the presence of an altered (i.e. increased) clearance cannot be
excluded due to the localization of the mutation within the propeptide
itself.

Patients’ plasma and platelet multimers showed a modest alter-
ation of the multimeric pattern, which was still compatible with type 1
VWD diagnosis.12¢ In particular, patients’ plasma VWF showed a slight
increase of LMWM and a decrease of IMWM and HMWM, whereas
platelet VWF showed a quantitative decrease of IMWM, HMWM and
UL multimers. These findings, in spite of the presence of a normal
triplet structure, are indicative of an incomplete multimerization which
may be explained by the incapacity of the mutant VWFpp to properly
drive the multimerization process. The normal VWF:CB/VWEF:Ag and
VWEF:GPIbR/VWEF:Ag ratios suggested that the multimerization defect
does not affect VWF function, although the presence of a mild func-
tional alteration not detectable by the activity assay used cannot be
completely excluded.

The potential deleterious effect of p.Thr274Pro mutation has been
initially assessed using a series of in silico tools based on differ-
ent algorithms. Thus, we decided to further characterize this muta-
tion by performing an in vitro expression study using HEK293 cells.
The hybrid Thr274Pro/WT-rVWF obtained by co-transfection of WT
and mutant VWF expression vectors showed a reduced secretion
in agreement with patients’ biochemical data. The expression of the
p.Thr274Pro-rVWF alone, which mimic a homozygous patient, led to
a stronger reduction of secreted rVWF levels and an altered multi-
meric pattern. Both the hybrid Thr274Pro/WT and mutant Thr274Pro-
rVWEF showed a slightly reduced VWF content in the respective cell
lysates, highlighting the co-presence of a reduced VWF synthesis and
impaired secretion. The latter finding was confirmed by evaluating the
release of rVWF after PMA stimulation. As expected, the amount of
Thr274Pro/WT-rVWEF secreted in the conditioned medium was lower
than that of WT rVWF. Mutant Thr274Pro-rVWF secreted into the
conditioned medium was undetectable, although its synthesis was con-
firmed by the measurable Thr274Pro-rVWF content in the respective
cell lysates. This may be due to the emphasised reduction of synthe-
sis and secretion, even though the choice to perform the experiments
using a small number of cells may have played a role.

The hybrid Thr274Pro/WT-rVWF showed a multimeric pattern sim-
ilar to that of the WT-rVWF. Both rVWF had UL-VWF in contrast with
the quantitative decrease of IMWM and HMWM detected in patients’
plasma multimers. These inconsistencies are probably due to the limits
of the in vitro expression study. Indeed, the impossibility to reproduce
physiological mechanisms such as VWF proteolysis and clearance may
be responsible for the presence of UL in both rVWEF. Differently, the
Thr274Pro-rVWF only showed a single thick band that emphasized the
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FIGURE 4

Lysosome Merged

Intracellular localization of recombinant von Willebrand factor (VWF) in HEK293 cells using confocal microscopy. (A) HEK293

transiently transfected with wild-type (WT) or mutant Thr274Pro expression vectors were stained for VWF, lysosomes and endoplasmic reticulum
(ER). Nuclei were stained using DAPI (blue). WT and Thr274Pro-rVWF (white) showed a similar localization within lysosomes (green), whereas
Thr274Pro-rVWF amount was slightly lower within the ER (red). The images which compose the panel are representative examples; the results are
the mean of three independent experiments, in which each condition was tested in triplicate. (B) HEK293 transiently transfected with wild-type
(WT) or mutant Thr274Pro expression vectors were stained for VWEF, cis- and trans-Golgi. Nuclei were stained using DAPI (blue). The amount of
Thr274Pro-rVWF was slightly lower than that of the WT in both cis- and trans-Golgi (red and green, respectively), although these differences were
not confirmed by high resolution analysis. The images which compose the panel are representative examples; the results are the mean of three

independent experiments, in which each condition was tested in triplicate

multimerization defect exerted by this VWF mutation. This single band
is probably composed by different sub-bands that cannot be further
separated on a gel due to the resolution limits of the method. Neverthe-
less, these results led us to conclude that the p.Thr274Pro mutation is
also responsible for multimerization defect, which is probably compen-
sated by the presence of WT dimers for both hybrid Thr274Pro/WT-
rVWF and patients’ VWEF, in line with the reduced amount of UL-
multimers detected in patients’ platelet lysates.

Subsequently, we performed the immunofluorescence staining
on HEK293 cells transfected with WT or mutant expression vec-
tors, in order to assess the co-localization of the respective WT
or Thr274Pro-rVWF in the different cellular compartments and
magnify the expected differences. Both rVWF showed a similar co-

localization within the lysosomes, which led us to exclude an increased

degradation of the mutant rVWEF. The amount of Thr274Pro-rVWF
in the ER and in cis-/trans- Golgi was slightly lower than that of
the WT-rVWEF, although these differences were confirmed only
in the ER after performing the higher resolution analysis. Mutant
Thr274Pro-rVWEF was able to form a lower number of pseudo-WPBs
than the WT-rVWF. Moreover, the morphological analysis showed
that mutant Thr274Pro-rVWF/pseudo-WPBs were less elongated that
WT-rVWF/pseudo-WPBs explainable with the presence of an altered
multimerization process. Taken together, these findings further sup-
ported the co-existence of a reduced synthesis, impaired secretion and
altered multimerization. Indeed, the presence of the secretion defect
alone would likely result in an increased accumulation of the rVWF
within the ER and a disturbed pseudo-WPB formation in agreement

with the data reported by other authors.?”
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Pseudo Weibel Palade bodies immunofluorescence staining. HEK293 cells were transiently transfected with wild-type (WT) or

mutant Thr274Pro expression vectors. Then, cells were stained for von Willebrand factor (VWF; red) and pseudo-Weibel Palade bodies
(pseudo-WPBs; green) and nuclei (DAPI, blue). Thr274Pro VWF™ cells presented less elongated pseudo-WPBs compartments compared to those
of WT VWFT cells. The images which compose the panel are representative examples; the results are the mean of three independent experiments,

in which each condition was tested in triplicate

We already reported, along with other authors®?1424 the charac-
terisation of propeptide mutations nearby p.Thr274Pro. None of these
mutations exerted a dominant effect nor were clearly associated to the
type 1 VWD.28 The heterozygous carriers for one of these mutations
have no bleeding history and their identification was inferred from to
that of the respective probands. Mutation p.Arg273Trp was described
in VWD patients from three different families classified as VWD type 1
or type 3. These patients were homozygous for p.Arg273Pro, showed
severely reduced VWF levels and undetectable multimers or lack of
high molecular weight multimers, more in line with a type 3 or a
type 2A/IIC diagnosis. The probands’ parents, who were heterozygous
for the p.Arg273Pro, have no bleeding symptoms® ruling out a dom-
inant effect of this mutation. The p.Cys275Ser was found in a type
3 patient compound-heterozygous for the stop codon p.Trp222* The
proband’s mother who was heterozygous for p.Cys275Ser only showed
borderline VWF levels,? but with reduced platelet VWF levels.? Finally,
p.Cys275Arg was inherited with the p.Pro1337Leu and produced a
severe type 2B phenotype characterized by extremely low VWF:Ag
and VWF:GPIbR levels (7 and 2 1U/dL, respectively). The four sub-
jects heterozygous for the p.Cys275Arg also shown reduced plasma
and platelet VWF:Ag levels. However, only one of them is compatible
with a diagnosis of type 1 VWD.2* Both p.Cys275Ser and p.Cys275Arg
have been expressed in vitro.?2* Hybrids WT/C275S and WT/C275R-
rVWFs showed a reduced secretion, similar to that described for
Thr274Pro/WT-rVWEF, although in presence of higher intracellular
retention.”2* These results suggested that the reduced VWF levels
measured in these patients’ plasma were only due to a secretion defect.
However, the use of a different cell lines (COS-7 vs. HEK293) to per-
form the in vitro expression studies and lack of a further character-
ization, such as immunofluorescence or stimulated secretion, did not

allow us to perform a more detailed comparison.

In conclusion, we demonstrate that the novel pThr274Pro muta-
tion exerts a dominant negative effect and it is responsible for the
type 1 VWD phenotype of our patients. The in vitro expression studies
together with the immunofluorescence staining led us to identify the
co-presence of a reduced synthesis associated with a secretion defect
and an impaired multimerization process as the mechanism causing
patients’ type 1 VWD phenotype.
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