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Abstract

The objective of the present study was to establish a method for
quantitative analysis of von Willebrand factor (vVWF) multimeric
composition using a mathematical framework based on curve fitting.
Plasma vWF multimers from 15 healthy subjects and 13 patients with
advanced pulmonary vascular disease were analyzed by Western
immunoblotting followed by luminography. Quantitative analysis of
luminographs was carried out by calculating the relative densities of
low, intermediate and high molecular weight fractions using laser
densitometry. For each densitometric peak (representing a given frac-
tion of vWF multimers) a mean area value was obtained using data
from all group subjects (patients and normal individuals) and plotted
against the distance between the peak and IgM (950 kDa). Curves
were constructed for each group using nonlinear fitting. Results
indicated that highly accurate curves could be obtained for healthy
controls and patients, with respective coefficients of determination
(r?) of 0.9898 and 0.9778. Differences were observed between pa-
tients and normal subjects regarding curve shape, coefficients and the
region of highest protein concentration. We conclude that the method
provides accurate quantitative information on the composition of
VvWF multimers and may be useful for comparisons between groups
and possibly treatments.
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von Willebrand factor (VWF) is a large
multimeric glycoprotein synthesized exclu-
sively by endothelial cells and megakaryo-
cytes (1). Endothelial vWF is secreted into
the circulation as high molecular weight
multimers and rapidly converted into smaller
polymers by the action of proteases, mainly
from granulocytes (2,3). As a result, a very
typical multimeric pattern of vVWF may be
observed when plasma is subjected to elec-

trophoresis in agarose gels, with bands of
500 up to 20,000 kDa (4,5).

The multimeric pattern of plasma vWF
may be changed in acquired and inherited
disorders, as is the case for von Willebrand’s
disease (6). In some instances, unusually
large multimers are present in plasma (7,8).
In other conditions, high molecular weight
multimers are lacking and this may be asso-
ciated with increased concentrations of low
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molecular weight forms (9-11). Using high-
resolution gels, changes may also be ob-
served in the structure of individual multimers
as reported in variants of von Willebrand’s
disease (12).

In most instances, qualitative analysis of
vWF multimeric composition provides ad-
equate information for characterization of
abnormalities and correlation with the clini-
cal status. However, quantitative analysis
may be useful for the detection of subtle
abnormalities and changes following thera-
peutical interventions. Quantitative assess-
ment of vVWF multimeric composition has
been performed on an individual basis by
densitometric analysis of Western blots
(13,14). In the present study, we propose a
method for quantitative estimation of the
relative distribution of VWF multimers in
immunoblots based on adjustment of math-
ematical models following densitometry. As
an example of the potential usefulness of the
method for group analysis, we studied plasma
vWF multimers in a population of patients
with advanced pulmonary vascular disease
for whom abnormalities in vVWF structure
have been reported that resemble type Il von
Willebrand’s disease (11). The study proto-
col was approved by the Scientific Commit-
tee of the Heart Institute, Sdo Paulo, Brazil.

Blood samples were drawn after written
informed consent was obtained from 15
healthy subjects and 13 patients with ad-
vanced pulmonary vascular disease (ages 4
to 50 years, mean pulmonary arterial pres-
sure of 49 to 98 mmHg) who were admitted
to the Heart Institute, Sdo Paulo, SP, Brazil.
Peripheral venous blood was collected in
1:10 volumes of 3.8% sodium citrate in the
presence of protease inhibitors: 5 mM edetic
acid (EDTA), 6 mM N-ethylmaleimide, 1
mM phenylmethylsulfonyl fluoride, 20 U/
ml aprotinin, and 0.25 mM leupeptin. Plasma
was separated by centrifugation at 3,000 g
for 20 min, frozen at -80°C and thawed only
once for use.

Plasma (1 pl) was diluted 1:20 in 10 mM
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Tris, 2% SDS, 1 mM EDTA, 80 mM urea,
0.02% bromophenol blue, pH 8.0, incubated
at 56°C for 1 h and electrophoresed on SDS-
1% low gelling temperature agarose. The
running buffer was: 40 mM Tris, 20 mM
sodium acetate, 2 mM EDTA, 0.1% SDS,
pH 7.4.

After the run, protein was transferred to a
nitrocellulose membrane at a constant cur-
rent of 200 mA for 14 h, using a mini-
electrotransfer unit (Hoefer TE 22 transphor
unit, Amersham Pharmacia Biotech, Little
Chalfont, Buckinghamshire, England) to keep
a constant temperature of 15°C. Transfer
buffer was: 25 mM Tris, 192 mM glycine,
0.1% SDS, and 20% (v/v) methanol, pH 8.3.
After blocking the membrane with 5% BSA,
immobilized protein was reacted for 6 h with
rabbit anti-human vWF polyclonal antibody
(1:300 dilution) (Dako Corporation, Carpin-
teria, CA, USA).

All steps for protein visualization fol-
lowed the instructions of the chemilumines-
cence kit manufacturer (ECL Western blot
detection kit, Amersham Pharmacia Biotech).
Peroxidase-conjugated secondary antibody
was used at 1:2000 dilution. Membranes
were then reacted with a high sensitivity
(luminol) detection system for 1 min and
exposed to X-ray films for 10 to 30 s.

vWF multimers were subjected to densi-
tometric analysis (Ultroscan XL laser densi-
tometer, LKB, Bromma, Sweden) using [gM
(molecular mass 950 kDa) as a reference.
Scanning was started at the IgM position
which corresponded to low molecular weight
vWF multimers and run through the interme-
diate and high molecular weight forms. In
most preparations, 13 to 14 peaks were accu-
rately analyzed. The densitometric area of
individual peaks was computed and normal-
ized for the area of the first major band
migrating just above IgM. This procedure
was necessary to eliminate the influence of
differences between lanes in total amount of
vWF protein.

For each normalized peak, a mean area
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value was obtained using data from all group
subjects (patients or normal subjects) and
plotted as a function of the distance between
the peak and IgM. Thus, mean curves were
constructed for specific groups, represent-
ing the relative amounts of vVWF protein in
different multimeric fractions. Curve fitting
was performed using the SAS/STAT® pack
(SAS Institute Inc., Cary, NC, USA). The
best fit was obtained by analyzing up to 30
different nonlinear models using a stepwise
procedure. The goodness of fit was deter-
mined by calculating the coefficient of de-
termination (r?).

Details of Western immunoblotting and
densitometric scanning are shown in Figure
1. Figure 2 shows the plots of mean densito-
metric areas against the distance between the
respective peaks and the [gM band. Although
the same model was adequately adjusted to
patients and normal subjects, the morpholo-
gy of the curves was different, as indicated
by the respective equation coefficients. In
normal subjects, there was a relatively high
concentration of vVWF multimers at 36.4 mm
from IgM. In contrast, patients had a flat-
tened curve, with highest multimer concen-
tration at 27.9 mm from the IgM position.
The right terminal of the curve, representing
the relative area of high molecular weight
multimers, was markedly lowered in patients
compared to normal subjects.

Peroxidase staining methods have been
developed for analysis of the multimeric
structure of VWF (15-17). Further improve-
ment of sensitivity has been reported using
luminography for protein visualization after
electrophoresis (18,19). Although densito-
metric analysis of immunoblots has proved
useful for determining the distribution of
vWF multimers in individual patients, as
reported in different forms of von Wil-
lebrand’s disease (14), group evaluation may
be necessary in some instances and requires
a different approach. This may be the case
for acquired disorders with more subtle ab-
normalities of VWF structure or evaluation

of response to treatment (20).

In individual analysis of vWF structure,
results of densitometric tracings may be ex-
pressed, for example, as the relative area of
larger vVWF multimers (13). In the present
study, we used a mathematical approach for
group analysis of vVWF multimeric composi-
tion and observed that nonlinear models fit
plots of mean densitometric area values very
nicely as a function of distance. As a result,
differences between groups may be estimated
not only by calculating the percentage of
larger multimers, but also using a number of
other parameters such as the best curve fit
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Figure 1. Representative densitometric tracing of vVWF multimers in Western blots. Scan-
ning was started at the IgM position (arrows, low molecular weight fractions) and run as
indicated by the dashed lines in the direction of high molecular weight multimers (HMW). C

and P are control plasma and patient plasma, respectively.
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Figure 2. Mean curves for rela-
tive amounts of VWF protein in
different multimeric fractions.
Each point represents the mean
densitometric area of a given
peak. A Gaussian model [y =
a*exp((-(x-b)A2)/(2*c/2))] was ad-
equately adjusted to controls (C,
r2 = 0.9898) and patients (P, r2 =
0.9778). The respective equation
coefficients were: a = 2.2321, b
= 36.3822, ¢ = 15.8908 for con-
trol group (N = 15), and a =
1.3378, b =27.8795, c = 14.6598
for patient group (N = 13).
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for a given group, curve coefficients and the
region of highest concentration of vVWF pro-
tein. Comparisons between groups may be
performed at any region of the multimer
distribution. Furthermore, the relative den-
sity of high molecular weight multimers
which are sometimes poorly individualized
in densitometric scans may be estimated for
the whole group using the curve equation.

Previous studies on the multimeric struc-
ture of plasma vWF in pulmonary hyperten-
sion, including data from our laboratory,
showed the disappearance of the larger
multimers, associated with the increased den-
sity of the smaller ones (11,20). In this study,
we were able to identify the exact region of
highest vVWF protein concentration in the
sequence of multimers. We therefore specu-
late that the present method could be helpful,
for example, to quantify the improvement of
multimeric abnormalities following thera-
peutical interventions in the same patients
(20).

Methodological details were taken into
consideration in this study in order to im-
prove reliability, reproducibility and compa-
rability of the results. First, protein transfer
to nitrocellulose membranes was carried out
over a period of 14 h to permit the complete
transfer of all vVWF multimers, in particular
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the larger ones. Second, saturation of the
luminographs was prevented by limiting the
exposure time to a maximum of 30 s. Third,
the area of the densitometric peaks was ex-
pressed as a percentage of the first major
band migrating above IgM. This within-lane
normalization procedure allowed us to com-
pute data from different lanes regardless of
the exact amount of vVWF protein applied per
well. Last, only high quality luminographs
were included in the study, making it pos-
sible to analyze at least 13 multimeric peaks
per lane. This resulted in adequate curve fit
with high coefficients of determination (r?)
when mean densitometric area values were
analyzed.

In view of the present observations, we
conclude that curve fitting with an adequate
number of points representing mean area
values is useful for group analysis of VWF
multimeric structure. Although obvious ab-
normalities of multimer distribution were
presented here as an example of the potential
usefulness of the method, we believe that
subtle between-group differences can be ac-
curately demonstrated as well. Additional
studies are required, enrolling patients with
other disorders or subjected to therapeutical
interventions to confirm the usefulness of
this method in clinical practice and research.
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