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Summary
Background—Von Willebrand factor (VWF) plays a key role in coagulation by tethering
platelets to injured subendothelium through binding sites for collagen and platelet GPIb. Collagen
binding assays (VWF:CB), however, are not part of the routine workup for von Willebrand
disease (VWD).

Objectives—This study presents data on collagen binding for healthy controls and VWD
subjects to compare three different collagens.

Patients/Methods—VWF antigen (VWF:Ag), VWF ristocetin cofactor activity, and VWF:CB
with types I, III, and VI collagen were examined for samples obtained from the Zimmerman
Program.

Results—Mean VWF:CB in healthy controls was similar and highly correlated for types I, III,
and VI collagen. The mean VWF:CB/VWF:Ag ratios for types I, III, and VI collagen were 1.31,
1.19, and 1.21 respectively. In type 1 VWD subjects, VWF:CB was similar to VWF:Ag with mean
VWF:CB/VWF:Ag ratios for types I, III, and VI collagen of 1.32, 1.08, and 1.1 respectively. For
type 2A and 2B subjects, VWF:CB was uniformly low, with mean ratios of 0.62 and 0.7 for type I
collagen, 0.38 and 0.4 for type III collagen, and 0.5 and 0.47 for type VI collagen.

Conclusions—Normal ranges for type I, III, and VI collagen are correlated, but higher values
were obtained with type I collagen as compared to types III and VI. The low VWF:CB in type 2A
and 2B subjects suggests that VWF:CB may also supplement analysis of multimer distribution.
However, these results reflect only one set of assay conditions per collagen type and therefore may
not be generalizable to all collagen assays.
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Introduction
Von Willebrand factor (VWF) has three main ligands through which it mediates its effects
on hemostasis. It serves as a carrier protein for factor VIII (FVIII), and links platelets to
injured subendothelium via individual binding sites for platelet glycoprotein Ib (GPIb) and
for collagen. VWF binding to collagen types I and III has been localized to the VWF A1 and
A3 domains [1]. VWF binds to type VI collagen via the A1 domain, while the A3 domain
does not appear to play any role in this interaction [2]. The VWF collagen binding assays
(VWF:CB) measure the interaction between VWF and various collagens in vitro [3,4].

Collagen binding assays are usually performed using type I or type III collagen, or a mixture
of the two, to capture plasma VWF and determine quantitative binding. The original assay,
reported by Brown and Bosak, used bovine type I collagen [3]. However, further studies
have utilized type I or type III human collagen, and a combination of these collagens may in
fact provide the greatest sensitivity for type 2 VWD [5]. Normal values of VWF:CB/VWF
antigen (VWF:Ag) have been reported as greater than 0.6 to 0.7 [6,7]. VWF:CB assays, due
to their sensitivity for the presence of the high molecular weight VWF multimers, can be
utilized for distinguishing certain type 2 von Willebrand disease (VWD) variants [8].

VWD guidelines recently published by the NHLBI suggest that only subjects who have had
abnormal initial screening results with VWF:Ag and VWF ristocetin cofactor activity
(VWF:RCo) undergo testing with VWF:CB [9]. Other authors, however, advocate the use of
VWF:CB as a supplement to the VWF:RCo (7]. The VWF:RCo assay measures VWF-
platelet interactions via the GPIb receptor on the platelet surface, as induced by the
antibiotic ristocetin, and therefore a VWF defect that is exclusive to the VWF-collagen axis
could potentially be missed by omitting the VWF:CB assay. When collagen binding is
measured, most commercial laboratories only evaluate types I and/or III collagen. Type VI
collagen is also present in the subendothelium and can bind VWF at sites of injury [10]. No
exploration of type VI collagen binding has been performed on VWD patients to date,
prompting our study.

We report here on a series of healthy controls as well as VWD subjects enrolled in a large,
multi-center US study of VWD, the Zimmerman Program for the Molecular and Clinical
Biology of VWD. Our results establish a normal range for the VWF:CB with 3 different
collagen types (types I, III, and VI) in this population and compare the results.

Methods
Patient population

Subjects were enrolled in the Zimmerman Program following informed consent as
previously described [11]. This study was approved by the Institutional Review Boards at
each of the participating institutions. Blood samples were also collected for VWF assays and
DNA sequencing. Subjects were enrolled as healthy controls if they had no prior diagnosis
of VWD or other bleeding disorders. Patients were enrolled if they had a pre-existing
diagnosis of VWD. Immediate family members of VWD subjects were enrolled when
available.
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Clinical laboratory VWF assays
VWF:Ag, VWF:RCo, VWF:CB, and VWF multimer distribution were performed by the
BloodCenter of Wisconsin clinical hemostasis reference laboratory on all samples. VWF:Ag
was measured using an ELISA-based assay with monoclonal antibodies (AVW-1 and
AVW-5, Blood Research Institute, Milwaukee, WI) for VWF capture and a polyclonal
antibody for VWF detection (Dako, Carpinteria, CA). VWF:RCo was performed using the
automated BCS system (Dade-Behring, Newark, DE) to measure platelet agglutination at a
ristocetin concentration of 1 mg/ml. All values were referenced to an international plasma
standard (SSC/ISTH standard lot #3). VWF multimer distribution was assessed using gel
electrophoresis [12]. Blood group testing was performed using plasma samples analyzed for
presence of isohemagglutinins. VWF propeptide was measured as previously described
using monoclonal antibodies 293.2 and 239.3 for capture and biotinylated monoclonal
antibodies 242.4 and 242.6 for detection (Blood Research Institute) [13].

Collagen binding assays
The VWF:CB ELISA performed in the clinical laboratory used human type III collagen at 1
μg/mL (Southern Biotech, Birmingham, AL) diluted in carbonate coating buffer (15 mM
sodium carbonate, 35 mM sodium bicarbonate, 3 mM sodium azide, pH 9.5) on an Immulon
Ib plate (Thermo Scientific, Rochester, NY) for VWF capture and a polyclonal antibody for
VWF detection (Dako). Two dilutions were tested, in triplicate, for each test sample. Type I
and type VI collagen binding assays were performed in the research laboratory. For type I
collagen binding assays, Maxisorp (Nalge Nunc, Rochester, NY) ELISA plates were coated
with type I human placental collagen at 5 μg/mL (Sigma, St. Louis, MO) diluted in
carbonate coating buffer as above and incubated at 4° C overnight. Plasma samples diluted
in phosphate-buffered saline were added to each well and incubated at room temperature for
1 hour. VWF bound to collagen was detected using a biotin-conjugated polyclonal antibody
to VWF (Dako). Assays were repeated if dilutions were not within 10% of each other or if
they were off the curve. Two dilutions were tested, in triplicate, for each test sample. Type
VI collagen binding was assessed using the VWF:CBA ELISA for type VI collagen
(Technoclone GmbH, Austria, distributed by Diapharma, West Chester, OH) following the
manufacturer’s directions. One dilution, in duplicate, was performed for each sample as per
the kit instructions, but if the value did not fall on the curve, repeat testing with additional
dilutions was performed.

Statistics
Data were log-transformed to obtain a normal distribution and Stata 11.1 (StataCorp LP,
College Station, TX) was used for the analyses. Normal range was then defined as the
geometric mean ± 1.96 times the standard deviation. The confidence interval was then back-
transformed to the original data scale. Normality was tested using the Shapiro-Wilks and
skewness-kurtosis tests. Comparisons between groups used the Mann-Whitney test and
correlations were computed using the Spearman Rank correlation since some of the data
were non-normal.

Results
VWF:CB in Zimmerman Program healthy controls

We first evaluated healthy controls to establish a normal range in our study population.
There were 232 healthy control subjects enrolled in the Zimmerman Program who had
VWF:Ag, VWF:RCo, and VWF:CB results from our clinical laboratory available for
review, with 150 self-identifying as Caucasian and 66 as African American (with an
additional 16 subjects self-identifying as other than Caucasian or African American).
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Statistical parameters are summarized in Table 1, first for all subjects and then by race. The
mean VWF:Ag was 112 IU/dL and the mean VWF:RCo was 99 IU/dL. The mean VWF:CB
with type III collagen, the type routinely used in our clinical laboratory, was 133 IU/dL, and
the mean VWF:CB/VWF:Ag ratio was 1.19. No healthy control subject had a VWF:CB/
VWF:Ag ratio less than 0.73 (figure 1). The normal range, calculated as ± 2 SD, for
VWF:CB/VWF:Ag in our healthy control subjects was 0.87–1.50.

We also examined VWF:CB with type I and type VI collagen. Since there is no international
standard for type VI collagen binding, we used a value of 100 U/dL for the plasma standard.
For type I collagen, the mean VWF:CB was 146 IU/dL, with a mean VWF:CB/VWF:Ag
ratio of 1.31. For type VI collagen, the mean VWF:CB was 135 U/dL, with a mean
VWF:CB/VWF:Ag ratio of 1.21. The correlation coefficient between VWF:CB with all
three collagen types was high, with r=0.85 for type III vs type I, 0.83 for type III vs type VI,
and 0.80 for type I vs type VI collagen (p<0.001 for all comparisons). VWF:CB assay
results with type I collagen were, however, significantly increased compared to results seen
with types III and VI collagen. Differences between VWF:CB with the various collagen
sources were decreased at lower VWF concentrations; at VWF:Ag levels less than 100,
there was no difference between type III and type I collagen binding. The difference
between type I and type VI remained significant with p=0.03. Several subjects had an
isolated decrease in binding exclusively to type VI collagen, and are the focus of further
investigation.

Racial differences in VWF:Ag have previously been reported, with higher VWF:Ag and
VWF:CB in African Americans compared to Caucasians [14]. We analyzed VWF:CB and
VWF:CB/VWF:Ag ratio by race (table 1), and noted a significantly higher VWF:CB in the
African American controls for all collagen types, with p<0.005 for type III collagen,
p<0.001 for type I collagen, and p<0.02 for type VI collagen as compared to Caucasians.
For type I collagen, there was also a statistical difference between African American and
Caucasian controls, with p=0.024. However, no difference was noted in VWF:CB/VWF:Ag
ratios by race for either type III or type VI collagen. Similarly, blood group differences may
also account for VWF:CB variation. When analyzed by blood group, our data demonstrated
the same trend as that seen by Favaloro’s group [15], with lower VWF:CB at 109 IU/dL for
group O compared to 154 IU/dL for the non-O subjects. There was no difference in
VWF:CB/VWF:Ag ratio in those with blood group O compared to non-blood group O
subjects (mean of 1.17 vs. 1.20, p=NS).

VWF:CB in Zimmerman Program type 1 VWD subjects
We first examined all subjects enrolled in the Zimmerman Program who carried a pre-
existing diagnosis of type 1 VWD at the time of study entrance. The values for the 263
subjects in this group are shown in table 2. The mean VWF:Ag was 60 IU/dL, the mean
VWF:RCo was 58 IU/dL, and the mean VWF:CB with type III collagen was 65 IU/dL.
These means were higher than expected because a number of subjects had VWF levels
higher on study entry than were obtained at the time of original diagnosis.

We then restricted analysis to those with a diagnosis of type 1 VWD and VWF:Ag < 60 IU/
dL, leaving a total of 154 subjects. The mean VWF:Ag in this subgroup was 37 IU/dL and
the mean VWF:RCo was 36 IU/dL. Nine of the subjects with low VWF:Ag levels had
VWF:RCo <10 IU/dL; for these subjects, a value of 5 IU/dL was arbitrarily used to calculate
the mean VWF:RCo since exact values were not available. All of these subjects, however,
met diagnostic criteria for type 1 VWD and none appeared to have a defect in collagen
binding or platelet binding suggestive of type 2M VWD. The mean VWF:CB was 40 IU/dL
with type III collagen, 49 IU/dL with type I collagen, and 41 U/dL with type VI collagen.
Mean ratios, given in table 2, were similar to those seen for the healthy controls.
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A cut-off value of VWF:Ag <30 IU/dL has been proposed for diagnosis of type 1 VWD [9].
When we restricted our analysis to only those subjects with a diagnosis of type 1 VWD and
VWF:Ag <30 IU/dL, 47 subjects were available for analysis. The mean VWF:Ag for this
group was 19 IU/dL. The mean VWF:CB/VWF:Ag ratio for type III collagen was 1.00, the
mean ratio for type I collagen was 1.15, and the mean ratio for type VI collagen was 1.01
(table 2). One subject had an isolated defect in binding to type VI collagen and is addressed
in a separate paper also under submission to this journal. These results suggest that
decreased VWF:CB/VWF:Ag ratios may indicate a specific collagen binding defect, since
low ratios were not typically present in our subjects with mildly decreased VWF:Ag levels.

VWF:CB in Zimmerman Program type 2 VWD subjects
Collagen binding in the type 2 VWD subjects was compared for all three collagen types. For
the type 2A and type 2B subjects, mean VWF:CB/VWF:Ag was approximately half of that
seen for the healthy controls (table 3), with a mean ratio for type III collagen of 0.38 for type
2A and 0.4 for type 2B VWD. No significant difference was seen between the type 2A and
type 2B subjects with any collagen type, suggesting that while VWF:CB is affected by loss
of high molecular weight multimers, it does not discriminate between type 2A and type 2B
VWD. Collagen binding was significantly decreased, however, compared to type 1 subjects
and healthy controls (figure 2). Interestingly, although all the type 2A and type 2B subjects
demonstrated loss of high molecular weight multimers, some did have VWF:CB levels
overlapping with the normal range. This group does contain several novel VWF mutations,
and it is possible that they represent type 1 or type 2M VWD rather than type 2A VWD.
Future repeat testing will be needed in order to confirm the multimer distribution, and
expression of the novel mutations will help clarify their classification.

There was no clear pattern based on specific mutations. All subjects with R1597W had
decreased VWF:RCo/VWF:Ag and VWF:CB/VWF:Ag ratios. One subject with G1180R
had decreased VWF:CB/VWF:Ag ratios with all three collagen types, but another subject
with that same mutation had a ratio of 0.62 with type III collagen but relatively normal ratios
with type I and type VI collagen (0.96 and 0.85, respectively). One subject with C1458R had
undetectable VWF:RCo, as well as undetectable binding to all the collagen types. This is not
surprising, given the location of this mutation as the C-terminal partner in the A1 loop
disulfide bond and its subsequent effect on multimerization. However, several other A1 loop
mutations (M1304R and Y1349C) yielded relatively normal VWF:CB ratios, despite the
decrease in VWF:RCo. Further characterization of those mutants is in progress as it is
possible they do not represent true type 2A VWD and would instead be better classified as
type 1 or type 2M.

For the type 2M subjects, mean VWF:CB/VWF:Ag was similar to that seen for the controls
(table 3) with one exception. A subject enrolled as type 2M with historical VWF:Ag of 20
IU/dL and VWF:RCo of 8 IU/dL had binding to types I and III collagen at levels relatively
equivalent to VWF:Ag, but undetectable binding with type VI collagen. This subject has a
previously reported deletion of 33 base pairs in exon 28, leading to the deletion of amino
acids 1392–1402 [16].

For the type 2N subjects, mean VWF:CB/VWF:Ag ratios were similar to that seen with the
healthy controls, consistent with the normal to slightly decreased VWF:Ag in this subgroup
(table 3).

VWF:CB in Zimmerman Program type 3 VWD subjects
We next evaluated VWF:CB in type 3 VWD subjects. As expected, all 18 subjects with a
pre-existing diagnosis of type 3 VWD and undetectable VWF:Ag on their study sample had
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undetectable VWF:CB with type III collagen. In addition, binding to type I and type VI
collagen was below the lower limit of detection of our assays, consistent with absent VWF
protein in these type 3 subjects. There were several subjects with VWF:Ag >1 IU/dL who
had received treatment with VWF containing concentrates immediately prior to having
blood drawn; these subjects were excluded from this analysis.

Discussion
Diagnosis of VWD requires a constellation of findings, including a clinical history of
bleeding, family history of symptoms or diagnosed VWD, and corroborative laboratory
findings. Typical initial laboratory testing for VWD consists of VWF:Ag, VWF:RCo, FVIII
activity, and VWF multimers. The utility of VWF:CB as part of this workup has been the
subject of some debate. Some authors have argued for its inclusion in VWD workups as a
supplement to the VWF:RCo, since VWF:CB displays much less variability, is sensitive to
loss of high molecular weight multimers, and measures a function of VWF not assessed by
the VWF:RCo [5,17]. Others would argue that VWF:CB is best utilized as an adjunct to the
standard VWD screen, to help ascertain which type of VWD is present in subjects where the
diagnosis is already suspected [9,18].

The type of collagen used is critically important, as there are significant differences between
type I and type III collagen, particularly in relative sensitivity to loss of high molecular
weight multimers [5]. Commercially available kits for measuring VWF:CB vary greatly in
terms of collagen type and ability to identify abnormalities present in type 2A or 2B VWD
[19]. In contrast to type I and type III collagen, type VI collagen appears to bind VWF
through a site in the A1 domain [2,10,20]. Type VI collagen is present in the
subendothelium and may be of physiologic relevance, particularly at low shear rates [10,21].
The relative contributions of VWF binding to type I, type III, and type VI collagen in vivo
have yet to be determined. In our population, VWF:CB was higher with type I collagen than
with types III or VI collagen. This likely does not represent an increased affinity of VWF to
type I collagen but rather a difference in the standard that may ultimately require separate
assigned type I and type III collagen binding values.

Few reports have extensively evaluated VWF:CB in healthy individuals. Blood group has
been shown to affect VWF:CB, with lower VWF:CB (commensurate with the decrease in
VWF:Ag) in healthy controls who were blood group O as compared to non-O [14,22].
Because both VWF:CB and VWF:Ag decrease in blood group O individuals, the ratio is not
affected. This reduction is thought to be secondary to more rapid plasma clearance in blood
group O compared to other blood groups [23]. Favaloro and colleagues examined 452
healthy donors and confirmed a decreased VWF:CB in those with blood group O, but did
not see a difference based on sex or Rh status [15].

Several recent large studies have looked at VWF:CB in VWD subjects. A study of type 1
VWD subjects from the United Kingdom reported VWF:CB results although no official
comparison was made to the VWF:RCo [24]. The European Molecular and Clinical Markers
for the Diagnosis and Management of Type 1 VWD (MCMDM-1 VWD) study looked at
VWF:CB in both index cases and affected family members, but none displayed a markedly
lower VWF:CB as compared to the other assays of VWF [25]. Federici and colleagues
examined type I and type III collagen binding in 27 healthy controls and a small number of
type 1 and type 2 VWD subjects [6]. Their study, albeit small, showed better discrimination
between type 1 and type 2A or 2B VWD with type I collagen. Favaloro has extensively
reviewed this issue and concluded that collagen type was important, as was collagen
preparation [5,7]. In addition, the VWF:CB can provide a rapid and sensitive assessment of
high molecular weight multimers [17].
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The type of collagen used, and the conditions under which it is utilized, however, are of
utmost importance. The results presented above represent data from a single collagen
source, using a single coating process. Purity of collagen sources may be an issue: we
examined our collagen and found no contamination when monoclonal antibodies were used.
A polyclonal antibody to type III collagen did minimally react with the type I and type VI
collagen preparations, and a polyclonal antibody to type I collagen did minimally react with
the type III collagen preparation. Recent work suggests that optimal collagen coating may
occur with phosphate-buffered saline rather than carbonate coating buffer [26]. In addition,
differences between coating at 4° C and room temperature have also been observed [26].
Differences between types I and III collagen seen here may therefore reflect assay
conditions rather than a biological difference in VWF affinity.

Consensus guidelines suggest a diagnosis of type 1 VWD, with a proportional decrease in
VWF:Ag, VWF:RCo, and/or VWF:CB, in patients with VWF:Ag < 30 IU/dL [9]. Those
patients whose VWF:Ag level is > 30 IU/dL are less likely to have a genetic mutation in
VWF [27]. The relationship between VWF level and bleeding symptoms is also unclear, as
demonstrated by the MCMDM-1 VWD study where elevated bleeding scores were seen in
both affected and unaffected family members [28]. Recent guidelines suggest using the
terminology “low VWF” to refer to patients with VWF:Ag and VWF:RCo 30–50 IU/dL [9].
In this analysis, a cut-off of 60 IU/dL was chosen in order to include all subjects whose
VWF levels might have been at the lower end of normal due to variability in the assay, but
who might have true VWD.

The use of the VWF:CB/VWF:Ag ratio rather than the absolute VWF:CB may be helpful in
diagnosing cases where a defect in collagen binding occurs. Previous studies have
recommended a cut-off of 0.7 for the lower limit of normal with the VWF:CB/VWF:Ag
ratio [6,7]. In the Zimmerman Program normal controls, no subject had a ratio less than 0.7
when using type III collagen. The normal range established in the Caucasian control subjects
was 0.87–1.50. These data support a cut-off of 0.7 for the normal VWF:CB/VWF:Ag ratio
and suggest that subjects with lower ratios be examined for specific genetic defects in the
collagen binding domain. It should be noted, however, that this work examined only healthy
controls and subjects with a diagnosis of type 1 VWD (and VWF:Ag ≤ 60 IU/dL). This
range does not apply to those subjects with type 2 VWD and abnormal multimers.

Understanding the interplay between VWF and collagen is crucial for several reasons.
Appropriate VWD diagnosis is required for optimal therapy and the VWF:CB provides a
rapid and sensitive screen of VWF-collagen binding and of multimer distribution for
examination of type 2 VWD variants. It may also be important to screen for defects in
collagen binding that other VWF assays will fail to diagnose. VWF:CB is not routinely
determined as part of the workup in patients with bleeding problems, but perhaps its
inclusion in the diagnostic workup merits re-examination.
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Figure 1. Comparison of VWF:Ag and VWF:CB for subjects enrolled in the Zimmerman
Program
This box plot shows the VWF:Ag and VWF:CB using human type III, type I, and type VI
collagen as noted. All values are given in IU/dL except for CB (VI), which is in U/dL. Data
are shown for healthy controls (open circles) and for type 1 VWD subjects (closed circles)
whose enrollment laboratory VWF:Ag was < 60 IU/dL.
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Figure 2. Comparison of VWF:CB/VWF:Ag ratios with types III, I, and VI collagen for healthy
controls, type 1, and type 2 VWD subjects
Panel A shows the VWF:CB/VWF:Ag ratios using type III collagen for healthy controls,
type 1 VWD subjects with a VWF:Ag value <60 IU/dL at time of study enrollment, and type
2A, 2B, and 2M VWD subjects. Panel B shows the same subgroups using type I collagen.
Panel C shows the same subgroups using type VI collagen. Panel D shows the VWF:RCo/
VWF:Ag ratio for the same subgroups.
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