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A monoclonal antibody (MAb) to von Willebrand factor antigen (vWF: Ag) was produced. In
the present study, we used the MAb for an enzyme-linked immunosorbent assay (ELISA) to
quantify vWF: Ag. The amount of vWF: Ag bound to a rabbit antibody coated on a plate was
measured by applying sequentially MADb, a peroxidase-labeled antibody to murine immunoglobulin
and enzyme substrate. The assay is quick and simple.

Cryoprecipitates were prepared with three thawing (slow-thaw, rapid-thaw and modified thaw-
siphon) methods. ELISA for vWF : Ag and an assay for factor VIII clotting activity (VIII: C) were
performed on cryoprecipitates and on cryosupernatants. The recoveries of VWF: Ag and VIII : C in
the cryoprecipitate by the modified thaw-siphon method were the highest among the three methods.
The ratio of VIII:C to the content of vWF : Ag was high in the cryosupernatant and low in the
cryoprecipitate.

Keywords von Willebrand factor; enzyme-linked immunosorbent assay (ELISA); mono-
clonal antibody; factor VIII; cryoprecipitate

Introduction

Factor VIII consists of two immunologically distinct proteins'’; von Willebrand factor
antigen (VWF:Ag) and factor VIII-procoagulant antigen (VIII:CAg). Factor VIII is
deficient or abnormal in patients with hemophilia A and with von Willebrand’s disease.
Cryoprecipitate is prepared by cold-precipitation from the plasma, and is used for treatment
of those patients. The supernatant of cryoprecipitate, called cryosupernatant, has other
clinical uses.

The cryoprecipitate sometimes shows low activity of factor VIII. It has been reported
that thawing methods in preparing the cryoprecipitate have a considerable effect on the
recoveries of factor VIII clotting activity (VIII: C) and other plasma proteins.>> To date, the
assay of VII:C is only performed as a quality control procedure during plasma frac-
tionations such as preparation of cryoprecipitate. The measurement of VWF : Ag is also
important; the ratio of VIII : C to the content of vWF : Ag is indicative of VIII : C inactivation
during plasma fractionations.

The techniques commonly used for quantitating vWF : Ag are Laurell immunoelectro-
phoresis®? and immunoradiometric assay,” both of which are time-consuming and inadequate
for treating large number of samples. Recently, enzyme-linked immunosorbent assays
(ELISA) for vWF :Ag have been reported; ELISA techniques are relatively rapid and
simple.”® Therefore, we produced monoclonal antibodies specific for vVWF:Ag and
developed an ELISA technique using one of the monoclonal antibodies to monitor the
recovery of vVWF : Ag on plasma fractionations. In particular, we have used the technique for
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the evaluation of several thawing methods for cryoprecipitate production.

Materials and Methods

Reference and Test Samples——A plasma pool of 12 normal donor samples was used as a reference, representing
1.0 unit/ml of vWF:Ag and VIII:C. Cryoprecipitates were prepared by the following three thawing methods¥;
modified thaw-siphon, rapid-thaw or slow-thaw. Plasma of patients with severe von Willebrand’s disease was
obtained from George King Bio-Medical, Inc.

Assay of VIII: C The activity of VIII:C was measured by an activated partial thromboplastin time assay
(APTT),'® with commercial coagulation factor VIII-deficient plasma of patients with hemophilia A (Dade) as a
substrate.

Purification of Factor VIII——Partially purified factor VIII was isolated from cryoprecipitates. Cryoprecipitates
were dissolved in 0.025M imidazole-saline buffer, and applied to a Sepharose 4B column (70 x 2.6 cm). Fractions
containing VIII: C, eluted at the void volume, were pooled and concentrated by ultrafiltration for immunization.
Further, VIII: C fraction was obtained by gel chromatography of partially purified factor VII in the presence of
0.25M CaCl,. The fractions showing VIII: C activity were pooled and concentrated. The concentrate was used as
VIII: C fraction for monoclonal antibodies (MAb) screening (see below).

Preparation of Monoclonal Antibodies BALB/c mice were immunized with partially purified factor VIl
(50 1g). The MAb were produced by a modification of the method of Kohler and Milstein.!" Briefly, 1 x 10 spleen
cells obtained from an immunized mouse were fused with 5 x 108 NS-1 murine myeloma cells. After cell culture, the
hybridoma cells producing specific antibody against factor VIII were detected by an ELISA technique described
below and were cloned by the limiting dilution technique. The MAb were produced in mouse ascitic fluid and purified
by ammonium sulfate precipitation and ion-exchange chromatography on diethylaminoethyl (DEAE)-cellulose.
Proteins in each fraction were analyzed by sodium dodecyl sulfate (SDS)-polyacrylamide gel electrophoresis.
Screenings of MAb were done by an ELISA technique (Hybri~Clonal EIA screening kit, Kirkgaard & Perry Lab.)
using polystyrene plates which had previously been coated with partially purified factor VIII, VIII:C fraction,
fibrinogen (Kabi), albumin or commercial factor VIII (Conco-eight, Midori-Juji).

ELISA for yWF: Ag EIA screening kit reagents for MAb assay were also used. The rabbit antibody against
vWF : Ag was purified from rabbit antisera (Behring, Clotimmun AHG-associated protein). The antibody solution
was diluted to 50 ug protein/ml in 0.05 M carbonate buffer, pH 9.6, and an aliquot of 50 ul was added to each well of a
96-well microplate (Falcon 3911, Microtest I11 assay plate). After incubation for 1 h at 37°C, each well of the plate
was filled with diluent/blocking solution (DBS; EIA kit reagent) and allowed to stand overnight at 37 °C. Plates were
then tapped dry and stored at —40°C until use. The assay procedures ‘were as follows: (1) Reference plasma or
samples, 50 ul/well, diluted serially with DBS, were incubated at 37 °C for various periods of time. After decanting,
each well was washed 5 times with wash solution (EIA kit reagent). (2) Then 50 ulfwell of diluted MADb (170 ug/ml) in
DBS was allowed to react with the plate at 37 °C for 30 or 60 min and each well was washed as before. (3) The third
antibody, peroxidase-labeled antibody (EIA kit reagent) (50 ul), was added to each well, incubated for 30 or 60 min at
37°C and washed. (4) Color development was initiated by adding 50 ul of the enzyme substrate (EIA kit reagent) to
each well. After 15min at room temperature, the reaction was stopped by adding 50 ul of 109, SDS and the
absorbance at 405 nm was measured.

Results

Properties of MAb

The monoclonal antibody screened by the described method was positive toward
partially purified factor VIII and factor VIII concentrate, and negative toward VIII:CAg
fraction, fibrinogen and albumin. The antibody did not inhibit VIII:C activity in APTT
assay. The MAD used in the present study belonged to the immunoglobulin G (IgG) class as
determined by SDS—polyacrylamide gel electrophoresis, but the subclass was not determined.

Partially purified factor VIII was applied to the affinity column of MAb-coupled
Sepharose 4B. Fractions containing VIII:C were eluted from the affinity column in the
presence of 0.25M CaCl,, but MAb screening of these fractions was negative. The following
fractions, eluted with 0.2M glycine-HCI, pH 2.5, reacted with MAb (data not shown). In
addition, the rabbit antibody used as the first antibody inhibited VIII: C activity in the APTT
assay. After partially purified factor VIII solution was incubated with the rabbit antibody,
vWF : Ag was not detectable by ELISA in the solution, indicating that the MAb used for
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Fig. 1. Standard Curves for vVWF : Ag Obtain- Fig. 2. Standard Curves for vVWF: Ag
ed with Various Incubation Periods of the A 30-min incubation was performed for all three
Reference Plasma with the Plate reaction steps (O). The incubation of MAb was for

60min (A). The incubation of the peroxidase-labeled

Blank solution also contained 50 ul/well DBS. . . .
. . . A . antibody was for 60min (@). Blank tests contained
The incubation period were 15min (Q), 30min 50 u/well DBS.

(@), 60min (A), 90min (A).
ELISA was bound to vWF : Ag.

Assay Characteristics

Figure 1 shows standard curves for vWF : Ag in reference plasma, produced with various
incubation periods of the reference plasma with plates, from 15 to 90 min. Absorbance values
for negative controls were below 0.05 for all incubation periods. The standard curve obtained
by 90-min incubation was linear from 0.005 to 0.04 units/ml of VWF: Ag with a minimal
detectable concentration of 0.001 units/ml. For 15-min incubation, the linear range was
between 0.02 and 0.2 units/ml and the minimal detectable concentration was 0.005 units/ml.
The same range of absorbance values gave linear plots regardless of the incubation period
tested.

A comparison of different incubation periods for the binding of MAD and the labeled
antibody is shown in Fig. 2. No difference between a 30-min and a 60-min incubation for
MAD was observed.

When the reaction with the labeled antibody was prolonged for up to 60 min, absorbance
values for the negative controls and non-diluted plasma did not increase significantly.
Although the vWF : Ag contents of some samples were measured by varying the incubation
period for each reaction step, the same values of the VWF :Ag content were observed
regardless of the incubation period (Table I). Thus, a 30-min incubation was used for all of the
three reaction steps.

Sample dilutions had no effect on the vWF : Ag contents (Fig. 3). At the range of
absorbance values in the linear portion of the standard curve, the dose-response curves for
samples were also linear and parallel with the standard curve. The dose-response curve for
factor VIII-deficient plasma was the same as the standard curve. For severe von Willebrand’s
disease plasma, absorbance values were not different from those of the negative control.

vWF : Ag in Cryoprecipitate

vWF : Ag assays by ELISA were performed on cryoprecipitate and cryosupernatant
prepared by the three thawing methods described above. The results indicated that the
modified thaw-siphon method gave a higher VWF : Ag content than the other two methods.
Similar results were also obtained for VIII : C recovery (Table II). However, the differences in
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TaBLE 1. Effect of Various Incubation Periods for the Three
Reaction Steps on vWF : Ag Results

Time (min) Cryosupernatant VWF : Ag (units/m]l)®
Sample MADb Labeled Ab? Sample 1 Sample 2
30 30 30 0.1040.01 0.13+0.01
909 30 30 0.104:0.01 0.1240.01
30 60° 30 0.1040.00 0.13+0.01
30 30 60° 0.1140.01 0.13+0.00

a) Mean+8.D. (n=3). b) Peroxidase-labeled antibody. ¢) Prolonged incubation time.

TasLE II. Effect of Different Thawing Methods for Cryoprecipitate
Preparation on vVWF: Ag and VIII: C

Thawing method MOdl.ﬁed Rapid-thaw Slow-thaw
thaw-siphon

vWF: Ag (units/ml)? 7.934+0.41 7.10+0.47 6.10+0.71

VIII: C (units/ml)? 7.1340.52 5.90+0.55 4.10+0.38

a) Mean+S.D. (n=6).

TasLe III. Ratio of VIII: C to vWF: Ag Content Produced by the Three
Cryoprecipitate Preparation Methods

Modified

Thawing method thaw-siphon Rapid-thaw Slow-thaw
Cryprecipitate? 0.88+0.06 (6) 0.8140.10 (6) 0.70+0.14 (6)
Cryosupernatant® 3.33+0.72 (3) 3.5240.17 (3) 1.68+0.11 (3)
Plasma 1.17+0.15 (6)

a) Mean+S.D. (number of samples).
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vWF : Ag content between thawing methods were smaller than those of VIII: C. The ratios of
VIII: C to vWF : Ag contents in cryoprecipitates were 0.88 for thaw-siphon and 0.70 for slow-
thaw (Table IIT). The values were lower than that of 1.17 for plasma. On the other hand, the
ratios were 1.68—3.52 for cryosupernatants, with VIII: C being much higher than vWF : Ag.

Discussion

The reaction period of samples with the antibody-coated plates affected color develop-
ment in the ELISA for vWF : Ag. When incubation periods were prolonged for up to 90 min,
the linear portion of the standard curve was shifted to lower concentrations of vVWF : Ag and
smaller amounts of VWF : Ag could be determined with better accuracy.

For our purpose of evaluating the thawing methods, the standard curve obtained with a
15-min incubation (0.02—0.2 units/ml) was acceptable, since the sensitivity of the assay was
sufficient. However, an incubation period of 30 min was chosen for our routine assay, since it
was convenient when several samples were simultaneously manipulated.

Using this system, vVWF : Ag in cryoprecipitates and other samples could be assayed and
a number of thawing methods in preparing cryoprecipitates were easily evaluated not only for
VvWF : Ag recoveries but also for the ratio of VIII: C to vWF : Ag content. It has been reported
that the ratios of VIII:C to vWF : Ag content in the cryoprecipitate were about 0.5—0.8 by
immunoradiometric assay'® and 0.87.'® These values are consistent with our data (0.70—
0.88).

It has been reported that the properties of factor VIII in cryosupernatants are distinct
from those of the factor in cryoprecipitates.'*** These reports suggested that smaller forms of
factor VIII present in plasma remain in the cryosupernatant and correspond to VIII: CAg
complexed with vWF multimer of relatively low molecular weight. We found that the ratios of
VIII: C to vWF : Ag contents in cryoprecipitates were decreased when compared with plasma,
while the ratios in cryosupernatants were high. These results suggested that vWF multimers in
cryosupernatant were lower multimeric forms than those in cryoprecipitate, in accordance
with previous reports. The ELISA system presented here requires less time and is technically
simpler than other ELISA methods for vVWF : Ag. Further studies are in progress in order to
characterize the differential reactivities of the MAb with variable oligomeric forms of vVWF.
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