
1 1 0 C 7 2001 Hemostatically Active vWF-Containing Preparation and
Process for the Preparation Thereof The present invention relates to a
process for preparing a virus-inactivated  hemostatically active
preparation containing von Willebrand factor (vWF) from a  fraction of
human plasma, and to a hemostatically active vWF-containing prepara- tion
obtainable by the process according to the invention. The von Willebrand
disease is a blood coagulation disorder which, unlike in  hemophilia A or
B, manifests itself as bleedings in soft tissues, especially mucosae.
Deficiency in the so-called von Willebrand factor (vWF) was recognized to
be the  cause of this disease. To date, this factor has been administered
to the patients  through factor VIII preparations in which vWF is also
contained, but often only in  an unsatisfactory quality and unsatisfactory
amount. Although the preparation of  vWF by genetic engineering has been
successful, there is still an urgent need for  applying improved
purification methods for preparing vWF from donor blood or  plasma. In
EP-A-O 934 748, a highly pure vWF having a content of at least 15% vWF
multimers, which consist of 13 or more protomers (HMW-VWF multimers), is
described. It is obtained by a multistep chromatographic purification,
wherein gel  filtration in a group separation mode can be initially
performed instead of cryopre- cipitation. To inactivate viruses, for
example, treatment with solvents and deter- gents and heat treatment in a
lyophilized state for 72 h at 80 C has been de- scribed. Josic et at.,
"Purification of factor VIII and vWF factor from human plasma by
anion-exchange chromatography", Journal of Chromatography B, 662 (1994),
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- 2 - 1 1 0 C T 2004 190, and Schwinn et al., "A Solvent/detergent Treated,
Pasteurized and Highly  Purified Factor VIII Concentrate",
Arzneimittel-Forschung 1 Drug Research 44 (1),  2, 188-191 (1994), relate
to the purification of a factor VIII/vWF complex,  effecting purification
through an ion-exchange material and performing two  independent steps for
the inactivation of viruses. Treatment with solvent/detergent  and
pasteurization (10 h at 63 C) in the presence of stabilizers is effected.
Although factor VIII is hardly denatured by the pasteurization (95%
residual  activity), the vWF is changed in its activity and multimer
distribution (85% residual  antigen), and a loss of high-molecular weight
multimers occurs, resulting in a vWF  antigen to activity ratio of 2.2
(activity to antigen = 0.5). US-A-5,714,590 describes the purification of a
factor VIII complex by ion- exchange chromatography. Thus, an
EMD-TMAE-Fractogel column material is  employed which is also used for gel
permeation. For virus inactivation, a treatment  with solvent/detergent is
proposed. Heat treatment is not described. The product  obtained also
contains vWF, only the vWF antigenicity being stated. The object of the
invention is to provide a novel process for the purification of vWF  from
human plasma. Such process is to yield vWF in an improved quality and
effectiveness. The object of the invention is achieved by a process for
preparing a hemostatically  active preparation containing von Willebrand
factor (vWF) from a fraction of human  plasma, characterized in that a
chromatographic purification of a vWF-containing  plasma fraction on an
anion-exchange material which has the anion-exchanging  groups on grafted
polymeric structures (tentacle materials) is performed, a vWF- containing
fraction is collected, followed by purification of the fraction using gel  



permeation, and the preparation is heated for inactivating viruses. The
tentacle  materials which can be employed in the process according to the
invention are  disclosed, in particular, in EP-A-0 337 144. This
publication is included herein by  reference. Said materials are preferably
polyacrylamide tentacle polymers grafted  to dials of Fractogel(r) as
supplied by Merck, Darmstadt, Germany. 11 OCT 2034 3 Figure 1 shows the
stability of the product obtainable according to the invention as  compared
to the products purified solely by anion-exchange chromatography. This
procedure surprisingly results in a product having a high vWF content as
compared to F VIII. Due to the gel permeation step, the sequence according
to the  invention results in the removal of inter--a-trypsin inhibitor as
well as other factors  which may have contributed to a reduction of the
quality of the product in known  preparation methods. The sequence of
chromatographic steps according to the  invention yields a vWF preparation
which is surprisingly stable. Surprisingly, the  vWF fraction obtainable
using the method according to the invention is essentially  stable in an
aqueous solution at room temperature for extended periods of time
(measurement was effected for up to one week). In addition, the preparation
according to the invention contains the vWF in a native form and free from
fragments. Preferably, the thermally stable preparation and the heated
preparation exhibit  only one peak in HPLC gel filtration analysis.
Especially, the thermally stable preparation can be heated at a temperature
of  more than 80 C in a lyophilized state according to the process. In
another  embodiment of the process according to the invention, the
preparation is heated at  



a temperature of more than 90 C, especially at 100 C. According to the
invention,  the heating is preferably effected for a period of time of at
least 1 h up to 5 h,  especially from 2 to 3 h. Thus, all
transfusion-relevant viruses, especially non-lipid- coated viruses, such as
parvoviruses or hepatitis A viruses, are inactivated.  Astonishingly, the
product obtainable according to the invention withstands this  demanding
heat treatment without a substantial loss in activity. According to the
invention, purification of the vWF-containing fraction can be  additionally
effected by at least one adsorption- and/or affinity-chromatographic
treatment. 1 1 O C T 2004 -4 According to the invention, a vWF-containing
fraction which is obtained from  pooled human plasma and can be purified by
the process according to the inven- tion may also be used. The present
invention also relates to a hemostatically active vWF-containing
preparation obtainable by the process according to the invention. The
preparation according to the invention is free from infectious blood-borne
viruses, especially HIV, HBV, HCV, HAV and parvoviruses. Especially, the
preparation according to the invention contains vWF in a high- molecular
weight form which shows a minimum of 13 to 16 multimer bands upon
electrophoretic analysis. The number of multimers and their distribution
pattern is  a measure of the similarity of a vWF preparation with native
vWF in plasma.  Further, the ratio of ristocitin cofactor as a surrogate
marker for vWF activity to  vWF antigen in the preparation according to the
invention is at least 0.8. This is  another measure of the integrity of the
vWF molecule. 



The preparation according to the invention preferably further contains
factor VIII in  a native form. The use of complexes of F VIII and vWF for
treating the von  Willebrand disease has proven particularly useful in
clinical use. Further, the following proteins were removed from the
preparation according to  the invention down to below an immunochemical
detection limit: immunoglobulins,  fibrinogen, fibronectin, and
inter-a-trypsin inhibitor. This is presumably the reason  for the
extraordinary stability of the product according to the invention. The
invention will be further illustrated by the following Examples. Examples
About 47 kg of cryoprecipitate is treated with 15% (w/w) Of a 2% (w/w)
aluminum  hydroxide solution. After centrifugation, the sample is
virus-inactivated with 0.30/0  TnBP/1% Triton X 100. Oil extraction is
followed by anion-exchange chromatogra 11OCT2004 5 phy on Fractogel EMD
TMAE (tentacle gel supplied by Merck, Darmstadt, Ger- many). The buffer
conditions are as follows: Buffer AM, first washing step: 120 mM NaCI, 10
mM Na citrate, 120 mM glycine, 1 mM CaCI2, pH 6.9-7.1;  osmolality: 360-400
mosmol/kg. Buffer BM, second washing step: 235 mM NaCl, 10 mM Na citrate,
120 mM glycine, 1 mM CaCI2, pH 6.9-7.1;  osmolality: 570-610 mosmol/kg.
Buffer CM, elution: 700 mM NaCl, 10 mM Na citrate, 120 mM glycine, 1 mM
CaCI2, pH 6.9-7.1;  



osmolality: 1380-1480 mosmol/kg. Buffer DM, third washing step: 1.5 M NaCl.
The fractions showing vWF/FVIII activity are subjected to size exclusion
chroma- tography on Fractogel EMD Bio SEC (gel supplied by Merck,
Darmstadt, Germany).  After ultra-/diafiltration, formulation is effected
with the following composition:  400 mM NaCl, 10 mM Na citrate, 1 mM CaCI2,
133 mM glycine, 1% sucrose. This is followed by sterile filtration. The
preparation is filled into vials and lyophi- lized, followed by a heat
treatment at a temperature of 100 C. The heat treatment  takes 120 minutes.
Figure 1 shows the stability of the product obtainable according to the
invention as  compared to the products purified solely by anion-exchange
chromatography. After 1 1 O C T 2004 -6 the anion-exchange chromatography,
the product according to the invention was  treated with size-exclusion
chromatography. It is found that the product according  to the invention
had still an activity of 8O% upon storage with or without heparin in  an
aqueous solution at room temperature, while products which had not experi-
enced size-exclusion chromatography exhibited an activity of only 20% after
7  days. 1 1 O C T 2004 7 CLAIMS: 1. A process for preparing a
hemostatically active preparation containing von  Willebrand factor (vWF)
from a fraction of human plasma by 



I. chromatographic purification of a vWF-containing plasma fraction  on an
anion-exchange material which has the anion-exchanging  groups on grafted
polymeric structures (tentacle materials),  collecting a vWF-containing
fraction, characterized in that XI. purification of said fraction using gel
permeation to prepare a  purified thermally stable vWF-containing
preparation follows; and M. the preparation is heated at a temperature of
more than 800 C in a  lyophilized state for inactivating viruses. 2. The
process according to claim 1, characterized in that the thermally  stable
preparation and the heated preparation exhibit only one peak in  HPLC gel
filtration analysis. 3. The process according to claim 2, characterized in
that the preparation is  heated at a temperature of more than 90 C,
especially at 100 C. 4. The process according to claim 2 or 3,
characterized in that the  preparation is heated for at least 1 h to 5 h,
preferably for 2-3 h. 5. The process according to any of claims 1-4,
characterized in that the  fraction Is additionally purified by at least
one adsorption and/or affinity  chromatography. I I OCT 20106 _8 6. The
process according to any of claims 1-5, characterized in that said
purification by gel permeation is effected as a final measure for protein
purification. 7. The process according to any of claims 1-6, characterized
in that said  fraction is purified from pooled human plasma. 



8. A hemostatically active vWF-containing preparation obtainable according
to any of claims 1-7. 9. The preparation according to claim 8,
characterized in that said  preparation does not contain any infectious
blood-borne viruses,  especially HIV, HBV, HCV, HAV and parvoviruses. 10.
The preparation according to claim 8 or 9, characterized by containing
high-molecular weight vWF and showing a minimum of 13 of 16 multimer  bands
upon electrophoretic analysis. 11. The preparation according to any of
claims 8-10, characterized in that the  ratio of vWF activity measured as
ristocitin cofactor to vWF antigen is at  least O.S. 12. The preparation
according to any of claims 8--11, characterized by further  containing
factor VIII in a native form. 13. The preparation according to any of
claims 8-12, characterized by  containing immunoglobulins, fibrinogen,
fibronectin and inter-a-trypsin  inhibitor at a level below the
immunochemical detection limit. 14. The preparation according to any of
claims 8-13, characterized by  containing vWF in a native form and free
from fragments. 




