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(§7) Abstract

The invention relates
to a method for obtaining
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an elution agent containing
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the molecular integrity of
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A Method of Recovering Highly Purified
VWF or Factor VIII/vWF-Complex

The invention relates to a method of recovering a
highly purified vWF or a factor VIII/VWF—complex,
respectively, from a biological starting material by
means of immuncaffinity chromatography, as well as to a
gtable preparation containing highly purified vWF or
factor VIII/vWF-complex.

Blood coagulation is a complex process including
the sequential interaction of a series of components,
in particular of fibrinogen, faﬁtor 11, factor V,
factor VII, factor VIII, factor IX, factor X, factor XI
and factor XII. The loss of one of these components or -
the inhibition of its functionality causes an increased
tendency of blood coagulaticn which may be life-
threatening in some patients.

Von Willebrand factor  (vWF) circulates in plasma
complexed with factor VIII, factor VIII‘aiding'blood
coagulation and vWF in tﬁe complex with factor VIII
stabiliging the latter and protecting it from
proteolytic degradation. On account of its function in
the platelet aggregation, vWF also directly interferes
in blood coagulation. vWF exists in plasma in a series
of ﬁultimer forms of a molecular weight of from 1 x 10°
to 20 x 10° Dalton. vWF ig a glycoprotein primarily
formed in the endothelijal cells of mammals and

subsequently liberated into circulation. In this
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connection, starting from a polypeptide chain having a
molecular weight of approximately 220 kD, a vWF dimer
having a molecular weight of 550 kD is formed in the
cells by the formation of several sulfur bonds.
Thereupen, further peolywmers of the vWF with ever
increasing molecular weights, up to 20 million Délton,
are formed from the vWF dimers by linking. It is
presumed that particularly the high-molecular vWF
multimers have an essential importance in blood
coagulation.

- In hemophilia, blood coagulation is disturbed by a
deficiency of certain plasmatic blood coagulation
factors. In hemophilia A, the bleeding inclination is
caused by a deficiency of factor VIII or a deficiency
of VWF, respectively, which constitutes an essential
component of factor VIII. Treatment of hemophilia A-is
effected primarily by substituting. the lacking
coagulation factor with factor concentrates, e.g. by
infusion of factor VIII, factor VITI-complex or vWF.

vwﬁ syndrome has several clinical pictures caused
by an underproduction of an overproduction of vWF.
Thus, an overproduction of VWF causes an increased
thrombosis tendency. An undersupply caused by the
absence or reduction of high-molecular forms of VWF is
manifested in an increased bleeding tendency and an
increased bleeding time on account of the inhibition of

platelet aggregation and of wound closure.
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A vWF deficiency may also cause a phenotypic
hemophilia A, since vWF is an essential component of
functional factor VIII. In these instances, the half-
life of factor VIII is reduced to such an extent that
its function in the blood coagulation cascade is
impaired. Patients suffering from von Willebrand
syndrome (vWD) thus frequently exhibit a factor VIII
deficiency. In these patients, the reduced factor VIII
activity is not the consequence of a defecﬁ of the X
chromosomal gene, but an indirect consequence'of the
quantitative and qualitative change of vWF in plasma.
The differentiation between hemophilia A and vWD may
normally be effected by measuring the vWF éntigen or by
determining the ristocetin-cofactor activity. Both the
vWF antigen content and the ristocetin cofactor
activity are lowered in most vWD patients, whereas they
are normal in hemophilia A patients.

Conventional methods for a therapy of von
Willebrand syndrome use vWF recovered from plasma, and
there are a number of attempts to treat vWD patients
with purified vWF or factor VIII/vWF-complex. The
development of monoclonal and polyclonal antibodies to
blood factors, in particular to vWF, has enabled an
improved isolation and purification of vWF or of factor
VIII/vAF-complex from plasma cor other biological
sources. :

Purification of factor VIIT and of factor VIIi/vWF—
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complex, respectively, from plasma is particularly
rendered difficult by the fact that factor VIII occurs
only in very small amounts in plasma, is extremely
labile, and that the association of factor VITI with
vWF is reversible under specific conditions.

By expressing factor VIII in recombinant cells
{(Wood et al., Nature 312: 330-337, 1984), it has been
possible to prepare factor VIII by genetic engineering,
yet it was only by the addition of or coexpression with
VWF that a commercially usable yield of recombinant
factor VIII cbuld be achieved. Likewise, vWF has been
prepared by genetical engineering methods and expressed
in recombinant cells (Fischer et al., 1994, FEBS
Letters 351: 345-348).

The recovery of purified factor VIII, vWF or factor
VIII/vWF-complex from plasma or of factor VIII or vWF,
respectively, from recombinant cells by means of
various purification methods has also been described,

Zimmerman et al. (US 4,361,509} describe a method
of purifying factor VIII, Qherein factor VIII/vWF
complex is bound tec a monoclonal anti-vWF antibody, and
factor VIII is dissociated from the complex by means of
CaCl, ions. The thusg obtained factor VIII subsequently
is recovered in pure state via a further
chromatographic step. The immuncaffinity carrier to
which vWF is still adsorbed is regenerated by means of

a chaotropic agent, in particular NaSCN, a vWF/NaSCN




golution being incurred as a by-product and being
discarded.

US 5,006,642 describes the recovery of vWF from a
solution that comprises vWF and a chactropic agent and
is incurred as a by-product according to US 4,361,509,
by dialysis against a suitable bﬁffer or by desaltiné
the solution in a further chromatographic step.

EP 0 383 234 describes the‘preparation of a VWF
concentrate by means of anion exchange chromatography,
wherein a factor VIII/vWF-complex contained in a
solution is dissociated by the addition of a calcium-
and amino acid-containing buffer, and a VWF concentrate
is recovered.

EP 0 469 985 describes a method of preparing vWF
from plasma cryoprecipitate, which is largely free from
factor VIII, in which vWF is separated from factor VIII
in a first purification step, wherein factor VIII binds

to an anion exchanger, whereas vWF is not bound. In a

\second step, the salt concentration of the vWF-

containing eluate is reduced, whereby vWF can bind to a
second anion exchanger. Thereafter vWF is eluted by
increasing the ionie¢ strength. '

A purified vWF which optionally is complexed with
factor VIII is desirable for use in the therapy of
patients afflicted Qith von Willebrand syndrome, but
also of patients suffering from phenotypic hemophilia

A. Furthermore, due to the stabilizing effect of vWF, a




better storage stability of factor VITI preparations is
attainéd. .7

To purify factor VIII/vWF-complex, it has been
suggested to precipitate. contaminating proteins, such
as, e.g., fibrinogen, by means of high concentrations
of amino acids, in pafticular glycine (WO 82/04395, EP
0 383 232) . '

EP 0 600 480 describes the purification of factor
VIiI/vWF—complex from plasma by means of a combination
of anion/cation exchange-chromatogréphy,_wherein'the_
factor VIII/vWF-complex is stabilized with heparin and
optionally lysine is added as an antiprotease.

EP 0 295 645 describes the purification of factor
VIII/vWF-complex oﬁ an affinity matrix, wherein
specific peptides binding to VWF are used as the
affinity carrier, the complex binding to these peptidesj
and . subSequently being eluted with a pH gradient.

WO 96/10584 describes a method of recovering

- highly-purified recombinant vWF by means of a combined

anion exchange/heparin-affinity chromatography, and EP
0 705 846 describes the separation between high- and
low-molecular fractions of vWF.

Mejan et al. {1988, Thromb. Haemost. 59: 364-371)
have suggested to purify factor VIII/vWF-complex from
plasma by means of immunoaffinity. By using a vWF-
specific antibody coupled to a carrier, factor

VIII/vWF-complex is bound to the carrier under




physiclogical conditions, and the complex is eluted
under alkaline conditions at a pH of 10.2. To
neutralize the alkaline environment, the eluate ig
iﬁmediately admixed with 2 M of acetic acid, stabilized
with human serum albumin and subsequently lyophilized.
The weakly alkaline elution environment was
particularly cheosen so as to prevent a dissociation of
factor VIII/vwF-cdmplex and an inactivation of factor
VIII. |

However, it has been emphasized repeatedly that a
particularrdifficulty in purifying the complex consists
in maintaining the associatidn of the proteins, éince
the complex_of the two components is unstable. With
their method, Mejan et al. (1988, Thromb. Haemost. 59:
364-371) achievéd a 50% recovery of the factor VIII/vWF
complex with a specific activity of faétor VIII =
20 U/mg and vWF = 20 U/mg. Under the elution conditions
described, however, a partial liberation of the
antibodies from the column has been observed, leading
to a contamination of the eluate with approximately 390
ng/ml eluate on murine IgG. The antibodies thus had to
be removed by a further chromatographic step.

Hornsey et al. (1987, Thromb. Haemoét; 57: 102-105}
examined the influence of different eluting agents in
the immuncaffinity purification of factor VIII/vWF-
complex and found that chaotropic agents, such as

potassium icdide and lithium diicdosalicylates are




particularly effective as eluting agents. The eluting

agent used furthermore contained calcium chleride ions

ag well as 1 M lysine for stabilizing the factor VIII

and vWF activities. It has been observed that the high
concentration of the amino acid protects the proteins
from the denaturing effect of the chaotropic agent.
Under the elution conditions used it was found that the
finalrproduct was contaminated with the
immunoadsorbent, here mouse monoclonal vWF antibodies,
up to 30 ng/ml (approximately 300 ng/mg protein). On
account of its high toxicity, the chaotropic desorption
agent aléo had to be removed from the product by means
of an additional purification step. By means of the
immuncaffinity chromatography, Hornsey et al. (1987,
Thromb. Haemost. 57: 102-105) obtained a yield of 57%
factor VIiI:C and 44% vWF, and a specific activity of
45 U of factor VIII and 60 U of ristocetin activity/mg
protéin.

Although the immuncaffinity is one of the preferred
methods for the purification of vWF or of factor
VIII/QWF—complex, the greatest disadvantage in the use
of the immunocaffinity chromatography is the possible
contamination of the final product with the
immunoadsorbent, as well as the necessary regeneration
of the affinity matrix used. The strong binding between
antibody and vWF or factor VIII/vWF complex,

respectively, frequently makes it necessary to use a
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strong desorption agent, such as, e.g., a chaotropic
agent. By this, not only the activity and the molecular
structure of VWF or of the factor VIII/VWF-complex are
impaired, but due to a continuous liberation of
antibodies from the carrier it also leads to a leakage
of the immunocarrier. The half-life of the affinity
carrier is strongly reduced, and its multiple usability
is impaired. Since particularly for the commercial
preparation of vWF or factor VIII/vWF-complex the use
of immuncaffinity columns is very expensive, it would
thus be desirable to provide a method which does not
have these disadvantages.

It is thus the object of the present invention to
provide an improved method of recovering vWF or factor
VIII/vWF-complex by means of immunoaffinity
chromatcgrabhy, which does not have the disadvantages
described above. A |

According to the invention, this objecﬁ is achieved
in that a method is provided in which vWF or a factor
VIII/VWF-complex is purified by means of immuncaffinity
chromatography, wherein a vWF or a factor VIII/vWF-
complex bound to an immuncadsorbent is eluted by means
of an eluting agent containing a zwitterion as a

 substantial active component.

As the zwitterions in the eiuting agent, according
to the present invention e.g. amino aclds or analogues

of amino acids can be used, whose isoelectric range




lies between 3.2 and 9.6, and which are present as
zwitterions in the neutral pH range. Therein, the .
preferred zwitterions are selected from the group of
neutral amino acids or analogues of amino acids,
preferably alanine, $-alanine, 2-anmino-butyric acid, 4-
amino-butyric acid, asparagine, citrulline, glutamine,
glycine, histidine, isoleucine, leqcineu methionine,
phenylalanine, proline, sarcosine, sefine, taurine,
threcnine, tryptophane and tyrosine, or betaines or
analogues thereof, in particular sulfobetaines.

Particularly preferred for carrying out the method
are the amino acids alanine, f-alanine, glycine,
histidine, phenylalanine or betaine. According to the
present method, the zwitterions may be present in an
aqueous solution at a concentration of between 0.01 and
0.5 M, preferably between 0.08 and 0.2 M, particularly
preferred between 0.1 and O.lS.M. Thefe, aqueocus
golutions may be solutions which exglusively consist of
water and do not contain any further additives.

According to the present metﬁod; the eluting agent
containing the zwitterion may have a physiological pH,
preferably a pH of between 6.5 and 8.0, especially
preferred between 7.0 and 7.8, particularly prefe;red‘
of 7.4. In this pH range, all the ébove-mentioned amino
acids or analogues thereof are electrically neutral and
present as zwifterions.

The eluting agent may be prepared by simply

- 10 -




dissolving the amine acid or the analogue of an amino
acid with the degired molarity in water. Since the pH
and the ionic strength do not change or change only
unsubstantially due to the neutral charge of the
zwitterion, an adjustment of a pH or of the ionic
strength is not necegsarily required. Since in some
instances an additonal stabilizatiﬁn of the eluate
containing the vWF or the vWF-complex is desirable,
e.g. 1f one or several virus inactivation steps are
carried out, és further substénces optionally sugar,
such as sucrose, or maltose, can be added as
stabilizerg. Since these sugars also are
chemically/physically neutral, an additon thereof does
nct change the pH of the e;uting agent.

The use of amino acids, such as, e.g., glycihe,
hiétidine, or arginine as a precipitating agent,
antiprotease or stabilizer or for an improved
reconstitution of factor VIII solutions'has, e.q., been
described in EP 0 383 234 or in EP 0 600 480, the
concentration of the amino acids used lying between 0.5
- 3 M. Moreover, amino acids have been known as a
component of eluting agents or buffers in
chromatographic methods. Tsang et al. (1991, J.
Immunol. Methods 138: 291-29%9) have examined various
dissociation conditions of antigens bound to
immunoaffinity matrices and have found chaotropic

agents to be the most effective dissociation reagents




for breaking up antigen-antibody bonds. However, the
specific activity of the eluted proteins was low on
account of the denaturing effect of the chaotropic
agents. The use of 0.5 M glycine, pH 2.0, as eluting
reageﬁt exhibited a cowmparatively low dissociation
capacity and a relatively low specific actiﬁity of the
protein recovered. The low pH of the eluting agent
furthermore made it necessary to neutralize the eluate
rapidly so as to avoid a further loss of activity of
the protein. Likewise it has been found that antibodies
detach frém the carrier under these conditions andrget
into the elﬁate.

On account of what has been observed by Tsang et
al. (1991, J. Immunol. Methods 138: 291-299) it has
thus been the more surprising that it has been found
within' the scope of the present invention that an
eluting agent containing a zwitter&on as an essential
active eluting reagent is capable of effectivély
dissociating an antibody/antigen complex under mild
conditions and in the neutral pH range and without the
use of chactropic agents. On account of the mild
elution cenditions, the desired antigen is not only
efficiently obtainéd in purified form and, on account
of the high specificity to the antibody, free from
contaminating components, but it can also be recovered
substantially free from immunoadszorbent, gince a

disscciation of the antibody-antigen-complex does

- 12 -




occur, yet the binding of the antibody to the cagrier
is ﬂot affected, and the antibody remains in stable
association with the carrier.

To carry out the method according to the invention,
as the'ligand, any immunoadsorbent having a binding
specificiﬁf to vWF, and capable of being immobilized on
a solid carrier as ligand, may be uged. |

According to one embodiment of the method of the
inventicn, an anti—vwﬁ—antibody is used as the
immunoadéorbent. The antibody used may be polyclonal or
monoclonal. Monoclonal antibodies are, however,
particularly preferred. To carry out the method
according -to the inventicn, all the known anti-vWF-
antibodies may be used, e.g. such as have been
described by Goodall et al. (Thromb. Haémost. 54: 878-
891, 1985). Preferably, a monoclonal vWF antibody from
a hybridoma, selected from the series of cell
hybridisations of murine myeloma X€3 aﬂd‘splenocytes of
BALB/C.mouse,.immunized'with factor VIII/vWF-complex,
as, e.g., described in EP 0 179 006, is used.

According to a preferred embodiment, as the ligand
for carrying out thé method of the invention, a
fragment of an anti-vWF-antibody that binds vWF or
factor VIII/vWF-complex, respectively, is used.
Particularly preferred is the F'ab-fragment of a vWF
antibedy. Using a fragment of a specific antibody has

the advantage that an affinity carrier matrix with the




antibody fragment as the ligand can be prepared in a
simple manner, whereby, due to the small molecular size
of the ligand, the antigen binding capacity, and the
binding efficiency of the ca?rier can be increased.
Also the risk of a contamination of the product by a
complete antibody possibly getting into the eluate is
greatly reduced and thus negligible.

The immuncadsorbent preferably is immobilized on a
carrier, wherein all the known natural or synthetic
insoluble polymefs suitable for affinity chromatography
can be used as the carrier.

The method according to the invention constitutes a
simple and efficient method of recovering vWF or factor
VIII/VWF-complex having a high specific activity and in
a high yield from an optionally not pre-purified |
protein soluticn. Any biclegical solution, e.g. plasma,
a plasma pocl, a plasma fraction, a cryoprecipitate,
the supernatant of a cell culture expressing
recombinant VWF or factor VIII or co-expressing factor
VIII and vWF, respectively, or a pre-purified protein
solution may be used as the starting material
containing vWF or a factor VIII/vWF-complex. The
pregent invention is, however, particularly suitakle
for recovering vWF or factor VIII/vWF-complex from non-
pre-purified protein soclutions, e.g. directly from
plasma or from the supernatant of a recombinant cell

culture. According to the present invention, VWF or




factor VIII/vWF-complex contained in a starting
material is bound to the immunoadsorbent, preferably
under physiological conditions. Therve, the starting
solution is adjusted to a pH of between 6.5 and 7.8, at
a temperature of between 4°C and 20°C, and is contacted
with the immunoadscrbent, whereby, on account of the
specific binding capacity of the antibody to VvWF, vWF
or factor VIII complexed with VvWF, respectively, is
bound, whereas other proteins contained in the solution
are not bound and thus are separated in a simple manner
from vWF or from factor VIII/vWF-complex.

By means of the method according to the invention
and elution with a buffer in the neutral pH range,
containing a zwitterion as an esggential eluting agent,
VHF or factor VIII/vWF-complex can be recovered from
the immunoadsorbent with a particularly high
efficiency. On account of the specific interaction of
vWF and factor VIII in a complex, also factor VIII
complexed with vWF ig bound, whereas free, non-
complexed factor VIII cannot bind to the
immunoadsorbent. By aid of the method according to the
invention, thus a pure vWF or factor VIII complexed
exclusively with vWF, respectively, is recovered. It
has particularly been found that approximately 85% of
the vWF or of the factor VIII/vWF-complex present in
the starting material can be recovered. Thus, by means

of the methed according to the invention, vWF or factor




VIII/VWF complex, respectively, is recovered in a
purity of more than 90%, preferably of more than 95%.
This high recovery rate and purity has not been
attained by means of the -hitherto described 7
chromatographic metheods in one method step. Moreover,
the use of the eluting agent described and the mild
eluting conditions have the édvantage that the
association of factor VIII with vWF, and thus the
physiological and molecular structure of the complex,
are retained.

The method according to the invention has the
further particular>advantage that before and during the
elution, & change of the pH of the solution containing
the proteins is not necessary and the biological

activity of the protein to be purified is not impaired

by a chénge of the pH.

By using the above-described eluting agents, the
VWF or the vWF-complex, respectively, is efficiently
desorbed from the immuncadsorbent, without impairing
the structural integrity of the vWF and the activities
of the vWF or factor VIII. The intactness of the
structural integrity of vWF was particularly proved by
vWF multimer analysis, as, e.g., described in
E? 0 705 846, before adsorption and after elution from
the immunocarrier. Likewise it has been shown that the

collagen binding activity as well as the specific

platelet agglutination activity of the vWF




substantially is not impaired.

A comparison of the factor VIII:Ag to the factor
VIII:Ciactivity in thé starting material and after
elution Erom the carrier showed that the ratio does not
change. The specific activity preferably is > 80 U/mg.

The highly.purifiea VWF or factor VIII/vWF-complex
obtained with the method écéording to the invention may
likewise be further purified by chromatographic methods
known from the prior art, such as ion exchange,
affinity or gel filtration chromatography. Purified
factor VIII/vWF-complex may, €.g., be adsorbed tb an
affinity carrier that specifically binds -either vWF or
factor VIII, and the proteins may be recovered
gseparately from each other and in free form by means of
a buffer which dissociates the complex, e.g. a buffer
having a low pH, a high ionic strength, and containing-
CaCl, or NaCl. With this procedure it is possible to
selectively recover free factor VIII which is not
complexed with vWF, cr vWF not complexed with factor
VIIT, respectively. The thus isolated proteins or
antigens are particularly characterized by not being
impaired in terms of their VWF binding or their factor
VIII binding, respectively. By this it is possible to
purposefully recover highly purified factor VIII having
a high vWF binding specificity, or highly purified vWF
having a high factof VIIT binding specificity,

respectively, in relationship tec the antigen content.



The present invention thus also comprises highly
purified vWF having a factor VIII-binding capacity of
more than 90%, preferably more than 95%, and factor
VIII having a vWF binding affinity of at ieast 90%,
respectively. A thus purified vWF or factor VIII/vWF-
complex, respectively, may be further purified by means
of heparin affinity chromatography, e.g. as described
in EP 0 705 846, whereby high-molecular vWF multimers
are enriched. The thus obtained VvWF or factor VIII/vWF
complex, respectively, particularly comprising high-
molecular vWF multimers is characterized by a high
specific platelet aggregation of at least 60 U/mg
protein.

By the methed according to the invention, in
particﬁlar purified vWF or factor VIII/vWF-complex,
respectively, is recovered in an agqueous solution
containing a zwitterion at a.concentration of between-
0.08 M and 0.2 M, and at a pH of between 7.3 and 7.8,
the zwitterion béing selected from the group of the
amino acids glycine, alanine, B-alanine, phenylalanine,
and histidine, or of the betaines. This purified VWF or
factor QIII/VWF—complex then may optionally be
subject;d to a further virus depletion and/or virus
inactivation step known from ﬁhe prior art.

The purified solution may, e.g. be directly
sterile-filtered via a filter having a pore width of

petween 100 nM and 0.45 um, and lyophilized without the




addition of a stabilizer, in particular a high-
molecular stabilizer.

Thé method according to the invention may be used
for purifying and recovering recombinant or plasmatic
vWF or factor VIII/VWF-complex, fespectively‘

A further cbhject of the present invention relates
to a stable preparation containing highly purified vWF
or factor VIII/vWF-complex obtainable by immuncaffinity
chromatography. According to the present invention, the
stable preparation contains vWF having a purity of at
least 95%, and a specific antigen-activity of at least
9% U/mg protein, preférably of 100 U/mg protein. A
stable preparation provided accqrding te the invention
and containing factor VIII/vWF cdmplex has a purity of
atzlgast 95%, preferably of 99%, the specific activity
of factor VIII:C being at least 95 U/mg protein and
that of vWF being at least 95 U/mg protein, the ratio
of the specific activity in the complex thus being 1:1.

According to a particular embodiment, the factor
VITI/vWF-complex consists of recombinant factor VIII
and recombinant vWF, the ratio of factor VIIT to vWF
being between 0.01 and 100, preferably between 1:30 and
1:70, particularly preferred at approximately 1:50.
Within the scope of the invention it has been found
that the cell culture supernatants of recombinant vWF-
or factor VIII-expressing cells having a defined

concentration of antigen can be mixed in a certain,
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desired ratio, and that after having carried cut the
method of the invention, purified complex consisting of
recombinant proteins can also be recovered again in the
désired ratio.

| It has been known that during its purification from
plasma or from cryoprebipitate, VvWF is degraded into-
low-molecular vWF fragments by proteases pogsibly
present, which fragments then can be identified in SDS
gel as low-molecular fraction hawving satellite bands
(Furlan et al., 1993, PNAS. 90: 7503-7507).
Furthérmore, factor VIII is partly activated by
proteases present, whereby the.specific activity of the
factor VIII/vWF-complex is reduced. :

According to-a further aspect of the present

invention, a stable preparation comprising highly
purified vWF or factor VIII/vWF-complex, respectively,

is provided, which is particﬁlarly characterized in

‘that the molecular and structural integrity of the vWF

or of the factor VIII/vWF-complex, respectively, is
substantially retained aﬁd that it does not contaiﬁ any
proteclytic degradation products of the VWF or
activated factor VIII.'

According te a further aspect, the preparation
according to the invention is substantially free f£rom
impurities caused by the immunoadsorbent, the amount of
possibly present immunoadsorbent, in particular of

antibodies, being less than 15 ng/mg protein,
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preferably less than 10 ng/mg protein, and particularly
preferred less than 7 ng/mg protein. Moreover, the
preparation according to the invention is characterized
in that it contains less than 3%, preferably less than
1%, fibrinogen and less than 1%, preferably less than
0.5%, fibrqnectin. The determinaticn of the fibrinogen\
and fibronectin contents, respectively, there was
effected by means of ELISA in accordance with the prior
art.

Within the scope of the present invention it has
also been shown that particularly by using an eluting
agent contéining as the essential eluting agent in the
buffer an amino acid, such as glycine, histidine or
alanine, which hithertec have also been used for
stabilizing protein solutionsg, the eluted vWF or factor
VIII/vWF-complex can be kept in a stabilizing
environment during the entire purification procedure
and thus the preparation obtained is particularly
stable.

The preparation according to the invention is
stable in solution for a period of at least 2 weeks at
4°C, deep-frozen at -20°C for at least 6 months, and as
a lyophilisate for at least 1 year at a temeprature of
from -20°C to 4°C. By the presgence of, e.g., histidine
in the eluting agent, furthermore a précipitation of
the vWF or factor VIII/vWF-complex, respectively, at

lyophilizaticn is prevented. The preparation accordihg




to the invention thus may optionally be further
processed to a lyophilized product without any further
additives. To improve the reconstitution of the
lyophilized preparation, arginine may also be admixed,
as has beeﬁ described, e.g., in WO 93/22336, The stable
preparation may be formulated for administration to man
in a regpective manner as a stable pharmaceutical
preparation and may contain suitable buffers or
physiologically acceptable carriers. As has already
been mentioned above, on account of its particularly
good stability of the preparation, the addition of a
stabilizer optionally can be omitted. It has been known
that by the addition of a stabilizer, in particular of
HSA, the specific activity of an antigen preparation is
reduced, whereby the pharmaceutical composition to be
administered has a lower specific activity than the
protein preparation recovered directly after
purificaticn.

According to the presenf invention, thus a
pharmaceutical composition containing vWF or factor
VIII/VWF—comﬁlex having a purity of at least 95%,
preferably 99%, and a specific activity of vWF of at
least 95 U/mg and of factor VIII of at least 95 U/mg is
provided which is substanﬁially free from high-
molecular substances and stabilizers, in particulér
free from HSA. By this, the pharmaceutical preparation

according to the invention differs from any hitherto
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knoﬁﬂ pharmaceutical compogitions which contain’
substances, such as albumin or heparin, for
stabilization thereof.

In principle, no further complex re-formulation of
the purified preparation is reqpired for its
administration to man, since the purified product can
already be recovered from the affinity carrier in a
physiclogically compatible composition. Likewise, it is
already present in the eluate in a stable and
stabilized form.

The method according to the invention thus
constiﬁutes a simple method for the.gentle recovery of
highly purified vWF or factor VIII/vWF-complex,
respectively, and for the simple production of a stable
_ pharmaceutical preparation, which opticnally may be
~used directly for a therapeutical application.

Eefore processing the highly purified vWF or vWF-
complex, respectiveiy, to a pharmaceutical preparation
it-is advantageous to carry out an inactivétion or
depletion of viruses. This may be effected by a
chemical and/or physical treatment known in the prior
art. Since aue to the preéence of aminc acideg, such as
glycine, alanine or histidine, contained in the stable
preparation according to the invention, vWF or factor
VIII/vWF complex is present in a physioclogical and
stabilizing environment, the purified product may,

optionally without any further addition of stabilizers,
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be directly subjected to a virus inactivation step.

The stablé preparation provided according to the
present invention may be used for producing a
medicament for the treatment of hemophilia A or vWD.

The invention will be explained in more detail by
way of the follcowing examples and the drawing figure,
yet it is not restricted to these particular
embodiments.

Fig. 1 shows a gel filtration analysis of the
factor VIII/vWF-complex.

Example 1 describes the determination of the.
interaction of various anti-vWF-antibodies and vWF by
means of surface plasmon resonance and desorption of
the anﬁigen from the complex by means of various
buffers; Example 2 describes the desorption behaviour
of the vWF antigen from the antigen-antibody-complex
under different buffer conditions; Example 3 describes
'the purification of recombinant vWF from cell culture
supernatants by mearis of immuncaffinity; Example 4
describes the purification of plasmatic factor VIII/vWF
complex; Example 5 describes the use of an antibody
fragment for the immuncaffinity purification of vWF;
Example & describes the post-purification of
immunoaffinity-purified vWF by means of heparin-
affinity chromatography; Example 7 describes the
influence of the eluting agent on the factor VIII:C

activity; Example 8 describes the purification of a
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complex consisting of recombinant factor VIII and
recombinant vWF; Exampie 9 describes the assaying of
the eluate for murine IgG and F'ab fragments, and
Example 10 shows the integrity of the factor VIII/vWF-
) complex in the elution environment according to the
invention,

Examples

General description of methods relating to the test
system for determining the interaction of
macromolecules

By aid of the new technology, the surface plasmon
resonance, it has recently become possible to directly
follow the interaction of macromolecules, among which
there is also the reaction of proteins with specific
antibodies (Karlsson, 19%4, Analyt. Biochem. 221: 142-
151; Malmgvist, 1993, Nature 361; 186-187).

In an optical system that is in direct contact with
the sample to be examined, a parameter dependent on the
molecule concentration is measured and is expressed in
so-called response units (RU), Hiéh RU values
correspond to a high concentraticn of adsorbed
macromolecules on the meagured surface (semsor chip).

The advantages of this method are that little
substance is consumed, that it can be carried out
rapidly and that the data can be evaluated kinetically.
By'aid of this measuring system, the basic binding

propérties of vWF-specific antibodies have been
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examined.

Example 1:

Determination of the interaction of wvarious anti-
vWF-antibodies and vWF by means of surface plasmon
resonance and desorption of the antigen from the
complex with diffgrent buffers

Mconoclonal anti-vWF-antibodies (Immunotech,

‘Marseille) were bound to the active layer of a CM

sensor chip by means of the standard method described

by Pharmacia. As the negative controls, a lane of the

_ sensor chip was coated with a monoclonal antibody to

Pseudomonas Flagellin (PAM 24). The effectivity of
coupling can be recognized from the increase of the
signal. After couéling, the lanes of the sensor chip
were washed with 3 M NaSCN so as to remove non-
specifically adsorbed antibody from the chip surface:
vWF (pre-purifiéd'via anion exchange chfomatography)
subsequently was led over the chip surface {adsorption
phase) . After a washing procedure with Tris buffer, pH
7.4, various buffers containing 100 mM glycine and with
increasing pH values of from pH 6.0 to pH 9.0 were led
over the chip (elution phase). Table 1 shows the
determination of the interactioﬁ of various anti-vWF-
antibodies and vWF by neang of surface plasmon
resonance and desorption of the antigen from the

complex with glycine buffer with different pH values.
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Table 1

Glycine elution

Lane‘vWﬁloading pH6 pH7 pH 8 pHO
(RU) |

MWV | pdWF | WF | pdoWE | v | pavn® | oW | pawwF | e | pdanE

Avwst 1650 490 145 |220 | 40 65 15 20 l10 {20

awsz 870 |760 |75 (125 |25 [s0 |10 |15 |15 | 12
pamze |12 125 |10 |15 {10 [ 15 {10 [15 |10 |1
B 1e y35 |5 |5 |20 |5 |20 [ 5 [20]5

Accofding to the disclosure by Mejan et al. (1988,
Thromb. Haemost. 59: 364-371), the maximum affinity
.between antibody and antigen ié betﬁeen'pH 5 and 7.
Thug, it could not be expected that as of a pH of 6.0
there would be a marked detachmént of the adsorbed
rvWF. The ghange‘in the deéorption behaviour of the
'antigen-antibody-cbmplex was attributed to the presence
of glycine in the buffer. Furthermore, it has been
shown that the two different anti-vWF-antibodies AvWE-1
and AvW8-2 have the same behaviour relative to glycine.

VTo exclude that the effect obeserved was a
particular property of recombinant vWF, the experiment
was repeated with plasmatic vWF (pdvWF), yielding the

same result.




Example 2 :

Desorption behaviour of the vWF antigen from the
antigen-antibody-complex under different buffer
conditions

To more closely examine the“nature of the vWr-
antigen/anti-vWF-antibody interaction, further elution
tests were carried out with different buffers/eluting
agents. Above all, the efficaéy of buffers containing
different amino acids or the derivatives thereof at pH
7.4 were examined.' -

Among the substances tested there were i.a.alanine,
f-alanine, phenylalanine, histidine, arginine, lysine,
glutamic acid, éspartic acid, betaine and acetate.

Table 2 shows the determination of the interaction
of anti-vWF-antibodies and vWF antigen by means of
surface plasmon resonance and desorption of the antigen
from the complex by means of buffers containing

different amino acids as the elution reagent.




Table 2

RU ) RU
Amino acid before elution | after elution % eluted
Alanine 850 25 a7
B-Alanine 830 30 97
Phenylalanine | 520 _25 55
Histidine 550 15 _ 97
Arginine 970 ' 780 20
Lysine 840 736 | 13
Glutamic acid | 760 720 5
Aspartic acid | 670 590 12
Betaine 680 -0 100

Acetate 570 550 3

It has been found that particularly amino acids
having non-polar groups, such as glycine, alanine, f-
alanine or phenylalanine, or derivatives thereof or
amino acids present as zwitterions in Ehe neutral
range, such as histidine, are capable of effectively
eluting the vWF bound to the antibody (Table 2).

Respective buffers containing these amino acids or
derivatives thereof for the purification cof vWF or of
vWF/factor VIII-complex were tested by means of

immunoaffinity chromatography.
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Example 3

ﬁu;ification of recombinant vWF from cell culture
supernatants by means of immunoaffinity (at present
considered by applicant to be the best mode of carrying
out the invention)

Monoclonal anti-vWF-antibody AvW8-2 was covalently
coupled to CNBr-activated Sepharose {(Pharmacia)
according to the producer's instructions. There, the
loading of the resin with antibody amounted to 1 mg/ml
packed gel.

500 ml of a concentrated fermentation supernatant
containing recombinant vWF (rvWF) were applied at a
linear flow rate of 20 cm/h to a column filled wifh
50 ml affinity resin. After the sample had been
applied, the column was rinsed with phosphate buffer,
pH 7.4, until the UV absorption of the column effluent
had reachéd the base line valué. Bound rvWF was eluted
from the column by slow (5 gm/h) elution with 100 mM
glycine, pH 7.4.

In table 3, the analytical data of the

corresponding fractions are illustrated




Table 3

‘Sample VWF Ag Ristocetin | Protein |Spec.Activity
(ELISA) activity
pg/ml) % | U/ml| % ug/ml| % |mg Ag | U _RCoAl

mgProt| mgProt

Starting
material | 120 [100| 1.5 J100 [1400 {100[ ©.08 1.07
Adsorbate] 10 91<0.02| <7 11220 § 96 0.008] <0.02

Eluate 370 721 5.0 | 80 350 gl 1.06] 14.2

From these results it is appaient that under the
conditions indicated, recombinant vWF can be obtained
from fermentation supernatants in good yields, in high
purity, héving a specific antigen activity of at least
100 U/mg protein and with at least 74% recovery.

Exanm ple 4: '

Purification of plasﬁatic FVIII/va complex

50 g of cryoprecipitate were disgolved in 450 ml of
hepa;in buffer. The factors of the prothrombin complex
were removed by the addition of 0.1% alhydrogel. The
clarified‘protéin solution is purified as described in
Example 3 by means of immuncaffinity. 1In Table 4, the
analytical data before and after purification are

summarized.
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Table 4

Sample vWF Ag FVIII- Protein Spec.Activity
(BLISA) | Activity
pag/ml] % | U/ml| % | mg/ml %

mg VWF JFVIII:(
|qurot maProt

Imaterial {230 100 16 . J100 | 21 100 0.01 0.76

Starting

Adsorbatej 10.3 6 1.1 91 15.21] 98 0.00 0.07

Eluate 3290 68 | 25.5] 78 0.29 0.9 31.18 94

From Table 4 it is apparent that when using
cryoprecipitate as the starting material, a FVIII/vWF-
complex having a high purity, a specific activity of
VWF of.at least 118 antigen-U/mg protein and of factor
VIII of at least 94 U/mg can be recovered. By the
method acpording to the invention, free factor VIII is
removed, and substantiaily pure factor VIII/vWF-complex
is recovered at a ratio of approximately 1:1. The yield
of pure factor VIII/vWF-complex is approximately
between 70% to 80% and thus above the values hitherto
descriked for the protein recovery by means of
immuncaffinity chromatography.

Example 5 :

Use of an antibody fragment for immuncaffinity
purification of vWF

In the same manner as the intact monoclonal




antibody, also a F'ab- or F'ab2-fragment of the
monoclonal‘antibody can be used. This mode of procedure
has the advantage that traces of the antibody possibly
present in the final product do no longer contain an
immunologically active protein bortion (Fe-portion) .

Fragmentation of the antibody may be effected by
selective proteases, such aé papain or pepsin {(in free
form or bound to an inscluble carrier substance). In
the following, the preparation, purification and use of
an F'ab-fragment from the monoclonal antibody AvW8-2' is
described:

100 mg of the menoclonal antibody AvVW8-2 were
admixed with 1 mM cysteine. To this solution, 0.5 mg of
immobilized papain (Pierce) were added, and the
" suspension was incubated for 5 h at 37°C. The protease
digestion was stopped by filtering off the immobilized
papain, a possible residpal activity wés inhibited by
the addition of 10 wM iodoacetamide. The separation 6f
the F'ab-fragments from Fc-fragments, smaller fragments
and intact antibody was effected by means of anion
exéhange chromatography on Poros Q. Purified F'-ab-
fragments were coupled to CNBr-activated Sepharose at a
loading density of 1 mg/ml gel. 500 ml of a
concentrated fermentation supernatant containing rvWF
were purified as described in Example 3 by meané of

50 ml of the thus-prepared affinity resin.
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Table 5 shows the results of the immuncaffinity
chromatograpy by means of elution with a buffer

containing 100 mM glycine, pH 7.4.

Table 5
Sample VWF Ag Ristocetin| Protein [Spec.Activity
(ELISA) activity

pg/mi]| % |U/ml |% |ug/ml

ae
=
E’

U RCoj

mgProt [maProt
Stdrting

material 105 100} 1.8 100] 1250 100 0.08] 1.44

Adsorbate | 9 91<0.02 | <8] 1200 ] 105 0.00}<0.02

‘|[Eluate 248 85] 3.8 76 265 4 0.93114.3

From the results given in Table 5 it is apparent
that for the immunoaffinity-chromatographic
purification of vWF, an F'ab~fragment of the monoclonal
antibody can be used withjthe same efficiency as the
intact antibody. However, vWF could be recovered with
an improved yield of 85% of the starting material and a
specific activity of at least 23 antigen—U/mg protein.

Example 6 :

Pogt-purification by means of heparin affinity
chromatography

It is possible to further improve the quality of
the thus purified vWF, be it by enrichment of vWF

multimers consisting of high-molecular vWF multimers,




or by eliminating residual contaminations, in a further
purification step. As methods for this, the known
methods, such as ion exchange chromatography, heparin
affinity chromatography or gel filtration can be used.

In the following, the combination of the
immunoaffinity chromatography with a subsequent heparin
chromatography will be described.

The eluate of the immunoaffinity chromatography
(Example 5) is loaded withoﬁt any further treatment
onte a 50 ml column filled with Fractogel®-heparin.
Elution of the bound rvWF is effected by applying a
step-like saltrgradient, rvWF mainly being eluted in a
range of between 0.25 M and 0.3 M NaCl.

All chromatographic buffers contain 100 mM glycine
so as to ensure the dissociation of possibly leaked
F'ab-fragments of vWF during the heparin
chromatography. The results of the heparin affinity

chromatography are summarized in Table 6.




Table 6

Sample vWF Ag Ristocetin| Protein |Spec.Activity

(ELISA) |activity

ug/mli % |U/ml |% ug/ml|% nd Ag (U _RCoA

maProt | mgProt

starting

material 250 |100] 3.8 |100 265 |100{ 0.94 14.3

Adsorbatel 95 | a6(<002] < 105 | 48] 0.9 <0.19
Step 1 g5 | i5] 0.8 | 9 89 | 14| 0.96 9.0
Istep 2 115 | 19] 7.8 185 | 125 | 20] 0.92 [62.4

As can be seen from Table 6, the ristocetin
activity of vWF can be further improved by subsequent
purification steps. It has particularly been found that
a specific platelet agglutinating activity of more than
€0 U/mg protein is obtained. Moreover, more than 85% of
the material used can be recovered as a purified
protein having a high specific activity.

After sterile filtration and pharmaceutical
formﬁlation, the final product of the purification can
be filled into the respective final containers and
lyophilized. In this instance, the glycine contained in
the buffer will serve as the stabilizing agent during

the lyophiligation and dissolving procedures.




Example 7:

Influence of the eluting agent on FVIII:C-activity

bissolved crycbulin was adsorbed,‘as described in
Example 4, on a column loaded with AvW8-2. In that
ingtance, coupling of the antibody was effected via
bénzoquinone 80 as to improve the pH stability. Elution
of thé bound FVIII/vWF-complex was effected by raising
the pH, on the one hand, as described in Mejan et al.
(1988, Thromb. Haemost. 59: 364-371}, and by glycine-
elutionlaccording to the method of tﬁe invention, on
the other hand.

In Table f, the results of the determination of the
yield and of the specific factor VIII activity by means
of immuncaffinity chromatography with different elution
méthods are summarized. |

Table 7

Elution methed |Spec.activity U FVIII:C [vield FVIII:C %

mg_protein

E-Shift 37 21

Glvcine 67 82

From Table 7 it is apparent that when using glycine
buffer as the eluting agent, the yield can be increased
up to the 4-fold as compared to the pH shift, and the
specific activity of the recovered factor VIII can be
doubled. The reason for this seems to be the exposure

or the activation, respectively, of FVIII at a pH-




shift, while under mild elution conditions and at a
neutral pH in the presence of an awino acid or of the
zwitterion, respectively, the activity of factor VITT
is less impaired.

Example 8 :

Purification of a complex consisting of recombinant
FVIII and recombinant vWF

Cell culture supern;tants from recombinant c¢ells,
transfected with a vector containing cDNA encoding
factor VIII or vWF, respectively, were mixed at é ratio
of 3 factor VIII : 1 vWF. The mixture containing
rFVIII/rvWF-complex was purified under conditions as
stated in Example 3.7

In Table 8 the results of this purification of

rfactor VIII/rvWF are illustrated.

Table 8

Sample (U FVIII:C/ml|Yield |ug vWF/ml|Yield g_Ey;;;ig

BVIII:C VWFE U‘ VWF
Applied. | 2.1 100 6.1 100 3.4
Eg;erial
Effluent | 0.4 198 ned, 0 n.d.*
Glycine 8.3 13 25.7 67 3.2
eluate
* n.d., = ﬁot determined
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Table 8 shows that under the conditions indicated,
a complex consisting of rFVIII and rvWF behaves just
like a plasmatic compleéx. Likewise, rFVIII/rvWF-complex
~ was recovered in a certain ratio to each other
depending on the mixing ratio of the starting material.
By varying the FVIII/vWF ratio in the starting material
or by following up with a further chromapographic step,
the ratio of FVIII:C to VvWF can furthermore be_vqried
in favour of the relative FVIII content. By thig it is
possible to purposefully obtain a factor VIII/vWF-
complex having alcertain desired ratio.

Example 9

Assay for murine IgG (F'ab-fragmentg)

Contaminating F'ab-fragments in the eluate of the
immuncoaffinity column were detected by aid of an
immunological method (Immunc Ligand Assay; Molecular
Devices) .

Rabbit4anti—mou5e-IgG (F'ab-specific) is labelled
with biotin or fluorescein. 100 ul of the column eluate
are mixed with 2 ug of each of the biotin- and the
fluorescein-labelled antibody and incubated. After a
further incubation with 2 pug of streptavidine and
urease-labelled anti-fluorescein-antibedy, the mixture
is filtered through a biotinylated membrane. After
washing of the membrane, bound F'ab-fragment can be
detected with a high sensitivity (approximately

100 pg/ml).
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In Table 9, the results of various chromatographic
runs are summarized.

TaEle 9

Sample Elution |vWF-Antigen| Murine IgG| ng Murine IgQ

Method pa/ml na/ml mg VWF_Antigen
Cryopre-| pH- 280 34.5 123.2

cipitate| shift+*

Recomb . pH- 190 28.6 150.5
VWE Shi.ft *

Cryopre-| Glycine| 320 4.2 13.1
cipitate

Recomb. Glycine| 248 1.9 7.6
[VWE 7

* Coupling of the antibody was effected via
benzequinone in this instance so as to attain a better

pH stability.

From Table 9 it can be seen that with the method
according to the invention it is possible to recover
vWF or factor VIII/vWF-complex, respectively, with very
low amounts of contaminating murine IgG (F'ab-
fragments).

By adding a further chromatographic purification
step (heparin chromatography or ion exchange

chrematography) it is possible to reduce this residual

ﬁ contamination to below the detection limit.
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Example 10

Integrity of the purified FVIII/vWF-complex

To demonstrate the integrity of the purified
complex consisting of FVIII and vWF, 5 ml of the eluate
of the immuncaffinity colummn, obtained according to
Example 4, were applied to a gel filtration column
filled with 120 ﬁl Sepharose CL6B. By elution with
glycine buffer as the running solvent, there occurs a
separation according to the molecular size during the
chromatographi¢ run,

Based on the separation characteristics of the
column material, a separation of both proteins would
occur if two different molecule species (FVIII and vWF)
were present. In Fig. 1, the results of this
chromatographic run are illustrated.

It can be recognized clearly that the complex of
FVIII and vWF obtained according to Example ¢4 appears
in a peak (we—w=). If the two proteinsg were not
associated, they would eluate clearly separately from
each other (cf. labelling).

FVIII/vWF-complex purified according to the method
of the invention thus is present as a protein complex
in which the vWF takes on the task of stabilizing

FVIII.
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It will be clearly understood that, although a number
of prior art publications are referred to herein, this
reference does not constitute an admission that any of
these documents forms part of the common general knowledge

5 in the art, in Australia or in any other country.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. A method of recovering highly purified vWF or
factor VIII/vWF-complex, respectively, by means of
immunoaffinity chromatography, characterised in that vWF
or a factor VIII/vWF-complex bound to an immunoadsorbent
is eluted by means of an eluting agent containing, as an
essential active component, a zwitterion, whereby the
molecular integrity of the vWF or of the factor VIII/vWF-

complex is retained.

2. A method according te claim 1, characterised in
that the zwitterion is selected from the group of neutral
amino acids, in particular glycine, alanine, [(-alanine,

phenylalanine and histidine, or betaines.

3. A method according to any one of claims 1 or 2,
characterised in that the zwitterion in the solution is
present at a concentration of between 0.0l and 0.5 M,
preferably between 0.08 and 0.2 M, particularly preferréd

between 0.1 and 0.15 M.

4. A methed according to any one of claims 1 to 3,
characterised in that the eluting agent has a
physiological pH, preferably cf between pH 7.0 and pH 8.0,
particularly preferred between pH 7.3 and pH 7.8, most

particularly preferred of pH 7.4.
5. A method according to any one of claims 1 to 4,

characterised in that the immunoadsorbent is an anti-vWF-

antibody, preferably a monoclonal antibody.

CAEPIELNhomesiShery MY Fegp\Spec i BI501Y doc 5703701



10

15

20

25

30

- 43 -
6. A method according to any one of claims 1 to 4,
characterised in that the immunoadsorbent is a fragment of

an anti-vWF- antibody.

7. A method according to any one of claims 1 to 6,
characterised in that purified vWF or factor VIIL/vWF-
complex is recovered in an aqueous solution containing a
zwitterion at a concentration of between 0.08 M and 0.2 M
and having a pH of between 7.3 and 7.8, the zwitterion

being selected from the group of the amino acids glycine,

alanine, P-alanine, phenylalanine and histidine, or of the

betaines.

8. A method according te any one of claims 1 te 7,
characterised in that purified vWF or factor VIII/vWF-
complex is subjected to a further chromatographic step,

preferably a heparin affinity chromatography.

9. A method according te¢ any one of claims 7 or 8,
characterised in that purified vWF or factor VIII/vWF-
complex is lyophilised without the addition of high-

molecular stabilisers.

10. A method according to any one of claims 1 to 8,
characterised in that the purified vWF or factor VIII/vWF-
complex is subjected to a virus inactivation- and/or virus

depletion step.

11. A preparation containing highly purified vWF
having a specific activity of at least 100 U/mg protein,
cbtainable by immuncaffinity chromatography whereby vWF-
complex is eluted by means of an eluting agent containing

as an essential active component a zwitterion.

SAERIShamed shzry LM eep Speci \PIS039 doe 5/04/01



10

..: 15

20

25

30

- 44 -
12. A preparation containing facteor VIII/vWF-conplex
with a purity of at least 95%, preferably 99%, and a
specific activity of factor VIII:C of at least 95 U/mg
protein and of vWR:Ayg or at least 95 U/mg protein,
obtainable by immunoaffinity chromatography whereby vWF-
complex is eluted by means of an eluting agent containing

as an esgential active component a zwitterion.

13. A preparation according to claim 11 or 12,
characterised in that it contains a complex consisting of
recombinant vWF and recombinant factor VIII, in which the
molar ratio of factor VIII to vWF ranges between 0.01 and
100, preferably be;ween £:30 and 1:70, particularly

preferably at approximately 1:50.

14. A preparation according to any one of claims 11
to 13, characterised in that it is stable in solution for

at least 2 weeks at 4°C, for at least 6 months deep-frozen

at -20°C, and for at least 1 year as a lyophilisate.

15. A preparation according to any one of claims 11
to 14, characterised in that it substantially does not
contain any impurities caused by the immunocadsorbent, in

particular by an antibody or a fragment of an antibody.

16. A preparation according to any one of claims 11
to 15, characterised in that it contains less than 15 ng
murine IgG/mg protein, preferably less than 10 ng IgG/mg
protein, particularly preferably less than 7 ng IgG/mg

protein.
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17. A preparation according to any one of claims 11
to 16, characterised in that it has been subjected to at

least one virus inactivation step.

18. A preparation according to any one of claims 11
to 17, characterised in that it contains less than 3%,
preferably less than 1%, of fibrinogen and less than 1%,

preferably less than 0.5%, of fibronectin.

19. A preparation according to any one of claims 11
to 18, characteriged in that it is formulated as a

pharmaceutical composition.

20. A preparation according to claim 19,
characterised in that it has a purity of at least 95%,
preferably 99%, and a specific activity of factor VIII:C
or at least 95 U/mg and of vWF of at least‘95 U/mg and

optionally is free from high-molecular stabilisers.

21. The use of a preparation according to any one of
claims 11 to 20 for producing a medicament for the

treatment of vWD or of phenotypic hemophilia A.

Dated this 5th day of April 2001
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