110C7 2001 Henostatically Active vW- Contai ni ng Preparation and
Process for the Preparation Thereof The present invention relates to a
process for preparing a virus-inactivated henostatically active
preparation containing von Wllebrand factor (VW) from a fract'fgcpﬁ
human pl asma, and to a henostatically active vW-containing prepa MBn
obt ai nabl e by the process according to the invention. The von WI | ebrand
di sease is a bl ood coagul ati on di soréd~ which, unlike in henophilia A or
B, manifests itself as bleedings in soft tissues, especially nucosae.
Deficiency in the so-called von WI Il ebrand factor (vW) was recogni zed to
be the cause of this disease. To date, this factor has been adm nistered
to the patients through factor VIII preparations in which vVWF is al so
contai ned, but often only in an unsatisfactory quality and unsatisfactory
amount. Al though the preparation of VvW by genetic engineering has been
successful, there is still an urgent need for applying inproved
purification methods for preparing VW from donor blood or plasma. In
EP- A-O 934 748, a highly pure vW having a content of at |east 15% vWF

mul timers, which consist of 13 or rmre rotorrers (H { VWE nul tinmers), is

described. It is oBeaiosestids PRSNG i fication,

wherein gel filtration in a 1 ou ﬁpggedfan be initially
performed instead of cryo cesst ’ 96'” activate viruses, for
exanple, treatnent with solvents and deter- gents and heat treatnent in a
| yophilized state for 72 h t 80 .C ha éﬁg@éj J@pl£ireictiabted
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fraction of human plasma, and to a hemostaticaily 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-0 934 748, a highly pure vWF having a content of at least 15% VvWF
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.

jJosic et al., "Purification of factor VIII and VWF factor from human plasma by

anion-exchange chromatography”, Journal of Chromatography B, 662 (1994), 181-



- 2-110CT 2004 190, and Schwi nn et al., "A Solvent/detergent Treated,
Pasteurized and Highly Purified Factor VIII Concentrate",

Arzneimttel -Forschung 1 Drug Research 44 (1), 2, 188-191 (1994), relate
to the purification of a factor VII1/vW conplex, effecting purification
t hrough an ion-exchange material and p_eé\:“orm' ng two independentqgtepm;for

the inactivation of viruses. Treatnent th sol vent/detergent and
pasteurization (10 h at 63 C) in the presence of stabilizers is effected.
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polymeric structures (tentacle materials) is performed, a vW- containing
fractionyissacobh @R, adRtbeuethdypitiidatiorab 08 efctbheviir agdrhprexusiyngogel

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 gei
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 diols of Fractogel® as supplied by Merck, Darmstadt, Germany.



perneation, and the preparation is heated for inactivating viruses. The
tentacle materials which can be enployed 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 pre1¢m@mnm£
pol yacryl am de tentacle polynmers grafted to dials of Fractogel (r) as
suppl i ed by Merck, Darnstadt, Ger many.- 31- OCT 2034 3 Figure 1 shows the
stability of the product obtainable according to the invention as conpared
to the products purified solely by anion-exchan?e chromat ogr aphy. Thi s
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pr epar at kgible $n eatgdeats 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 vVWF 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 5h,
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.



a tenperature of nore than 90 C, especially at 100 C. According to the

I nvention, the heating is preferably effected for a period of tine of at
least 1 h up to 5 h, especially from2 to 3 h. Thus, al

transfusion-rel evant viruses, especially non-lipid- coated virus#g,0(3uélt as
parvoviruses or hepatitis A viruses, are inactivated. Astonishingly, the
product obtai nabl e according to the i nv@riti on withstands this demandi ng
heat treatment without a substantial loss in activity. Accordlng to the
invention, purification of the vW.containin
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fraction I'ch rom pool ed hunman pl asma and can be purified by
t he process nepcalsdiiguted.t he |nven- tion may al so be used. The present

I nvention also relates to a henostatically active vW-cont ai ni ng

preparati on obtai nable by the process according to the invention. The
preparat 1198 secendiingehBoh hglsb nveatesotoi 8 hemestatmally nbettd o Fdeowainbeg ne
vi ruses, especi al I% H'V, HBV, HCV, HAV and par vow ruse% Especial ly, the
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antigen in"the preparation according to the
i nvention is at |east 0 8. This is another neasure of the integrity of the

VVF ol egspemally, 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 0.3%

TnBP/1% Triton X 100. Qil extraction is followed by anion-exchange chromatogra-



The preparation according to the invention preferably further contains
factor VIIl1 in a native form The use of conplexes of F VIIl and vWF for
treating the von WII|ebrand di sease has proven particularly useful in
clinical use. Further, the following proteins were renoved fromt he1 1007 7004
preparation according to the invention down to bel ow an i mmunochem cal’
detection limt: imunoglobulins, fibrbrogen, fibronectin, and
inter-a-trypsin inhibitor. This is presunably the reason for the
extraordinary stability of the product according to the jnyenti (gn The
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About 47 kg of cryoprecipitate is treated with 15% (wWw O a 2% (ww)

al um nurMaRYér oxi de sol ution. After centrifugation, the sanple is
virus-inactivated with 0.30/0 TnBP/ 1% Triton X 100. Ol extraction is

foll owed by ani on-exchange chromatogra 110CT2004 5 phy on Fractogel EMD
TMAE (t eRtebuEegepngiliopriasa asfONBYEK, Darnstadt, Ger- many). The buffer
conditions are as follows: Buffer AM first washing step: 120 mM NaCl, 10
mM Na citrate, 120 mMglycine, 1 nMCaCl2, pH 6.9-7.1; osnolality: 360-400
nmosnol / kguffeufiMefirBvvaskigrdeRrashi ng step: 235 mM NaCl, 10 nM Na citrate,
120 MM glycine, 1 nMCaCl 2, pH 6.9-7.1; osnolality: 570-610 nosnol / kg.

Buffer CM elution: 700 MM NaCl, 10 mM Na citrate, 120 nmM g| yci ne
CaCl 2, pH26.8M7NgCl, 19 mM Na citrate, 120 mM giycine, 1 mM Caglz, piq 6.91-7(71\4

osmolality: 360-400 mosmol/kg.

Buffer BM, second washing step:

235 mM NaCi, 10 mM Na citrate, 120 mM glycine, 1 mM CaCl;, 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 CaCl;, pH 6.5-7.1;
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 CaCly, 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



osnol ality: 1380-1480 nosnol/kg. Buffer DM third washing step: 1.5 M Nad .
The fractions showng VWF/ FVIIIl activity are subjected to size exclusion
chroma- tography on Fractogel EMD Bio SEC (gel supplied by Merck,

Darnstadt, Gernany). After ultra-/diafiltration, formulation is ef¥E8EBAN
with the follow ng conposition: 400 mMMNaCl, 10 MM Na citrate, 1 nM CaCl 2,
133 mM gl ycine, 1% sucrose. This is folbowed by sterile filtration. The
preparation is filled into vials and |yophi- lized, followed by a heat
treatment at a tenperature of 100 C. The heat treatnment takes 120 m nutes.
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7 days.qzysl O CT 2004 7 CLAIMS: 1. A process for preparing a

henost at | cal |y active preparation containing von WIIebrand factor (VW)
froma fraction of human pl asma by



| . chromatographic purification of a vWF-containing plasma fraction on an
ani on- exchange materi al which has the anion-exchanging groups on grafted
polymeric structures (tentacle nmaterials), collecting a vW-containing
fraction, characterized in that Xl. purification of said fractionusffiglie!
perneation to prepare a purified thermally stable vWF--containing
preparation follows; and M the preparation is heated at a tenperature of
nore than 800 Cin a |yophilized state for inactivating viruses. 2. The
process according to claiml, characterized in that the thermally stable
preparation and the heated prepargtjon gxhibit only one peak in HPLC gel
filtration analysis. 3. The process actording to claim?2, characterized in
that the preparation is heated at a tenperature of nore than 90 C
especially at 100 C. 4. The process according to claim2 or 3,
characterized in that the preparation is heated for at least 1 h to 5 h,
preferatily farpridcdstfopreHRingl ® Geffosane@)f tivk Hraprtiore ﬂ%tgﬁﬂrﬂﬁ 61?;1
y

characterized in that the fraction Is additionally purifie east
one adsor pt i 8¥illeydnerfagtgn GiWY) fronr afectignagfhyumen lpla36Ta 29106 _8 6. The
process according to any of clainms 1-5, characterized in that said
purification by gel perneation is effected as a final neasure for protein
purificationl. 7. Theorpetegrsphicporificatprt of anyVef-cohidimeglplasrehaasdrer i zed
In that said fragfigp Eﬁio%géiéﬂa%%ef s eﬁgleEf-,thh JL éiaasrwrirgri-exchanging
groups on grafted polymeric structures (tentacle materials)

!

collecting & vWF-containing fraction, characterized in that

I1. purification of sald fraction using gel permeation to prepare a

purified thermally stable vWF-containing preparation follows: and

III.  the preparation is heated at a temperature of more than 80° Cin 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 st @ tempersture of more than S0 °C, especially at 100 °C.

4, The process according to claim 2 or 2, 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.



8. A henostatically active vVW-containing preparation obtainable according
to any of clains 1-7. 9. The preparation according to claim S8, 11007
characterized in that said preparation does not contain any inf ectio% 2004
bl ood- borne viruses, especially HV, HBV, HCV, HAV and parvoviruses. 10.
The preparation according to claim8 or 9, characterized by contai ni ng

hi gh- ol ecul ar wei ght vWF and showi ng a8 ni ni num of 13 of 16 nultiner bands
upon el ectrophoretic analysis. 11. The preparation according to any of
clainms 8-10, characterized in that the ratio of VW activity measured as
ristocitin cofactor to VW antigen is at least OS. 12. The preparation
accordi n-t o ahy wocesaiagsodlind 1o eharcdct@mszéds byhénactériged gonkal pdidg

f VI i : ' f 13._.The. ' di f
chaims 812, PHOPSRIY By B Oberiemall i RES Furog ot MRaodis by Hisseh,
fibronectin apdrifitdtfir.a-trypsin inhibitor at a | evel below the

| mmunochem cal detection limt. 14. The preparation according to any of
claims 8-13, characterized by containing VW in a native formand free

from fragnment$he 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 obtalnable 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 8, characterized by conteining
high-molecular weight vWF and showing a minimum of 12 of 16 multimer

bands upon electrophoretic analysis.

11.  The preparation according to any of claims 8-10, characterized in that the
retio of vWF activity messured as ristocitin cofactor to vWF antigen is at
tezst 0.8.

12.  The preparation according to any of claims 8-11, characterized by further

containing factor VIII in 3 native form.

13. The preparation zccording to any of clasims 8-12, characterized by
containing immunoglobulins, fibrinogen, fibronectin and inter-a-trypsin

inhibitor at 3 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.





