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[0001] This application clains the priority benefit of
wOnioBeeBt at es Provi sional Patent Applicati onP@US2008/006291

60/ 930,891 filed May 18, 2007, herein incorporated by

reference in its entirety. Field of the Invention
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others acetylation, methylation, glycosylation and proteolytic cleavage. These modi-
fications are in many cases necessary for the protein function and activity and they
may also influence the efficiency of proteins, in particular of enzymes.

[0004] Pro-proteins (or protein precursors) are inactive proteins that are
turned into an active form by one or more of these post-translational modifications,
in particular by the cleavage of a pro-peptide from the pro-protein. Examples of pro-
proteins include, e.g., pro-insulin, prothrombin etc.

[0005] The production of activated proteins is of high clinical and diagnostic
importance. For instance, activated or matured proteins may be used to control blood
coagulation.

[0006] Active proteins are usually available at very low amounts in living
organisms. Therefore their pro-proteins and pro-enzymes are preferably activated in
vitro by contacting them with activation enzymes (e.g. proteases).

[0007] Current methods for producing mature proteins from pro-proteins use
either immobilized proteases or are performed in free solution. Both methods have
disadvantages. Among these is a requirement that the protease be immobilized fol-
lowing processing.

[0008] Von Willebrand factor (VWF) is a glycoprotein circulating in plasma
as a series of multimers ranging in size from about 500 to 20,000 kD. Multimeric
forms of VWF are composed of 250 kD polypeptide subunits linked together by di-
sulfide bonds. VWF mediates the initial platelet adhesion to the sub-endothelium of
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t h&o&és? g\ﬁ%gsery efficient in the case of recombinant high-level expression of
VWEF in mammalian cell lines. Cell culture supernatants from such engineered cell
lines generally comprise a mixture of mature VWF and VWF precursors like VWF
pro-peptide. In order to obtain mature VWF it is therefore necessary to convert the
VWF precursors, in particular VWF pro-peptide, into mature VWF, In EP 0 775 750
A, for instance, this maturation is achieved by using furin. In particular, it is sug-
gested in EP 0 775 750 A to co-express furin and VWF recombinantly so that the
maturation of VWF may occur in situ. In WO 00/49047 a method for produc-
ing mature VWF using thrombin is described, wherein the maturation is performed
in solution or by using thrombin bound on a solid support.

Summary of the Invention

[0011] The present invention provides an efficient method for producing ma-
ture von Willebrand Factors (VWF) from VWF pro-peptide. The present invention
provides a novel method of producing mature VWF by immobilizing VWF pro-
peptide on an ion exchange resin, followed by maturation of the bound VWF pro-
peptide with furin and elution of the maturated VWF from the ion exchange resin.
The method of the present invention is particularly suited for the in vitro maturation



from VW pro-peptide nol ecules. (Takagi et al., JBC

264 (18) (1989), 10425- 10430. Wiereas in humans the
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lane 2: 5 U/ml VWF + 5 U/U furin 0 h

lane 3: 10 U/ml VWF + 5 U/U furinO h

lane 4: 1 U/ml VWF + 5 U/U furin 6 h

lane 5: 5 U/ml VWF + 5 U/U furin 6 h

lane 6: 10 U/ml VWF + 5 U/U furin 6 h

lane 7: 1 U/ml VWF + 5 U/U furin 24 h

lane 8: 5 U/ml VWF + 5 U/U furin 24 h

lane 9: 10 U/ml VWF + 5 U/U furin 24 h.

[0015] Fig. 3 shows the maturation efficacy dependence on VWF concentra-

tion. 5 ml VWF sample dissolved in resolubilization buffer (100 mM citrate,

100 mM HEPES, ph=7.0) were spiked with 0.5 — 4.0 Units furin/U VWF and incu-

bated at 37°C. Samples were drawn at T = 0, 20 and 24 hours. The samples were

analyzed by SDS-PAGE on 8% gels and the separated polypeptides were visualized

by silver staining.

lane 1: VWF 10 U/ml

lane 2: VWF + 0.5 U/U furin O h

lane 3: VWF + 1 U/U furinO h

lane 4: VWF + 2 U/U furin O h
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gradient elution

2 CR30-E1 + E2( 3.2 U furin /U VWF; 1h at 37°C; FUR_UF06 01

(clone 488-3); gradient elution

3 CR36-E, (7.8 U furin /U VWF; 4h at 4°C; FUR_015 (pre-purified
on TMAE)), step elution

4 CR37-E, (5.8 U furin /U VWF; 8h at 4°C FUR_UF06 01 (clone
488-3), batch elution

5 CR38-E1+E2 (4.8 U furin /U VWF; 8h at 4°C; FUR_018 (pre-
purified on TMAE); gradient elution

Detailed Description of the Invention

[0017] The present invention relates to a method for producing mature von
Willebrand Factor (VWF) from von Willebrand Factor pro-peptide comprising the
steps:

- immobilizing VWF pro-peptide on an ion exchange resin,

~ incubating the immobilized VWF pro-peptide with a solution comprising
furin to obtain immobilized mature VWF, and

- isolating mature VWF from the ion exchange resin by elution.

[0018] The method of the present invention is particularly suited for the in
vitro maturation of VWF from its VWF pro-peptide form. Current conventional
methods produce mature VWF by either incubating its pro-peptide form with prote-
ases in a liquid phase whereby the maturation itself (i.e. the cleavage of the pro-
peptide from the pro-protein) occurs in an unbound state in free solution, or as de-
scribed for example in WO 00/49047, by immobilizing the protease on a solid car-



100 mM HEPES, ph=7.0) were spiked with 0.5 - 4.0 Units
furin/U VW and incu bated at 37C. Sanpl es were drawn
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by SDS- PAGE on 8% gel s and the separated pol ypeptides
were visualized by silver staining lane 1: VW 10 U ni
lane 2. WFF + 0.5 UU furin O h lane 3: WIF + 1 UU
furin O h lane 4: VWWF + 2 U U furin O hlane 5: VW +
2.5 UUfurin 0 hlane 6: VW + 4 WU furin 0 h |anes
7-1 1: as above, 20 h lanes 12-16: as above, 24-h.
[0016] Fig. 4 shows TMAE el uates after on-col um
mat uration. MAB fl ow t hrough material containing
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peptide attached to the N-terminus. Upon maturation in the endoplasmatic reticulum
and Golgi apparatus, the pro-peptide is cleaved off by the action of the cellular pro-
tease furin and is secreted as a homopolymer of identical subunits, consisting of
dimers of the expressed protein. However, the maturation is incomplete, leading to a
product comprising a mixture of pro-peptide and mature VWF.

[0020] Due to the high efficacy of the method of the present invention, the
unmaturated VWF pro-peptide expressed during the recombinant synthesis process
is substantially entirely converted into mature VWF. A preparation obtainable by
this method may comprise at least 90%, more preferably at least 95%, more prefera-
bly at least 98%, even more preferably at least 99%, of mature VWF in relation to its
VWF pro-peptide form.

[0021] It has been shown in previous publications, that VWF pro-peptide can
be converted to the mature form by in vitro treatment with furin or furin-like prote-
ases (Schlokat U. et al. (1996) Biotechnol. Appl. Biochem. 24:257-267; Preininger
A. et al. (1999) Cytotechnology 30:1-15). Furin belongs to the family of the pro-
protein convertases and is dependent on Ca'™. This enzyme specifically cleaves the
C-terminal peptide bond of arginine within a specific sequence, containing arginine
at positions —1 and —4. This sequence can be found in numerous human proteins,
showing that furin plays a major role in the maturation of a number of human pro-
peptide-proteins.

[0022] Furin used in the method of the present invention is preferably of re-
combinant origin. Recombinantly produced proteases are advantageously employed
because they can be produced in high quantities.

[0023] In contrast to conventional methods, the VWF pro-peptide is immobi-
lized on a solid support (i.e. ion exchange resin) in a way that the mature protein will
remain after its maturation reaction immobilized on said support. This has several
advantages over the methods known in the art.

[0024] The method of the present invention combines a purification step,
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¢ ulln,tg Wii§ protease or cell extract. Therefore, no or only partial purification of the pro-
protein convertase is required in order to maturate the pro-protein bound on the ion
exchange resin.

[0026] After the maturation of VWF pro-peptide to mature VWF, the mature
protein immobilized on the ion exchange resin may be washed to remove unwanted
molecules from the resin. These molecules include the VWF pro-peptide or other
proteins and compounds added to said resin during the incubation.

[0027] The method of the present invention is terminated when the mature
VWEF protein is eluted from the ion exchange resin. This is particularly advantageous
because it allows the purification of the mature VWF on the ion exchange resin
without the necessity of further process steps. It also allows for the addition of wash-
ing steps, for example to remove the VWF propeptide, before elution. Thus, the elu-
tion in the present method may be achieved using an elution buffer with desired
properties and not with a buffer or solution that is required to activate the VWF pro-
peptide. '

[0028] Because VWF pro-peptide can be produced recombinantly in large
quantities, it is the preferred source of VWF pro-peptide in the method of the present
invention. However, the VWF pro-peptide used in the present invention is not lim-
ited solely to that obtained recombinantly. The present method can be used with
VWF pro-peptide obtained from any source, including, but not limited to plasma, a
plasma fraction and a solution derived therefrom. The VWF pro-peptide to be matu-
rated according to the present invention may originate from various sources,
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i g3 Hltlbrgﬂ)n', the qu%tn%{o%rﬁlp){icqgsh{ & packed in a chromatographic column.
Since the concentration of VWF pro-peptide in the course of its in vitro maturation '
influences the maturation efficiency, it is advantageous to pack the chromatographic
resin in a column. Furthermore, the use of chromatographic columns allows the effi-
cient control of the parameters of maturation in a more reproducible manner and
makes it simpler to perform the maturation of VWF in vitro.

[0032] If VWF pro-peptide is immobilized on an anion exchange resin and
incubated with a solution exhibiting VWF pro-peptide convertase activity, the con-
ductivity measured at 25°C is, in one embodiment of the invention below 25 mS/cm,
in another embodiment of the invention below 20 mS/cm, and in another embodi-
ment of the invention below 16 mS/cm.

[0033] VWF pro-peptide as well as VWF can be efficiently immobilized on
anion exchange resins at these conductivity levels. Consequently the buffers applied
in the course of the present method have to be adapted correspondingly.

[0034] Mature VWF is eluted from the anion exchange resin at a conductiv-
ity, measured at 25°C, of, in one embodiment of the invention, at least 40 mS/cm, in
another embodiment of the invention, at least 60 mS/cm, and in another embodiment
of the invention, at least 80 mS/cm.

[0035] Of course it is possible to apply further washing steps before the ma-
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f Udrt R aBRYo RRn@Rtaad REthobsehit Mb4tABProPtidte GiehibdtioR time. Generally,
supennak-ah p%c.laﬁs i§ ?anlnirla{eﬁqn RECHS 48 AuS ?‘lddﬁh%g&t Fatorss
ce extract. ererore, nNno or iny artil a . .
pupyY Peenougthtogroduse maruse Y Bitefrem dts mgmslaw t9 thekjgh pregific-
| nitpsffatint‘overadtivaddre of VeV P (fortier taedtytivadenehdarivn) Heesinonoc-
ex&ﬂ%@&leaf{e?ﬁlloibnged incubation time.

[0039] According to an embodiment of the invention, the incubation is per-

formed for less than 1 min to 48 hours; in another embodiment for 10 min to 42
hours; in another embodiment for 20 min to 36 hours; and in another embodiment
for 30 min to 24 hours.

[0040] The maturation process depends also on the temperature chosen in the
course of the incubation. The optimal enzymatic activity of furin varies with the tem-
perature.

[0041] According to an embodiment of the invention, the incubation is per-
formed at a temperature of 2 to 40°C; in another embodiment4 to 37°C. Furin may
already be efficiently active at low temperatures like 2°C. Care should be taken to
select the maximum temperatures so that no or substantially no unspecific protein
degradation occurs. This is generally achieved when, in one embodiment of the in-
vention, the maximum temperatures employed are lower than 50°C; in another em-
bodiment, lower than 45°C.

[0042] Yet another aspect of the present invention relates to a VWF prepara-
tion obtainable from VWF pro-peptide by a method according to the present inven-
tion. The method of the present invention provides VWF, which is substantially free
of VWF pro-peptide due to the high process efficiency.



[0026] After the maturation of VW pro-peptide to
mature VW, the mature protein imopbilized on the ion
W@@Ra#9e’ resi n may be washed to renpve unwantBCI/US2008/006291

nol ecul es fromthe resin. These nol ecul es include the
VWF pro-peptide or other proteins and conpounds added
to said resin during the incubation. [0027] The nethod
of the present invention is term nated when the mature
VW protein is eluted fromthe ion exchange resin.
This is particularly advantageous because it allows
the purification of the mature VAW on the ion exchange
resin without the necessity of further process steps.
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not limted to plasma, a plasnma fraction and a
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tions of at least 1 mM for full activity with no difference in activity when the Ca**
concentration was increased to 50 mM. In a first set of experiments the calcium de-

pendency of the in-house developed recombinant furin was tested and quantified.
The furin was expressed from an experimental CHO clone CHO 257/1 638-25 and
secreted into the cell culture medium as soluble enzyme containing a His-Tag at the
C-terminus. A preparation of furin pre-purified by Ni-chelate chromatography was
subjected to activity determination using a synthetic peptide Boc-Arg-Val-Arg-Arg-
AMC as substrate. The VWF pro-peptide maturation reactions were performed in
assay buffers containing Ca®* in the range between 0 and 40 mM. The results de-
picted in Fig. 1 confirm the literature data that the recombinant soluble furin ex-
pressed from CHO cell line shows a clear calcium dependency with maximum activ-
ity found at Ca®* concentrations between 0.5 — 1 mM but also a significant inhibition
by calcium at concentrations higher than 5 mM. This inhibitory potential of calcium
has to be taken into account when the source material of r'VWF contains substantial
amounts of Ca".

Example 2: Dependency on VWF concentration

[0046] As deduced from classical enzyme kinetics it was considered that a
higher substrate concentration could lead to a higher turn-over rate of the enzyme




[0029] Since it is preferred to use in the nmethod of
the present invention VW pro-peptide of reconbinant
w@eri0gi14397t he VW pro- pepti de containi ng sol ut i PEIT/H8200$/606291
a culture supernatant prepared froma reconbi nant cel
culture. O course, it is also possible that the
source of the VW pro-peptide of the present invention
conprises a partially purified, reconbinantly produced
VWF pro-peptide, which can be used for maturation.
[ 0030] According to a preferred enbodi nent of the
present invention the ion exchange resin conprises
trimet hyl am noet hyl -groups (TMAE). O her ion exchange

bl f, bi
VV\%iO%%é( a&lra‘ﬁla eé:rg:‘é%ﬁtf?r%a(gqng 6)(5129 Q dlucelcp m%tgl%tlf)%
f aE’inF i hys éRYE @aﬁmtw&e(p%nq@fwg gonaiﬁae@ at YWa\doreentyyyons of
pr b, Jeydt1i0dénitsmiksink i5A@ts dirid/ 16/ WE SN g in @brnidlized Bi¢aba€ion vol-
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chr onat ggy HP resin | acked 1n g

cofahie & PAE- dbR éf‘éH]t‘Sr sergin Bie gt land 1&@

t heonceruragiensathe VVEF inatuwtipn provedds faster amd woidld abowe asreduhei in-
el bhadd @le ?d‘rfﬂh%&%mtm ikp.i s advantageous to pack t he

chr omat cresSinin coI Fur t her nmor

use of @ﬁ%ﬂﬁﬁ%‘ﬁ’ﬂf’%ﬂﬂ{‘%a E‘Eﬂcﬁﬁﬁ?ée Wg\%eﬂaf?é‘ogf‘?‘fd E‘F maty-
c oratipwteagtiontwigh (& r-arfeUsitssfunf/ Umet MW B tA goat 379C, ahemosudts indicate
r eMhOAVOTHYh S bR Bfad 896k BAES: dchieSdd WitiElesd Ba$UhRE M
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an d i nd@B4’] s showh by thinéxamiplen the prdsenittinvegtioafarther improves the
Pr furip SRtk rAorCAnNYRY mglemaq&daw&lyennbh@l &fQhe SUibsEatY VIWF pro-
rre]?%ﬁﬁggn % /;gﬁ&m 1? Verk ﬂkgﬁn%h ggg ElonsfotI \ﬂgF :p%{\; ge?ﬁtld were .
be@lwlwnﬁﬁmfﬁaseatha rqawraawetVﬁl@?l%nbodu

Example 3: VWF maturation

[0049] In this example VWF pro-peptide maturation with furin is shown.
Furin is contacted with VWF pro-peptide bound on a chromatography column. The
chromatography step was performed on a TMAE anion exchange resin. The details
of the TMAE purification step are listed in Table 1 with the buffer formulations
summarized in Table 2. Applying this set-up, different procedures for the on-column
maturation of bound VWF pro-peptide were investigated; including circular pump-
_ing or down-flow pumping of the furin, while concurrently varying the parameters:
temperature, contact time, NaCl content and the specific furin amount. The VWF
found in the eluate pool was investigated for the maturation grade by SDS-PAGE
and visual evaluation of the ratio VWF pro-peptide/VWF (for example see Fig. 4).
[0050] A further parameter influencing the maturation efficacy was the qual-
- ity of the furin reagent. The furin was sourced from a cell culture supernatant of a
clone expressing a His-tagged furin (experimental CHO 257/1 638-25) with a low
expression level and/or a clone expressing soluble furin without Tag with a high ex-
pression level. The results summarized in Table 3 show that efficient maturation at
37°C (1 hour contact time) could be achieved with a specific furin amount of as low
as 2.4 Units furin /Unit VWF Ag bound on the column. At 2-8°C a maturation of >
95% could be obtained with a specific furin amount of 3.3 Units /Unit VWF Ag at 4
hours contact time. At an ionic sUeﬁgth of 150 mM NaCl the overall efficacy of the
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ment of the invention below 16 nS/cm [0033] VW
pro-peptide as well as VWAF can be efficiently

WO pao8hidorzed on ani on exchange resins at thesePCT/US2008/006291
conductivity levels. Consequently the buffers applied
in the course of the present nethod have to be adapted
correspondi ngly. [0034] Mature VW is eluted fromthe
ani on exchange resin at a conductiv ity, neasured at
25C, of, in one enbodinment of the invention, at |east
40 nB/cm in another enbodi nent of the invention, at
| east 60 nS/cm and in another enbodi nent of the
invention, at least 80 nS/cm [0035] O course it is

poshséoki)m@\l/\b%tu%% Xxfas géc%e*ﬂ ‘85m¥‘%§&‘{o% V3R 121%7 1‘8{1&%@8 furin

e ani on exc
[ ootbeyndde sl ign ArhargedpsivAbYE GRMENYE: t he i nventi on,
f urin f/aostjién Telerpa asiEBableadBl the injyiuridy mofilbem:t CHOI pmemfand

R)téage %1 ﬁf:tﬁé gllthg gB&l ?@&Bgﬁ a{}gmetglrs ﬁplled

concehtratl on accor | ng tQ anot

en9bHeneN ma&tra%onémé@rﬁl\déﬁ Rregits sndicate,that fusip congepsrafes
Fafirort Ittesi HipTagged! sxpesmenbli clortey(lomeexpression ksl with @echighest
ggarxﬁﬁhg 91!;l agitditi\c/)lhiﬁ o cé’llﬁé&ﬁl}e s‘ﬁBExﬂétaﬁt%r eﬁrpeé:Hi?ér ‘&%eL c:*élﬁh'xh{ &Ring
SerorgoR Gt vovShest GHO by i 28k from psoricrtsters
Theitlrbgin fme fhe(GME cloat wisdtedga kempasatvglydp wid RO centamipation
[ 01@3333 mﬂi‘@elhzﬁ@ 568 hrfdnthd bd&ld?lfil ¢HOI Rl Wulﬁhe V&18me pumped over

oy BF ShibinB s 1ok whh Ao LYo E e oty FE FRlof By e S wr

et Rrodyct foadichhedow therinegeflicalterg ¥ glupre redvereqgar FWF |pcmpept1de matu-
pr@ﬁ&s&oul&kau@‘éarthat &he[CH O dp ke ldvenithe dliite gooll shonldddt Sig-

| Ry *??a'é%tb%eﬂ%“?ﬁﬁf o0 P L AR QB Bl e v W,
t eYOHIhad é’dmlaﬁ cqnts@gmemrprz e sonld be detected foe H’&)ﬁ“l“ PRoigassrac-
| etidty that behaves like a “CHO impurity”.

Table 1: Details of the TMAE Capture/Maturation Step

Step Buffer Flow rate Column vol-
umes
Conditioning SIP1 ' 5
WP2 5
EP/WP1 10
Load starting material, diluted 1:4 with Appr. 200
water : 150 cm/h 5 =
EP/WP1 5

Furin treatment FEP

Furin diluted in FDP low 1-10

EP/WP1 5
Elution Wash 20% EP3 in EP4 0.5

20%EP3 — 80%EP3 in EP4 150 em/h 7

EP3 10
Regeneration WP2

SIP1
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may be enough to produce mature VW fromits pro-form
Due to the high specific ity of furin,

WO oo08/143977 vati on” of VW (further proteol ytic PCT/US2008/006291

degradati on) does not oc cur even after prolonged

i ncubation time. [0039] According to an enbodi nent of
the invention, the incubation is per fornmed for |ess
than 1 min to 48 hours; in another enbodi nent for 10
mn to 42 hours; in another enbodinment for 20 mn to
36 hours; and in another enbodinent for 30 mn to 24
hours. [0040] The nmaturation process depends al so on
the tenperature chosen iin the course of the

i ncubation. The optinmal enzymatic activity of furin
varies with the tem perature. [0041] According to an
enbodi nent of the invention, the incubation is per

f ordpeel2 aBufferd AR ITMAE €apureZMaurdid Stepi N anot her

entﬁ)‘ﬂ er;fept4 to 374

+ l
agtt+ve t+—towten roth

tg t d Beneguilit heSGymM Hﬁﬁﬁ SRpdramMes <>gobha§4-§10 Qoo

rEil'ﬁ“d ent IYeondsec

sybs antnﬂﬁkm.no umSﬂﬂplﬁmmCBCQte|n degr aglat op 24.6
ogcurs. [n ong

: I %Myﬂﬁfég edsy'BRN
enmtypmh mgnt oﬁlﬁh |n ventlon e naX|nun1U£Upez&wLHE&25 26.9
enpl oyed tignduffgi ey N‘F@nzm53q2n anot her ém bofdi nent
| qvier/Wt Hayudl biation O0K2h MY Eiis, a0®inveNaAs8sct | of the
prigsent U@xgptionwﬁgkphgg to a WF prepara6§pon253 16.62 | 25.1
ohtatralgtre—F+romWA pro= ptpll e uy arrethpd—actotch a1v)
tathe gresent invien tion. The nethod of he p esent
i qventidn_ provi des| MMARM v, ¢00 ind1 Salstomot | al | yi freg of
VRS o-|Jdpiqnde duekPnide hi gh process 7.527123.5 | 834 | 235
Ef I I Li Cl L,y LGG43] IL\\IIUL 1erT r@% I l I'nc CSCII1
| vy | OrPosteél\%@ﬁ lpmg’%“s?t 25 1246 |242
cgnprisijng a rwaaratlon accordlng to|the present
i vgp} | Jreasd N 0.5 M NaOH

WP2 High salt 2 M NaCl -—- — —

[0052] During the on-column experiments it was observed that the perform-
ance of the step decreases significantly with the number of batches done on one col-
umn. The reason identified was column fouling due to an insufficient column regen-
eration procedure which included 5 CV 0.5 M NaOH and 5 CV of 2 M NaCl. The
procedure was kept as it is but the base was used pre-warmed at 30 — 40°C to im-
prove the cleaning efficacy. This measure was found to be sufficient to prevent col-
umn fouling and a drop in the performance of the process step.
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phar maceuti cal

preparation can be enployed in

particular for treating blood coagula tion di seases
W@rwsa#7be conbi ned with other active ingrediRCE/ES2008/006291

such as other blood coagul ation factors.

Furt her nore

the preparation can al so conprise pharmaceutically

accept abl e exci pi ents,
further aspect of the present

carrier and dil uents.

use of a VW preparation according to the present
invention for the manufacture of a nmedi canent for the
treatnment of von WI Il ebrand di sease (WD).
Exanpl e 1: Cal ci um dependency of furin [0045]

Exanpl es

[0044] A
i nvention relates to the

En@é?qla.; onﬁ&%ﬂsﬁs B%-&pﬂ&%ahﬁ%o% olr;I ’{rl\ﬁkgal | 52992)
aqRpplR ;F“F!P dependent Ht@haﬁ?l%d eval uati on |§fmphe [NaClin
crlystal | structure (Thmet al. (2005) Acta Crlyst. Buffer
Dtl:bU5 that tn edyl e ..nas t
bi[ndi ng| 2 Qs TSI It T, AR aftirerigh A et UM
all.__(2000¥F AR JCVhein 275:136741- 3d7499) dedcri bed
t heRof upien requie.ed calgci um jo@acent r|girdulaens ABo-a¥°C  |120
Iqaﬂm W’ror ﬂgé aciJvity Mifh no di fference in
agtEH when—thie—Cazr—conceftrat+oR was i ncrleased t ¢
5ACR85 |14 a firgr8set |k expédi ments the caldiumd e|l50
pegregcmeof the|4m-holse devielsoped rigswnfywant furin
V\Ei& §Sl,ed and gpantiijed. IB% furin was exprlessed
frull aﬂ eXpei’I i"u",ﬂra! <./| |\ u! TTC GLD 1_57/1 638' 25 and
seERat e@6into tiw2cel [! cult ulﬂé‘ medi Um as sol ybl e
engpp® ont ai ni ngpa His- Tag @tz the C-term nug. A
pr] afion of furin pre-purfi.fjed by N -chel ate
crégﬂat gr-aphy ] L °"}1'rect euo*:?h actHvity detgrm nati on
ugCRE7 aj4sk/ nt hetlblpeml de Bo®-2Ar g- Val - Arg-Ard- AMC as
sybrby appeys The VAN pr )3 pept i lgeg mat urlakdud T edcti ons

Er3fC3 2 9 1.2 downflow

CR33 |5.8 10.4 20 1.0

CR34 64 10 8 1.0

CR35 |8.2 4.5 8 0.5 .

circular 2-8°C

CR36 [7.8 4.5 4 0.5

CR38 4.8 35 8 0.5

CR39 |59 33 4 0.5

[0053] The VWF load on the column was always in the range of 160 —180
antigen units/ml resin. After loading and washing according to Table 1 the furin

VWF pro-peptide maturation followed with the parameters applied as described in
the table. The last column lists the NaCl content of the diluted furin pumped through
the column.
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assay buffers containing Ca2+ in the range between 0
and 40 MM The results de picted in Fig. 1 confirmthe
WO 2G08n#190T e data that the reconbi nant sol ubl e PET/DBI90&006291

pressed from CHO cell |ine shows a clear calcium
dependency with maxi mumactiv ity found at Ca2+
concentrations between 0.5 - 1mM but also a
significant inhibition by calciumat concentrations
hi gher than 5 mM This inhibitory potential of calcium
has to be taken into account when the source nateri al
of rVW contains substantial anmounts of Ca +. Exanple
2: Dependency on VW concentration [0046] As deduced
fr wa sider hat
a'H] er Sug%{ péx)égzorrll&oﬁtl&% aélhrgtcl:ogu and %qgoéle in the
hi g @P Poolrn- over rate of the enzymeallow no VWE

Mgt ur alhoad |FhriflerafRGRstep Uri n consunpti on or reduced

meh ratfron [trme. This VVW nmat UratlﬁirlSXFEE msnts wer

cqndict ed dtotMWarinpea tFuin scumf contact

temp.
UI®Ps/ M uding 5 Unilts furin/U \WF Nﬂ |re%Y44¢:ﬂt| 7 gime

i ricubaljiop |pokitspe. |[The vwiphgs dripum at|[mi) e poi fkeurs] |[°C

Bo e oh onnf

b L= =) LI\ " T rrre T ur t o DITUV 1 ||| IIU UUIIIIIIII

0 ng\iﬁgﬁ ﬂagdrs 0 \12 Pcubatl on atgszc, gy € anal yzfd 37
at|CR24 ﬂéﬁﬂW%oncelﬁ rations the VOF nat/82ation |1

prlocres o2t dsge®y and|youl d al | ow a |p@plucgsks n cubatj on 37

Nnarati an ~And A~i"n~ t A nmt o v [ aYal
LA "ALIL]

tijtrﬁz ﬁpg&hh,f‘ggﬁnzy"%' c step. [0047],LTK Se, us 1;19 a 37
1

caHee ' aY e
LAYA Y2 LI A% A &ul CAL T UTT CATTU \¥ A IIU grreo meALT U T A

re@BﬂV D22, WBSO 5 - 470 Units furil%8Uni t3MWE Ag af

31ERrR20 ot d30dat s 1 ngh gate that a WE matyrﬁti on gl@ade 37

| nr\||haf| ra)

>L§ﬁo’*§, ‘,-.(’P.e?w.g?chgexsfhy[n 1 oSS [nc‘ﬁ}}‘lé’ iIs Tgu“q? o T,

[ QOR8] 12881 gh3Ne by t1Hh8s exanple, tfik DrG%’ént i nvergd on

fUckrbe200g1 o8s thesfurin maturatlson efl§3 cacy when

t 8R'39‘2%'01 PIEEntTa é.?n of the su'sc,trat s VWE T o

8
CR36 (2000 [13387 7.8 5 5 4
CR38 (2001 |9105 4.8 2.5 3 8
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peptide on the colum is very high.

Hi gher

concentrations of VAF pro-peptide were al so shown to
W0 p@Base7 t he maturation velocity. Exanple 3: RAUWUS2008/006291

mat ur ati on [ 0049]

In this exanple VW pro-peptide

maturation with furin is shown. Furin is contacted
with VAF pro-peptide bound on a chromat ography col um.
The chromat ography step was perforned on a TMAE ani on

exchange resin.

The details of the TMAE purification
step are listed in Table 1 with the buffer
formul ati ons sunmarized in Table 2. Applying this

set-up, different procedures for the on-colum
malt %yeajb %Pi’rob? 1ge on colﬁmg " tllodne Cﬁad gnd purglﬁir&tgl%;megxe
i ncludi n I'ng or W punpin
t Helugte Pp :
tegngf? e, contact tinme, NaC content and the
SF acl J&I ||r| A—aRRHRE— The \vl\"I\F fC' n€|r I n—the al vate
p(Rhn\IBS Vi ((0ed {SpecifieaCHOt |Fakinon ﬁ;ﬁedﬁckﬁprm Reduction
SS- PAGE| and vijsual evalgigdpion of [the rat ‘? factor for
pro-peptide/ VAR (for exanple see Hig. 4).[[0050] A ]
fdrther paranetler infl Uencing the mat ur at | on ef fi cacyerin
wgs the gual; it f the . Th [ S
S( urr\nd I:n{:!\ ..a. Xp’ . CII|[|'u%}ﬁr§ cllh r'r } - mﬁi%mﬂﬁ
e gRessi nZe.¢8 Hi &094aggedo 6aarin (expenis:nent g0 CHO 257/ (10
638=25)wWwth=a jrow expressionm tevgt—amnmd/ o —a chone
expRa4si niy- 5ol ulBPE” f ur ih1 W t hout T888wi t h|R& hi gh ex [10
pn el . res sunmar bl e 3 shiaw
tfgﬁigffl ’%e nt &é?ﬁr at |(y#1f32t 37C (2$$‘ﬂnur 2-5§nt act K
ti m6coui@|1 be @qh—y eve Jloy\ut h a speQQ(sg c fluhn anount|g
ofas—t-ew—as—2- Barts+Hura—FHat-H—AAF Ag bounrt—en—the
cqolaen. AS.R-8C 1368mtw01098on of > |2%08 cou|ldlbe 3
ohtTalned Wltha Ecitic furin amjuni_. ol B, 3 UNits
 URREI WL %Y at |2 %ouw tact ti|he2* At 8i? ionic 3
st FRREt h | 9f 9 150 ,3h4 NaCl, sdye overal|l 15 fic of 5
t heon-collum n oh—was—better conrpared-to-90 M
N4CR33 by |[12avi ng3she f U130 886 49 12
CR34 11.7 n.d. n.d. 121 10 93
CR35 20.2 968 0.048 671 33 20
CR36 19.8 1324 0.067 817 41 16
CR38 14.8 n.d. n.d. 820 55 11

[0054] In Tables 4a and 4b, defails of the on-column maturation experiments
including the volumes of VWF/VWF pro-peptide (MAB flow through), furin con-
centrate and the corresponding equivalent of cell culture supernatant applied to the
column are shown. The contamination profile for CHO proteins and furin protease
activity in the eluate pool is shown. Run CR 24 — 29 used a furin concentrate of the
His-Tagged experimental clone (manufactured at Pilot scale); CR30 -CR33 used a
furin concentrate of the GMP clone (manufactured at 10 liter fermenter scale); CR23
and CR35 — CR38 used a pre-purified furin from the experimental and GMP clone,
respectively.

[0055] The eluate pools were also investigated for the VWF quality in terms
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unbound to the ion exchange resin at these conditions.
[0051] In Table 4a and Table 4b the inpurity profile
WO 2008 THI7prot ei n and furin protease activity iPCT/H82008/006291
el uate pool are shown in relation to paraneters
applied for the VW maturation step on TMAE. The
results indicate that furin concentrates fromthe
"Hi s- Tagged" experinmental clone (I ow expression |evel)
with the highest amount of additional CHO cell culture
super nat ant punped over the col umm during maturation
resulted in the highest CHO i npurity |levels. Data from
mat uration steps with furin fromthe GW cl one
r eg, aﬁizh%gfxal g{oqgoqﬁﬁlr%%rgﬁ %0¥1 %\gv%rgi_%eg %lg{,tﬁ)%%glls O&ddlt‘ieo\ﬁgi pro-
c u'let’bﬁ*% %449%1 erahsddrehiid %uah#él bysigarpe gpidectrephoresiggn 5%
- of gdiveharothienmaih bade df o VWF hfiltitdrigictoies e dlahked byWreak ad-
pr &gbll?atl Bllr%@ger@;c;@ ke‘ﬂWe’f llfﬁrnhgl W@sltérn %ﬂlt 'i'éé[lﬁs Alf%l f’cgﬁ lots mdlcate

requir

t h%ﬂ Sl@‘H@“”@I—@W‘Wﬁ @Pﬁlc% @m@m 0n| \ﬁWf M@&P&e qs>8t§|a tgmwumn
Nomatsragion rdgaidst biythe eoridirpas bygpdiedy the furin reagent

and nai 6b5’6 B8 %ﬁﬁ@ Q’V@F’ fc;uh& mVME eﬁlgrl:gggl wid a%hl?lzéd%r the N-

contan1nat|on r cou €
pr GrRigalseqyeneq C&Fkt ﬁﬁ’ﬂ“ﬂ@ﬁ 4vest %}eavegfdlfeﬁlae?f t{lf'ymndl-

Tahxms of thePatcalunm mitutatien. TOME fGapbaiches URB8,rGR3IS0oamd CR 36 were
SRlaRbEard: th@thgﬁ{lﬁalfs&{ueﬁJEQ‘od}M%n%%hw t%/tl'}@é)ﬁ%@%&d Qﬂ na-

obg er%g%%f%%?f TR Y O R s SRR PVRE o FafeferistiBi e

si gpalifyi of dleet i itk pricassing sfeimber of bat ches done on one
c oI u mxagg 4- SHSObY u}nfsl Mw&r&}i&dpmcazélmmmwub&mg due
an i ien .
wni oh 100170 J05 0B R Al RER, et Ahpi Bl G Al S s im-
Thelemeedafpilet spals ake P lites solumningthigrcm diampiss apphaag 4totad load
pr ef approihtely 189 VWEObatdd. The jrocese waherfradatrlg- 8°C with a
ef fu'rlﬁmuratl-[ | tind"EES I s M&dfn%lfﬁpscglg r@x?CﬁS'g fThcé 'pﬁlmxecf PMAE

prevent co
capture/maturation procedure for pilot scale is summarized in Table 5. For the matu-

ration the wash 2, the activation and wash 3 was introduced after the loading, but
before elution. For elution of the mature VWF the step elution was applied.
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um fouling and a drop in the performance of the

process step. Table 3: Conditions for VWAF Pro-Pe tide
woRioansaoron on TMAE [ 0053] The VW | oad on t heP€DUS2908/006291

was always in the range of 160 -180 antigen units/n

resin.

After | oading and washing according to Table 1

the furin VAF pro-peptide nmaturation followed with the

paraneters applied as described in the table.

The | ast

colum lists the NaC content of the diluted furin
punped through the colum. Tabl e 4a: VW Pro- Peptide

On- Col um WMat ur ati on;

El uat e Pool Tabl e 4b: VW Pro-Pepti de on-col um

CHO and Furin Profile in the

F?‘ig';);;ﬁa,; I'I%A.E%'Etu%]l@la&&a& oﬂ IP(gchilire gq Mbt Elgzﬁg El vate POO'
11 1 T CS =4 dAItu LA UII L;JI uIIII
ation pypRLIMeENtS i nel ud?‘%f&rt HFlgw| of | ¢ ¢
M%y proi pe ﬁ%’l de (MAB fl| gwdlhr oygfaje furin cpnormen
cgnirate an@l the correspondi equi|V; Vﬁnt of celT
CH-ture—supefrRatant—appHetto—theeo O
Théreont am N IOWPEr {’/‘V{'ﬁ far, sCHO pr%el apd furin
P RbRAGEHIRLT | he eluate podl shown. Run CR
2429 used Tqﬁé tirate of the H s- Tagped
experi ment a %?lgnetgnr?ggﬂ@g%t UK. at| Pi lGl?Jt scal e) 160CRBSD VWF
- (Rad used alidr (A E6vERA r gt 0f t{HSOGMPPEF- 88| A U /il resin
(manufacturesTat 10 liter fermenter| scalf); CR2B gnJ
ash 1C CR38 E§g,glpa pre puriflied furlllgofromlh[he_:
expett+enta atd—GvP—ctonre—t copcuti vet YF 86551—The
elluate pool $ were al so invesltigated for  he WWF| 50 mM HEPES,
guality in ternsof additiongl protdolytipc degrafasdaM NaCl, 1
by W#lirose ¢EFlel ectrophores|ils. AdditPonlal? Bip
, . . . mM CaCl,,
tgol ytic degradation can be |nicely [visualized by
agarose gelelectrophoresis gn 2 5%igel s Mhere t hRHFLD (RT)
bands of the VW nultimer stjructuregs are| fl ankefdDiyted with buffer
wgak ad ditijonal bands terngd "satgllitel' bands|rgi: 50 mM
Western Blol results of several |ot{s indjcate np
silgni fi cant | gatiehhditLwhgnd flormati dn on VW TMAEHEPES, 150 mM
NaCl, 1 mM
el liz‘”illrm Ac?OI bl?itfer%rEl?a%pC?gunn 2-4 low 8h y
CaCl,, pH=7.0
mS/cm) -
(RT), Volume re-
cycling appr. 4 -5
times
Wash 3 FEl 1 150 2.4 min
Wash 4 EP/WP 5 150 12 min
Tt
Elution, EPI 20 75 | 96 min
varl
i Gradient:
Elution, _
) 20% EP3/80%EP4 to 7 75 33 min
var
80%EP3/20%EP4
Elution, .
EP3 10 150 24 min
var2
Post di- | WP2, SIP1, WP2,
ost condl ’ 20 150 |48 T= appr. 30°C
tioning EP/WP1

[0058] The data for 13 capture/on-column maturation steps at pilot scale are
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maturation regardl ess of the conditions applied.
[ 0056] The mature VW found in the eluate pool was

wW@r@BAz®d f or the Nterm nal sequence to check PET/U820081006291

was using the right cleavage site under the condi
tions of the on-columm maturation. VW from bat ches
CR33, CR35 and CR 36 were sequenced and the N-term nal
sequence found corresponds to the expected and na tive
sequence for mature VW (N-term SLSCRPPVM . .)
further confirmng the quality of the in vitro
processing step. Exanple 4: On-Colum Maturation-Pil ot
Scal e Irrpl enmentation [0057] The on-col um maturation

}Qﬁf 6de with furin was i mplenented at

sca a9I|ter colum with 30 cm di anet er

appl ying a tot al | oad of approximately 16 g VW per
baldblle 6: Dircqhing amairaa apPildt ®ldie scakt (2 200 1it8Qowd tdlude/batch)

f%dﬂiﬁr%@ée‘lﬁ&ﬁ*r E?.é%,&om S accord| ng |l ab scal e

CUNROJ. I'TIc |JI allrircy - CAdpLl Ul CI Ilul Ul all UTl

p[rugcedlﬁl\é for pilll@ed gcadldvitg ¢YARRETEed Maturatign) ¢ ¥WF | VWF
or the matu rat iVONFt [FaridWF 2, Thee aclt Tangieranire dnPro- Pro-
wash 3 was introduced after the |oading, but bef Yeftide
el ution. For elytion|of the mature VWA the step|
el ution was applli ed. Tabl e 5: TMAE Captjur e/ Mat ur gfGogignt | content
Arocedure at Pillot Sgal e [0058] The data for 13| inElu- in

capture/on-col ufm maturation steps at |pilot scall&epoo | Load

-

peptide

resurmmar i zed 11 apt Table 6 -COl [

mturation at Pi |U<I§{n?p| aO(tI scal e ?*Eioo | i teré[roac %of | %of
ol ume/ bat ch) onresil% 1Fract ogel EMD TMAE 650 cql ¥WoF | VWF
run not considgred for statistical anjalyses [0059), Ag

< 3

>

G T O RV A ARG UV 0 Y

NAPRVWEMEO0GAOT] d bi3s¢ wolR, whiledit V\asad%Q)r bed ®&dfido | 61.64

aroR Vv EMEDSUEE | T e8i 1, \Abvch avoi ded the nged t9 052 | 5362

NKANAISI AN Al Mt e et Ml M Ul IR
ORVWTMCO06010 144 2 0 4 20 0.64 55.34
ORVWTMC06011 159 04 4 20 2.61 42 .46
ORVWTMCO06012* | 123 0.1 4 20 8.15 nd.
ORVWTMCO06013 128 04 4 20 1.88 4391
ORVWTMCO06014 131 1.9 4 20 2.31 72.25
ORVWTMCO06015 114 0.8 4 RT 1.03 46.18
ORVWTMCO06016 123 0.6 4 RT 1.52 56.72
ORVWTMC06017 128 0.7 4 RT 1.65 57.02
ORVWTMCO06018 143 0.2 4 RT 1.79 n.d.
Mean - 129 0.9 4 n.a. 1.3 55.4
Min : 113 0.2 4 20 0.5 42.5
max 159 2.0 4 25 2.6 72.3

*run not considered for statistical analyses

[0059] According to the invention, r'VWF, which included rVWF pro-
peptide, was treated with rfurin, though non-rfurin would also work, while it was
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starting material was applied to the ion-exchange
resin, to which r W\ adsorbed. Excess Ca++ ions were
WO 2008/1¢397by an equilibration step, and rfurin BBUS2008/006291
punped onto the columm, where it resided for a given
amount of tinme. Non-bound rfurin, VW pro-peptide and
excess CHO proteins were renoved by a washi ng step,
and rVW was eluted fromthe colum by an increase in
ionic strength. [0060] The data in Table 6 show t hat
the furin maturation on-colum is ef fective and the
VW propeptide content can be reduced froma nean of
55 4@6VMF propeptide antigen in the load nmaterial to a

t hesor ed ({nto aﬂ V}{\’éx%aggeer@%'&%?g%\jo?cﬁﬁ tl?efne%ﬁ’%(ﬁéon%%'aAQhé n
pridie by 1>thelt heang pefaredhe)drin BeatpentnA e approrEatg ddutigprthe
Agtartigt htedfwad@ppiied td the dahéexetiate Wsi) tawhidh erinFSealgn&bef

ey H‘Bhé &eiegérh&lehj%b'tag @rgt'xdngs‘%‘ébh

col um under conltlon |nteta

| SR ELHIRVIGRYE et eflff%m %V?“(?“P“%‘i’ ftime hjopd °F£¢?

t NeWiFgireHpitide ang exxesBHO psutihedere meraoveid @h erwaalnmgl step,@hd

0 Q‘er J d'Wu . I@'Ias Mi¥ed Bloth tf/l@ BAILAIR bggl;'il hﬂ?ease]igtl(gfﬁé m von

1 ol Bhe Sels inofple pprUBA s o 21 Tt RmY R

i rfawiyieland ﬂné’wrérqvﬁpt4¢9@pnﬂedtecao be saduiadrfranx 6 hneay ef 5% Y, WF

I lilldhtigBeinl tﬂalaba hiategigh &Wmdah Of PS9Y vvlfp prbpeptifididritiden

et Gt ORE A% Bt sibiF BosTotneoniiion RPEl of BRPF Bt i the

mhmpm ebmean$. 1% matuse MWE AghetabV WIS AR danrachieved with a

PrigriP 8figk dEmesn M9 UnkS Aiia) AV W dn@ipéh loaded onto the column under
condition indicated in the table. At very low concentrations of rfurin (0.1 Units/Units

rVWF) the maturation process resulted in a higher amount of residual VWF pro-
peptide.
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3. Method according to claim1l, wherein said ion
exchange resin conprises trinethylam noet hyl - groups

W@ TMBE)39774. Met hod according to claiml, wherePCI/E81008/006291
i on exchange resin is packed in a chromatographic
colum. 5. Method according to claim3, wherein said
VWF pro-peptide is imobilized on the ion exchange
resin and incubated with furin at a conductivity
nmeasured at 25C below 25 nS/cm 6. Method according to
claimb5, wherein said conductivity is below 20 nS/ cm
7. Method according to claimb5, wherein said
conductivity is below 16 nS/cm 8. Method according to
cl ilrpnss, wherein said VW is eluted fromthe ion
exchange resin at a conductivity nmeasured at 25C of at
| east 40 nS5/cm 9. Method according to claim8 wherein
‘S al. MahRdifio€ piodiding instusd von¥idlebratld Rivtax{VWE). frdyfetdroWillebrand

ac Jn said conductivity is at

I elgag o‘#?%ﬁ%ﬁd&éo@ﬁﬂﬁ ﬁﬁ\eﬁﬁﬁ&% according to claim1,

wher ein Sunebikizing ¥ WEPrepspfideaaniiop exch@nggsséh, whi ch
conpr i-s emcitatibfithe iGaGbilia¢d EWFprepeptidetvidnfudh tdotiddin ramobi-

10 mM 12y, el had vageonhdi ng to claim 11, wherein sal d
Call 2 is at a con rat| ofOlto, n%
VBt hod aBe3HE RETEY WF ATom e ionrehatie sin b S4idh 2 | s

at a concentration of O 2 to 2 MM 14. ©Method

acg Mé’ch&gact:&dﬁxl 34 Blailn 1, MARESH Said WovE ﬁ%kt/g?ﬁéi@@ of &comblnant
per or med f mn to 48 hours. hod accordi ng

torta“élmm, wherein said |ncubat|on is perfornmed for
10 min to 42 hours.

3. Method according to claim 1, wherein said ion exchange resin comprises
trimethylaminoethyl-groups (TMAE).

4. Method according to claim 1, wherein said ion exchange resin is packed in a
chromatographic column.

5. Method according to claim 3, wherein said VWF pro-peptide is immobilized on
the ion exchange resin and incubated with furin at a conductivity measured at 25°C
below 25 mS/cm.

6. Method according to claim 5, wherein said conductivity is below 20 mS/cm.

7. Method according to claim 5, wherein said conductivity is below 16 mS/cm.

8. Method according to claim 3, wherein said VWF is eluted from the ion exchange
resin at a conductivity measured at 25°C of at least 40 mS/cm.

9. Method according to claim 8 wherein said conductivity is at least 60 mS/cm.
10. Method according to claim 8 wherein said conductivity is at least 80 mS/cm.

11. Method according to claim 1, wherein said furin is comprised in a solution,
which comprises further CaCl, at a concentration of 0.01 to 10 mM.
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16. Method according to claim15, wherein said
i ncubation is perfornmed for 20 mn to 36 hours. 17.
woRRABIZTcordi ng to claim 16, wherein said i nPCHS10081006291

is perforned for 30 min to 24 hours. 18. Method
according to claim1, wherein the incubation is
perforned at a tenpera ture of 2 to 400C. 19. Method
according to claim 18, wherein said incubation is
performed at a tem perature of 4 to 37C. 20. Use of a
mature von WI | ebrand Factor (VW) prepared accordi ng
to claim1l1 for the manufacture of a nedi canent for the
treatnment of von WI I ebrand di sease (WAD). 21. Method
for treating von Wllebrand disease in a nanmal
COI‘%prSI ng adni ni ster |ng to saijd mammual a mature van

i1 Msthod@cesdipg fo ‘(I‘WFI) iﬁ’lhérﬁ%i‘rséﬂi %@l‘%ﬁtﬁgof’%“ﬁ%’i"rﬂf 9.1t0
223 mMet hod according to claiml1l, wherein said furinis
of reconbi nant origin.

13. Method according to claim 11, wherein said CaCl , is at a concentration of 0.2 to

2 mM.

14. Method according to claim 1, wherein the incubation is performed for 1 min to
48 hours.

15. Method according to claim 14, wherein said incubation is performed for 10 min
to 42 hours.

16. Method according to claim 15, wherein said incubation is performed for 20 min
to 36 hours.

17. Method according to claim 16, wherein said incubation is performed for 30 min
to 24 hours.

18. Method according to claim 1, wherein the incubation is performed at a tempera-
ture of 2 to 40°C.

19. Method according to claim 18, wherein said incubation is performed at a tem-
perature of 4 to 37°C.

20. Use of a mature von Willebrand Factor (VWF) prepared according to claim 1 for
the manufacture of a medicament for the treatment of von Willebrand disease
(VWD).

21. Method for treating von Willebrand disease in a mammal comprising administer-
ing to said mammal a mature von Willebrand Factor (VWF) prepared according to

claim 1.

22. Method according to claim 1, wherein said furin is of recombinant origin.
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