WO 2009/ 086400 PCT/ US2008/ 088201 RECOVBI NANT VW FORMULATI ONS Thi s
application clains priority of U S. Provisional Application No. 61/017, 418,
filed Dewerrtb@vosZ®p 2007, and U.S. Provisional Applicatipomuse00s®ds2017, 881
filed Decenber 31, 2007, each of which is incorporated by reference herein
inits entirety. FIELD OF THE | NVENTI ON [ 00011 Generally, the invention
relates to formul ati ons of reconbi nant VW and nethods for naking a
conposition conprising reconbi nant VW. BACKGROUND OF THE | NVENTI ON [ 00021
Von Wl lebrand factor (VW) is a glycoprotein circulating in plasna as a
series of multimers ranging in size fromabout 500 to 20, 000 kD.
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adhesion to the sub-endothelium of the damaged vessel wall. Only the larger multimers exhibit

hemostatic activity. It is assumed that endothelial cells secrete large polymeric forms of VWF and
those forms of VWF which have a low molecular weight (low molecular weight VWF) arise from
proteolytic cleavage. The multimers having large molecular masses are stored in the Weibel-Pallade

bodies of endothelial cells and liberated upon stimulation.

[0003] VWF is synthesized by endothelial cells and megakaryocytes as prepro-VWF that
consists to a large extent of repeated domains. Upon cleavage of the signal peptide, pro-VWF
dimerizes through disulfide linkages at its C-terminal region. The dimers serve as protomers for
multimerization, which is governed by disulfide linkages between the free end termini. The
assembfy to multimers is followed by the proteolytic removal of the propeptide sequence (Leyte et
al., Biochem. J. 274 (1991), 257-261).

[0004] The primary translation product predicted from the cloned cDNA of VWF is a 2813-
residue precursor polypeptide (prepro-VWF). The prepro-VWF consists of a 22 amino acid signal
peptide and a 741 amino acid propeptide, with the mature VWF comprising 2050 amino acids
(Ruggeri Z.A., and Ware, J., FASEB J., 308-316 (1993)).
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[0008] The present invention provides formulations useful for compositions comprising

recombinant VWF, resulting in a highly stable pharmaceutical composition. The stable
pharmaceutical composition is useful as a therapeutic agent in the treatment of individuals suffering

from disorders or conditions that can benefit from the administration of recombinant VWF.

[0009] In one embodiment, the invention provides a stable liquid pharmaceutical formulation
of a recombinant von Willebrand Factor (rVWF) comprising: (a) a rVWF; (b) a buffering agent; (c)
one or more salts; (d) optionally a stabilizing agent; and (e) optionally a surfactant; wherein the
rVWF comprises a polypeptide selected from the group consisting of: a) the amino acid sequence set
out in SEQ ID NO: 3; b) a biologically active analog, fragment or variant of a); ¢) a polypeptide
encoded by the polynucleotide set out in SEQ ID NO: 1; d) a biologically active analog, fragment or
variant of ¢); and e) a polypeptide encoded by a polynucleotide that hybridizes to the polynucleotide
set out in SEQ ID NO: 1 under moderately stringent hybridization conditions; wherein the buffer is
comprised of a pH buffering agent in a range of about 0.1 mM to about 500 mM and wherein the pH

is in a range of about 2.0 to about 12.0; wherein the salt is at a concentration of about 1 to 500 mM;
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€ amino acid sequence set out in SEQ ID NO: 3; wherein the buffering agent is sodium citrate and

the pH is 7.0; and wherein the salt is calcium chloride at a concentration of 10 mM and NaCl at a

concentration of 100 mM.

[0013] Other formulations are also contemplated by the instant invention. For example, in
one embodiment, an aforementioned formulation is provided wherein the one or more buffering
agents is histidine and Tris at a concentration of 3.3 mM each. In another embodiment, the
aforementioned formulation is provided wherein the pH is 7.0. In yet another embodiment, an
aforementioned formulation is provided wherein the first salt is sodium chloride at a concentration of

30 mM and the second salt is calcium chloride at a concentration of 0.56 mM.

[0014] In still another embodiment of the invention, an aforementioned formulation is
provided wherein the stabilizing agent is selected from the group consisting of mannitol, lactose,

sorbitol, xylitol, sucrose, trehalose, mannose, maltose, lactose, glucose, raffinose, cellobiose,
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BRIEF DESCRIPTION OF THE FIGURES

[0017] Figure 1 shows that r'VWF is not stable in Advate buffer after 26 weeks, due to the

presence of glutathione.
[0018] Figure 2 shows that rVWF is stable in Advate 1:3 buffer for up to 12 weeks at 4 °C.

[0019] Figure 3 shows that the stability of a citrate-based formulation is better than Advate

1:3 buffer formulation containing 0.1M glutathione.

[0020] Figure 4 shows shows that r'VWF concentration is stable over 26 weeks in Advate
buffer.

[0021] Figure 5 shows that r'VWF concentration is stable over time in Advate 1:3 buffer.
[0022] Figure 6 shows that r'VWF concentration is stable over time in citrate-based buffer.

{0023] Figure 7 shows that most excipients increase the unfolding temperature of 'VWF by
about 1 or 2 °C.

[0024] Figure 8 shows that 10 mM CaCl, increases unfolding temperature of rVWF by about
8 °C to about 67 °C.
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CaCl2 is simlar at pH 7.3 and pH 6.5. DETAI LED DESCRI PTI ON OF THE
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GLOSSARY OF GENETICS, 5TH ED., R Rieger, et al. (eds.), Springer Verlag
(1991); and Hal e and ‘ ﬂ@;@ﬁ?ﬁligngY OF Bl OLOGY
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si gnOF Bt@hOGy (19d1grfere wth the activity of the conposition. [00311 The
term "pharnacol ogi cally active" neans that a substance so described is
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st at BOUBOTRLed O [RICTRSE 1 {i$UERY fodhe giicit fhat 1 s ngr ipepsstenh vl e @Fsst [ 0032] As
useddifessaten the ternms "express,” "expressing” and "expression” nean
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forms "a," "an," and "the" include plural reference unless the context clearly dictates otherwise.

[0029] As used herein, the following terms have the meanings ascribed to them unless

specified otherwise.

[0030] The term "comprising," with respect to a peptide compound, means that a compound
may include additional amino acids at either or both amino and carboxy termini of the given
sequence. Of course, these additional amino acids should not significantly interfere with the activity
of the compound. With respect to a composition of the instant invention, the term "comprising"
means that a composition may include additional components. These additional components should

not significantly interfere with the activity of the composition.

[0031] The term "pharmacologically active" means that a substance so described is
determined to have activity that affects a medical parameter (e.g., but not limited to blood pressure,
blood cell count, cholesterol level) or disease state (e.g., but not limited to cancer, autoimmune

disorders).

[0032] As used herein the terms "express," "expressing” and "expression” mean allowing or

causing the information in a gene or DNA sequence to become manifest, for example, producing a
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[0036] As used herein a "variant” refers to a polypeptide, protein or analog thereof that is
modified to comprise additional chemical moieties not normally a part of the molecule. Such
moieties may modulate the molecule's solubility, absorption, biological half-life, etc. The moieties
may alternatively decrease the toxicity of the molecule and eliminate or attenuate any undesirable
side effect of the molecule, etc. Moieties capable of mediating such effects are disclosed in
Remington's Pharmaceutical Sciences (1980). Procedure for coupling such moieties to a molecule
are well known in the art. For example, the variant may be a blood clotting factor having a chemical
modification which confers a longer half-life in vivo to the protein. In various aspects, polypeptides

are modified by glycosylation, pegylation, and/or polysialylation.

[0037] Recombinant VWF




are nodified by glycosyl ation, pegylation, and/or polysialylation. [00371
Reconmbi nant VW 6 WO 2009/ 086400 PCT/ US2008/ 088201 [0038] The

pol ynucl ewoi2d@/seoanm no aci d sequences of prepro- VW aPeTABR00808820n SEQ | D
NO 1 and SEQ I D NO 2, respectively, and are avail abl e at GenBank Accession
Nos. NM 000552 and NP 000543, respectively. The am no acid sequence
corresponding to the mature VW protein is set out in SEQID NO 3

correspo 7.64- 2813 of t fuI ngt am no
gci d sequ@ﬁécglgrh%?’f}%%{]&)&%%‘?oarmm o?mgse ulesy as r? 5%301?1[ eEQ%)IﬁAF erty of
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mol ecu avin cosyl ation n_ whi

phar nacﬁ?g)g Jail’ TeSpeggc t Iagux‘é"bcé(gf%}l@%ﬁ%ﬁﬁ%?@g H‘é &at?fﬁmgm{m wi t hout
A2 dorsai cut tnBE) [V B6k S {(@iftesgoadipg &f @y at¢ids {d4a08d b of the fulBlength pRpRMDWFHaenost .
77: 1008-1Q13, 1997), and the VW fragnent fromVal 449 to Asn 730

i ncl APRGCEREUGISEopr ot ei n | b- bi nd| ng domai n and binding sites for

| Pi Bi ochem Bi ophys s. Commun, 164:
030 5 5400 AER TSB! Snf Rt itk RS DR T Yo e ioivene & Bindingo || 2o

at | eaﬁueaamae Fdtdd VINQFo o) Bole@ile £ Hading bpshnall a gl'yEbsWForﬂ@Jtt'eﬁi With ganmal s
accordi ng net hods known jn the state ?vr;]bth art. [0040] The r VWA of the

pr esBKymy Wllbﬁcﬁﬁﬁlﬁeswgﬁﬁéﬁﬂplwh%{ﬁ?f iR Edro YV EIRUS 42 forpamiius  One

speCfefsas@nﬂzs@m@éo@ysisS(ngtaaﬁdrﬂr&nm%@ﬁO%1@@@101@@@79%@% ywp. 1986 and
U. S. Patent A\\&lllcatlon No. 07/559,509, filed on Jul 3, 1990, which is

i ncofpBnet Bamney d¢htor\sn 78 inckiding the ElvFOPFCé@thbln@@g ﬂ%@alﬁé@%@d@nmlt%r oduci ng
r ecoppbhi@iatn M J;nlt@lew&fah%%c@hes AV RED oAl To4 943001347, fo3§) producti on

of recombi nant genetic engineering, e.g. via reverse transcri ption
of Rm@deéﬂml@ﬂora@ﬁjh? #hllatapfa_)?{%ﬁtorsmﬂm(c pf Ipast omer B\dlionslgeule@ombicarsind OBNA i nt o

I t via el ectroporation
g; Oﬁlﬂlg\?\g?:hcféfei@% Illton%ﬂ%%iﬁ%cgrdﬁﬂ%ttél) \§}1§ h:aﬁsg“soal }t“ﬁl%askag orﬂr?ree ‘cells, e.g. ina

t @-ﬁw o AN d m LUt vely or
uggnl Pﬁgﬂgt%rﬁgp O?ﬂﬁ r?%g é?‘l’e%{g&)sal dﬁ’ﬁ&l @@8}%@ ghﬁe%g{;ﬁ{’ thr ehrredl um
or b9n¢1meméstemm@l¢ hdistlosaigh SY RO peblisher ar@er23, 1986(anil JU.DiPaein pur i 1;] i edA

t f fii t t .
r eco ngﬁglcgﬁonwé}gggg%@ﬁéagﬁ%l E? NeoELATHAR g mf%]orsp raC ! r%%n rﬁg¥€%g3 n%r apny

ransforne eI i nant DNA
tec hwsmtats theywa¢thods m@mducmng feeonalribant MOVF. | Ttm&,anﬁbods&ﬁ:qmewnasthe adifergi)f or t he

PO RSB S0YaEn FATE -85S B B0 FebPBbl L RE. e
synt zi’telzélr amplification of DNA, (ii) introducing recombinant DNA into procaryotic or eucaryotic cells

by transfection, e.g. via electroporation or microinjection, (iii) cultivating said transformed cells, e.g.

in a continuous or batchwise manner, (iv) expressing VWF, e.g. constitutively or upon induction, and

(v) isolating said VWF, e.g. from the culture medium or by harvesting the transformed cells, in order

to (vi) obtain purified r'VWF, e.g. via anion exchange chromatography or affinity chromatography.

A recombinant VWF may be made in transformed host cells using recombinant DNA techniques

well known in the art. For instance, sequences coding for the polypeptide could be excised from

DNA using suitable restriction enzymes.

[0041] Alternatively, the DNA molecule could be synthesized using chemical synthesis
techniques, such as the phosphoramidate method. Also, a combination of these techniques could be

used.

[0042] The invention also provides vectors encoding polypeptides of the invention in an
appropriate host. The vector comprises the polynucleotide that encodes the polypeptide operatively

linked to appropriate expression control sequences. Methods of effecting this operative linking,



t echni ques, such as the phosphoram date nethod. Al so, a conbination of

t hese techni ques could be wused. [0042] The invention al so provides vectors
encodi ng wol2zypapsstiodes of the invention in an appropri aPe€Thisgaos/0382e1 vect or
conprises the polynucl eotide that encodes the pol ypepti de operatively

| i nked to appropriate expression control sequences. Methods of effecting
this operative linking, 7 WO 2009/ 086400 PCT/ US2008/ 088201 either before

25 e LRE pdile PR MURRNLERideS; IRERTAS s Voo B8 WEREOOkn. PLSedlihL carar
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cont r%‘? s g P gﬁﬁ% )é?lf PER, np%? d??ﬁ?uté {8, a“‘ilﬁgi ? V%‘Fﬂb&' Fr%ﬂ?’iong t he
pol yafedne@iptioe ot thkiafich. i The WS&aling @ectdrANSE Efe&ﬁo@lﬁufllaﬁil’?@ Herelh B u@&iﬁ]ﬁ) Thi's
transformation ormed using net hods we nowmn in the art.

[ oo4§1“sfﬁm‘ aBrﬂP%foP')é/ﬁ“‘g‘éOSE Q‘EFB%V“& TIRUAN TAY Be PHEHRd I usng AR dhyel ke i@ nay be
usedielrtt he practice of this invention. The selection of a particular host
i s dependent upon a nunber of factors recognized by the art, including,

for exanpis) @Qﬁwbndagé hdnyberbt AValldbRe &Hmnmemhga%émnasﬂ&tl@éd in theoXi ci ty of
the peptides.encoded by the DNA nol ecule, rate of transformation, ease of

r ecolfdrtire 8t thig ifgengemt T}eréglect&@mf adaitispaciest s derspriant prop 2 mimbeseffaeigrs and
cost gcoghiRabd ﬂﬁ%rtofnclhbi%g &of @&iﬁn@[escd’&{ﬁhbm%/ with fhbl EKosiih &)&)résgign U&%r st andi ng

that not all host cells are equa fective for the expression of a
par t oiGitapt thrpersides ageded bytherp Atmré@releg@rrecrfaran@”m@pm, ivess, of iesefany ofvi cr obi al

host th@ Séﬂtﬁeé @Qﬂr&‘ql%n cpzﬁ'&ctt&fsh@s br?ﬁ Ey zﬁﬂngg hﬁ %altn%@g)'f ﬁgxts%us nts,

manmal i an (1 ncl udi ng human) I's i’'n culture, or osts own in the
art stiugl g thgesarlerstaprbing trhatnsﬁ et hesticdilogte qqgaltymfﬁem\@cfoahdemafsmbn eﬂa Host cells

ey RS DN R GAe! wiBAIHEILLORR o BAIE LB AR AR LI LARSpdgad NAL T he

conpoun are express rnen |on conditi ons are wel
knovirectenia tyteest and othéi fiaagi.| iysects hganto mapepliad 6sclatieg lpoanf ¢l id cdnrecut t ure by
"Ethaﬂam%ﬁékkaPM“h'“ the art. [0045] Depending on the host cell utilized

express a conp oﬁwﬁtof the i nvention, carbohydrate (oligosaccharide)

tached t
3{33(‘3;{@% ﬁ?r‘é?*?éh%‘ﬁs‘fo% s B 0GR b SR PRl i oot Bites are
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I d at ed.to a r esi en ey are
par coapergh sl e AAR0E m B 7R TR, U5 RS P od M P L et

pr ol yneethods well known in the art

[0045] Depending on the host cell utilized to express a compound of the invention,
carbohydrate (oligosaccharide) groups may conveniently be attached to sites that are known to be
glycosylation sites in proteins. Generally, O-linked oligosaccharides are attached to serine (Ser) or
threonine (Thr) residues while N-linked oligosaccharides are attached to asparagine (Asn) residues
when they are part of the sequence Asn-X-Ser/Thr, where X can be any amino acid except proline.
X is preferably one of the 19 naturally occurring amino acids not counting proline. The structures of
N-linked and O-linked oligosaccharides and the sugar residues found in each type are different. One
type of sugar that is commonly found on both is N-acetylneuraminic acid (referred to as sialic acid).
Sialic acid is usually the terminal residue of both N-linked and O-linked oligosaccharides and, by
virtue of its negative charge, may confer acidic properties to the glycosylated compound. Such
site(s) may be incorporated in the linker of the compounds of this invention and are preferably
glycosylated by a cell during recombinant production of the polypeptide compounds (e.g., in
mammalian cells such as CHO, BHK, COS). However, such sites may further be glycosylated by

synthetic or semi-synthetic procedures known in the art.



X is preferably one of the 19 naturally occurring am no acids not counting
proline. The structures of N Iinked and O 1|inked oligosaccharides and the
sugar reswouew/dewnd i n each type are different. One typ@/uskoosogenithat is
commonly found on both is N-acetylneuramnic acid (referred to as sialic
acid). Sialic acid is usually the term nal residue of both N-Iinked and

O linked ol igosaccharides and, by virtue of its negative charge,

may
f i gi C operti to the gl ygosyl.ated conmpound. ch site may be
Co e A PR et PSSR IR R, b SRl
pr ef plisabbynthegih yechdgleatrag bbyised. Saitdbledetiniges ae@ufénikna\nﬁrl] inthOskt Ghd gﬂl(ﬂé Ctog )e
ol ypeptide.c unds, ( vl N mal i an I uch as ¢ )
Powe JEre deSqiibhd W&@%ﬁ‘ﬂ?ﬁ?ﬂhﬂw B@%Pﬁé%%é?é&f 6@36059?&%5119@%0“8
sem’/ e@»nzglg?gigg (mgm,?dgggf:hgﬂm‘ 853_211&9'@ DRk ﬁt 4. M\Qsap@igé&&ﬁﬁgg 10: 393- o
PCT/ US 1 | ternatively, the conpounds nmy be nmade by
oyt HEE PEVAREHOHBUH 1O ST Bioe S6PIGE e &) NUMbSIcs  Pb I GUES! finy be
used¢19%8) TROPBteing ¢4 ey @S 03183 WaldI ErkROWR IN(1H7E), Biid ProRHd é&ﬂ chydersthose
described in Merrifield (1973), Chem Polypeptides, pp. 335-61 (Katsoyannis
and Pahaypbt phase gadheyis inhe prefarg ¢echnigemf ,maﬁmgmlvm REPtdeEsin@st is fe49; Davi s

et alnost(cQBBLoti BrRARAME rhlihk smiPpepddds 414; Stewart and Young (1969), Solid
Phase Peptide Synthesis; U S Pa?. No. 3,941,763; Finn et al. (1976), The

Prot ei ns [o&Hl F@%lgengé vdA2itd 3Rd amggsﬁ;fi\;a&ﬁon et al. (1976), The Proteins
(3rd ed.) 2: - - soli1dp y sis is the preferred techni que of
maki ng i ngpde)| dedhodd ERkGAS J}@ lide frapnlchS, valRRS oLARIpSAL SlLING AT hod of
maki ng sgaffﬂpepfides&* 00%%? rgéééﬁgé, vé?iantg andganalogs o? VWF [ 0048]
Met hb88rtf or preparing pol ypeptide fragments, variants or anal ogs are

wel | -known in the art. [0049] Fragnents of a pol ypeptide are prepared

usi ng, wilPPA9LEragments af » eelypeptidy rapiepared g addoyidingtation, eppaiatic |
chy }) I i e epti de
L T R S R R, Sty
be gErmpeatsdgving o spaciiiamingadidkgsiqemeof Palyrepideotiragnentsandyrhg canguated i cul ar

acti vty . i j I O [ . her j.dentifiable VW
o Rk Ay B TEE L T REBEIR R, St AP Bl SRS are
al soanyaither dentiirebleAViiclommincknswqurethc ert. anal ogs of a pol ypepti de can be
substitutional, insertional, addition or deletion anal ogs. Deletion

anal ogs, 0091 bbithngs bf mgaenpdymebtide gelogpaptlisdeeliikackn.oAmimmraciioeguenesi dues of
L, 0B A T K 3615 5ESBHL Ay OG0 cogen
analogs, including fragments of a polypeptide, lack one or more residues of the native protein which
are not essential for function or immunogenic activity. Insertional analogs involve the addition of,
€.g., amino acid(s) at a non-terminal point in the polypeptide. This analog may include insertion of
an immunoreactive epitope or simply a single residue. Addition analogs, including fragments of a

polypeptide, include the addition of one or more amino acids at either of both termini of a protein

and include, for example, fusion proteins.

[0051] Substitutional analogs typically exchange one amino acid of the wild-type for another
at one or more sites within the protein, and may be designed to modulate one or more properties of
the polypeptide without the loss of other functions or properties. In one aspect, substitutions are
conservative substitutions. By "conservative amino acid substitution” is meant substitution of an
amino acid with an amino acid having a side chain of a similar chemical character. Similar amino
acids for making conservative substitutions include those having an acidic side chain (glutamic acid,
aspartic acid); a basic side chain (arginine, lysine, histidine); a polar amide side chain (glutamine,

asparagine); a hydrophobic, aliphatic side chain (leucine, isoleucine, valine, alanine, glycine); an



e.g., amno acid(s) at a non-termnal point in the polypeptide. This anal og
may i nclude insertion of an inmunoreactive epitope or sinply a single

resi due. wodnewmmoanal ogs, including fragments of a polpgpapstéodess2oncl ude
the addition of one or nore ami no acids at either of both termni of a
protein and include, for exanple, fusion proteins. [0051] Substitutional
anal ogs typi cal |y exchange one am no aci d of the wild-type for another at

one n. the tein ned t nodul.at e one
or nig)lgnélg%r %ldeer b S(QM‘én]y B r%JF 3}% TR RL T %ﬁlt (fehcg‘a ¥le5? P& F et i ons

or ptlmnmrm:; ree;thxohme)o maanaeﬂmhmtc hydwokgltsideuwhhiansrias, ehre@omger vat i ve

substitutions. By "conservative am no acid substitution” is nmeant

subst i t ut[0652] ofnakgs mayrb@mbaﬁht@hll\ylihbhobgoﬂrﬁrﬁﬁbsaaﬁilﬂlyhaéﬂtlﬁzg t@thei de chain of a

simlar .he 1 character. Sim. am n cids for conservative
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am de side chain (glutam ne, asparagine); a hydropho % al i phatic side

chain (I qucsawolyipsmideusmm covhniphigad lﬂdlmlpaaypelgidséum))maugﬂmalfié@b;@&%/ 086400
PCT/U 2008/ 088201 . ar oma tic. side ch(;;un (phen | al ani ne, trypto han,
t yr oSFHRgues 85 ljnaipy g y(?ﬂ%’ll"‘ﬁ‘(’("g‘P‘i}B IBgpo ésll%l?ﬂ%ec"%?“i“ﬁ’é‘” efarﬂ’F"étt?rﬂrne

fTEt hiliggtioR&y) dgeM, lﬁﬂzhﬁé icBVddt Bolyne zﬁ?ﬁyﬂméﬁ Qﬁh%@ Bl 1atiSR (deH@atletliHne@iﬂi ne) .

[ 0052] Anal ogs may subst ant i aIIP/ honol ogous or substantially identical
2

to tPféyet?yé%rﬁﬁicﬂléd{‘trwqu(gﬁpmwﬁ *I"Fé‘i/b%dé agd pisgrEen opubttidrioadyanal ogs are

t hos&eﬂ’ﬂa@@nﬂﬁ&@bf‘arﬁho hgastuch 808Rithe, WARhRIOQLOH ANy AChi Y iﬁ(\aﬁ) roietx}%
wi | d-type pol ypeptide, e.g. blood cIottlng activity 0053] Pol ypepti de

var i ¥prantsoeiainehgsamea cssantially dhesame bmgding pepertise af xmrm ifiesdinéleadestyy theuch
t echpigites &?ch%héxﬂféhltdl&ﬁ‘ﬁéaﬂﬂn mgy YR RRY bl BPinad Q6 te U%da A Rﬁ&}ﬁ%@éﬂf&? n,

conjugation to therapeutic or diagnostic agents, I'ng,” coval ent
pol yofean agent cthadYF pelgpeptide. daghd casd dnndintetdtactnengtit ip conpdmiatepbhytbe hyl ene

gl ycﬁlk)ermbﬁéﬁ%%% B8R OQB?IQ%J@%Q&?I yzabl e bonds, and insertion or

substitution em ca esis of am no acids such as ornithine, which
cssent | alVg F‘iﬁepgﬁlﬁééﬁeé?l%ﬁ R RerREb S i A L bR TIPS ot ¢ ne
i nvemadtiog the&@bhvemhi@ Withglolyethgiehe glaztolcﬁwc}raya reamivudsieldirramchyderdenmlnve eft (e.g.,
vy, P DGy LSO o oy SR LR RS MR S e ©2°
hy driE§ gmbp=s ant (b olvtailn'yxg rtigd rgacaibh @rod{uﬂ@S 41]n geneplath nptipagydcaseehnpivoypept i de
o] 0 ARSI )RR 50 S 7 RS I R P! L 8
of &RE@plelthd eirges dreditid mcmmtabyhet Hreatl thelporgen€Qe st pdiEhegyitadirtucdle becones
att aI%nggle ter(r)xb I%et% tlgmbmdmg construct will have a single PEG moiety at the N-terminus.

Polyethylene glycol (PEG) may be attached to the blood clotting factor to provide a longer half-life

in vivo. The PEG group may be of any convenient molecular weight and may be linear or branched.

The average molecular weight of the PEG ranges from about 2 kiloDalton ("kD") to about 100 kDa,

from about 5 kDa to about 50 kDa, or from about 5 kDa to about 10 kDa. The PEG groups are

attached to the blood clotting factor via acylation or reductive alkylation through a natural or

engineered reactive group on the PEG moiety (e.g., an aldehyde, amino, thiol, or ester group) to a

reactive group on the blood clotting factor (e.g., an aldehyde, amino, or ester group) or by any other

technique known in the art.

[0055] Methods for preparing polysialylated polypeptide are described in United States
Patent Publication 20060160948, Fernandes et Gregoriadis; Biochim. Biophys. Acta 1341: 26-34,
1997, and Saenko et al., Haemophilia 12:42-51, 2006. Briefly, a solution of colominic acid
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PEG groups, and (b) obtaining the reaction product(s). In general, the
optimal reaction conditions for the acylation reactions will be determ ned
based on woaem/setanet ers and the desired result. For exargsk@s/osdrel | ar ger
the ratio of PEG protein, the greater the percentage of poly-pegyl ated
product. In sone enbodi nents, the binding construct will have a single PEG
noi ety at the N-term nus. PoI yet hyl ene glycol (PEG nay be attached to the
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and 5”%{;16%‘%%t'l‘%rhowﬁﬁ*ﬁgi?%l %% e\évggosollldtalre and, i i IR ed for 18 h at

room terperature in GentT e SRARTHE” a%eéﬂ?s can then
be s&geariabébbofl clorting lfa:tcrr\i!W‘h- qstﬂag/tsr I, Fagtoi I cluajou ét @hebﬁllsmn protein

ltrafilt on/ ion. i.on of .t VW w olysialic acid may
uI S(r)aqﬁlltemé)g%ldel\sigl eé‘ Chemlc ﬂ'irg‘f‘oélll d%%ﬁ‘y%ahxﬁ%ueé?”(gg ém‘?w%%tf\e@arfeaéent (M gneaul t
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ext riadedeb thra@tibifl @eraedtion fr rr6.elnl addifioh &CRc IRk, Miolo@cali9hbivadhgmieas nol ecul e,
or active do n of a protein described above. In a related

or fragnent
e nboYﬁ‘ﬁ’é or apajegs of fhg ﬁ’am“’g]sé’ﬁfur}% matyE YOUF dhoRTeseRy Y ks pordsmelatestheact or

VI lyse Eﬁfe'b&ﬁblﬂédt biokEday adtife frxﬁkﬂeﬁw&b@dﬁt@fn‘)&ﬁlo@s o ppll eiveqsdt SudtRde by
chem cal or reconbj nant techni ques well-known in the art. [00571 It is also

cont FPIRANCH k% &Fo- ¥ M prabypomiiies fmipe 6CIWdB‘E§I e et e EQHY NBY dvindee a

formulations described herein.

[0058] Polynucleotides encoding fragments, variants and analogs may be readily generated
by a worker of skill to encode biologically active fragments, variants, or analogs of the naturally-
occurring molecule that possess the same or similar biological activity to the naturally-occurring
molecule. These polynucleotides can be prepared using PCR techniques, digestion/ligation of DNA
encoding molecule, and the like. Thus, one of skill in the art will be able to generate single base
changes in the DNA strand to result in an altered codon and a missense mutation, using any method
known in the art, including, but not limited to site-specific mutagenesis. As used herein, the phrase
"moderately stringent hybridization conditions" means, for example, hybridization at 42°C in 50%
formamide and washing at 60°C in 0.1 x SSC, 0.1% SDS. It is understood by those of skill in the art
that variation in these conditions occurs based on the length and GC nucleotide base content of the

sequences to be hybridized. Formulas standard in the art are appropriate for determining exact
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t herapeutic benefit in the fornulations of the present invention. For
exanpl e, US Patent No. 7,005,502 describes a pharnmaceutical preparation
conpri si NyoAdyase4di al armounts of pro- VW that i nducesPCiiusaisosgrer neat i on
invitro. In addition to reconbinant, biologically active fragnents,

vari ants, or anal ogs of the naturally-occuring mature VW, the present

i nvention contenplates the use of reconbinant biologically active

fragpents,..variants r .anal ogs of _t re - W _(set in | D NO 2)
o - PSR ByRGE o8 SaReRb Rl o PRt RERdeY Ghigh Gt sedaimiits 2) i n
t he Litorarory®idsecoldisming Hesbrheeeivork (108581 Pol ynucl eoti des encodi ng
fragnents, variants and anal ogs nay be readily generated by a worker of

skill to [e0s9)derhubtions sid éxcipidits mezehé@gnent s, variants, or anal ogs of the

natural l y- occurring nol ecul e that possess the sane or simlar biological
activity [0060] Excipantsiradd ddditvechiarardgiclud®l i@aubenulatide becapa theyusheapaiés can be

prepared usin t echni ques, .digestion/ligatign of DNA encodi ng

ol e%fu‘i“g‘;‘ncsmfgsfaﬁg%( ?‘té‘e‘{]en‘f‘%m?a e Pertugt iNepartissyal dhedpasonfar epanelisiad. ¢ o
geneéiptentd 43¢ hiinBa & coBaBARS aldfug PReIUENAJIIRGaBR e fodsuht ahdwaip al tered
codon,and a m ssense nutation, using any nethod known in the art,

i ncl 9raEr DypRatienst Foriprgteia drugs the ¢hoics ok etcinigntsis pariewady snpopantbsesher ei n,
the @by af@ffectBREESAERY ¥ndinthIeMiciydPitedird At HQRe GRRE b BB tiohERRS 1o f OF

exanpl e, hybridization at 42C in 50% formam de and washing at 60C in 0.1 x
SSC, badeyelopegngth apprpeiatgselestion ob exapienthibaieatiord gitpble stpbilitvheafely.tand t hat

var i ahdke@bilify,. t hese conditions occurs based on the Iength and GC nucl eotide
base content” of the sequences to be hybridized. Formnulas standard in the

art are qPRGIQRTE Bhifkif@bhMEAE TUN NG kb s i

PCT/ US2008] 085501 ﬁ%{bri et oneg%hlgiitéfi;,ioguns._n%gé%%%‘gggﬁ&g?sgl ., 9.47-9.51
i n Msthilizingthe progugt againsediedtraped of gnaqufeporing, skibping tiest sforpgee sidie rddobfl Spri ng

Har bk mul 40 ' ] ' ener al

[ 060] ™R cXElenl T oy i I b0 0 B RE Bd lspP 0 Lo ause
t heyemplpyrdrto fadpesriscosity of fghrrorcenhigtiontpadseih iforynulatidnsie lordee toyenalble ehedr ug

pr odyg: . reas tbheir inclusion excipients, are an

i nt e%?lgfw(%g%p%%ﬂle‘%ﬁﬁ 8$It58‘§'r%31§§%f ggd%lgcng{aéiﬁémglﬁ%t? 8?nobreedar§selg8d ?%&Beasé%ﬁfgheand wel |
t ol emeathenisibybypwhick fieg stabibize pro@imsiapaiokt ugus themicdl and ghysicaleskresspi. eSvig: | S

particularly i r t.ant caus they.can affect hoth efficacy and.
il SRR PRRREAE o0k SRAG A0S o Bttt F o WS By
devedfoppetifid prioteap Edtb@rekapients bheahore geretal effedtpiretht phyisktat andfcbaileht sui t abl e
st abi l.i.t afety, .and .marketability. [0061] The principal challenge in
devar ity fErfinat FOfe ol FriPapbitiaroratbrena g by M ehem ol typect

their functional role in formulations. Brief descriptions of the modes of stabilization are provided

when discussing each excipient type.

[0062] Given the teachings and guidance provided herein, those skilled in the art will know
what amount or range of excipient can be included in any particular formulation to achieve a
biopharmaceutical formulation of the invention that promotes retention in stability of the
biopharmaceutical (e.g., a polypeptide). For example, the amount and type of a salt to be included in
a biopharmaceutical formulation of the invention can be selected based on the desired osmolality
(i.e., isotonic, hypotonic or hypertonic) of the final solution as well as the amounts and osmolality of
other components to be included in the formulation. Similarly, by exemplification with reference to
the type of polyol or sugar included in a formulation, the amount of such an excipient will depend on

its osmolality.

[0063] By way of example, inclusion of about 5% sorbitol can achieve isotonicity while

about 9% of a sucrose excipient is needed to achieve isotonicity. Selection of the amount or range of
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stabilizing the product against the stresses of manufacturing, shipping and
storage. The role of formulation excipients is to provide stabilization
agai nst twe=eosBresses. Excipients may al so be enpl oye@#CraySe@dosso01
viscosity of high concentration protein fornulations in order to enable
their delivery and enhance patient convenience. |In general, excipients can
be classified on the basis of the nechanisns by which they stabilize

roteins .agai nst _various chem ¢cal and. sical. stresses. So exci pi ents
gr e uged" agoré qsfé’\r}? et ﬁéCII%‘F’%?%@?Lcanb ¢ 3%2%18‘1 " asbt‘?pi‘g’%“a(‘i?ut’tcge regul a? e a

par t fcmbatioseftheipy édnioh hiybeen ExemplifieCitolve bpfedirence to QlthgilyekthPkgats have
nore _general effects on th sical apd coval ent stabi]ities of proteins.
The E’FYﬁr’éh‘fsg S%‘ﬁ%‘&‘r“i ﬂgee‘ﬂt ?@r@%ﬁ&?"g‘h&%%ﬁ?’%’é‘ar aE‘?‘%SHjé?C"g?d heseip antighitcal type
or  bhwiplifitdingcicteadat 1 Prafit BxdipnRurabduans appBeaié IBSFics Rhd sikiohre modes
of sttabi ] ization are provided when djscussing. each excipient type. [0062]

G vef f"c"ﬁ’@‘?‘@dﬁ%‘i‘%?Oéﬁﬂa‘le}F’cFélr‘ﬁzémﬂP@Q’idﬂ@&eﬁéﬁn@Ftﬁ Ao Beiagkn) sedilizerst he art
W |1 bl RiaWagdiatry s thnt® Ny it Rar®, afX 6l ifire ) mee@Bbnb e ndiReloUdeds idyany
particular fornmulation to achieve a biopharnaceuti cal fgor mul at1 on of the
i nvePCPBYReat pronotes retention in stability of the biopharmaceuti cal
(e.g., a lﬁﬁﬁlﬁ/pepti de). For exanple, the anpbunt and type of a salt to be

i ncl uded Fuphsprbiradeatieyearcipspiisrapeitehingiolarvendeniyasion; theseskiliebe

sel e&ttﬁgarpa'ﬁﬁgc{gﬂizk gt %%%hﬁiﬁﬂexﬁ%&@ér@'(% ?(/{V (g!sg:,?%ramk SPLBMA e iy Mt%ﬁ;l or

hypertoni c) of e final solution as we e anmounts and osno ity of

ot hetamdamnbwé prlutiany Xol@0vm ef spdeniinalsorenfemptatddat i on. Similarly, by
exenplification with reference to the type of polyol or sugar included in
a for nul d0P& Oficherse aparsen bfvingpedinar skidan piearttvamld fecatpjgettdt ha i ts

0s o] @bk diMtiods®P BlexBY¥i b&NR I nGl s t. 50 rbitol can
achi eve | s_g% gnci tfx IleT{%ﬁesgbgut gﬁ}%g}ar&a&glﬁ%@g&édgggg?ﬁ%ﬁSﬂf/%&gaéeded to

achi ymulagar dhi it of ex8aplechs emcattratitreofartmilkitg agentrmayge lokered hadd) 2009/ 086400
PCT/ / . [ f on [. nor ipients that can be

i ncl %{%Sggmﬁlgﬁ?ﬁ%pglﬁgg%g&n%g%?ﬁhf © e%br?hr?g 15%{?1 8%2’ Sg%ﬁ ZE‘@ ag?\n\?enti on has been
ex engincéntmtoradowddibyn, n pbworemoegtondisal sl iptk palvsuaindcagugaiat, in Sideaver ,

those skilled in the.art wll. understand that .the nsi der ati ons descri bed
her e’?‘ﬁmgihndtlh hSP{O S Ofe&%arrr%élﬁ:lafrifoe “%‘3‘0‘% er ey lh@gretl%noslb‘g@flg i‘%ené i pients are
equaddnyeraipidr efalstabilizmgaként wopkibeadfhsted sbriaigho(s., a Obne¥gingi andust scl udi ng,

for exanple lts, no aci ds, other tonicit ents, surfactants,

st abTRTIZSF §0uld B gt COmRAR ST Kot B e ang g bt foupehpmrgvell o

ant i algKoahpatdsum GEERlpiéNSr, PededratFoRGul g B98)) 8D J. PRIRS 8¢iVBdch¥@Sey, [ 0064]
Furt eé_ig vmere a particular excipient is reported in nolar concentration,
t hosesKi1led

[0066] Buffers and buffering agents

[0067] The stability of a pharmacologically active polypeptide formulation is usually
observed to be maximal in a narrow pH range. This pH range of optimal stability needs to be
identified early during pre-formulation studies. Several approaches, such as accelerated stability
studies and calorimetric screening studies, have been demonstrated to be useful in this endeavor
(Remmele R.L. Jr., et al., Biochemistry, 38(16): 5241-7 (1999)). Once a formulation is finalized, the
drug product must be manufactured and maintained throughout its shelf-life. Hence, buffering

agents are almost always employed to control pH in the formulation.

[0068] Organic acids, phosphates and Tris have been employed routinely as buffers in
protein formulations. The buffer capacity of the buffering species is maximal at a pH equal to the

pKa and decreases as pH increases or decreases away from this value. Ninety percent of the
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in the art will recognize that the equivalent percent (%9 wWv (e.g., (grans
of substance in a solution sanple/nL of solution) X 100% of solution is
al so contwopba@rmsdio[ 0065] OF course, a person havi ng or @Cmarsgooskss2b1i n t he
art woul d recogni ze that the concentrations of the excipients described
herein share an interdependency within a particular fornulation. By way of
exanpl e, the concentration of a bul king agent nmay be | owered where, e.qg.

t herg 4 [ on e e.is [
st a1 e R Bl B BREL LT BRSO P SR S B e iy
ski | with i]lctdaﬁn@bllffewomdcdntfeﬁcmgnl ze that, in order to maintain the

isotonicity of a particular fornmulation in which there is no bul king agent,
t he condﬁﬁﬂ% &tvaal faforansidabbé cansidgreagdeit chwosihgla beffadFitgtaad faatat dhengl y

oni ¢ in mount , of  stabilizer woul d sed). Co n
e R e ARk B o R Pt ot nd B BTt Gprmlion
COTTplﬂﬂldEWIIS)fimﬁ)f&hplb emnsuxfe ithiat B@mbafteeE %m;ﬁ@bmlﬁith@ﬁcﬂyﬂeﬂ;ﬁwnd offfeA J. Pharm
Sci . . Technol o 238-311. 100661 Buffers and buffering agents [0067]
The ©AWRHGLSK *?éfe%% ‘iﬂﬁ‘é’f)ﬁsa’t% FRRY EAY ylegadqtioR IS e At PRSP AR AT LR |

usuapd dbns@&@@fs\ﬂ&dsehﬁu&eo%%ﬂ?hnd iritdidhathe BYYFdR hak 3Ee up&'aﬁmﬁﬂnraﬁ&ge of
optinmal stability needs to identified early durln reforrrulatlon

st udf BSXARIGHENS i 5peBatorause sipging ‘él%ondélé‘épéﬂa‘i‘léfd’ngt sjc Clét udi es and

cal ophdiBLEdI TomESICE 9§w 088)). it t Mlin this
endeavor (Rgrme gtlsz ! @2 §)) ﬁy&tgﬁggﬁgﬁﬂg@fmhﬁ%n&?w %ﬁ% (1999)).

Onc edrugs BateA admipipiored Vi thmqbzlé@leow@@ dr ngapysseiac tMyustteshwhere hgfdaez ur ed and
f | most
mai ngomﬁql sgmtms fdrh$ 1&%&9‘ 1041% &ger%dgﬁ)rqmﬁ]ﬁxgtt%n\hﬁfx ngg@fs@%mﬁghgcﬁ dgvs

al ways errp oye to qontro
phosiohtgtvdsregthel fommplgtidragets <bb1eqd r@?ﬂilmyedlerbmmmpem ydlaslstwfdnefsr | n protein

f or ?6%1th&§ t}ﬁt-trg@ &chnfxs?créecp@pcﬂ?ec{ X Bhs}ogﬁhp H)fta | o? Q\?f‘f nd an n%XI mal at a

creases as I ncr eases OF decT e4ses g away from
t h| sfoxzatlllaltgan ddmpemm)peectsem be mbnitdred. 1(316\11@8 RO 20861E0 cREMI usaows@m&zm

bufferin I. t Xi st hi.n_aone Byf f er apaC|ty
al so ?Sn%(%él%gtgrseﬁpr%lﬁor ofﬁ% rfottassmm pP“l;! sf?rh‘ﬁﬁlﬁ{ﬁﬁn IB&CS ﬁ%rélr?f’ #5¥R5n. [ 0069]
Sev etffectsfiag poiest (fhbﬁehdeoRb@ngnenKt deﬁledtnwh"em Ehopsinng3@):8sHer2008))r st and
forenpst, the buffer species and its concentration need to be defined

based on [DQ7§] DTKabwffnd sysieen piesdant mdhd @mipokibasan selqzcltd:d tqeplhylsipldgiqatly t ant is to
ensure t e buff.er 0 bewt‘g l;ke tide ﬁothr
f or ni"&F1'0 m SR Hét?llfl§de%ﬁg pﬁp 3§he BprmasricgLie mg'ﬁv}g e %ﬂfaeln? 8 m}egta?qi ons.
t hi rgH ofghe Edlﬁll‘ﬁn igbgpeedn gH2.0 and pH 12.0. For example, the pH of the solution may be 2.0,
23,25,2.7,3.0,33,35,3.7,4.0,43,45,47,50,53,5.5,57,6.0,6.3,6.5,6.7,7.0,7.3,7.5,7.7,
8.0, 8.3, 8.5,87,9.0,9.3,9.5,9.7,10.0, 10.3, 10.5, 10.7, 11.0, 11.3, 11.5, 11.7, or 12.0.

[0071] The pH buffering compound may be present in any amount suitable to maintain the
pH of the formulation at a predetermined level. In one embodiment, the pH buffering concentration
is between 0.1 mM and 500 mM (1 M). For example, it is contemplated that the pH buffering agent
is at least 0.1,0.5,0.7,0.80.9,1.0,1.2,1.5,1.7,2,3,4,5,6,7,8,9,10, 11, 12, 13, 14, 15, 16, 17,
18, 19, 20, 30, 40, 50, 60, 70, 80, 90, 100, 200, 500 mM.

[0072] Exemplary pH buffering agents used to buffer the formulation as set out herein
include, but are not limited to glycine, histidine, glutamate, succinate, phosphate, acetate, citrate, Tris
and amino acids or mixtures of amino acids, including, but not limited to aspartate, histidine, and

glycine..

[0073] Salts
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be considered is the sensation of stinging and irritation the buffer may

i nduce upon adm nistration. For exanple, citrate is known to cause

sti ngi ng wpanosvaspseti on (Laursen T, et al., Basic Cin PPmarsa®soBs20Dxi col .,
98(2): 218-21 (2006)). The potential for stinging and irritation is greater
for drugs that are adm nistered via the subcutaneous (SC) or intranuscul ar
(I'M routes, where the drug sol ution remains at the site for a relatively

| onger pepj ti t ni st red b gre t he

f or mul at i @W‘ges?lists ar Eﬁ?nea F%}ST rease F°ThE r%%‘&&ﬁ“ﬁg%fﬁ“‘!"d %Eﬁ}%?f‘ For

f or nmich@trtasifer frb@tn satubiliad physicat mmﬁitybanddsdtc&ﬁdnyl Walitsdatl affeud thelph@sita0t aI " amount
of buff. ot her for | ation conmponent) needs to he m)nltored One
has t blﬁé’ k Q?ei"ésd P‘}e%gﬁ‘@?yﬁ A 680 Szl %vg Ftﬁtﬁé’gﬁr@Fﬁ“ﬁ YO P t he

f or minfgeiheides assib pmt@xlrr@ surhat.eAberhiteely, itk 64h s@@mlzie U BatGRE @daté\bgs cul ar

ef fect HoI | ander - Rodri guez JC, et . Am _Fam ysi ci an.

in a patient
73( op mg‘?@? @@Pél DGOWS)2. OHFGIE?MFCWP@C]B’GF? (‘-E?OQI%} eﬁﬁ'tbﬁaé’s"é%‘tsﬁbﬁlz?ﬁ@%@ﬁ‘ﬁ05| tions
i's spltRetedomitibRbPETRL APuBAk le)ectr&:eMR AR R naPAwt S rBRIRE Jidind desired pH
of the pharmaceutical fornulation. In one enbodi nent, the pH of the
sol uPrPE?FP mglegydé.Ralta UypoBoRpatisRs 43 afso shishd atragiip eectopatipitesictiorfe sol ut i on
gaé peffwgenqyrotm% n?blec%le@ thagca?l lea% t9 pro@bu?a%?egguor?’ana’ms%lu@ﬂl%él R fox%m!i_’aélo 78 g 08 7.
9.0, prgillged glq_m,alt gomentgqgomls b@(yvegn 01101,510 Z_Q) 3¢,,40130,89, 109, B0, 130, 300, 1Qd 7nd or
12. 050 QR71] The pH buffering conpound may be present in any anount
suitabl e to maintain the pHof the fornulation at a predeterm ned |evel.

In one e j 1 g concentration is between 0.1 nM and
;ﬂ?%?] '%%m&ﬁfnﬂéﬁ EH, §£dt£‘

500 nmM ( ontenpl ated that the pH buffering agent
is at | eqphre? 1d ent Sh 4, 5, 6, 7,
8 o 100 116? 1tzllegisent?4gmi‘%“§‘iag f&m?i'anglis s %‘%ﬂ&?g‘” aJCSZ‘bH‘%“‘"g%f 60, 70, 80,
90, stglizepooay beaddettto POGRRPr iEsusmplosagy- nmulcmn‘gmgatmg aagelnscaised to buf fer
t he ti ude. .. a mted.to.glycine,
i ot et ey 88 bucSDSh ReoploElod roichth il e DRy b G
am ner aadmdsaggregatﬂdct Theesrno‘fsta@mzntd naends), excipthudpatde ofquéventig dgigreghtac t o

asp and 20 6400
Dol Db s B R sk B R (5Bt gl it SRR RS
t r eqngddmmfemhs af equwixsasﬁat@ rswmhze@dwthstaare d‘lﬁvemﬂom‘lly&lﬁ‘tpldyedi uﬂﬂﬁhﬁcﬂutﬁzﬁl ubility,
i cal tabl I (i and oto C|t¥ %Wbts can affec& ysj cal
st ablolmpOSl 109 B Py &S Y ef“ﬁ O5¢: HRARIEse: MEHese g1 tgstealBFtP?ezéluf‘ﬁé’ native
st at ﬁffﬁlfosep cdloBiobs gbx)tlobio&d Ilslibgwlt@se grhidfige bhisdnfibe Frueidsd, hﬁnﬂf(ﬂ)tsﬁﬂﬂoﬁ surface.

Al ternativel ts nstablllzeth enatured state b
glycine, argu}[ ne 8{, poly— ydroxy compounds, in %u mng polysacchanées such as dextran, starch,

hydroxyethyl starch, cyclodextrins, N-methyl pyrollidene, cellulose and hyaluronic acid, sodium
chloride, [Carpenter et al., Develop. Biol. Standard 74:225, (1991)]. In the present formulations, the
stabilizer is incorporated in a concentration of about 0.1, 0.5,0.7,0.80.9, 1.0, 1.2, 1.5, 1.7, 2, 3. 4, 5,
6,7,8,9,10,11, 12,13, 14, 15, 16, 17, 18, 19, 20, 30, 40, 50, 60, 70, 80, 90, 100, 200, 500, 700,
900, or 1000 mM.

[0077] If desired, the formulations also include appropriate amounts of bulking and
osmolarity regulating agents. Bulking agents include, for example, mannitol, glycine, sucrose,
polymers such as dextran, polyvinylpyrolidone, carboxymethylcellulose, lactose, sorbitol, trehalose,
or xylitol. In one embodiment, the bulking agent is mannitol. The bulking agent is incorporated in a
concentration of about 0.1,0.5,0.7,0.80.9,1.0, 1.2,1.5,1.7,2,3,4,5,6,7,8,9, 10, 11, 12, 13, 14,
15,16, 17, 18, 19, 20, 30, 40, 50, 60, 70, 80, 90, 100, 200, 500, 700, 900, or 1000 mM.

[0078] Surfactants
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bi nding to peptide groups along the protein backbone (-CONH). Salts can
al so stabilize the protein native conformation by shielding repul sive

el ect r ostwDI200%0864pact i ons bet ween residues within a pPeTaiSasDER0UI €.
Salts in protein fornmulations can also shield attractive electrostatic
interactions between protein nolecules that can |ead to protein
aggregation and insolubility. In fornmulations provided, the salt

concentr 30, 40,..50,. 80, 0,, 120, 150,
200, 3008‘1"%}3 P reiHY W%“Féga/‘?f ‘é%hapdf’ll"ei“i‘g’ 0 “&R‘&Ctb“aﬁa“ﬁf@“éa@k{’% HhHH76] 1n the
pr esantepabnormizemtioe ald cfeﬁditﬁiahaﬁ atansliqual, staBhddid, 264 1iqd-liguid @sildonabilon of

stabilizers adde reve t or duce storage-induced aggregation
and B %f?,sal)rhlng%gfl ripd) WayAh envef 19%6 ”%V(?FSﬁ{yl REYpHMPELGRSt i t uti on

i ndi e@fcaﬁratl&aandtrb@upﬁmlmmn@aﬁmm@wf@@m& el inQlust pﬂo&ﬁsggga@%mah@d The
term"stabilizer" means an exci pi ent, capabl e of preventing aggregation or

ot helrossp?fy%?t@a|ﬁoafb°@#%1@aﬂa@ﬁ80%@%érslrrfaégs dRadditien togegpiaeraifent adisplicwxanpl e,

aut obmtSindQAMeEaLdHBR is exQoekthdddl vith plf?/gl@al)agftd?loﬁnaswmxﬁérﬁhged dehigpi | i zers
that are conventionally enpl oyed in pharmaceutical conpositions include,

but dirpingorndhpagling @f the proglyesy ose, trehal ose, mannose, naltose, |actose,
gl ucose, raffinose, cellobiose, gentiobiose, isomaltose, arabinose,
gl ucosani [AB8Y] Suifagtaseare sermmpily pseddp proteinformulglignsitn Brevent girfrcerendpid,

pol yadyygin @y ﬁ@@a&u@%a Pﬂlggtufé'rﬁmeo%'smﬁq@%babggg f&@f&oﬁ@et@@m@g starch,

hydr oxyet hyl starch, extrins, N-net ene se and
hyal @F@mfﬁﬂcabpﬂltw%oﬁi phehicportipas Oi[tEamp@maetrm@ECUéﬂs ogcupg weertgial Bi oI

St an £ f izer is

Choof Bfind g SRt Wl LRpAIE pRERER G RERYALATR yrib o' €7, 5

1 5 bulk Folvent. At suﬂﬁm@t cor@f;ntmtm& (t@;ca[lf)aromjd thd Beterkyt’ sjbditicalﬁjicellﬁl; 17, 18, 19,
0..90.. 100, ,200 1000 nmM

[007 befrégaon ﬁsg%& cetlﬁ%drf) g?unr{? E tlnéﬁ%dm SSEVE R ﬁcqrévﬁnpp Bisin op‘%1 eé froi’:ﬁ)unt s of

bul kadsgrbmgcht thosmrefaei Therctggsilrate- ngu@gelagmdanBu hd«nmgmagb Ntk niascdomd@only or

S)(;?y ﬁy‘f’gap% Sa{foth@g %‘gl ne%(?/trsﬁ?f Sc?)li?g@ﬁtﬁ?’%'gaées I ae@éﬂ?éba%esg)r%ﬁdtpfi{} sorhatehal ose,

or xgd i Thel two Hiffeo trely @nihe thing#hnlf thetaliphdbid lckdin thasiggatts hﬁircsmmsub tRdractdbhethul Ki ng
gggnﬁlgfe%ilesigg&pa%rl ?t 198?relfgecgvelgoﬂ(gc%?(%ng%%lp%grsorgate§8 1s_|_160re ftirfacgfct?‘égsa%d %éﬁ 0. ? 5
16, dibwed&iticdOnicdAGr c&entdbion 8dn pbYsorffle-2@0, 90, 100, 200, 500, 700, 900, or
1000 mM [0078) Surfactants 15 WO 2009/ 086400 PCT/ US2008/ 088201 [0079]

Protei n rMoésag Deesgeh@\en ashifgdt Mt aRancivhymicQRohfdbedtRall swbllity Siprée@es nmaki ng
the rTi'-[ere again, the effects of a given detergent excipient will be protein specific. For example,

polysorbates have been shown to reduce the stability of some proteins and increase the stability of

others. Detergent destabilization of proteins can be rationalized in terms of the hydrophobic tails of

the detergent molecules that can engage in specific binding with partially or wholly unfolded protein

states. These types of interactions could cause a shift in the conformational equilibrium towards the

more expanded protein states (i.e. increasing the exposure of hydrophobic portions of the protein

molecule in complement to binding polysorbate). Alternatively, if the protein native state exhibits

some hydrophobic surfaces, detergent binding to the native state may stabilize that conformation.

[0082] Another aspect of polysorbates is that they are inherently susceptible to oxidative
degradation. Often, as raw materials, they contain sufficient quantities of peroxides to cause
oxidation of protein residue side-chains, especially methionine. The potential for oxidative damage
arising from the addition of stabilizer emphasizes the point that the lowest effective concentrations of
excipients should be used in formulations. For surfactants, the effective concentration for a given

protein will depend on the mechanism of stabilization. It has been postulated that if the mechanism
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either the formation of soluble and insol uble protein aggregates or the

| oss of protein fromsolution via adsorption to surfaces. In addition to
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of excipients should be used in fornmulations. For surfactants, the

ef f eadividguallyy @e A mixpgedn dff@fenamgpq,éw therefore further provided. In the present

formulations, the surfactant is incorporated in a concentration of about 0.01 to about 0.5 g/L.

[0084] Other common excipient components

[0085] Amino acids

[0086] Amino acids have found versatile use in protein formulations as buffers, bulking
agents, stabilizers and antioxidants. Histidine and glutamic acid are employed to buffer protein
formulations in the pH range of 5.5 — 6.5 and 4.0 — 5.5 respectively. The imidazole group of
histidine has a pKa = 6.0 and the carboxyl group of glutamic acid side chain has a pKa of 4.3 which
makes these amino acids suitable for buffering in their respective pH ranges. Glutamic acid is

particularly useful in such cases (e.g., Stemgen®). Histidine is commonly found in marketed protein
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ant | Qpidaiinsof thd StipiieaRdatBntbRIbEd BRI deBlitgenpl oyed to buffer protein

[0088] Antioxidants

[0089] Oxidation of protein residues arises from a number of different sources. Beyond the
addition of specific antioxidants, the prevention of oxidative protein damage involves the careful
control of a number of factors throughout the manufacturing process and storage of the product such
as atmospheric oxygen, temperature, light exposure, and chemical contamination. The most
commonly used pharmaceutical antioxidants are reducing agents, oxygen/free-radical scavengers, or
chelating agents. Antioxidants in therapeutic protein formulations are water-soluble and remain
active throughout the product shelf-life. Reducing agents and oxygen/free-radical scavengers work
by ablating active oxygen species in solution. Chelating agents such as EDTA are effective by
binding trace metal contaminants that promote free-radical formation. For example, EDTA was
utilized in the liquid formulation of acidic fibroblast growth factor to inhibit the metal ion catalyzed
oxidation of cysteine residues. EDTA has been used in marketed products like Kineret® and

Ontak®.
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formulations in the pHrange of 5.5 - 6.5 and 4.0 - 5.5 respectively. The
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Humat r op0991) Mefalgénsi ne has been shown to be an effective agent in
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oxyg‘é‘??Spatr%‘h‘?f &@?@85‘13%%9 exposure, and chenical contanination. The nost

[0093] Two examples where metal ions confer stability or increased activity in proteins are
human deoxyribonuclease (thDNase, Pulmozyme®), and Factor VIIL In the case of thDNase, Ca"
ions (up to 100 mM) increased the stability of the enzyme through a specific binding site (Chen B, et
al., J Pharm Sci., 88(4): 477-82 (1999)). In fact, removal of calcium ions from the solution with
EGTA caused an increase in deamidation and aggregation. However, this effect was observed only
with Ca"™ ions: other divalent cations Mg+2, Mn"? and Zn"” were observed to destabilize thDNase.
Similar effects were observed in Factor VIII. Ca'* and Sr** ions stabilized the protein while others
like Mg, Mn"* and Zn"™*, Cu"* and Fe"* destabilized the enzyme (Fatouros, A., et al., Int. J. Pharm.,
155, 121131 (1997). In a separate study with Factor VIII, a significant increase in aggregation rate
was observed in the presence of Al" ions (Derrick TS, et al., J. Pharm. Sci., 93(10): 2549-57
(2004)). The authors note that other excipients like buffer salts are often contaminated with Al™ ions

and illustrate the need to use excipients of appropriate quality in formulated products.
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commonl y used pharmaceutical antioxidants are reduci ng agents,

oxygen/ free-radi cal scavengers, or chelating agents. Antioxidants in
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Recently, the use of magnesiumions (10 -120 mVW has been proposed to

i nhi bit t[he97] §evmzﬂiam’cismnechb baspaideied dagngitht drmuboasgarebpmeseid (WO

2004039337)....10 f t | it
i ncr}ggseévcfd dg%alg 9({ #e ef efg%gesgwmpve conce:n%rahonI uq R ru?gnprgéuc§mfa1s IbeI y or

optimized. This requires testing a given preservative in the dosage form with concentration ranges

that confer anti-microbial effectiveness without compromising protein stability. For example, three
preservatives were successfully screened in the development of a liquid formulation for interleukin-1
receptor (Type 1), using differential scanning calorimetry (DSC). The preservatives were rank
ordered based on their impact on stability at concentrations commonly used in marketed products
(Remmele RL Jr., et al., Pharm Res., 15(2): 200-8 (1998)).

[0098] Some preservatives can cause injection site reactions, which is another factor that
needs consideration when choosing a preservative. In clinical trials that focused on the evaluation of
preservatives and buffers in Norditropin, pain perception was observed to be lower in formulations
containing phenol and benzyl alcohol as compared to a formulation containing m-cresol
(Kappelgaard A M., Horm Res. 62 Suppl 3:98-103 (2004)). Interestingly, among the commonly
used preservative, benzyl alcohol possesses anesthetic properties (Minogue SC, and Sun DA., Anesth

Analg., 100(3): 683-6 (2005)).
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dev efemperamite (k and/or Tg’) can provide information about the physical state of a solute and can be
determined by differential scanning calorimetry (DSC). Tg and Tg’ are an important parameter that
must be taken into account when designing the lyophilization cycle. For example, Tg’ is important
for primary drying. Furthermore, in the dried state, the glass transition temperature provides

information on the storage temperature of the final product.

[00103] Methods of Preparation

[00104] The present invention further contemplates methods for the preparation of
pharmaceutical formulations. A variety of aqueous carriers, e.g., sterile water for injection, water
with preservatives for multi dose use, or water with appropriate amounts of surfactants (for example,
polysorbate-20), 0.4% saline, 0.3% glycine, or aqueous suspensions may contain the active
compound in admixture with excipients suitable for the manufacture of aqueous suspensions. In
various aspects, such excipients are suspending agents, for example sodium carboxymethylcellulose,

methylcellulose, hydroxypropylmethylcellulose, sodium alginate, polyvinylpyrrolidone, gum
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preserved dosage forns. The effective preservative concentration in the
drug product nust be optimzed. This requires testing a given preservative
in the dosageoYmss4owi t h concentrati on ranges that conf@cTarstéosmss2oobi al

ef fectiveness without conprom sing protein stability. For exanple, three
preservatives were successfully screened in the devel opnent of a liquid
formulation for i nterl eukin-1 receptor (Type I) usi ng differential

scan | of i ( reser atl rank . r based on
¢ o PR LR D R e O o B R Rl oG~ maf AR GBS o
pr odfmbsamp(l«R&md’eh er Elhnd&lisahore;broalcts, ofRh all<5neﬁie:$x1de \izﬁl( ﬂl)‘cy adi08) f& ekdBP8) ) . [ 0098]
reservatives can use .inje ite ctions, which is another
factggwpﬁﬁwy%ﬂ%gﬁgmﬁ6%§?§@?%Pth'&ﬁ €ﬁ@E§?ﬂﬁ %WH?B§§FV%¥FW§B‘?n clinica
t ri ahigoHotor koahisehepided Bty EatRbuRERAN, @condehesieh F@Hu&@& ctenblekiders in
Nor di t [ opi.n, erception was observed to be [ower in formulations
th p%&alﬁﬁéﬁ eri

cont &t Gdroge ity acids anskiolexuQl spgigsRelgxyedhyiene seiiilat i on
cont ﬁbﬂédﬁ@t&bﬁé&ﬁ&katfdﬁ%@ﬂﬂ:@ 3k 18\ xide IR PaRET estf2 dFHRB Irod: 28y 0@ (2004)) .

I nteresti n(g , armng)the commonly used preservative, benzyl al cohol
pos seihexitelgalydndes, for sramle peluahylmeseditan menockes- Jihe apmous Mspessians Anal g. |

100 a ntai ore preseyvati T € / € 9
LyophiT et 7o L0100 Fr S ol 25" conenpat &d Uhak the T sl ati ons

conpri si ngogysYW PRl¥ksiRrhde of the invention nay be Iyophilized prior to
adm ni stratl on. LyopniTrzation is carried out using techniques comon in

the art gogigspoul dTQﬁd:HBKs'té?'c@rﬁPosftBﬁs tNBufaR BPRSH dnlrfdis fﬂ%d@% Fjsi:%mieoped [ Tang
et al., Pharm Res. 21:191-200, 2004&t and Chang et al har m Res

13: 2%3nr@swgzmmpnse[smiellr}wm phmmqtml acmtabipcqamqrs Thepheees as pect,

conp " drying

[ PP R e O iR acolc AR Aloepils rfBF sl D en iR o BELRBHARS Y MO
t he thatasy $tmje smlelpt profgén @@tad@tnqmuqtlsasca@@dee@on ond pledviagt prodwsss, fimt inatdioon

Furt &?ﬁc{{g ce lelmﬁc %I ﬁtﬁexj a'agqu acélgr?s \gl[ie)(lsa% 1Alétgrg‘%8%8uteg wgll l kl 4 agent

The 1ce N mes ucted l?)
r edust, ragdeshrabﬂdé)lelom éghannecebed:a(hlwatdmtablapmmem esBue enyoefndtahehmcﬁly ussﬁuhg a

vacu duc eat .t t| on, Fi.nal | adsor bed or
ng %{; lg&ho?leﬁ% laégoaqmgs aﬁtgoagtg&%n galﬁ%ﬁ“rg)? S SR AP R Iced chanber

pr es@alﬂymgaagdntahncbthe Hkﬁamltﬂdlgﬁﬁt&bﬁgdn&rﬁmkﬁédﬂlﬁye The process produces a

mat eri al known as a |yophilized cake. Thereafter the cake can be

reconsti t[MkﬂG] wi t hTled phagnacsttenl foenviations nay bs adhiableeeddirhllye Rpichlly, i nj ection.

[Stog. t téanlcs) ql %glgxrl]tlerah %tyl iR lsp?ra}q (\)/Elgu?a Jyy reccit%hy, or }r’l len ra(t:rgl%al 1njg(£:at£onp L]"¥1$| cal

term parenteral as used herein includes subcutaneous injections, intravenous, intramuscular,
intracisternal injection, or infusion techniques. Administration by intravenous, intradermal,
intramusclar, intramammary, intraperitoneal, intrathecal, retrobulbar, intrapulmonary injection and or
surgical implantation at a particular site is contemplated as well. Generally, compositions are

essentially free of pyrogens, as well as other impurities that could be harmful to the recipient.

[00108] Single or multiple administrations of the compositions can be carried out with
the dose levels and pattern being selected by the treating physician. For the prevention or treatment
of disease, the appropriate dosage will depend on the type of disease to be treated, as defined above,
the severity and course of the disease, whether drug is administered for preventive or therapeutic
purposes, previous therapy, the patient's clinical history and response to the drug, and the discretion

of the attending physician.

[00109] Kits
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exci pients but also affects other paraneters such as reconstitution tine,
appearance, stability and final noisture content. The conposition

struct ur eworeoedsedonozen state proceeds through several PCTAS3008i088201 (€. g.,
glass transitions, wettings, and crystallizations) that occur at specific
tenperatures and can be used to understand and optim ze the |yophilization
process. The gl ass transiti on tenperature (Tg and/or Tg') can provide

i nformati &Eout e. of a so an be determ ned by

. As an Q(g(?[ oG $ Sctt ntio cgtﬁtse gnw ich co
di fferent canni g cal orl rr%P?y’ DagRtoR fclidss ki AR RPEY ant
par amateep‘hatdmbutlcHlibhnlhﬁloﬁlakz&ﬂlag'eﬂtiﬁ)a anal vhichtesilitesihgin usdlot he
| yophi ion cycle. For i.s. important for primary drying.
Furt ﬁ‘é? g%“onit?l %heétsd 17 8P eélf é’gg“en{ ﬁ'é“q'tﬂ l%l‘s‘QCIqu f“ﬁaﬁ‘f\“‘ffﬂr‘?%g}"‘?t"ﬂ?e provi des
i nf odemiibedmerin (e a&bﬁp@@amtoempﬁg]ag wﬂ@m@&udcfpeotém RebepBitiOdpekagell @04 03]
Met hods .of Preparatiaon {001 The F)r esent invention further contenplates

met hEYLIReG SUahis 2 sralssiotis Besel wishalbalatingdda thercapanpringhded mtheri ety of

aquepatka@ahdiidedcibesQis@of ths t@hpouid WedoBlpotibn inHrREEinS the MAERI 1n ¥hd h
preservatives for nulti dose use, or water with appropriate amounts of

sur f sEbadiment(hephasnanpiical forpplpans packagedoy thegomoinerurthibat the oeut 9&i ne, or
aquegéaaspzye%a%ao%ﬁwmyg GROL ARt b &%ée}gghe lﬁ@in’BHﬂﬂaﬁo% A4 'fﬂe)%ﬁ‘&ethé“ th

exci pi ents suitable for the manufacture eous suspensi ons. vari ous
as peeansaines) jig Herg el Bigfesabdy, ehequnmpeirndihpasispage it @ghglblle (lex.aurpdse ngrwdli Iom

e R .

PCT/ ¢S2008/,0 mgscoudrcag’amnhdvnamhgumogmam ?pepmhb@eq:(msmtgtl@r s,tomamh ifarg agents
or e

may 91% %FP@SHH)I‘ ?&%Xne agge% tlzllen a a%?t{%lcglttlorm tion. 1% %ac agtn?maumt OAS sagreg?mbxanpl e

condens oduct's ene oxi acl
pol ytheylat ingy ﬁlﬁhersh(ﬂweai@VICG sultabledmmiﬂiﬂmrpytbdpnmnma&ﬁtml foyhelagoroxi de wi t h
Iongchtnal coho. o] X Iehetdec t hyl xycet anol ,
or cORAEnEd? 8‘2&1 ‘Céa‘&%? B dg’*lm@%%?f‘ehré’?%%méhe kb Oﬂg‘ﬂﬁrat q’ﬁr%@%‘ﬁé‘i’g’ %‘ésrﬁi ved
from)ﬁthép})anaﬂ.‘dedﬁcaafd)dnﬁilah&m tol such as pol yoxyet hyl ene sorbitol
nonool eate, or condensation products of ethylene oxide with partial esters
derived fpemif att yDasigds and hexitol anhydrides, for exanple polyethyl ene
sorbitan nonool eate. The aqueous suspensions may al so contain one or nore
preservat[dedg] for Tmmmgeere@'mhy involved i-ganepyd for ﬁedm‘yiglmmdﬂ&mzda@drﬁaed [ 001051
Admnlstr 0 1 To ad ni.ster co sitions to n.or tet ani mal s,
in oneéelﬁévbi:é? Eet{'rﬁ‘ gﬁﬁﬁoagf? ‘?ﬁ%hy%%ﬁoggg rﬁlﬁé’a%‘?usmcgs gﬁ%&}l meditfiecal 1y
accegqitiabbedrogy & gahSageTtuadion AsAs weight) aém@uﬁt otk byueng fhe'seaity @Gl ogi cal | y"
acce% abl e ref?r t 0. nol ecul ar etlt{fe %corrp Sltl

infection, time of administration and other clinical factors. By way o examp e atyplcal dose of a

recombinant VWF of the present invention is approximately 50 U/kg, equal to 500 pg/kg.

[00113] Formulations of the invention may be administered by an initial bolus followed by a
continuous infusion to maintain therapeutic circulating levels of drug product. As another example,
the inventive compound may be administered as a one-time dose. Those of ordinary skill in the art
will readily optimize effective dosages and administration regimens as determined by good medical
practice and the clinical condition of the individual patient. The frequency of dosing will depend on
the pharmacokinetic parameters of the agents and the route of administration. The optimal
pharmaceutical formulation will be determined by one skilled in the art depending upon the route of
administration and desired dosage. See for example, Remington's Pharmaceutical Sciences, 18th Ed.
(1990, Mack Publishing Co., Easton, PA 18042) pages 1435-1712, the disclosure of which is hereby
incorporated by reference. Such formulations may influence the physical state, stability, rate of in
vivo release, and rate of in vivo clearance of the administered agents. Depending on the route of

administration, a suitable dose may be calculated according to body weight, body surface area or
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that are stable, inhibit protein degradation such as aggregati on and

cl eavage products, and in addition do not produce allergic, or other
adver se rwacvinssiowhen adnmi ni stered using routes wel | - KROWUS2008088201 art, as
descri bed bel ow. "Pharmaceutically acceptable carriers” include any and al
clinically useful solvents, dispersion nmedia, coatings, antibacterial and
antifungal agents, isotonic and absorption delaying agents and the |ike,

i ncl udi th n di scl psed above. 01071 T armaceut i cal

For niftaf it PRl P B SRR Ryob e Ehso R ARG

par eddternahihgybloly/leveldatagtd iaroypiicipn withgpprapdiate dosecespddsy dator Thyfinadt r acr ani al

njection. The .termparenteral as .used herein .includes subcutaneous
o) e Siteeimih i GE R GRISRS 1y ERemaRy iy sl RS R PSR, or
nf usibdify the aéiivin@d @tigs, AdiTiheidalgsabédfic &Yivity) e iRy 6f the Bdrhad ahdale,

ntranuscl ar, intram i ntraperitoneal, intrathecal, retyrobul bar,

[ ry, :
nt r SPRATSAREFSOfithy RAUETO e A%f cgtdition, pagy cvpieht st afiskdistiob the pticpt sbg Vel ar site
S COMng kot dindkSofWalinistkBBR AR dthor cHRABNItdrs ONSstadils ar€SHRAR kA lflnhef r €€ Of
pyrogens, as well as other inpurities that could be harnful to the

r eci Hametion ilrowisesrngliag e ApRIPRTAN dosagrdr vlssand dpfabipss ofgfeatmpat Esnposi t i ons
can PRicGMitdced Altonidas. t he dose | evels and pattern being sel ected by the
treating physician. For the prevention or treatnment of disease, the

appr opr ij§1940 a%a@foWidg ex%?@@&i‘e @Bt thiRBdddtP e Qlfnitﬁilg DEES Ty &@rrﬁb?ar%Bﬁ%E&ﬂe as

defined above, the severi and course of the disease, whether drug is
admi finkadipends ¢fghe igyenfiemt i ve or therapeutic purposes, previous therapy, the
patient's clinical history and response to the drug, and the discretion of
t he attendi ng physician. [001091 Kikxangde I\D0 2009/ 086400 PCT/ US2008/ 088201
[00110] As an additional aspect, the invention includes kits which conprise
one or nore pharnaceuti cal forn‘Sl“&f‘P%ﬁ@%‘&lﬁR&ged in a manner which
facilitat eir puse for, admnjstration tq subject In one enbodi nment,
such a kilﬁ&ilﬁtl ude PAEIHE R Ta‘P‘b‘F‘ﬁﬁF%fF‘f‘B‘ﬁ“‘O{?i8@%@Eé‘ﬂv%’@%i n (e.g., a
CONPRShila@ihs CBEPIreet Rgovart SRVIREH o ®ing t@belet sBikiRERAd t8Rdd ulddckageg i n a
cont aj ner. such as a sealed bottle or vessel, with a |label affixed to the
cont ¥iRBYIUNS i ncl uded in the package that describes use of the conpound or

conposi ti in pracgticing.the thod. In one enbodinent, the .

phar rraceu.[&?légr f or m&t“? gﬂvﬁt%b‘ggé kgﬁ@éd NAChH hé8 @ CafhelV Blichrhistidinet ne
amoumt mpf tris, RS PEARathibnk 18 4CANE RihABEe, ( 85,9 mM bARNRNTRHAY. 19/ AWVEEReoneen t he
liquid formulation and the to& of the container) is very small.

Pr ef R 480y Advate | ariffit (Ashatmbuidepshinied Polddp MrtsPiTas sphiected o gyrhglent none) . 1 n
one @abRLbAE MakeddA ookl mpORuRl RT) Borlihinl | MANLIIHREbr PAWsNhaBelcBRr apeutic
protein or peptide _ _

recovery of the ’'VWF was measured relative to the starting material prior to shaking. As shown in

Table 1, losses of about 40-80% were observed in the Advate buffer while losses of about 20-30%
were observed in the Advate 1:3 buffer. VWF antigen VWF:Ag corresponds to the amount of VWF
which can be detected in an VWF-specific ELISA using polyclonal anti-VWF antibody, while
VWF:RCo corresponds to the amount of VWF which causes agglutination of stabilized platelets in
the presence of ristocetin.. In both cases human reference plasma calibrated against the actual WHO

standard was used as standard (1 ml of reference plasma usually contains 1U VWF).
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conposition and a second contai ner having a physiol ogically acceptable
reconstitution solution for the conposition. In one aspect, the

phar macewoDcatdy/d8eronul ati on i s packaged in a unit dosagePCoruseoosDeeoki t may
further include a device suitable for adm nistering the pharmaceuti cal
formul ation according to a specific route of adm nistration. Preferably,
the kit contains a | abel that describes use of the pharnaceuti cal

formul ations. [00111] Dosages [00112] The dosage reginmen involved in a
method for treating a condition described herein will be determ ned by the
attendin icia ngidering. varioys, factars whi nodify the action
of dr ugs,gmghéf t heligtélg?' ?:I(l)tg%eintc f gfnt,ug%“&]n& s\l}\%llﬂgg% medgx an% "Eﬁoé?'%of t he

pati ent , peiseemaepes Singys i - Seohilimitim g
clinical

[00113]
bol us fa
ci rcul at

b i nvefitive

conpound : dinary skil§ in
the art gdadi |y, O ef fectjive inigtration

regi neng =rnf%% b goi§9 gi% p i ni cal condifion
of the i : ; i i end omi9 t he

phar macg il il .
The opt i oned6killgd in
the art See
for exa i &R i 6g) . §(1990, MacK

Publ i shi . H i osure of ch
i's herel i :

physi cal

adm ni stration, to body wel ght,
body surface area or 23 WD 2009/ 086400 PCT/ US2008/ 088201 organ si ze.
prpr ogr i qoeL18ps agg?hdrﬁ‘yclcbdff ffbﬁgeﬁmixaih@eﬁh lybplolgtonses Ao t@?&cﬁiﬁihﬁe&lﬁ@lﬂn@s says
or etermining. bl ood | evel dosages i nj.ynction with appropriate
dos e PEHEHS o HEANE WarertoTied et —~HoG At Tk HEA AT T W ise PRV REE by t he
at t ey 6@ePNRI1 45l BBth sE:A0S FroRIthdgyVEfolAuStida C N F§ 1Y¥phBRaticHDBk frmiuR@dact i on
of drugs, e, g. the drug's specific activity, the severity of the danmage and
t he V}"%ssaaﬂﬁgﬁ Jerrbed hsrein were dropsrewithin p glotseile lyephibizer ?bﬁf-‘*%’goa}admeg ht, sex

and @hgtiliRl ubtif@a Pakda®yo piddfand EMRAKink Was Pérfci¥d bindcQE WidMhe iduie Of
adm nistration and other clinical factors. As studies are conducted,
f ur t lggpulations (2ml in 5 ml vials). As shown in Table 2, percent recovery of rVWF was higher in

Advate 1:3 buffer compared to Advate buffer.
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information will energe regarding the appropriate dosage | evels and
duration of treatnent for various diseases and conditions. [001141 The
f ol | owi ngwexaspise®woare not intended to be limting but @oryusecospd2ary of
specific enbodi ments of the invention. Exanple 1 Shaking experinents
[001151 In order to determ ne the anbunt of precipitation of rVW in
various formulations, the percent recovery of rVAF follow ng turbul ent
shaki ng sted r a variety of conditions. [001161 r VW in Advate
(Wm§¢ﬂa cf%& 8

buf f er 68 nM CaCl2, 10 rrt\/IL histidine, 10 nMtris, 0.26 nM
gl ut at hi g : - e = Tv::N 80, pH
7.0)or AR NEne oV VEAg | VRRCR: é"}

subjectgd to turbuI ent racerake h’fféYat dp k RT) for O
mn, 1 rig a2 a onf thd NAE uwak

measur eq Advlage | §Frozent he pt arid ng Jnatleéd%al prlk@|4 t srﬂé)ra?/mg AsOééhoq in

Table 1,] | osses 0 10- 89806 > er kp thE buf ile
| osses f about ? % ng Br e o%/se veé8 int e Advate Ag%b ffer.J' ntigen
o)

VWW\F: Ag dorrespo the anount dqf VW ich can pe detectled in an
WIF-sped fi c ELJ%kozeni-nix pol Y8l ondl ahkt%- VIF aiti bofly, 6%hi | 4 \OF RCp
correspdgnds to { vathadmyuiert | of VWF I ch cauges aggl uginationjof stabijized
pl atel etfs in gresence of,5istocgiin. . JIn ppth Eas hurfan %fer bnce
pl asma dal i brat aga| nst the act gal V&L@) bt andar d Nasgﬁ/s"ed asds andprd (1
m of rdferencel]Statima uspal 2y3 coft ailfgl ULVV\FI)O.4 241 WO 02%09/]08 6440
PCT/ US208/ 0882@ matéri4) 11 Table 4. Influepce of turbulent ghaking t§nme on
rVWF redovery r YW bul nt3 /ove y A Regpvery I%gy - Ag
shaking Jat [ U/ m 1” . W\F v Advite o m 5 313|100t 104) 100%
0.49 1]Jmn 120 léa% at 139 65% 4 d 7% 7 7%P.19 Adgate O mi p 206
100% 134 100% O
Advate Frozen 206 100% 134 100% 0.65
1:3
Frozen — 3x 184 89% 132 99% 0.72
at -20°C
Frozen — 3x 195 94% 128 96% 0.66
with dry ice
Lyo 195 94% 107 80% 0.55
Starting 206 100% 134 100% 0.65
material
Heavily 138 67% 131 98% 0.95
shaken for
4 days at
RT
[00120] Percent recovery was also measured in the shaking experiments with rVWF

being stored in syringes with headspace and without headspace. Interestingly, when rVWF is stored
in syringes without headspace and shaken as described above, no rVWF precipitation was observed.

In contrast, when rVWF is stored in syringes with headspace, some precipitation was observed.

[00121] In summary, turbulent shaking resulted in at least 30% loss of rVWF in
Advate buffer or Advate 1:3 buffer, with Advate buffer showing higher loss of recovery compared to
Advate 1:3 buffer. Interestingly, the same precipitates observed in the turbulent shaking experiments

were not observed when rVWF was stored and transported ~5000 km in an automobile (representing



1:3 1 mn 152 74% 2.5 hr 170 82% 4 d 138 67% 131 98% 0.95 [00118] The
effect of freeze/thawi ng and | yophilization was also tested in the shaking
experi merwe.200vsewong was perforned at -20C in an -20C ecrase@smsgent on dry
ice, thawing in both cases at RT and both started fromthe liquid

formul ations. As for |yophilization, the fornmulated VW sanples described
herein were frozen within a pilot scale |yophilizer at <=-40C and were

lyo I I irectly

i ¢ e RRaRL A, Bk BIBRD S REAR STl RO BRI ARE S, 17
percammgese&@mrlyeadépawé\/\/\F was higher in Advate 1:3 buffer conpared to
Advate buffer. 25 WD 2009/ 086400 PCT/ US2008/ 088201 [00119] Table 2. RWF
V. Ag VIF: Ag VAF: RCo VW: RCo RCo: Agxanpplé 21 J recovery [U m J recovery [U U]
Advat e Frozen 213 100% 104 100% 0. 49 Frozen- 3x 229 107% 84 81% 0. 37 at
-20C Frozen- 3x 231 108% 72 68413y 8firecombimadt YWEe Lyo 242 113% 61 59% 0. 25
Starting 213 100% 104 100%0.49 nmterial Heavily 37.0 17% 7.2 6.9% 0. 19
shaken f of0R2{ays Ahe stpbrlidy aY W Fryas sestpd 2o Gsseeing thaactivgpbye 6 5VWE: 3 Frozen -

3X 184 AP av3fio X il dtfons.

[00123] As shown in Figure 1, rVWF is not stable in Advate buffer after 26 weeks due
to the presence of 0.3 mM glutathione. As shown in Figure 2, however, r'VWF is more stable in

Advate 1:3 buffer (e.g., for up 12 weeks at 4°C.)

[00124] As shown in Figure 3, the stability of a citrate-based formulation (15 mM
sodium citrate, 10 mM CaCl,, 100 mM NaCl, pH 7.0) is better than Advate 1:3 buffer formulation
containing 0.1M glutathione.

[00125] Likewise, the concentration of rVWF was measured over time in various
buffers. As shown in Figure 4, Figure 5 and Figure 6, r'VWF concentration is stable over time in

Advate buffer, Advate 1:3 buffer, and citrate-based buffer, respectively.

Example 4

Characterization of the liquid formulations

[00126] Differential scanning calorimetry (DSC) was used to assess the extent of
protein (rVWF) unfolding in various buffers. As shown in Table 3, Advate buffer pH 7.0 is the

optimum for stabilization.

[00127] DSC is a thermoanalytical technique in which the difference in the amount of
heat required to increase the temperature of a sample and references are measured as a function of
temperature. The result of a DSC experiment is a curve of heat flux versus temperature or versus

time.

[00128] The Differential Scanning Calorimeter can scan through a range of
temperatures while heating and cooling and it determines a phase transition, i.e. melting,
crystallization, or glass transition, by measuring the amount of heat needed to reach a set
temperature. The calorimeter was calibrated with a set of pure metals (zinc, indium, and tin) that
have a known heat capacity, Cp and melting point, Tm. The respective reference buffer was placed

into the reference capillary and the rVWF sample was placed into the sample capillary of the
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at -20C Frozen- 3x 195 94% 128 96% 0.66 w th dry ice Lyo 195 94% 107 80%
0.55 Starting 206 100% 134 100% 0.65 material Heavily 138 67% 131 98%
0. 95 shawerrodomsehodays at RT [00120] Percent recoveryPaadiSalosossreasur ed
in the shaking experinments with rVAF being stored in syringes with
headspace and w t hout headspace. Interestingly, when rVWIF is stored in
syringes w thout headspace and shaken as descri bed above, no r VW
prechﬁ&&g&kon was observed. In contrast, when rVWAF is stored in syringes
W th space, some precipitation was observed. [00121] In sunmmary,
turbul ent shaking resulted in at |least 30% | oss of rVWF in Advate buffer
or Advate 1:3 buffer, with Advate buffer show ng hi gher |oss of recovery
conpar ed [PO129Advat &alile3. hinfdlding t¢émpanbst imgirjous baffersane preci pitates
observed in the turbul ent shaking experinents were not observed when r VW

was st orfactand transpor 26 WO
2009/ 08 400RC] 203 ol ' 2 .
Preci pi tf g e8 by storage #.0syringes w {hout

headspade ] bpgnant VW [00Lg2} The stabil jty of
r'vWF wag tested by assgssing the activjty level of rWYF present in g

vari ous ffrorWhleMG ons. | ¢-B Figure 1, W2is not stabje in
Advat e f egpresence of PghgnM gl ut at hi pne. As
shown i [ Alvate 1:3 buffe

(e.qg., the stapility

of a.cit ro-mre-cacr2—100 mM
NaCl , pH 7 0) is better than Advate 1:3 buffer fornulatlon

Buffer components and concentrations:

rVWF158: 20 mM Hepes, 150 mM NaCl, 5g/L sucrose, pH 7.4

100130] Further, as shown in Figure 7, most formulation excipients increase the

unfolding temperature by about 1-2 °C. Figure 8 shows that 10 mM CaCl, increases the unfolding
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containing 0.1 Mglutathione. [00125] Likew se, the concentration of rVW
was neasured over time in various buffers. As shown in Figure 4, Figure 5
and Fi gurwo@powogedoconcentration is stable over tinme i nPCARAwa08/0882HT er
Advate 1:3 buffer, and citrate-based buffer, respectively. Exanple 4
Characterization of the liquid fornmulations [00126] Differential scanning
calorinetry (DSC) was used to assess the extent of protein (rVW)

unf o] di ' ayd-ous fer hown. in Tapl e Advat e buffer pH 7.0 is
t he &g%?l? rru%b}%/ggr st;dag?lbk{:’zagtu?l(f)orllﬁﬁ% %&fﬁ?rﬁgecgganaﬁ Ohbgrr&r?ﬁé%dalfyytévgéﬁ t echni que

i n whifGh Thie effedi bEC&TiIcI simlat lepHan® und 6.6fas sheat infRigue 9.eBindlty, theciffeasé t he

tenperature of a sanple and references are asyred as a. function of

t enptg?hélgoﬁ? e SPREST €Yy Ia?algfeg a" %§¢m§0}%8$ feﬁlé’ﬁ‘iagr"i‘?% 0 ‘%1 ° §FAIFE%F | ux ver sus
t enpedidtiurehalose iR kediGse iidrém@ed thOOdf3RIng Thepdiitidear eviviFala SSammty 8otheal or i met er
can s .t hrough a range, of eratures while heating and cooling and it
det ePHiPHing t%{ﬂ&?ﬂ%%fé @%ﬁéﬁﬂifﬁfﬁty @ ‘ﬂﬁgﬁeﬁnﬁ@? VABHPYRRGIPIf & $eHAU! IRy Fal]f as's
trangition, by neasuring the anmount of heat needed to reach a set
tenperature. The calorineter was calibrated with a set of pure netals
(zinc, indium and tin) that have a known heat capacity, Cp and nelting
point, Tin. The respective reference buffer was placed into the reference
capillary and the r VW sanple was placed into the sanple capillary of the
27 WD 2009/ 086400 PCT/ US2008/ 088201 instrument. 1001291 Table 3. Unfol ding
tenperature in various buffers Lot Buffer pH T unfold rC] rVW161A Advate
7.0 66.0 rWF161B Immunate 6.8 64.5 rVWWF161C Citrate 6.8 61.2 rWWF161D
NovoSeven 6.8 64.9 rVWW158 Hepes 7.4 61.3 Buffer conponents and
concentrations: 8,,, Trek: |ose
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nA, 06 .t (>A12p1l D 2.9 . | NC ..47:1# "A z rVWF158: 20 nM Hepes,
150 mM Nad, 5g/L sucrose, pH 7.4 [00130] Further, as shown in Figure 7,
most  f or MUDZDIIBEBRC] pients increase the unfolding temperatsars/oszonbout
1-2 T. Figure 8 shows that 10 mM CaCl2 increases the unfolding 28 WO
2009/ 086400 PCT/ US2008/ 088201 tenperature by -8 Cto -67 C, an unfolding

tenperature which can also be reached by Advate buffer. This effect of

CaClg jfggsimlar at pH 7.3 and 6.5, as shown in Figure 9. Finally, the
effecfl of trehal ose and sucrose were anal yzed on the unfol di ng
t enper atpp
i ncreasgp rdd &Mrw ASMW% ?ﬁ@‘MMI | ng
t enper at H in the presgnce of varipus exci p| en§s is
set out { YSgeri=) s W SYAUIPL:T VY VAY .-“- b MM
Sodi um - Vcink 20 A Naal atrace bulter A%l ol |
128494. 3 7352.38.612498b.8 Unfoldihg T 816 59f1 6161 C] -JPeak 1
Peak 2 &b. 5 Peak 3 80 i 80.1 81 P ak 4 15mM Spdi um 15 m\/l 0. 52
g/L 10 T DU - + - ‘{_»— oke A |, |]
V34044 1000868 1 d5250°F unihl i s e b 8.5
Peak 3 80.4 80.1 81
Peak 4
15mM Sodium 15 mM 20.52 g/L 10.26 g/L
Citrate buffer Histidine Mannitol Trehalose
AH [kJ/mol] 134044.5 1588590.1 6122359
Unfolding T 59.2 58.5 58.5
[°C]
Peak 1
Peak 2 65.2 65.5 71.3
Peak 3 79.3 78.2 81.5
Peak 4 88.5 92.7
15mM Sodium 1 mM CaCl, 10 mM CaCl, 32 g/L 0.25 mM
Citrate buffer Saccharose Saccharose
AH [kJ/mol] 266008.2 308171.3 115082.4 246904.6
Unfolding T 64.5 67.2 59.2 60
[°C] - Peak 1
Peak 2 66 67
Peak 3 81 83.1 81.1 81.7
Peak 4 91.8 93
15SmM Sodium 0.1 g/L. 32 g/L. Na;HPO4/NaH 7.8 mM
Citrate buffer TWEEN-80 Raffinose PO, Trehalose
AH [kJ/mol] 338792.7 127329.2 197967.5 135573.3
Unfolding T 58.7 60.1 61.4 58.4
[°C] - Peak 1
Peak 2 64.4 65.8 65.4
Peak 3 81.6 80.3 80.4 80.4
Peak 4 89.2
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[C] Peak 1 Peak 2 65.2 65.5 71.3 Peak 3 79.3 78.2 81.5 Peak 4 88.5 92.7
15mM Sodium 1 mM CaCl2 10 mMM CaCl2 32 g/L 0.25 mM Citrate buffer

Sacchar oswoSawaisetoose AH [kJ/ nol] 266008. 2 308171. 3 11P08A1S4002468€201. 6
Unfolding T 64.5 67.2 59.2 60 [C] - Peak 1 Peak 2 66 67 Peak 3 81 83.1
81.1 81.7 Peak 4 91.8 93 15mM Sodium 0.1 g/L 32 g/L Na2HPO4/ NaH 7.8 niM
Citrate buffer TWEEN-80 Raffi nose P04 Trehal ose AH [kJ/nol| 338792.7

127329. 2 h@7967. 5 7: i . 6 . [q - Peak 1
Peak 2 64[.1@1%2. 8 6%? %ﬁ%%gzithg%%“glbgg?% %%C. gfasg%?‘}l“’ Seegié’%(’@&gz 30 WO
2009/c0BBA00: FHTYNIS2008/GSED G es [108dBlbuffer. 3Bl resudin ateshoweinvEabledus buf f er s,

DSC u unf ol di - at. of.. .various pH val ues
A e B e BT et SETRGAM e hishe Bl b iiiiuRl [0 1S
pH 7P&kilgof MeWBpt i mum for stabilization (i.e., highest unfolding
tenperature; Peak 1) of rVW. [001321 Table 5. pH Peak 1 Peak 2 5.0 59.5
62.0 6.008B2p2 75. FableS5.

pH Peak 1 Peak 2
5.0 59.5 62.0
6.0 65.2 75.4
7.0 67.2 82.8
8.0 66.6 85.6
9.0 65.0 84.9
[00133] The fluorescence spectrum of rVWF in Advate buffer and Advate 1:3 buffer

was assessed after storage at various temperatures for various lengths of time. No (or only slight)
change in fluorescence spectrum was observed after storage at 40 °C from 0 to 28 days in either

Advate or Advate 1:3 buffers. No difference was observed at other temperatures.

[00134] Likewise, degradation of r'VWF was assessed using gelfiltration (Superose 6).
While some degradation was observed after 26 weeks at 4 °C in Advate buffer, almost no
degradation of rtVWF in Advate 1:3 buffer was observed after 26 weeks at 4 °C. At 40 °C,
glutathione increased the amount of degradation over time (albeit to a slower extent in Advate 1:3

buffer).

[00135] Based on the above Examples, Advate 1:3 buffer offers an advantage with
respect to freeze/thawing and recovery after lyophilization as compared to the undiluted Advate
buffer. Moreover, Advate 1:3 buffer can stabilize (e.g., maintain biological activity) rVWF activity
during incubation at 40 °C better that Advate buffer. r'VWF in Advate 1:3 buffer is stable for 4
weeks of incubation at 4 °C. Finally, DSC has demonstrated that pH 7.0 is optimum for preventing

degradation of rVWF (i.e., showed the highest unfolding temperature).

[00136] Thus, in view of the data presented herein, a formulation was proposed for

rVWF including 15 mM citrate (or glycine or hitidine), 10 mM CaCl,, pH 6.5-7.3, adjusted to the
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7.0 67.2 82.8 8.0 66.6 85.6 9.0 65.0 84.9 [001331 The fl uorescence
spectrumof rVW in Advate buffer and Advate 1:3 buffer was assessed after
st orage awvovarvmse®ot enperatures for various | engths of PCEAIS2008/088201 onl y
slight) change in fluorescence spectrumwas observed after storage at 40 C
fromO to 28 days in either Advate or Advate 1:3 buffers. No difference
was observed at other tenperatures. [001341 Li kew se, degradation of r VW

was fi ' r i on was
obaclongy apftbtaL BONGEL Yok LEeih bRsBRbBRERL e ciodl b8P RIBUATELARGE | PO 105
r VWrsadmmi\dirateel (lmB1 Gafflf, d 00 whé NobOk eHVIEWl after 26 weeks at 4 C. At 40 C,

gl ut at hi one i ncreased the anount of degradation over tinme (albeit to a

sl owner ex@@hﬁ1in A@W@H@ﬁ%ﬂﬁanbﬂ@ﬁeobAd@MQEBBmﬁﬁasﬂﬂmogumﬂmMﬁbbuboExanples

Advat e t ect .t r.e awi ng and

reco%%??mgt? aw %&Plzdgﬁbﬁaégﬂé%%%a$% 1“%&8m ui%dEEEWQP buffer.

Mor eglum[}uorkd%ilheMJIre]ialbsH i 2%, 7masma&initbl, hndz(Elg/E Tg\! EENRO T .0; Advateoigs:cal

acti vi tiyjt i.ng. incubatio ett t Advate

2Ot b KoL A Y P Ro DB B0, 25 55 B AP S o
T. Famied.03g/L DSEHNS0, @amunstrated that pH 7.0 is optimum for preventing
degradation of rVW (i.e., showed the highest unfol ding tenperature).

[ 001361 Thus, in view of the data presented herein, a fornulation was
proposed for rVW including 15 mMcitrate (or glycine or hitidine), 10 mM
CaClz, pH 6.5-7.3, adjusted to the 31 WO 2009/086400 PCT/ US2008/ 088201
desired osnolarity by NaCl. For exanple, in one enbodinent, the
citrate-based formula is 15 MM sodiumcitrate, 10 nM CaCl2, 100 nM NaCl

pH 7.0. [001371 Alternatively, an Advate or Advate 1:3 buffer, wthout
glutathione, is also contenplated: Advate: 90mM NaC, 1.68mM CaCl2, | OrM
L-histidine, 10nM Tris, 0.26mM gl utathione, 23.4nmM trehal ose, 175.7mM
mannitol, and O lg/L TWEEN-80, pH 7.0; Advate 1:3: 30 nM Nad, 0.56 mV
CaCl2, 3.3 nML-histidine, 3.3 mMtris, 7.8 nMtrehal ose, 58.6 nm mannitol,
and 0.03g/L TWEEN-80, ph 7.0. 32 WD 2009/ 086400 PCT/ US2008/ 088201
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What is claimed is: 1. A stable liquid pharmaceutical formulation of a
reconbi nant von Wl lebrand Factor (rVW) conprising: (a) a rVWW, (b) a
buf f er i ngvagease{oe) one or nore salts; (d) optionallyPaTAiSawsioss2ding
agent; and (e) optionally a surfactant; wherein said rVW conprises a

pol ypeptide selected fromthe group consisting of: a) the amno acid
sequence set out in SEQID NGO 3; b) a biologically active anal og, fragnent
or variant of a); glsgpdlu}{ IF)'[I de encoded by the pol ynucl eotide set out in
SEQIDNO 1; d) a |oI ogically active anal og, fragnent or variant of c);

and e) a pol ygept i qesta%ﬁkclgﬁlﬁgo}g}ﬁnﬁeﬁglayi?%ﬂ%gﬂ 48 ééclaﬂltbg{gxmoh%&lgﬁaﬁ&) the

pol ynucl eoti de set out noderately stringent
hybri di zaltacton ((¥3hdicomprising: \Mll)@rré’WuF <hi abuflefihgpgens (Qompri wew salfs; ai)pH

bufferi ”goﬁigr?d? as f’hz %r}ggné %dq% ggona%lyfgyl ac \%habout 500 nM and wherein the

pHis in ran erein said salt is at a
concentration of b|||2|n e is at a
concentration “%Tereﬂﬁ ﬁrwﬁg?ég%ﬁg%%we%{l& bk (ei(rilré) n sg8i°dP su‘%’fsg gtnt is at a
concentration e%g% ach Qe%t%( %S&%UPID%E%ENB The formulation of claim1l

e

wherein the r conpri ses am no acl seqdence set out in SEQ ID NG

2 o3 e for IAONCRl Sl Mybe LGN \RSuYf fer no acent T sel ect od

fromthe gro cons ng of 408 Itra tine, histidine, Tris and

combi nat i ons Qi a%@@?%ﬁl%ﬂéoﬁed l(gf'the g@?nljc?eromllé &t 8” %(ﬁ)‘ibﬁ(g‘f’ wherein_the

buffering agen lumcitrate concen ratro 5. The

formul ati on ofy Ib%l%%}]gggg ﬂalgyfl\la%meﬁt&%mfnwﬂcﬁ f. 6. 0_ 8. 0. 33 V\D

2009/ 086400 P USZ rulati o claim5 wherein pHis

in the range (8 a%og})zpn%e e%cod ci"ﬁyzl:]gdflw{?lzﬁgﬁ&r}hzﬁfhy%x]l%e@to th%glggﬁcleohgg pH s

7.0. 8. The formulation o al'm ereint erin ent 1s citrate
and the petdusin SEQID NO: Thisddramavetagdy snngsit lgbedimtionwhedigons; t he salt is
selected fromthe group consisting of calciumchloride, sodiumchloride
and nmagnesi umwditeoy saglebuffer is comprised of a pH buffering agent in a range of about 0.1 mM

to about 500 mM and wherein the pH is in a range of about 2.0 to about 12.0;
wherein said salt is at a concentration of about 1 to 500 mM;
wherein said stabilizing agent is at a concentration of about 0.1 to 1000 mM; and

wherein said surfactant is at a concentration of about 0.01 g/L to 0.5 g/L.

2, The formulation of claim 1 wherein the r'VWF comprises the amino acid

sequence set out in SEQ ID NO: 3.

3. The formulation of claim 1 wherein the buffering agent is selected from the

group consisting of sodium citrate, glycine, histidine, Tris and combinations of these agents.

4. The formulation of claim 3 wherein the buffering agent is sodium citrate at a

concentration of 15 mM..

5. The formulation of claim 1 wherein pH is in the range of 6.0-8.0.
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10. The fornulation of claim9 wherein the salt is at a concentration range
of 0.5 to 300 MM 11. The fornulation of claim10 wherein the salt is

cal ci um cwbDapdvdse@d a concentration of 10 nM 12. The fPormska@sioss2onf cl ai m
1 wherein the rVW conprises the am no acid sequence set out in SEQ ID NO
3; wherein the buffering agent is citrate and the pHis 7.0; and wherein
the salt is calciumchloride at a concentration of 10 mM 13. The
formul ati on ofs cl ai r £s t he acid sequence
set out in SEQ ID E%%Oéml\%gdrgcﬁly 5 \{gﬁfl?g erarﬁ%e()f?gsg?ﬂ umcitrate at a
concentration of 15 mMand the pHis 7.0; and mhereln the salt is cal cium
chloride at a concentration of 10 nNIand NaCl at a concentration of 100
nvM 14. The f f i - one or nore buffering agents
is histidi neO’(ra*i‘E*l ?’?‘glgté‘%q‘ f%!:a?ﬁ?e g ﬁﬁa%9-§:3 mM each. 34 WO 2009/ 086400
PCT/ US2008/ 088201 15. The fornulatlon of claim3 wherein the pHis 7.0.

16. The formulation of claim9 wherein the one or nore salts is sodium

concentrati on o 0. 56 R0 ST ERALHT BRI 48 B o

stabilizihyy agent is selected fromthe group consisting of mannitol,

| act ose, sorbitol, xylitol, sucrose, trehal ose, nmannose, naltose, |actose,
gl ucose, raffinose, cellobiose, gentiobiose, isonaltose, arabinose,

gl ucosam ne, fructose and conbi nati ons of these stabilizing agents. 18.
The fornul ati é&n ofTh¢éﬁmummnwﬁ®kéhﬂ\ﬂmeﬁsﬁﬁbMthzﬂmgah@@mﬂagama trehal ose at

a concent 8 nd,.nan at a _concentr. t|on of 58.6 mMM 109.
The fornuogg&l%%fghmﬁhChﬁwkaﬁngPﬁ ge%uHP%%?mu ﬂ@ %@l ected fromthe

group consisting of digitonin, Triton X- 100, Triton X- 114, TWEEN- 20,
TWEEN- 80 and conbi nations of these surfactants. 20. The fornulation of

claim1l wher e'f]@ t hThes%Er&ﬂgﬁ(ﬁpgf c né BWI? Be gélt Q05 co%/centratlon 1 range e 5

formul ati on of claim ereln I Ses amn equéence set
out in SEQ3POuNG 3; wherein the buffering agents are hlstldlne at a
concentration of 3.3 mMand Tris at a concentration of 3.3 nMat pH 7.0;
wherein the salts are sodium chl ori de at

11. The formulation of claim 10 wherein the salt is calcium chloride at a

concentration of 10 mM.

12. The formulation of claim 1 wherein the rVWF comprises the amino acid
sequence set out in SEQ ID NO: 3; wherein the buffering agent is citrate and the pH is 7.0;

b4

and wherein the salt is calcium chloride at a concentration of 10 mM.

13. The formulation of claim 1 wherein the r'VWF comprises the amino acid
sequence set out in SEQ ID NO: 3; wherein the buffering agent is sodium citrate at a
concentration of 15 mM and the pH is 7.0; and wherein the salt is calcium chloride at a

concentration of 10 mM and NaCl at a concentration of 100 mM.

14, The formulation of claim 3 wherein the one or more buffering agents is

histidine and Tris at a concentration of 3.3 mM each.
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a concentration of 30 nmM and calciumchloride at a concentration of 0.56
mvi wherein the stabilizing agents are trehal ose at a concentration of 7.8
mM and mewoi20@o8et00a concentration of 58.6 nmM; and wheceius2edsessor f act ant
is TWEEN-80 at 0.03 g/L. 35

15.  The formulation of claim 3 wherein the pH is 7.0.

16. The formulation of claim 9 wherein the one or more salts is sodium chloride at

a concentration of 30 mM and calcium chloride at a concentration of 0.56 mM.

17.  The formulation of claim 1 wherein the stabilizing agent is selected from the
group consisting of mannitol, lactose, sorbitol, xylitol, sucrose, trehalose, mannose, maltose,
lactose, glucose, raffinose, cellobiose, gentiobiose, isomaltose, arabinose, glucosamine,

fructose and combinations of these stabilizing agents.

18. The formulation of claim 17 wherein the stabilizing agents are trehalose at a

concentration of 7.8 mM and mannitol at a concentration of 58.6 mM.

19. The formulation of claim 1 wherein the surfactant is selected from the group
consisting of digitonin, Triton X-100, Triton X-114, TWEEN-20, TWEEN-80 and

combinations of these surfactants.

20. The formulation of claim 1 wherein the surfactant is TWEEN-80 at 0.03 g/L.

21. The formulation of claim 1 wherein the r'VWF comprises amino acid sequence
set out in SEQ ID NO: 3; wherein the buffering agents are histidine at a concentration of 3.3
mM and Tris at a concentration of 3.3 mM at pH 7.0; wherein the salts are sodium chloride at
a concentration of 30 mM and calcium chloride at a concentration of 0.56 mM; wherein the
stabilizing agents are trehalose at a concentration of 7.8 mM and mannitol at a concentration

of 58.6 mM.; and wherein the surfactant is TWEEN-80 at 0.03 g/L.
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