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application is a continuation-in-part of U S. Application No. 11/729, 625,
filed on wbBrety/@97082007, which clainms priority to U S. PCOMS600/051103
Appl i cation Nos. 60/790,239 and 60/ 787,968, which were filed on June 6,
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act i vat'8PFRY%r | X (FI Xa) - medi ated factor X (FX) activation by enhancing
the rate of activation in the presence of cal ciumand phospholi pids or
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nmol ecul ar mass of the light chain . is 80 kD whereas, due to proteolysis
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the potential efficacy qL& @iﬁﬂgt@ﬁftﬂf%¢é§¥€%§N5g¢*gas a therapeutic

nmedi ci ne. These assays mm VI VO S ndogenous FVIII1. In
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assay. concentration and is bound non-covalently to von Willebrand factor (VWF). During

hemostasis, FVIII is separated from VWF and acts as a cofactor for activated factor IX
(FIXa)-mediated factor X (FX) activation by enhancing the rate of activation in the presence

of calcium and phospholipids or cellular membranes.

[0004] FVIIIis synthesized as a single-chain precursor of approximately 270-330
kD with the domain structure A1-A2-B-A3-C1-C2. When purified from plasma (e.g.,
“plasma-derived” or “plasmatic”), FVIII is composed of a heavy chain (A1-A2-B) and a light
chain (A3-C1-C2). The molecular mass of the light chain is 80 kD whereas, due to
proteolysis within the B domain, the heavy chain is in the range of 90-220 kD.

[0005] FVIIIis also synthesized as a recombinant protein for therapeutic use in
bleeding disorders. Various in vitro assays have been devised to determine the potential
efficacy of recombinant FVIII (rfFVIII) as a therapeutic medicine. These assays mimic the in
vivo effects of endogenous FVIII. In vitro thrombin treatment of FVIII results in a rapid
increase and subsequent decrease in its procoagulant activity, as measured by in vitro assay.
This activation and inactivation coincides with specific limited proteolysis both in the heavy
and the light chains, which alter the availability of different binding epitopes in FVIII, e.g.
allowing FVIII to dissociate from VWF and bind to a phospholipid surface or altering the

binding ability to certain monoclonal antibodies.
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and neutralized by antibodies. This reduces their half-life and circulation time, thereby
limiting their therapeutic effectiveness. The addition of a soluble polymer or carbohydrate to
a polypeptide has been shown to prevent degradation and increase the polypeptides half-life.
For instance, PEGylation of polypeptide drugs protects them and improves their
pharmacodynamic and pharmacokinetic profiles (Harris J M et Chess R B, Nat Rev Drug
Discov 2003;2:214-21). The PEGylation process attaches repeating units of polyethylene
glycol (PEG) to a polypeptide drug. PEGylation of molecules can lead to increased
resistance of drugs to enzymatic degradation, increased half-life in vivo, reduced dosing
frequency, decreased immunogenicity, increased physical and thermal stability, increased

solubility, increased liquid stability, and reduced aggregation.

[0010] Thus, the addition of a soluble polymer, such as through PEGylation is one
approach to improve the properties of a FVIII product. The state of the art is documented by

different patents and patent applications:

[0011] U.S. Pat. No. 6,037,452 describes a poly(alkylene oxide)-FVIII or FIX
conjugate, where the protein is covalently bound to a poly(alkylene oxide) through carbonyl-

groups of said FVIIIL.



frequency, decreased i mmunogenicity, increased physical and thernmal
stability, increased solubility, increased liquid stability, and reduced
aggr egat iw0.20{0004®B Thus, the addition of a sol ubl e pol yogEMUS260052183

t hrough PEGyl at i on is one approach to irrprove the properties of a FVIII

product. i s.docu ed by different ts and patent
appl i cat | oniﬂai E? %J%@%géfiescﬂges My %?reéé’éecﬁopb’ééteéoggﬁl@? %91 ene

oxi de) -gidlonlpafible ﬂoi%rﬁ&nmgsaga@emmgwpﬂaﬁe&é@@@h Bumcaﬁ@ﬁ/af RBdn¥etRpund to a
poly(alkylene oxid t hrough car bonyl groups of said [0012]

EP12 58437@@@@13@11 20e& 1 k3gePhpdlteccopugptes eompnquat@ma@i dwaled recamirgnt

reiot | n a0 Erod PR S ot SR00 <t By TR LS mile Bul B A L

B- doni fanétRingin@ Ghe @a@imahinaet it Medrbaso® eipid] ¢ ith thé deBBOSEhLbEXYatRA). yet hyl ene
gl ycol . The conjugate had reduced FVIII function and the coagul ant activity

d d riBés ec 3
ecreased rgppHy W@&dﬁ@zﬂ@%@s‘% i0ds popgthéLeatri ARlechRPddlju p%%%r)gcfi@?&f%“

descri bes polyner-FVII1 nol ecul ar conjugate conprising a
conj ugat Idsra\]mt}ecufaomtga@h wihergiugpah eohjagato hes «DI@ tolthiee W@Olubbl pobyreerpol yner s

St bl S st TR BB o
FVITT, VI
B e L, P 0 AL S S B

No. 6, Alasv JaTeTats) |l e
pol yme?ﬁl)ﬁ ugsh Cg%ﬁl? %?rgtgmd%gcr I befs?f %@Wﬁﬁ%gﬁﬁgdlgglyggﬂtﬁg%ﬁiﬁene gﬁ}gol

havi ng legapcrleferred nol ecul ar wei ght of no greater than 5,000 Daltons.

[0017] There remains a need for an FVIII having an attached sol ubl e pol yner
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preferred molecular weight of no greater than 5,000 Daltons.

[0017] There remains a need for an FVIII having an attached soluble polymer to
extend the half-life of the FVIII in vivo, for example, a PEGylated FVIII, such as full-length
FVIII having PEG greater than 10,000 Daltons conjugated thereto, which retains functional

activity while providing an extended half-life in vivo, as compared to non-PEGylated FVIII.
SUMMARY OF THE INVENTION

[0018] The present invention relates to a proteinaceous construct comprising a
Factor VIII molecule which is conjugated to a water-soluble polymer via carbohydrate

moieties of Factor VIII, and methods of preparing same.

[0019] In one embodiment of the invention, a method of conjugating a water
soluble polymer to an oxidized carbohydrate moiety of FVIII is provided comprising
contacting the oxidized carbohydrate moiety with an activated water soluble polymer under
conditions that allow conjugation. In a related aspect, the water soluble polymer is selected
from the group consisting of PEG, PSA and dextran. In still another aspect, the activated
water soluble polymer is selected from the group consisting of PEG-hydrazide, PSA-
hydrazine and aldehyde-activated dextran. In another aspect of the invention, the

carbohydrate moiety is oxidized by incubation in a buffer comprising NalO,. In still another
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Closed diamonds: native rFVIII, dose 200 1IU FVIII/kg.

[0023] FIG. 3 shows the detailed analysis of PEGylation sites by SDS-PAGE

using various anti FVIII antibodies.

[0024] FIG. 4 shows the thrombin-induced activation and inactivation of native

and PEGylated rFVIIL.

[0025] FIG. 5 shows the bands demonstrating the domains of native and
PEGylated rFVIII.

[0026] FIG. 6 shows the extent of PEGylation of various domains of native and
PEGylated rFVIII.

[0027] FIG. 7 shows the thrombin inactivation rate of native and PEGylated
rFVIIL

DETAILED DESCRIPTION OF THE INVENTION

[0028] The invention is a proteinaceous construct comprising an FVIII molecule
having at least a portion of the B domain intact, bound to a water-soluble polymer which
include, a polyalkylene oxide, polyvinyl pyrrolidone, polyvinyl alcohol, polyoxazoline, a

poly acryloylmorpholine or a carbohydrate, such as polysialic acid (PSA) or dextran. In one
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[0029] The starting material of the present invention is FVIII, which can be derived

from human plasma, or produced by recombinant engineering techniques, as described in
patents U.S. Pat. No. 4,757,006; U.S. Pat. No. 5,733,873; U.S. Pat. No. 5,198,349; U.S.

Pat. No. 5,250,421; U.S. Pat. No. 5,919,766; EP 306 968.

[0030] Herein, the term "Factor VIII" or "FVIII" refers to any FVIII molecule
which has at least a portion of the B domain intact, and which exhibits biological activity that
is associated with native FVIII. In one embodiment of the invention, the FVIII molecule is
full-length Factor VIII. The FVIII molecule is a protein which is encoded for by DNA
sequences capable of hybridizing to DNA encoding Factor VIII:C. Such a protein may
contain amino acid deletions at various sites between or within the domains A1-A2-B-A3-
C1-C2 (U.S. Pat. No. 4,868,112). The FVIII molecule may also be an analog of native
FVIII wherein one or more amino acid residues have been replaced by site-directed

mutagenesis.

[0031] The FVIII molecules useful for the present invention include the full-length
protein, precursors of the protein, biologically active or functional subunits or fragments of
the protein, and functional derivatives thereof, as well as variants thereof as described herein

below. Reference to FVIII is meant to include all potential forms of such proteins and
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have an,aPolipepGdetbncoded by a referenced nucleic acid or an amino acid sequence described
herein; and/or (2) specifically bind to antibodies, e.g., polyclonal or monoclonal antibodies,
generated against an immunogen comprising a referenced amino acid sequence as described

herein, an immunogenic fragment thereof, and/or a conservatively modified variant thereof.

[0033] Polynucleotides encoding a rFVIII of the invention include, without
limitation, those that (1) specifically hybridize under stringent hybridization conditions to a
nucleic acid encoding a referenced amino acid sequence as described herein, and
conservatively modified variants thereof; (2) have a nucleic acid sequence that has greater
than about 95%, about 96%, about 97%, about 98 %, about 99%, or higher nucleotide
sequence identity, over a region of at least about 25, about 50, about 100, about 150, about
200, about 250, about 500, about 1000, or more nucleotides (up to the full length sequence of
1218 nucleotides of the mature protein), to a reference nucleic acid sequence as described

herein.

[0034] As used herein, "endogenous FVIII " includes FVIII which originates from
the mammal intended to receive treatment. The term also includes FVIII transcribed from a
transgene or any other foreign DNA present in said mammal. As used herein, "exogenous

FVIII " includes FVIII which does not originate from said mammal.
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full |engt ha@@%{]eng’gﬂmt <ab@wi9ﬁ9@8f‘yaew&?sflzf{ll}cl%ﬁasmmwélaﬁ&t MR e n), to
a pol ypgpkiadenSAGQHadRY 2 aﬁ@é@{oedﬁqe\dﬂﬁédﬁin_%'a_@idasﬁl&ngé offhe 3R eAQoRCI d

sequence described herein; and/or (2) specifically bind to antibodi es,
e.g., pPosyadrsmaty oy longndel athal oxtmth podineof thygameterat eadl/aigabynbe pesitionedunogen

conprising a referenced. am ci.d sequence as described herein,. an

| munogdiTe TP RAHEEIT REPEEH AR FId SERREET AT U VTR Prd e,

t her eofresifiQ38kitHe by Bordl @@tin i a1 RREO e, ¥ pro@insdh préteBincditihgic] ude,
without Iimtation, those that (1) specificall ﬁprldlze under stringent
hybr i diaazne a¢id éassdr ofhehanime agichlabelai i ene apeshcbel PN andleduis may epfiepd o aci d
sequenc esSGr | in.. e YL i fi ariants thereof;
(2 havenif BERGHARES Ve SRR RRCRIRLILE SRR oAb DN L 00k
96% almuteriA7 sablod EQB% about 99% or hi gher nucl eoti de sequence
identity, over a region of at |east about 25, about 50, about 100, about

150, about Z300361abdiidel&Rsh varianid! oA} m@8 akHincl 9@ resRiue BN EFVHEp&9pdpiRs (up
to the full Iength sequence of 1218 nucl eotides of the nmature protein), to

a ref ersdescribgd heietn ae ramewdudledasions caclaeffastad A epepnboth (rasw)i ohghaysed
her ei N,y Ey) L1 .5 1ncl I I.Gh. ar.i.qj nat t he, manmal
ot onada TOAFRERYE ek v MEL P Bac o] bt Bhbh BT St o
from a seq@nsgeDeleton amyandd, fiesietber Bicgide NAa@hRa8RIf alFV Blgidlypeptaal . As used
herein, "exogenous FVIII " includes FVIII which does not originate from
sai d nmeR#INC{-0035] Variant (or anal og) pol ypeptides include insertion
variants, wherein one or nore am no acid residues are added to an FVIII

am no aci d d8dEncén sbstityEon Nydats, enc of mekeraniipn gcidagsiduesiopedVdl at ei t her
or both term.ni_of the praqtein, .an y be.positioned within interna
et ond BB wdrorhOGang b 00 Qlsele AEIRET ol GRER RGBT 11

addi t i aabdtithitsisduesondérvetiidiamatiie hat donk@k vl substitali e g typeanpwell fusion
proteins and proteins including am no acid tags or. other anino acid | abels.

I n one l@gpadn the e Adgrpatively, dheingention coprach afsyitutions that are also non-

conservative. Exemplary conservative substitutions are described in Lehninger,
[Biochemistry, 2nd Edition; Worth Publishers, Inc., New York (1975), pp.71-77] and set out

immediately below.

CONSERVATIVE SUBSTITUTIONS

SIDE CHAIN AMINO ACID
CHARACTERISTIC

Non-polar (hydrophobic):

A. Aliphatic ALIVP

B. Aromatic FwW

C. Sulfur-containing M

D. Borderline G
Uncharged-polar:

A. Hydroxyl STY

B. Amides NQ



contain an N-termnal Met, especially when the nolecule is expressed
reconbinantly in a bacterial cell such as E. coli. [0036] In deletion
vari ant s,wone1ar4mere an no acid residues in a FVIII polrgpastédesass
described herein are renoved. Del etions can be effected at one or both

termni of the FVIII polypeptide, and/or with renoval of one or nore
resi dues within the GVbilthydnylno aci d sequence. Deltion variants,
therefore, include all fragments of a FVIII pol ypeptide sequence. [0037] In

substitution vari antld, Beierloe nore anmino acid resildues of a FVIII

pol ypeptide are renoved and replaced with alterngtive residues. In one
aspect, the subdOifijelyshaesd Pasishservative in natdk & and conservative
substitutions of_this type are well known in the art. Alternatively, the

i nvention enbr a&%até%%gl? %‘ﬁ@ﬁlgﬁ‘?hat are al so nonconservative. Exenplary
conservative substitutions are described in Lehninger, [Biochemstry, 2nd
Edition; Wrth Publishers, Inc., New York (1975), pp.71-77] and set out

i medi at el y bel ow. CONSERVATI VE SUBSTI TUTI ONS SI DE CHAIN AM NO ACI D
CHARACTERI STI C Non- pol ar (hydrophobic): A Aliphatic ALI V P B. Aromatic
F WC. Sulfur-containing MD. Borderline G Uncharged-polar: A Hydroxyl ST
Y B. Amides N QC. Sulfhydryl C D. Borderline G Positively charged (basic) K
R H



Negatively charged (acidic) D EAlternatively, exenplary conservative
substitutions are set out immedi ately bel ow. CONSERVAT | VE SUBSTI TUTI ONS | |
VALRESI DUFOBXENRLARY SUBSTI TUTI ON Ala (A) Val, Leu, He ARCy/USR)09ly=03 A n,
Asn Asn (N) Gn, H's, Lys, Arg Asp (D) Gu Cys (C Ser An (Q Asn Gu (E
Asp Hs (H Asn, Gn, Lys, Arg He (I) Leu, Val, Met, Ala, Phe, Leu (L) He,
Val, Met, Ala, Phe Lys (K) Arg, Gdn, Asn Met (M Leu, Phe, He Phe (F) Leu,
Val , HeajeeMhaivel efcel?r}l lngCo§§'é'rvz(t§f)e sﬁbfftltﬂimns (aire) se§§15t 1Ifnﬁbd§le Betowlyr (Y) Trp,
Phe, Thr, Ser Val \B He, Leu, I\/bt Phe, 38] naturally occurring"
pol ynucl eoti de or poI y pe pIONSER ¥ AT EY I T ~‘-‘ S froma manmal
including, but not limted to, pri mate e.g., human; rodent, e.g., rat,
mouse, hamster; CQB,IGriM\,LRFrséBU%heep, oEXEMPhéMI. The nucl ei ¢ acids
and proteins of the invention can be recqQuigshgifyTeNecul es (e.g.,
het er ol ogous and encodiX]g tAr)le wld type
a

Val, Leu, Ile

Arg (R) Lys, Gln, Asn
Asn (N) Gln, His, Lys, Arg
Asp (D) Glu
Cys (C) Ser
Gln (Q) Asn
Glu (E) Asp
His (H) Asn, Gln, Lys, Arg

Ile (I) Leu, Val, Met, Ala, Phe,
Leu (L) Ile, Val, Met, Ala, Phe
Lys (K) Arg, Gln, Asn
Met (M) Leu, Phe, Ile
Phe (F) Leu, Val, Ile, Ala
Pro (P) Gly

Ser (S) Thr
Thr (T) Ser
Trp (W) Tyr
Tyr (Y) Trp, Phe, Thr, Ser
Val (V) Ile, Leu, Met, Phe, Ala

[0038] A "naturally-occurring” polynucleotide or polypeptide sequence is typically
from a mammal including, but not limited to, primate, e.g., human; rodent, e.g., rat, mouse,
hamster; cow, pig, horse, sheep, or any mammal. The nucleic acids and proteins of the
invention can be recombinant molecules (e.g., heterologous and encoding the wild type
sequence or a variant thereof, or non-naturally occurring). Reference polynucleotide and
polypeptide sequences include, e.g., UniProtKB/Swiss-Prot P00451 (FAS_HUMAN);
Gitschier J et al., Characterization of the human Factor VIII gene, Nature, 312(5992): 326-30
(1984); Vehar GH et al., Structure of human Factor VIII, Nature, 312(5992):337-42 (1984);
and Thompson AR. Structure and Function of the Factor VIII gene and protein, Semin

Thromb Hemost, 2003:29;11-29 (2002), (references incorporated herein in their entireties).
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sequence or a variant thereof, or non-naturally occurring). Reference

pol ynucl eoti de and pol ypepti de sequences include, e.g.,

Uni Pr ot KBVG@wha1Proet P00451 (FA8 _HUMAN) ; G tschier J et Palr/Uys2009/052103
Characterization of the human Factor VIII gene, Nature, 312(5992): 326-30

1984): Veh t al St t
S1a(abo2) 330088 Chodissd nn Sielidieatly SR rratt e BIROSHRBEEGH of 1t he
Fact or Mlibhe" GeMe1R ARy BEHNEVE or %%%%ﬁ@[@éﬂé@fi@fng,su&%ﬁmﬁ thd saf (2002) ,

(references incorpor at ed herein in their entireties).[0039] As used herein
" bi ol oghuetiongl alclfqr\beoldgr:ahpa@pemes ersaldbn@b@{iﬁ cadt 38 tandlngerapanleamanrncl udes
any derhvati Y i

; h b [ ]. h
P et e e Grforii b g8 B pEmic Pisko B bRt i "o Bl i ng

properties, or the ane structur al sych as.a i di c. backbone
or a basic ﬁgﬁ‘aﬁe kereingpk aPQ“D@&%Wﬁr é'nP E‘SIBP%% r’rgelgéers ldgrmsy )
or "pl agnmd IBI%telﬂ ﬂﬁlh& @?@10@!1 bbﬂcaﬁfe@ro‘ﬂ{ a b8 PA1 Bl Ginp tﬁ%ﬂeﬂﬁo@cﬁ@ﬂlﬁtﬁl@' ned

froma mammal having the property of activating the coadgul ati on pat hway.

[ 0041] doagwlationopmshvedmpect s, production of rFVIII includes any net hod known
in the art for (i) the production of reconbi nant DNA by genetic

engi neeri ng,[0041]) i[mtzzrrﬂﬁhsai;pmgtsrmdndftiomaﬂtrFmAiﬂchicbs piiyokathpd khnewolin the
eukaryoti Eells a/ for exa a&g%vv?thout, limtation tr nsfection,

el ect r GPOIPALY BIF REPAUsTieR 8f Fem maﬂt 7Y 9Y) 8061iE PREAPGRIGE S N HAHRER or ned
cell's, £LidbifaRTRRIING E(EI(\AHJUC o?egkaﬁ&{'&séeﬂl% H '%?E)Ya le $RPRichGHUCt i on, and
(v) |soI ating said rF Ip , fromthe culture rre i um or by harvestlng

t he tr dnsitaomedamsédctisy, alwtmpdt@nom or drdingotian, fiip nitivaeng sadArhnsforh@d42] | n

0 oer SRR bRl 18 FOSOREEly O P Risdnando B ing R,

phar magelg) &gl ftom arcRdhAheditm\driby HiPleSGH @e tENFORNESCNE, iRk YOUiE cells

are mammal i an cells, such as CHO, , HEK 293, BHK, SK- Hep, and Hep&2.
[ 0043] qbtpis piuifiedoF VAL aspects, a wide variety of vectors are used for the
preparation of the rFVII1 and are selected from eukaryotic and prokaryotic

expr essi on 8042]r s In Gthanppess,dlic FddiIGs srdducedoryodarsssiongn expiltzém;i on i ncl ude
pl asm ds suc s, and without limtation, pRSET, .pET, a BAD, ., wherei n the
Dt oot dracigals o BSRG ho Fis sk Sl G B oeire  phaltedicgiciny

acceptable rFVIII molecule. Examples of eukaryotic cells are mammalian cells, such as

CHO, COS, HEK 293, BHK, SK-Hep, and HepG?2.

[0043] In still other aspects, a wide variety of vectors are used for the preparation
of the rFVIII and are selected from eukaryotic and prokaryotic expression vectors. Examples
of vectors for prokaryotic expression include plasmids such as, and without limitation,
pRSET, pET, and pBAD, wherein the promoters used in prokaryotic expression vectors
include one or more of, and without limitation, lac, trc, trp, recA, or araBAD. Examples of
vectors for eukaryotic expression include: (i) for expression in yeast, vectors such as, and
without limitation, pAO, pPIC, pYES, or pMET, using promoters such as, and without
limitation, AOX1, GAP, GALI, or AUGTI; (i1) for expression in insect cells, vectors such as
and without limitation, pMT, pAc5, pIB, pMIB, or pBAC, using promoters such as and
without limitation PH, p10, MT, Ac5, OpIE2, gp64, or polh, and (iii) for expression in
mammalian cells, vectors such as and without limitation pSVL, pCMV, pRc/RSV, pcDNA3,
or pBPV, and vectors derived from, in one aspect, viral systems such as and without

limitation vaccinia virus, adeno-associated viruses, herpes viruses, or retroviruses, using
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i nclude one or nore of, and without limtation, lac, trc, trp, recA, or

ar aBAD. Exanpl es of vectors for eukaryotic expression include: (i) for
expr essi omoiI2niya&®8, vectors such as, and w thout |im t&Crars2000A210pPI C,
PYES, or pMET, using pronoters such as, and without limtation, AOXl, GAP,
GALI, or AUG; (ii) for expression in insect cells, vectors such as_and
Wit houtprpmﬁi%%% ﬁs anghrithyi dignitasiop CNN BY 40, ER5 BASDC RS YA RVokber8d Buch as
and W thgyt limtation PH, pl QO M, Ac5, OplE2, gp64, or polh, and (iii)
for expression in mammalian cells, vectors such as and without Iimitation
PSVL, pCIV_V, ﬁﬁ&‘ RSV’In Bgr%\lm §S egts IQ%YW?CC le gl%t %Elfuggl&:[ilt(\)/ ggva];er%gﬂub n one
aspect, vir Jstem; suc £ Ao vat it a Vi rfus,
adeno- gaspnidratyethy\of b Uagsty dﬂeh@ﬁﬁaMhétusass(,Ro@érti ENIreO V. rAG@S Diug DeYpegnot er s
such as and without limtation CW, Sv40, EF-1, UWC_ RSV, ADV, BPV, and b-
actin. R 0@@]254 458- 7c,5ér Far exame an ene aybadimpp DGR léf”ﬁé?ry‘éat@fbhw@at ed to a

ot al . ORHipafoRR MLy e Ao Bt E !y pE o R TR TRARE < M

enbodl rostets. HVIahbthelserEdEﬁ;ﬂnamteﬂe yitet belublo molygadr] fon exﬁmﬂEBEGo isfdompledo no

groups of the protein using N hydroxysuccin HS) esters. | n another
enmbodi rféq?tSIIi REOURA RS BBIGIBIdE BEINYHYOr t lalf‘oqou@ie 16 %‘gg@adra?gde% BUPFE@MISt r ee

SH grOQQ%aM%hytgat@%&étmsdﬁtmlﬁaﬂ& Rlor Bﬁaa&&ypl ing of PEG hydrazides or
PEG ami nes to carbohydrate noieties of the FVI1I after prior oxidation.

[0045] In otfess;emhogioENLS, (g]luﬁg(:ltk' I&QQJSUHQQ&% StRes AL REN o‘f@)ﬁ@%?@g]eﬁbl e

pol ymers, ere the water for exarrp yl ene
oxi de, vpladrg thienydterppiubdd pal gimers apmIfgrrvaxlayipleabokyhﬂxblenpokyiexmphnﬂe a poly
acryl oyl norphol i ne, rbohydrate or_a pol ysac ride such as p sialic
acid (AP ligpncyagy i o ¥d&3¥ﬂ’iaﬁ‘§1@f ap (f%sﬁ shobine Bep ﬁ%@yd’éﬁ be
carrie t ] n r s. One
exanpl O%E%@l%ﬂgémg%g »® ?Qw%ah@gcﬁ(@g I—FOM&E&N— F{/g&él r%ﬁ dggﬂgﬁy arthjust% %B |h ég acid
hydr az msbé})m@rman &e mnmxgd authy @nydcmqﬂmge‘.@ﬂeqirotvm dryviir hlzked mtdmilea One

150160 SAmP{eGRASPETIE Lo GyeiTaR B TR Up fop s By EF P TIBABE ng- ( or

coupl i n@nMirdng h e&@bhﬁm&%eﬁiumhﬁh&ﬂw&m Sith iy e rdaed e RAlelidEafdupr VI 1 |
under formation of stable bonds.
(Chamow et al., ] Biol Chem 1992;267: 15916 22).

[0046] The conjugation can be performed by direct coupling (or coupling via linker
systems) of the water soluble polymer to Factor VIII under formation of stable bonds. In
addition degradable, releasable or hydrolysable linker systems can be used in the present
invention (Tsubery et al. J Biol Chem 2004;279:38118-24 / Greenwald et al., ] Med Chem
1999;42:3657-67 / Zhao et al., Bioconj Chem 2006;17:341-51 / WO2006/138572A2 /
US7259224B2 / US7060259B2).

[0047] As discussed herein, an embodiment of the invention is the coupling of the
activated soluble polymer to the oxidized carbohydrate moiety of FVIII. The term “activated
water soluble polymer" is used herein to refer to water soluble polymers used for coupling to
FVIII having an active functional group, which allows chemical conjugation of the water
soluble polymer to a linker or directly to FVIII (which contains an active aldehyde group).
The term “oxidized carbohydrate moiety” as used herein refers to FVIII containing free
aldehyde groups, which are generated by an oxidative agent such as NalO,. In one aspect of
the invention, aldehyde-activated dextran (containing an active aldehyde groups) is coupled

to the aldehyde groups of FVIII via a dihydrazide linker.
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addi ti on degradabl e, rel easable or hydrol ysable |inker systens can be used
in the present invention (Tsubery et al. J Biol Chem 2004;279: 38 118-24 /
G eenwal dwetzowlo14708 Med Chem 1999; 42: 3657-67 / Zhao et &CT/USBi9ms21p3 Chem
2006; 17: 341-51 / WO2006/ 138572A2 | US7259224B2 | US7060259B2). [0047] As

di scussed h n nt of the invent t he co n of the
acti vat ed sﬁpﬁ%ﬁﬁe 2\6 ﬂ@c%)‘ffaﬂPQBﬁtﬂPtgﬁmﬁa gingsf b "FVI1 1. The
term aJQtSS%@t%@l%‘})eEor?QédﬁQh%f POV R CarbbR &%anh@t'ie%'sﬁoﬁle 1ikelyQhikd Nadaher
sol ubl e pol yners used for coupling to FV% havi ng an activé functi onal

group, tanBolenaiin ofdsVHhehirgetingotbaButpandin foroficht émjugatien rectiony ie dpmeylrrer to a
| i nker or

Ler iicatbes Sommbist fosd ot waf e n SRR By A i SrRH PSR itBh - The

cont ai ni agclipeeinalisiebysieomooups, whi ch are generated by an oxi datl ve agent
such as NalO . In one aspect of the invention, aldehyde-activated dextran

(contai ni ng [BMHCt Eﬂ’@n@érﬂ%&ﬂﬂ@ntgff%@ﬁ)«eﬂt&ncwm Qds i 34 Ak d&idieups of
FVIT1l via a d| hydrazi de |inker.[0048] According to the glycosylation

pat t er rbyofse Iéf/pdﬂlyet@&]@nt g}ygolederlazht;lveBlcommm@aIBme %hslcgggysppcmmn}iugmn on of

FVI T vi dr at.e. i es shoul.d. t ake ace in the. B domain of
i1 R sR g Rt T e R e St B S o iph B R B ErioBh & SPioREer T eq
since thesSddpnaie; et wifthe glsmé 18sid@ds@f IPV IR dachily téndi@bnsfoyl tbiminERzymat i c
gl ycoconjugation is described in US 2008/ 00700275. 50049] | n_one enbodi ment

of t he stableesmidghongtvin negaebodiiaertiob thevinentips the chais lengtsofifhe BE@ of
pol yet E% %Ve%%‘y%%b ISE YAl b (3%,:89&%&%& Qv'ltp%h%’ﬂ 1&0%3 St 5@0“3 %6 %bB' m de

ester as succinim ducd ara e or
succi nitei5a00 [, @Riacen &ia@. 5 OUIIBS[ﬁtoCi@(OO@aZDa deFedt&ahhn \M) 000 h}b’lﬁ) IQIG(Dmba resi dues
of FVIT11 under mld conditions by rmng a stable am de bond.. In one
embodi régeterghant Hh00u et 15&r900t%are h‘é‘?%nl Varigeterapodimentpdasiyding Jigeanasd;
5,000 Gg het, kG derivatives with chain | engths of 500 to 2,000 Da,
2,000 toanSQS gt Da, greater than 5,000 up to 10,000 Da or greater than

10 QOO up t 88&) OogltD%atl 8‘%[1’10%% &r tfl PEG 1%8919 gf %:rgléltocszgtrollﬁjc a(r)e t%e%ﬁ rglézgloused in

vari ous enb nt S, 1 ncI u I hear an ranc t'ures.
Al t er najohjgatidt Wkl PE[DcfarlbchﬁtdE’E@fb@ﬁihg Are®iiand Monds, gf teRSachibe vxtldhelmdmmsc al

or ketones by reductive amination forming secondary amide bonds.

[0051] In the present invention an FVIII molecule is chemically modified using
PEG derivatives that are commercially available. These PEG derivatives can have a linear or

branched structures. Examples of PEG-derivatives containing NHS groups are listed below.

[0052] The following PEG derivatives are examples of those commercially
available from Nektar Therapeutics (Huntsville, Ala.; see www.nektar.com/PEG reagent

catalog; Nektar Advanced PEGylation, price list 2005-2006):

mPEG-Succinimidyl propionate (mPEG-SPA)

O

mPEG-CH,CH,—C—0—N

mPEG-Succinimidyl a-methylbutanoate (mPEG-SMB)
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conjugation with PEG carbonates by form ng urethane bonds, or the reaction
wi th al dehydes or ketones by reductive am nation form ng secondary am de
bonds. [ O0®B2p1odai4t0Be present invention an FVIII1 nol ecul eCraisesvensoas |y

nodi fi ed using PEG derivatives that are conmercially avail able. These PEG
derivatives can have a linear or branched structures. Exanples of

PEG derivatives containing NHS groups are |i${ed below. [0052] The

foll ow ng PEG derivatives are exanpl espof tho comercially available from
Nekt ar Therapeutics (Huntsville, Al a.;| see tar. conl PEG reagent

cat al og; Nektar Advanced rFAEigy‘EIéiQHﬁﬁ’H—pﬁrc@—rNst 2P05- 2006) :

mPEG- Succi ni m dyl propi onate (nPEGQ SPA) nPEG ni m dyl a-nethyl but anoat e
( "PEG- SMB) nPEG- CM HBA- NHS ( CMEcar Bd%ynet hyl ; #MBA=Hydr oxy butyric aci d)
Structure of a Branched PEG derivative (Nekth Ther apeutics): Branched PEG
N- Hydr oxysucci ni m de (nPEG2-NHS) [0053] This reagent with br anched

structure is descr Kozl o Bi o 2001;
5: 419- 29) . [0054]m%£ﬁng2§§%p]§gS (tgﬁﬁé@%‘éme mé fi‘?fgmééﬂ P&aﬁ

avai | abl e from NOF Corporation (Tokyo, Japan; see ww. nof.co.jp/ engl i sh:
Cat al ogue 2005) General Structure of Linear PEG derivatives (NOF Corp.):
X=car boxynet hyl - X=car boxypenty), - X=suggi nat & nPFG Succi ni m dyl succinate
x=gl ut arate nPEG Succi ni mi dyl gllutarate |Struct s of Branched

PEG deri vatives (NOF Cor p. )PFEG-QILg=—0—CHCHLC—0—N,

Bi s( et hyl pol yoxyet hyl ene-oxy) -1 - (I, 8gdi oxo- 5- gucci ni m dyl oxy,

pentyl oxy) propane 2, 3-Bi s(net hyl pol yoxyet hyl egle- oxy) -1 -(succi ni m dyl

Structure of a Branched PEG-derivative (Nektar Therapeutics):

Branched PEG N-Hydroxysuccinimide (mPEG2-NHS)

0
mPEG, O
lcl,—o —N
mPEG
o)

[0053] This reagent with branched structure is described in more detail by
Kozlowski et al. (BioDrugs 2001;5:419-29).

[0054] Other examples of PEG derivatives are commercially available from NOF
Corporation (Tokyo, Japan; see www.nof.co.jp/english: Catalogue 2005)

General Structure of Linear PEG-derivatives (NOF Corp.):

0]

CH;0(CH,CH,0),—X—N

X=carboxymethyl
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car boxypent yl oxy) pr opane[ 0055] These propane derivatives show a gl ycerol
backbone with a 1,2 substitution pattern. In the present invention branched
PEG deri waibizosgibmwsed on gl ycerol structures with 1,3 swbgitiseemiosz1obr ot her
branched structures described in US2003/0143596A1 can al so be used. [0056]
PEG derivatives with degradable (for exanple, hydrol ysable Iinkers) as
descri bed by Tsubery et al. (J Biol Chem 2004, 279: 381 18-24) and Shechter
et al. (WD04089280A3) can al so be used if theNpresent invention. [0057]
Surprisingly, the PEGylated FVIII of thils i nvgnthon exhibits ful

functional activity, conbi Hed“Wi'thah™exteddeq FVII1 half-life in vivo. In
addition the PEGylated rFVIII seens to be noreg/resistant against thronbin

i nactivation. This was shown by a variety of an vitro and in vivo nethods,
and is illustrated by the foll ow ng exanples. [0058] As used herein,
"sialic acid noieties" includes sialic acid nononers or polyners

(" pol ysacchari desX3cathixgpertyle sol ubl e in an aqueous sol ution or suspension
and have little or no negative inpact, such as side effects, to mammual s

upon adm ni stration of the PSA- FVIIl -conjugate in a pharnaceutlcally
effective anmount. There is no particular limtagon to the sialic acid unit
used according to the present invention. {he pol rs are characterized, in
one aspect, as having frofoknt@,4 it s—En-cent ai | aspects, different
sialic acid units are conbined in a chain. [005 n various aspects of the
invention, sialic acid noieties are bound to FV/ I for exanple by the

met hod described in US Patent No. 4,356,170, wfich is herein incorporated
by reference. In various enbodi nents of the invention, the polysaccharide
compound is a natyurgldiyac@ccurring polysaccharide, a derivative of a
natural Iy occurring polysaccharide, or a naturally occurring polysaccharide
derivative. Cenerally, all of the saccharide residues in the conpound are
sialic acid residues. [0060] O her technlques f & coupling PSA to

pol ypepti des are al so known. For emanple @S Publ tion No. 2007/0282096
descri bes conjugating an cawichenhor—tiydrrazide—derinvat [ve of, e.g., PSA to
proteins. In addition, US Publication No. 2007/0 97 descri besPSA
derivatives containing an al dehyde group for reagttion with substrates

( e. g ‘o pl‘ ot e| I’IS) at mPEG Succinimidyl suceinate

x=glutarate

CH;0(CH,CH,0),—C— (CH, j3;—C—0—N

mPEG Succinimidyl glutarate

Structures of Branched PEG-derivatives (NOF Corp.): 2,3-
Bis(methylpolyoxyethylene-oxy)-1-(1,5-dioxo-5-succinimidyloxy, pentyloxy)propane

IhC—KXHb—CHQf—O—?HZ o

}hC—(X}b—CHﬁf—O—?H ﬁ ﬁ
CH,—0—C—CH,CH,CH,—C—0—N

O

2,3-Bis(methylpolyoxyethylene-oxy)-1-(succinimidyl
carboxypentyloxy)propane
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the reducing termnal end. [0061] In one enbodi ment of the invention, the
polysialic acid portion of the polysaccharide conmpound is highly

hydr ophi IW0,20emd4708 anot her enbodi nent the entire conpo®ad/tisgooiogtiby
hydrophilic. Hydrophilicity is conferred primarily by the pendant carboxyl
groups of the sialic acid units, as well as the hydroxyl groups. The
saccharide unit may gnkg&n ch%r Lunctlonal groups, such as, am ne,

hydr oxyl or sulphate rou or Canlnatlons t her eof &, These groups may be
present on natural | y* g rfﬁb Sadthari de conpouijds, i ntroduced into
derivative polysaccharlde conpound&—o0062J:cRok-ysaechar ijde conpounds of
particul ar use for the invention are, in one aspect tjiose produced by
bacteria. Sone of these naturally occurring polysaccharides are known as
gl ycolipids. In one enbodi nent, the pol ysacchari de conpounds are

subst anti al |[ﬂ055]eeTﬁéseﬁ%;ﬁ’ﬂn@@kn%ﬁ@ﬁm@a P’c&r@l bdRBEA with aQnes@iiradbient  of
the present invention, the in vivo half-1ife of the protei naceous construct

i s prolmtiged.In the preseat lailt\’e@@rhr@lmhné REG datigaiiyes\biasagl dnaglfcdrolf eruofurgstyeith
protel equs. constr ed b t .l f while in
P ot PerCESRRLRRRt biE! visRoRUSRARRY lesBba EPS oA A5 0 Dol By bl LS

of thraged.as conpared to FVIII which is not bound to a water soluble
pol ymer. [0064] In one enbodi nent the protei naceous construct of the

present invqpdsen PR Reivagies s &ﬁrg%hamé (fd}le%ﬁlglé”hycﬁé'l%htﬁéhhﬁ&é)%e”0US
i ntranmuscul ar, or intraperitoneal injection To adm ni st er

conp03|desqrd®d¢>wribnb@b’ngala (meléihnab%@ésW@cﬁﬁéi% dér amffShehhtemt@éent i nvention
to hu |nal ect, .t he conp03|t|ons conpri se one or
nor e gﬁg\f‘?’r@%@% Icf/"nﬁ é’ﬁtu GPIE t@% eiseéirténvaf’ﬂ%n terms "phar maceut ically" or
"phar macol o acce bl e" fer | ecul ar enti conpqQsitions
chat are st M2 | shesebr drnCuasn saalas i b Y evuRtglurtan

cl eav a%upﬁpféeﬁfbﬁma%& de@diied FOmIdarn gt M@ngﬁa@ilﬁ&{ @b @Ecpyﬂatai fRITII
adverse redcti ons when adm ni stered using routes well-known i'n the art, as

descri reenpes lm/mofeﬁhaﬁtmgmsﬁhtdnyblampwmne T@wwase&iwwmhyca udietyarfyin and al |

clini Ca' ' ApEful o sohvent s,  disRelst O wredh&ning 8l L 0gs. antibacterial and
anti fung %.E%ﬁ% y g p

[0058] As used herein, "sialic acid moieties"” includes sialic acid monomers or
polymers (*“polysaccharides’”) which are soluble in an aqueous solution or suspension and
have little or no negative impact, such as side effects, to mammals upon administration of the
PSA- FVIII -conjugate in a pharmaceutically effective amount. There is no particular
limitation to the sialic acid unit used according to the present invention. The polymers are
characterized, in one aspect, as having from 1 to 4 units. In certain aspects, different sialic

acid units are combined in a chain.

[0059] In various aspects of the invention, sialic acid moieties are bound to FVIII
for example by the method described in US Patent No. 4,356,170, which is herein
incorporated by reference. In various embodiments of the invention, the polysaccharide
compound is a naturally occurring polysaccharide, a derivative of a naturally occurring
polysaccharide, or a naturally occurring polysaccharide derivative. Generally, all of the

saccharide residues in the compound are sialic acid residues.

[0060] Other techniques for coupling PSA to polypeptides are also known. For
example, US Publication No. 2007/0282096 describes conjugating an amine or hydrazide
derivative of, e.g., PSA, to proteins. In addition, US Publication No. 2007/0191597 describes
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i sotoni ¢ and absorption del aying agents and the like, including those
agents di scl osed above. [0066] As used herein, "effective anpbunt" i ncludes
a dose suwODabloa1fi®ms treati ng a mammual havi ng a bl eedi ngPdiraseaensas3
outlined above.[0067] The conpositions may be adm nistered orally,

t opi cal |y, .transdernall rall by i.nhal ati on ay, al

oot ai 159 GGy ing s BRIOERy Pt for st PE iR P RS G BT R 1ot ef
i ncl udege RRGHE 3IROME ehdl] €CtiONS, intravenous, intramuscular,
intracisternal "injection, or infusion technlques Adm ni stration by

t I,
: zt { Z;’ﬁgg;ls [ {r)éeﬁt]; gg??%mbdﬁéﬂ%%&h@éntlohn&l%%m& ﬁcald c?%}ti(ﬁlpcﬁrthé onea

I ntrapul monary i hjecti‘on an surgi cal
i mpl antmﬂysacchatldacqﬁapddndud; highkyi Hyelrophileo atd mpdnathed embodiglent th&enereal | y,
conpositio

that _couripone haAnuRsPrHE: FogRpRaiy f BasereHibraY el cpime

adm ni LRk PASuH oﬁtﬂ@sﬁ@é@&é bhitQRS weB s Bfe}ﬁzﬁfcfydyﬁgro‘aﬂé Md Hcthigiadesg | evels
and pattern belng selected by thé treating physicran. For the prevention or

t r eat nenay aintai sélasélncmtml gpplp@,rsmclaa&a admmggdwyll orgelpbatd gompshe t ype of
dlsease t &% g, escrlbe &, % ﬁverlt and gou se of the
di seas€, nﬁwﬁlﬂa? Foy T esﬁ&Fﬁ“ﬁ’Fé?aé/r eecPr?SSP BUEATY VE-18T"E Pt tic

pur posesmpufd, etmtlohedeanito deheatn@tpomhccslaﬁhé &fpdung story and response to
the drug, and the discretion of the attendi ng physician. [0069] The present

invention alggeziel pbEIadcRarReRRAMPTREGUSL fafthcu® TRORI th O vERITRArS i Gn@N
ef fective amount of a protei naceous construct as defined above. The

phar macepddt. dhd)seqmm)msqi by bacteniey Jame h@hema&EOQUMMW@mhaudbd are
accept gbl e car uent

e oS B e BlibigE ol e Bihen 0 RelapRbutioRinghngy %23\1%8&%?@%?32? s

The phatdeasresthiifalgakem@BOsitd. on of the invention may be a solution or
| yophilized product Sol utions of the pharmaceutical conposition nmay be

subj ected tqoggy SH bALLRLd N AP IR RRVORESS theliAVABInaAAS R Afddi ti onal
aspect, the invention includes kits which conprise a conposition of the

i nventi mntepacéomg ednstimcais mminmedvxﬂn @ helfitad enbbdinest, ithesinuse Hadf-ligdrdite st rat i on
to subjects. In one enbodl Iude co und

cormos TR Priudehe Pl b5 A el actabigt P SRt PR Spbodiment

pr ot ei NAE BOHS BANKEd Y %F&l@né@ﬁ@&aﬁ ﬁ‘!ﬂst‘ daétof Qﬂt‘l@ée‘,"@d’ compared to FVHI which is

not bound to a water soluble polymer.

[0064] In one embodiment the proteinaceous construct of the present invention may

be administered by injection, such as intravenous, intramuscular, or intraperitoneal injection.

[0065] To administer compositions comprising a proteinaceous construct of the
present invention to human or test animals, in one aspect, the compositions comprise one or
more pharmaceutically acceptable carriers. The terms "pharmaceutically” or
"pharmacologically acceptable” refer to molecular entities and compositions that are stable,
inhibit protein degradation such as aggregation and cleavage products, and in addition do not
produce allergic, or other adverse reactions when administered using routes well-known in
the art, as described below. "Pharmaceutically acceptable carriers” include any and all
clinically useful solvents, dispersion media, coatings, antibacterial and antifungal agents,

isotonic and absorption delaying agents and the like, including those agents disclosed above.

[0066] As used herein, "effective amount” includes a dose suitable for treating a

mammal having a bleeding disorder as outlined above.
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such as a sealed bottle or vessel, wth a | abel affixed to the container or
i ncluded in the package that describes use of the conpound or conposition

i n practiwongioderoset hod. I n one enbodi nent, the kit comrCaiuss00/05i1n3t
contai ner having a conposition conprising a protei naceous construct and a

second cont h si ol ogi c accepiabl e reconstjtutj
oo or T dbpgh Lk BanBe R RprE St Raran fapPicqI R FAzdstle” | he
conpounglr&ier gmg%hﬁﬂmnl s%ra?ra(;zi‘%'ﬁgﬁ?y fR ey Ul By iHR8@98 Al lgjemloJ Frehckiehm MBY

further inclu a device suit or adnlnlsterlng t he” conposition
accor dlmgenmralaassqsed:hefrﬁm indudes sobcuahebnd wijact oo mtPvedias anbgmusdugarki t

contains a.lab t des rLbe e of e therapgutic protei r_peptide
conpos it ABRAME B 2 Tiier TebRayRa At BRmbPeiGERhE Rl dathfmilr |

Wi th mREGAPeaiaR) e Am SU6C ﬁrﬂ@b@rﬂ[oﬁ@az Lihtr&ths@l UbiretulBdr, ﬁhtrﬁ hohalgul k deri ved
fromthe Advate manufacturing process (3,400 Lvn1 was f||trated by use

of EcoriBlefan MD@S@@I%M@N@W@OIR@@M@M@ szte lwnﬁeméete@m well, Gesgalm Nad |
pH 7. 4’co?ng)%F1% RLNg e s[eﬁ %%ﬁ? (ﬁev%%&g%n? a%%se %ﬁ%r?@}ﬁmﬁe‘% th% SE‘JﬁrBPEl% 47

Succinim succl na Gncer
175- 86ﬁwnnﬁﬂuamehanpwhength of 5,000 Da (PEG—SS 5000) was added to this
sol ution under gentle stirring (5 ng PEG SS/ ng protein) and the pH val ue

was adj ust eqobe8]7- Sildye S aBltipleSRNARGIrAiR 00 theQompihityafdtan Beaariditut
PEGyl ati on was carried out under qentle stirring for 1 hour at room
¢

t enper avitlh tie doeolrgls sudbpttpiebeing selpcied byubieittpating Rh}dr%am\/afsorélpfpprﬁwt@nt 0 an

s0M PrAT P SRR REdfe i SRR R AE Rt 550l bR B8 o S ot er
150 nmMNatad, agddsdried a0, Ahd¥eneri®.andoceuse Oﬁt&heallIHéaQ Wie et ddﬁ@lisbat e 80. Then

t he col umm was mashed mnth 20 CV equilibration buffer t 0 renpve excess
r eagent2dgngisterrd fpEpsgrentivg Orﬁmﬂeuwagurepi?ﬁeﬁfewwhemm tha Peigt e Fligiod mv

1 h I
Lo G P R S ), T e
consi sting %oé)gjgetfge g}e«g? celd 1131931?' ?que%%zaopharng Seular sl bt cut-off of

30 kD using "a ffer en1con5|s
comprising an effective amount of a proteinaceous construct as defined above. The

pharmaceutical composition may further comprise a pharmaceutically acceptable carrier,
diluent, salt, buffer, or excipient. The pharmaceutical composition can be used for treating
the above-defined bleeding disorders. The pharmaceutical composition of the invention may
be a solution or a lyophilized product. Solutions of the pharmaceutical composition may be

subjected to any suitable lyophylization process.

[0070] As an additional aspect, the invention includes kits which comprise a
composition of the invention packaged in a manner which facilitates its use for administration
to subjects. In one embodiment, such a kit includes a compound or composition described
herein (e.g., a composition comprising a proteinaceous construct), packaged in a container
such as a sealed bottle or vessel, with a label affixed to the container or included in the
package that describes use of the compound or composition in practicing the method. In one
embodiment, the kit contains a first container having a composition comprising a
proteinaceous construct and a second container having a physiologically acceptable
reconstitution solution for the composition in the first container. In one aspect, the compound
or composition is packaged in a unit dosage form. The kit may further include a device

suitable for administering the composition according to a specific route of administration.
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mM Hepes, 150 mM Nadll, 0.5% sucrose, pH 7.4. Exanple 2 Bi ochem cal
Characterization of PEGylated rFVIII in vitro [0073] RFVIII derived from

t he Advatworrarufiamwsuri ng process was PEGyl at ed accor di ngCtraseooapiies 1 and
the PEGyl ated FVII1 product was biochem cally characterized. The functional
activit f the PEGrFVIII determned b eof the FVIII hrom)genlc
Gesay (el helrenny g labar B ESES 5] S b eadFta Betels pr PRI et hod | 5
based QRnfRsitiHr - Sth edition (5.05) 2.7.4 Assay of Bl ood Coagul ation

Factor VII'I. [0074] A sanple, containing factor ViII (FVIILC) is mxed with
thronbin, activated factor I X (FI¥}apMPigsphol i pids and factor X (FX) in a
buffer containing calciumFVIII is activated by thronbin and subsequently

forms a conplex w th phospholipids, {‘ﬁg gnd calciumions. This conpl ex
activates factor X to factor Xa, WhIC In turn cleaves the chrormgenlc

oy ?oznﬁibx%tleg RSV Re b Tt il ﬁuccneﬁ%f?@ SPUIEE, ohder at

405 nm The e he reac ro t|o to the factor VIII
concentratid ﬁbﬁj %es i%{’r%‘l #&iﬂp\}‘ﬁﬂ Cﬁrlé(gﬁrﬁ@ﬁ 9@1‘1&%&\%‘1%%@60%5 use of
an ELI 3@ 499 2/8IM x%&rg@ FifekAdd B(y fi’s‘éEUf |E§:Qh&Pﬁ@@@i§G'c%H§nns‘(‘B‘icﬂR¥d) Qiﬁgai(l &M Canada)
with mnor nodifications. Fromthese values the ratios FVII

chr onoddaperuifer, 450 n@éNaﬁé,rlié{ ¢4 cantziniag 0. 5'%@uCpD$ﬂ8eldr0 k%rP@éﬁDrhaﬁ: §he

pr epar n det er.n ned th ti it at 280 nm
Bl o+ niteB MR SpRah T B B PERT RS S PE ek BB FER . P
Prot ei njoRat7al 7586 tvath MEHiSlehat;of SE0OMA (PEG- ss\alob@)ywAé a@dk& td/lﬁ[s%ﬁitféh

Ger many, 1998) and e>r<€gressed i n rrg/m TABLE 1 PEGrFVIII Native rFVIII

PEG SS BKey gnﬂg stiaingrfy me BEG S meroteingand theH valye waymtusal pUJ.+by dmopl | LAg
4, 067 8w1’1se addition of 0.5 M NaOH. Then the PEGylation was carried out under gentle stirring for

1 hour at room temperature.

[0072] Subsequently the reaction mixture was applied onto an equilibrated ion-
exchange chromatography resin (Fractogel EMD TMAE 650M/Pharmacia XK-10 column,
bed height: 15.0 cm) in 20 mM Hepes buffer, 150 mM NaCl, pH 7.4, containing 0.5%
sucrose and 0.1% Polysorbate 80. Then the column was washed with 20 CV equilibration
buffer to remove excess reagent and the PEGylated rFVIII was eluted with elution buffer (20
mM Hepes, 1.0 M NaCl, 0.5% sucrose, 0.1% Polysorbate 80, pH 7.4). The eluate was
concentrated by ultrafiltration/diafiltration with a membrane consisting of regenerated
cellulose and with a molecular weight cut-off of 30 kD using a buffer system consisting of 20

mM Hepes, 150 mM NacCl, 0.5% sucrose, pH 7.4.
Example 2
Biochemical Characterization of PEGylated rFVIII in vitro

[0073] RFVIII derived from the Advate manufacturing process was PEGylated
according to Example 1 and the PEGylated FVIII product was biochemically characterized.
The functional activity of the PEG-rFVIII was determined by use of the FVIII chromogenic
assay (Rosen S, Scand J Haematol 1984;33 (Suppl 40):139-45). The method is based on Ph.
Eur. 5th edition (5.05) 2.7.4 Assay of Blood Coagulation Factor VIII.

[0074] A sample, containing factor VIII (FVIIL:C) is mixed with thrombin,
activated factor IX (FIXa), phospholipids and factor X (FX) in a buffer containing calcium.
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[UmM] Ratio 0.84 0.79 FVII1:Chr/FVI11:Ag Recovery of biological 100 94
activity (% [0075] The data in Table 1 shows that in the PEGyl ated rFVI I
pr epar at iw0,20toma4m80l ogi cal activity (expressed by the praTius2009i053103
chronogenic activity to FVIII antigen) is recovered to nore than 90%in

i to the hi ical activity of th ti VLI (100%..  Exanpl
S Char A s S Vi oy B o SR BB i PhnRA BB KRy T
Techni aia<alcQR flns Nahis\e@mphd! detiviBs rae R eet bz R E, WS uRAGE W dar

reduci ng conditions by using a 4-12% pol yacryl am de gradi ent gel obtained
f rom | mhirameggeiv Llstrdts bXd;1 (@alOH*CHUHAD- DI dilpeAigepN AL Thestime courens  of

t he manuyf acturer....As ecul ar, .wei ght rkers. Pr eci si.on Pl us..mar kers
(16 Ko Sl ROl i e rod B § et Rk R s oy TR o
Then t heopRrodtie lesctitfli€ ptdpaitihel toekk fbtod VRNIbnsmihfienm wbtahpled The ewiBi o- Rad

(Hercules, Calif., USA el ectrobl otting and subsequent_lé‘ei ncubated with
a pol ydngee vapewps @ﬁ@ﬁurehi irmwepf/pn EELaN syseaFommeasinlbyatalgble ceadarlaane

(Hor nb (0. .. The | ast.. st i t.alni ocedur e
R e L L T S

ant i - s hhegmegeh/I0dyaneigt@ ime et al cubiie ACThe mbein Msdnd i the ppYratioklShhs f ol | owed
by the final visualization by use of an ALP substrate kit (Bi 0-Rad,

Her cul &sterpiediby meagpying ﬂiﬁ@P%%f’é PRty At 83Q pndirPRERESE data thy Prpteingentgtot
denonsty.at ] [ . LV BV K IS
shown t‘%\%tcgiﬁ:ﬁleal?% I a{ EyﬁF\%Whﬁ)é@Eg:%%%erﬁwEagﬁgsﬁ g%g?%‘?%ﬁﬁ %l’y:%?yla{r, masses
t han t He Hh&¥diMeimeGomirnyai@9Puod expressEkanppénld Phar macoki netics of

PEGyl ated rFVI11 in a FVII1 Deficient Knock Qut Muse Mdel [0077] FVIII

deficient mce described in detail TABBE 1et al. (Nat Genet 1995; 10: 119-21)
were used as a nodel of severe human henophilia A. Goups of 5 mce

PEG-rFVIII
Native rFVIII PEG-SS 5K

(5 mg per mg protein)

FVIIL:Chr activity 3,430 64
[U/ml]
FVIII:Ag 4,067 81
[U/ml]
Ratio 0.84 0.79
FVIIL:Cht/FVIII:Ag
Recovery of biological 100 94

activity (%)

[0075] The data in Table 1 shows that in the PEGylated rFVIII preparation, the
biological activity (expressed by the ratio FVIII chromogenic activity to FVIII antigen) is
recovered to more than 90% in comparison to the biological activity of the native rFVIII

(100%).
Example 3
Characterization of PEGylated rFVIII by SDS-PAGE and Immunoblotting Techniques

[0076] Native rFVIII was characterized by SDS PAGE under reducing conditions
by using a 4-12% polyacrylamide gradient gel obtained from Invitrogen (Carlsbad, Calif.,

USA) according to the instructions of the manufacturer. As molecular weight markers (MW)

-19 -



received a bolus injection (10 m/kg) via the tail vein with either

PEG rFVIII (PEG SS, 5K) prepared according to Exanple 1 or native rFVIII in
a dose ofwlQO10vo47YI | | / kg bodywei ght. Citrate plasm byPogarskooosdr e
after anesthesia was prepared fromthe respective groups, 5 minutes, 3, 6,

o aome Hepe el pEkers L ER 3P e %&%&ﬁ%—%ﬁ@é@%ﬁ@ﬁ%% "
Mean halséq| The thBGrRAREFefel PMbrd BRUSVIOF Hen(tide\ddtdifidd frdth BiO-RAd9 hours

(for PEGylated rFVII11), area under curve (AUC) increased from13.0 to 25.2
hour s* I(H/emuleSI—@aliﬁ,IUSfé) la:saﬂcﬁttﬂvﬂqtbng wakssuberduontheaicwhatdrd Wit ﬂ@NBlCIDHSbI enti st,
nodel 1.from phar ra th ai. nt USA) .
eanpl ST Shkor B b St HoPae)) capiop gy

| munolbofietihdt @@pérefctmeIuﬂuﬁ@ositﬁ%@pra&uuw@e%&E@fdaab@@lnmliw ditalivas di gest ed
with 1 nMthronbin for 60 minutes at 60T!, which resulted in specific

cl eav ag@owhataﬁ@ (44P) qonjipated A -shpemanibpily gliningé drogedeaale i(BiesthroddeY s,
These Ltﬁ &9% b o 6 E03) sﬂa%{aggﬂﬁ%ge X&‘%{ eA%ﬁinﬂs?rta%%p iORR; Pﬁ‘%legl | owed

y ele as descri V|sua 1 ze eaved

fragrrer(taeh,f aJSpQI th@dﬂs&lts aﬂatsubmdzylzadnm Emnonlﬁhmlbloadﬁmcbﬁdatewﬁgﬁmﬁt t he
heavy chain and A2 dommj ns, domai n_and th i ght_chain N-term nal

A3 domeiiHCiREs %f Iﬁlﬁm PRiPEGytatd r}iéf Hée étﬁs shpve) (hat the gﬁﬁYé?é%x'FVsH%&S &rdes| at ed,

al bei t T | y PEGyl ated. Both the
Al and Hﬁgdﬁ%%aql% 0 tﬁ%hﬁg&s;hajgﬁgﬁgagﬁ %&%\? ;ﬁ?iug Fd;&%EGyI ated. Various

PEGy| at i on- degrees (nono-, di-, tri afm ) coul d be observed in the |ight
chain A3-domai n. |In agreenent WlthEéX Hpel e the PEGyl ated FVII1 seened to

e T P TR R S
act i vat fon 90 Hna %ﬁﬁé{ef%‘éﬁﬁﬁﬁg@%s”a@siﬁﬁie?%ﬁ%?ﬁ'é&?%r Bsickretncent rati on
?gldl on 99§: 1Nt W 1h Werdfiselr b h noddPst TPAE hakf nB¥ofhilih A2 GRLBEHES nAgSay, as
recelved a bolus injection (10 ml/kg) via the tail vein with either PEG-rFVIII (PEG-SS, 5K)
prepared according to Example 1 or native rEVIII in a dose of 200 IU FVIII/kg bodyweight.
Citrate plasma by heart puncture after anesthesia was prepared from the respective groups, 5
minutes, 3, 6, 9 and 24 hours after injection. FVIII activity levels were measured in plasma
samples. The results of this experiment are summarized in FIG. 2. Mean half life increased
from 1.9 hours (for native rFVIII) to 4.9 hours (for PEGylated rFVIII), area under curve
(AUC) increased from 13.0 to 25.2 hours*IU/ml. Half-life calculation was performed with
MicroMath Scientist, model 1 from pharmacokinetic library (MicroMath, Saint Louis, Mo.,
USA).

Example 5
Detailed Analysis of PEGylation of rFVIII by SDS-PAGE and Immunoblotting Techniques

[0078] Native and PEGylated rFVIII was digested with 1 nM thrombin for 60
minutes at 60 °C, which resulted in specific cleavage of the FVIII molecule with well defined
degradation products. These heavy- and light chain fragments were separated by SDS-PAGE
followed by electroblotting, as described in Example 3. To visualize the cleaved fragments, a
polyclonal antibody and monoclonal antibodies against the heavy chain Al and A2 domains,

the B domain and the light chain N-terminal A3 domain were applied.
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[0081] FVIII was incubated at 37 !'wth 0.5 or 1 nMthronbin. Subsanples
were withdrawn at tine intervals between 0.5 to 40 m nutes and added to a
m xt ure oVOBDMe#147X, PL-vesicles and CaC al so contai ni RGTASSPROFIINE
thronbin inhibitor to stop the further thronbin-nediated reactions and

i ncubated fQqr m nut es. . uhs | e . was a to. a. chronogeni c substrate,
whi ch i s seﬁQQ‘?ﬂlve% Sewa@‘é@- E‘f%%%wer&ﬂ’&f@sﬂ@ad’é&% Pg f@&@fﬁntr%%r Xa
acti vatyims dothhi@ w sken gy PHAGHBAL BOM. thd ARG ah8ACt dRMiNGSt thehddvhahgd by
acetic acid. The absorbance (‘A405) val ues, which are proportional to the

FXa coneeapadillpRECYaed Yiaasy PEdilaticardeEldeSAnpeaddr, tand . conscautd eed t 0 FXa

concentrations usi.n urified FXa referenc urve. The r.a Xa
concentParEng WE FERPal SerobBlinJf abReeRCtE R b F bR R Bl
[ 0082] (Bsaelerdd moie rodidedt tb aaebuat i on rate of FVII1 was determ ned by
fitting the declining part of the curves with a single exponential fit.

TABLE 2 First order inactivation Raigmlied 1/ mn) Rel ative k' Thrombin
Native FVIII PEGFVIII PEG native 0.5 nMO0.14 0.08 0.57 1 nM0.24 0.14

0.58[0083] As shown in f-hﬁtom%li@ isﬁ?ﬁ‘?{éﬁ{fﬁ(}gﬁ%ﬁlrﬁﬁﬂ rEVITT showed a sl ower

i nactivation rate at bo applie oncentrations. Exanple 7

PEGy! ati on sine .Resj dues jn. .rFVlI it h anched ..
>, 5 B (ot IR Ry BBRb R LGt o Vot i 3RE NG vt 897 oy
pent yl axyddguenaseei 084k pAcoadiliitastidty. rfé hle ofacatiahahig pRstihioher pH 7. 4
containing 150 mM Nadl , 0.5% sucrose and 0. 1% Pol ysorbate 80 was prepared

f r om bu¥KChderspisaen thethrpatpin eiicentrsion e o8 thenintrRaiex ofr i il pras deadtorsdnt ai ni ng

489 | URV ranc succinim dyl glutarate (PEG SG reagent
(2, 3- Bi@(%%ﬁ%%ﬁ%ﬁ% t!ﬂs;@gﬁgg?oxy) -1-(1,5- dioxo-5-succinini dyl oxy,

pentyl oxy) F{b&é’ﬁ ne)FV?ﬁtw%is ?I?C%b!lt%g ['R % \91?}'; B%roa}tli ncM tlgr-ggl no ' Subsamples were
withdrawn at time intervals between 0.5 to 40 minutes and added to a mixture of FIXa, FX,
PL-vesicles and CaCl, also containing a specific thrombin inhibitor to stop the further
thrombin-mediated reactions and incubated for 3 minutes. A subsample was added to a
chromogenic substrate, which is selectively cleaved by FXa and contained EDTA to stop
further Xa activation. After a 15 min incubation, the reaction was terminated by acetic acid.
The absorbance (A405) values, which are proportional to the FXa concentrations, were
measured in an ELISA reader and converted to FXa concentrations using a purified FXa
reference curve. The generated FXa concentrations were plotted against the incubation time

with thrombin.

[0082] Pseudo-first order inactivation rate of FVIII was determined by fitting the

declining part of the curves with a single exponential fit.

TABLE 2

First order inactivation Rate k’ (1/min)

Relative kK’

Thrombin Native FVIII PEG-FVIIIL PEG/native
0.5 nM 0.14 0.08 0.57
1nM 0.24 0.14 0.58
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Japan) wth a nol ecul ar weight of 20 kD was added to 153 ml of this

sol ution under gentle stirring (5 ng reagent/ng protein) and the pH val ue
was adj usweaoton1¥708 by drop wi se addition of 0.5 M NaCHrafriuszo020521050ut es.
Then the PEGyl ation of rFVIII was perfornmed under gentle stirring for 1

hour at roo er.at 5 e ction m xture was
appl i ed ont ﬁ](){; eq@fslS ‘B‘P”éi‘{agloqg %@@ﬁ%ﬁ@g 1%4%%@966&?3%‘1@54 HOVEr act ogel
EMD TMAR, &AM PR& d6itta ﬁeéalr&%hmnc&@ﬁubﬂ ght: 14.5 cm) in 20 nmM Hepes
buffer, 150 M Nad, pH'7.4, containing 0.5% sucrose and 0.1% Pol ysorbat e

80 using a linear flow rate of 1 ci.ngj ? -he colum was washed with 25 CV
equilibration buffer to renbve excess reagent (Ilnear flowrate: 2 cnimn)

Nacr, 0. EoeRrEPERELighe heilii T HZHL Y e 3 Ay ko RSRTIRRS: o Tof ¥

0 5 cn1 m n. Then tftﬁiyﬁlllL(aISGd1M@5C@6@iﬁﬂﬁlﬂﬁlbﬁﬁ, ﬂéﬁtyloxy)propane
ultrafiltration/diafiltration with a nenbrane consisting of regenerated

cel ' ul ose arngogd)t h Agsoil RGHRY IV 20N %Rlafﬁuff& pBO07 K Botginig B0kl er
system consi sting of 20 mM Hepes, 150 nM 5% sucrose, pH 7. 4.

Exanpl N&l| §.5G suctoschad 84 fePolysarbasn 86 fwas PyaparedfEmy bukketatoialtieBrehthad

PEG SG,20 kD [ 0086 VI Il derived fr nuf a i ng process
was PE A?é%fg\%agu%aﬁgl::n & rEsdds e a?éﬂa\gﬂz e(ﬁg%&]g@%ékggent accordi ng
t o Exanpt@nifiagicklibedEB0-806e eeagbidl(R3-Bis @akik 1 pyasx yinogaend:cal1ky,5-

characterized as described in Exanple 2. TABLE 3 PEG rFVIII Native rFVI1I
PEG SG Qeye--5useinigddylonsy. peryioy) propane) obtained dxany NQF Gorggtion GEekypw m |

FVI LAglaBQI) %&Q&l zg‘mgf%g‘ul[a%g?gllt (l):iaid $0) Qvaégdc?edstg 153 ml of this solution under gentle

stirring (5 mg reagent/mg protein) and the pH value was adjusted to 7.4 by drop wise addition
of 0.5 M NaOH after 10 minutes. Then the PEGylation of rFVIII was performed under

gentle stirring for 1 hour at room temperature.

[0085] Subsequently the reaction mixture was applied onto an equilibrated ion-
exchange chromatography resin (Fractogel EMD TMAE 650M/Pharmacia XK-50 column,
bed height: 14.5 cm) in 20 mM Hepes buffer, 150 mM NaCl, pH 7.4, containing 0.5%
sucrose and 0.1% Polysorbate 80 using a linear flow rate of 1 cm/min. The column was
washed with 25 CV equilibration buffer to remove excess reagent (linear flow rate: 2
cm/min) and the PEGylated rFVIII was eluted with elution buffer (20 mM Hepes, 1.0 M
NaCl, 0.5% sucrose, 0.1% Polysorbate 80, pH 7.4) at a linear flow rate of 0.5 cm/min. Then
the eluate was concentrated by ultrafiltration/diafiltration with a membrane consisting of
regenerated cellulose and with a molecular weight cut-off of 30 kD using a buffer system

consisting of 20 mM Hepes, 150 mM NacCl, 0.5% sucrose, pH 7.4.
Example 8
In-vitro Characterization of rFVIII PEGylated with Branched PEG-SG 20 kD

[0086] RFVIII derived from the Advate manufacturing process was PEGylated via
lysine residues using a branched PEG-SG reagent according to Example 7 and the PEGylated

rFVIII product was biochemically characterized as described in Example 2.
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FVIT1:Chr/FVII1:Ag Recovery of biological 100 120 activity (% [0087] The
data in Table 3 show that in the PEGylated rFVIII preparation the

bi ol ogi cavoaotwoaitoy (expressed by the ratio FVIII1 chrompg&niseotansivity to
FVI11 antigen) conpletely recovered in conparison to the biol ogical
activity of the native rFVIII (100%%}9 88] The PEGyl ated rFVII1I was
characterized by SDS- PAGE and i mmun i ng techni ques under reducing

conditions using—a-4-12%paolvyacrylamde gradient gel as described in
Exanple 3. The results are summarized in FIG 5. Thg; jhaip denonstrates the
domai n structure of native and PEGNaavedVIEVI | |. bhglg; sfown that the

PEGyl ated rFVIII has broader bands and hi gh nol I 289 than the
natGiyve reconbinant _protein [0089] For rm?p dpt(gi%%éprﬁfrgggl ysis of PEGyl ation
of the rFVII11 prepafatd@a.Ryy SDSPAGE @94, i nunobl ot tj g techni ques, the
native and PEGyl ated phMjj! Was digested with 1 nMthrombin for 60 m nutes
at 60 , which resulted in specific cleavage of the FVIII nmolecule with well
defined degradation prggucts, as descijigged in Exanple;i. The fragments were

separ at ed by SDS- PAGE[[fJ,gh} owed by el ectroblotting and visualized by
different anti - I i i LnNs were

PEGyl ated, albeit to g gi,fferent exteptys The B donmmi psyas strongly

PEGyl at ed. Vari ougyviEQ@@oL: degrees (nmono-, di-, tri-PEGylation) could be
observed in the_Ligl 1 - i i ndi at the

PEGyl ated rFVI || ps&RBEDbRIRRaTOr € Tesipgt ant to throghyn. [0090] The rate of
activation and inactj.Nglyi@) by thrombin was nonitored by a FlXa cofactor
assay as descrihed in Fxanple 6 Pseudo-first order ipactivatjon rate of
FVIT1 was determned by fitting the declining part of the curves with a
singl e exponential fit. TABLE 4 First order inactivation Rate k' (1/mn)

Rel ative k' [008nbiThe Nt iiiv & athlyBlshoWwhkat FytHel PHIREAtad i F VEI preparation the

biological activity (expressed by the ratio FVIII chromogenic activity to FVIII antigen)

completely recovered in comparison to the biological activity of the native rFVIII (100%).

[0088] The PEGylated rFVIII was characterized by SDS-PAGE and
immunoblotting techniques under reducing conditions using a 4-12% polyacrylamide
gradient gel as described in Example 3. The results are summarized in FIG. 5. The blot
demonstrates the domain structure of native and PEGylated rFVIII. It is shown that the
PEGylated rFVIII has broader bands and high molecular masses than the native recombinant

protein.

[0089] For more detailed analysis of PEGylation of the rFVIII preparation by SDS-
PAGE and immunoblotting techniques, the native and PEGylated rFVIII was digested with 1
nM thrombin for 60 minutes at 60°, which resulted in specific cleavage of the FVIII molecule
with well defined degradation products, as described in Example 5. The fragments were
separated by SDS-PAGE followed by electroblotting and visualized by different anti-FVIII
antibodies. As seen in FIG. 6, all domains were PEGylated, albeit to a different extent. The
B domain was strongly PEGylated. Various PEGylation-degrees (mono-, di-, tri-PEGylation)
could be observed in the light chain A3-domain. The results indicate that the PEGylated

rFVIII seemed to be more resistant to thrombin.
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0.5 nMO0.13 0.09 0.67 1 nMO0.21 0.15 0.71 [0091] As shown in FIG 7 and
Table 4, the PEGylated rFVIII showed a slower inactivation rate at both
appl i ed tWwoenrwmn4mencentrati ons. Exanple 9 PEGyl ati on oPCTRgRI/05I183

car bohydrate noiety [0092] For preparation of a PEGrFVIII conjugate via
car bohydr at idyes, a solution of. rEVIII (final. concentratiopn: 1.2
mg/m) is pﬁ@{‘éﬁedLfgﬁfaégoﬁﬁ%ﬁ%%"pﬂ’é‘tléa%wﬁ?‘é‘} ,YBFPIB‘.W.W%&P‘M%CCQ%% (final
concentp&hicomclr 3sdihs H&lcribOfinaxlAa1d 8N pRlude AT RN iRIBvA®S dikest H\pberts

et al.; Advanced Drug Del Rev.; 54:459-76 (2002); Meir and WIchek; Meth
Enzynol wis3Bterdd@d43(fito8g yhe.detheng pait of the cwarss gudrctiegle bypaaduelial ifion of
glycerol in a final concentration of 10% and the excess reagents were
separated by repeated centrifugati c(PABEEdg Am con M cron-10 devi ces

(Am con, Billerica, MA). PEG hydrazide (MN 3300 Da / Nektar, Huntsville,

Al abama) was added to give_a final concentration of 1.5 mMreagent. The
PEGyl ation was then perf or hEd ofdsy inagtivaionRatsk (mier at ure. Subsequently, the
conj ugat e obtai ned and the excess reagent was separ v r epeat ed
centrifugati on on fAoeei M aNHRe FONDevi gass-B8ilng 25pwmdvhahesphat e buffer, pH
6. 7. Exanple 10 Relysialylation—of—rRlwth-PSA-hydrazine [0093] For
preparation of a PSfsakVI I 1 cogjiggate vi a g@ bohydr at ggy esi dues, a sol ution
of rFVIII (final conggptrationy,l no/m) igprepared php; 20 mM sodi um
acetate buffer, pH 6.0. NalOis added (final concentration 0.25 mM) for the
oxi dation of carbohydrate residues. The oxidation 1s carried out for 60 mn
at 40C in the dark. Sodiumbisulfite (finalconcentration 25 rnM is added
to stop the pgegti AR -shINE FERESP 2 2P HLBIEY PEE PRERIRd FVIBPRALREET sP)ver _
gelfiltration on DG 10 colums (Bi o-Rad). Subsequently, PSA-hydrazine with
a chai nnictingtién fe LOGoRDpppee faembinavoomdiatignt o WO2006/ 016168) i s added
(final concentration 10 mM. The polysialylation procedure is carried out
for 2 h at roomtenperature. The pol ysi &xgimpteedd rFVII1 is purified by HC
on Butyl - Sepharose (GEHeal t hcare).

PEGylation of rFVIII via carbohydrate moiety

[0092] For preparation of a PEG-rFVIII conjugate via carbohydrate residues, a
solution of rFVIII (final concentration: 1.2 mg/ml) is prepared in 25 mM phosphate buffer,
pH 6.7. NalO; is added (final concentration 0.3 mM) for the oxidation of carbohydrate
residues (Roberts et al.; Advanced Drug Del Rev.; 54:459-76 (2002); Meir and Wilchek;
Meth Enzymol;138: 429-42(1987)). The reaction was quenched by addition of glycerol in a
final concentration of 10%, and the excess reagents were separated by repeated centrifugation
using Amicon Micron-10 devices (Amicon, Billerica, MA). PEG-hydrazide (MW 3300 Da /
Nektar, Huntsville, Alabama) was added to give a final concentration of 1.5 mM reagent.

The PEGylation was then performed for 2h at room temperature. Subsequently, the
conjugate obtained and the excess reagent was separated by repeated centrifugation on

Amicon Micron-10 devices using 25 mM phosphate buffer, pH 6.7.
Example 10
Polysialylation of rFVIII with PSA-hydrazine

[0093] For preparation of a PSA—rFVIII conjugate via carbohydrate residues, a
solution of rFVIII (final concentration: 1 mg/ml) is prepared in 20 mM sodium acetate buffer,
pH 6.0. NalO; is added (final concentration 0.25 mM) for the oxidation of carbohydrate

residues. The oxidation is carried out for 60 min at 4°C in the dark. Sodium bisulfite (final
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A5 MNaC solution is added to the m xture to give a final concentration
of BM NaCl. This mxture is applied to the colum filled with

But yl - Sepharona141@E- Heal t hcare) and the elution of the PEVIUSRe®SE10DN] ugat e
is carried out with 50 n1\/IHepes buffer pH 7.4, containi ng 6 7 mM Cadl

After elution of fhe con ust ed to Exanpl e 11
Purifi CCQPFWE‘HWH%EW OéFPP‘E afl?éce’%ﬁ?scfoflb‘ﬁgﬂﬂ“ 9aieyisi al i ¢ Acid
was purdehi r@«édba Hﬂ@ﬂl&?‘cﬁmagﬁ) m@mmw@ﬁbysme@%ag@m@% kifazds wigscri bed
in WO060 6161 F| ve grans of PSA were dissolved in 50 nL XO mM

Tri et hawniﬂaarﬂﬁmghmﬁﬂ@ &b, (pmﬁarﬁdzacwdmg|tﬂW@2%/®ﬁlﬂlm addeddfiank i ng buffer).

Thi s solutl har naci a XK50 illed with

o sopnarieutaudt 2 RBRL Fit AL Do P ERERRRr g T Thtt B8 | br at e

Wi th stiampégird Ufkegol Jﬂglaeelrﬂvmllmrﬂeﬁtbym@@dBmyu Beph#eU@E-vol unes (CV)
startin uffer an ?,1 ound PSA was eluted stepw se with 3Cv 200 nM Nad ,

350 M cpd AOM m%@utlpmlssqdéfa@ forfge BuRtues to givrea fingd conesntration &dBMi t h
350 MM ; T%E‘SSAQS% ﬁ?ﬂp ﬁ{fkoa{he‘é% 13 cipda i EP@l %%pﬁa{?{? ﬁ §B§ gel

el ect r ophor esi I on was concentra Ol’l using a

5 kD nemttiendutiadef taé rFeJEREARbafhgatelis cris®oftM ikt ﬁ(p)mMiHeﬁed bﬁfdrq&H 7MA) and
subsequent |y diafiltrated agal nst 50 mM phosphat e buffer?ﬁg 7.2. The PSA

was oxi@neEHng P iMEras lan A fEr ¢lation althe peringats hepH s g pf?t roduced by

reductive am nation as described in WX05016973A1. For reductive am nation,
11 mL of a 2 M NH4C sol ution were addebxamplodlnl of a sol ution containing
58 ng oxidized PSA/ m in 50 mM phosphate buffer, pH 7.2. A solution of 5M
NaCNBH3 i n | M NaOH was t herPuaddetlort sndgleviza@zationaf Polymiebaicat i on of 75 nmM
The reaction was performed for 5d at roomtenperature at pH 8.0. [0095] The

m xt ure was [00@%4] dPalyyiaBd Aagbwmspuriiedy anZbgexhsgdewhiranato&@pxgo -

t 10 mM Nadl d t hat e buf f H
5.0, " cONPRIRI 5 SAFERTAn HODRHIPUAY! TR yaSP HHErs ot tkadOgL
r eact| o Al Tﬁ&h&&ﬂe(ﬂn’ﬁ@*buﬁéﬂ V4 ééﬂtﬁ‘iﬁl FOURMMWGST & étﬂlﬂgbﬁ'ﬁéﬂ) a‘i‘ﬁls( Tmut S

reagent / Pierce, Rockford, IL). reaction was carried out
phosphasphltllouwaerapplpdd c81t@a Pbalmaalarﬁ(Kgo BolnMnEDIEA wmtltﬁ &iphaliode HEI(@E excess of

' eagent (l)t care mcl(l)ogermarrw was equl tgd starti ngSO| q”rﬁe cgl?l%laﬁl V[]l:!lsng

next washed with 8 column volumes (CV) starting buffer and the bound PSA was eluted
stepwise with 3CV 200 mM NaCl, 350 mM NaCl and 500 mM NaCl in starting buffer. The
fraction eluted with 350 mM NaCl showed a molecular weight of 20 kDa as indicated by
SDS gel electrophoresis. This fraction was concentrated by ultrafiltration using a 5 kD
membrane made of regenerated cellulose (Millipore, Billerica, MA) and subsequently
diafiltrated against 50 mM phosphate buffer, pH 7.2. The PSA was oxidized with NalO, and
a terminal primary amino group was introduced by reductive amination as described in
WO005016973A1. For reductive amination, 11 mL of a 2 M NH4Cl solution were added to 20
mL of a solution containing 58 mg oxidized PSA / ml in 50 mM phosphate buffer, pH 7.2. A
solution of 5SM NaCNBH3; in 1M NaOH was then added to give a final concentration of 75

mM. The reaction was performed for 5d at room temperature at pH 8.0.

[0095] The mixture was then dialyzed against a (NH4)>COs3 solution (50 mg/L)
containing 10 mM NaCl and subsequently against 50 mM phosphate buffer, pH 8.0,
containing 5 mM EDTA. A sulfhydryl group was next introduced by reaction of the terminal
primary amino group with 2-iminothiolane (Traut’s reagent / Pierce, Rockford, IL). The

reaction was carried out in 50 mM phosphate buffer, pH 8.0, containing 5 mM EDTA with 20
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atermnal free SH - group was subjected to ultrafiltration/diafiltration
using a nenbrane with a cut-off of 5 kD and made of regenerated cell ul ose
(MI11iporwo2Biddierosca, MA). Exanple 12 Pol ysial yl ati on ®CTruSwWol051193 use of
a heterobifunctional cross-linker [0096] For coupling of PSA-SH to rFVIII,

t he heterobifunctional cross-|inker MBPH (4-]4- | el m dophenyl ] hutyric
aci d hyBIEPESYery PiTedecat fs%lﬂef 50 CRPF b ﬁ}ﬁ%@?@ solftion Xénltémmg

car bohyteah@asedesil L‘%@oﬁﬁ’@ﬁ@ﬁb tc@ANE ufrSt- AL M I 6RLLdiYEs ARhBdHede group
was used (Chanow et al., J Biol Chem 267:15916-22(1992)). PSA-SH

cont ai nvitilga awt-&€ of ¥ EDswd fmdd of reggneratedwakulpseeditlgmbradbbentianlylA)o Exanpl e 11.
[0097] Two ml rFVIII (638 ng, 3.856 ng/mnm protein concentration) were
transferred to oxidation buffer (50 nM Exdhpimlacetate, pH 6) using
desalting columms (Bi o- Rad Econopac 10 DG according to the instructions

of the manufact urer. Pbhgiapylic of P31 bheRe oK Bété@titwhdiidnbl. i2osxNidNat O ( Mer ck)
(I'h at 40C in the dark). The oxidation reaction was quenched with gl ycerol

ina final qooe@nt rat édﬁ@_liﬁ% ofl DY -SH Wr@nall, ARdtheNAIUR BT Ghal ERBY BAKENd t he
protein was transferred i nto reaction buffer (50 mM sodi um phosphate pH

6.5) udYIR§HdEddN-Mgeinotophesyl|BitpiRedd EpdnopgatiClpidde), Rackordiilhy to t he
manuf acturer.'s instructions. A mxture containing 1 MBPH ng protein and
PSA- SH CIBHIFBR GROREFEs EBEL S I ) WP HBRECT Yo BAIage BBRP 2K ar RT
at pH Gysad (AREnFXEEIS I Bloll (HRKENEMASOTEIRY 990\ SPHA- e S thih 1Y HQAHINS

(Bi o- Rad Econopac 10 DG according to the instructions of the manufacturer
and t hesulfhydegl gregawes pjepget @comdingtahsfimpledd. i nt o reacti on buffer. [0098]

The MPBH- PSA conjugate was added to the oxidized rFVIIIl (0. 105 ng/m
protein) and009d r @sotmb VHIX038 sgna 856 npihbpectid conc2itratonRverender gentl e

shaki ng. The rFVI 1| -PSA conjyga s purifi H C usjn repacked
Butyl | SEBRTSLL RHii e LMot e St PR vene fesBingitp s TR o
hydr ophedi iiconBp R REDG AscoRding REHE MUMORSR ot mBiitXd e PIRY BBkt has sanpl e
was cool ed to 2-80C and the Tonic strength of the reaction mxture was
i ncr eagbeh exadiaed with GASnwWitlyaloh (Mppskoklh 85CHEtherdally. déidioniglatiobisattéon
?\?\Lg;l ngzﬁcc%@%%{eﬁll\ﬂgi gﬁyc’:\ér(')\{alga fgn%Pcon&Aeru?aQ%%’of ?0% . ’\é?lgcéropané ﬁ%%v%rez » 0.01%
removed and the protein was transferred into reaction buffer (50 mM sodium phosphate pH
6.5) using desalting columns (Bio-Rad Econopac 10 DG) according to the manufacturer’s
instructions. A mixture containing 1 mg MBPH/mg protein and PSA-SH (200 fold molar
excess to protein) were next incubated for 2h at RT at pH 6.5. The excess of linker was

removed using desalting columns (Bio-Rad Econopac 10 DG) according to the instructions of

the manufacturer and the linker-PSA conjugate was transferred into reaction buffer.

[0098] The MPBH-PSA conjugate was added to the oxidized rFVIII (0.105 mg/ml
protein) and the reaction mixture was incubated for 2h at RT under gentle shaking. The
rFVIII-PSA conjugate was purified by HIC using a prepacked Butyl Sepharose column (GE
Healthcare, Butyl HiTrap FF 5 ml). To allow hydrophobic interactions of the conjugate with
Butyl Sepharose the sample was cooled to 2-8°C and the ionic strength of the reaction
mixture was increased to a conductivity of approx. 185 mS/cm by adding a buffer solution
containing 5 M NaCl (50 mM Hepes, 5 M NaC(l, 6.7 mM CaCl,, 0.01% Tween, pH 6.9). The
reaction mixture was loaded onto the column that was equilibrated with equilibration buffer
pH 6.9 (containing 50 mM Hepes, 3 M NaCl, 6.7 mM CaCl,, 0.01% Tween 80) with a flow
rate of 1.2 cm/min. Unbound sample was washed out with 10 column volumes (CV) of

equilibration buffer. The conjugate was eluted with a buffer of low ionic strength, pH 7.4 (50
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reaction m xture was | oaded onto the colum that was equilibrated with
equilibration buffer pH 6.9 (containing 50 nM Hepes, 3 M Nad, 6.7 nM
Cad 2, 0.WO0%ivEere880) with a flowrate of 1.2 cnm mn. Babaseassims e was
washed out vvith 10 colum volunmes (CV) of equilibration buffer. The

h a _buffer of njc stre

conj ugat e t i W n 50ni M
Hepes, BVY7 ?ﬁ% @%& am%t@ﬁ“ﬁl% BWr?tﬁtoéléfc ?f?mcrﬁlif’rﬁgﬁge %HP Ej’gfarng'
chrorrat;ﬂgée@pfax F{Bfe@ﬁﬁ@ﬁuff&@%f@&o?éﬂ%sh@iﬁ%b%r@uﬁtﬂ%x slpHSdfrage ANatk GRsbat h.
Finally, the p the el uate was adjusted to 6.9 anpl e 13 Conj ugation

of rFViadjustedtth 6ext ran [ 0099] For conjugation of rFVIII with dextran, 2 ni
rEVITT (638 ng, 3.4 ng/m protein) were transferred to oxidation buffer (50
nmM sodi um acet ate, pH 6) using desalti nBxaoplarids ( Bi o- Rad Econopac 10 DG
according to the manufacturer's instruction. The protein was then oxidated

with 0.25mM Nal O (I h at 40C i n ¢bgjugatdn)of rFVEI withdaéx@dnpr ot ei n was first
concentrated using vivaspin ultrafiltration spin colums (Sartorius Stedim

Bi ot ech Grbhpoey(t hrar dAEa06n 3OHDA e a&:dFng2 1t rFVET E9RUARCLMRRYmB
instructions. The sanple was next di al 6zed agai nst reaction buffer (50 mM

sodi umppiesn N@rfetrmferyeddo emdﬁtlgrhbufé@r (40 oM podnmoicetafe pH 6d|uallng slesalti®s. 58 ny
adi pi ¢ a dn(ljns gagﬁconosp(aﬁm(g)t %%h%%gg c%acgtﬁfoeg sfn(l)s c 1on ﬁ'{‘l} excess) and

the redCtion mxtur e wa e shaki ng.

ADH maqarbt%ﬁi)w@hb&sbﬂgaté@&adhto I&nM(NMmNH( &@Cﬁﬁdhdimmppﬁfe okﬁham)prat?eﬁpr di ng
to the instructions of the manufacturer. Ten ng al dehéjglpgI activated dextran
(Pi er ceyasiist eaaedratetasing dvaringyltrafilgagen sun ﬁ?](‘a‘ffé‘ﬁ hyarkosiys SkedimiBipteele was

i ncubat r | EX
chr orrat%%?g mtﬁéln%g% gregls% aﬁé&?@% %—é Ihﬁ @Z%HS&Q?EF esy}@gtﬁpgew\%\%sﬂf@éded
ont o a wolnerndiblyzéd ﬁgmmst geaction Baffer (50 ;M badivmghogshatel pH 7 pded night bt 490 f er A
(50 nmM sodi um phosphate pH 6.8) with a flowrate of 0.5 m/mn. Unbound

sanpl e was ooty ouftemdiblysh, 1/5dmef@ipitaciffidisilyidet A®HEABjggatvaswas el ut ed
with a linear salt gradient (0-100% buffer B [50 mM sodi um %hOSﬁhate pH 6.8

+ 1 M Neidrigd {590 foldanglaippxcpssa ang ti reastien grix@raway ingibated ah R T at p
under gentle shaking. ADH was removed using desalting columns (Bio-Rad Econopac 10
DG) according to the instructions of the manufacturer. Ten mg aldehyde-activated dextran
(Pierce) was added (17 fold molar excess to protein) and the mixture was incubated for 2 h at

RT, pH 7.

[00101] The conjugate was purified by IEX chromatography on Q-Sepharose HP
(GE-Healthcare). The sample was loaded onto a column (6.4 mm x 3 cm, V = 1ml) that was
equilibrated with buffer A (50 mM sodium phosphate pH 6.8) with a flow rate of 0.5 ml/min.
Unbound sample was washed out with 5 CV buffer A. Finally, the conjugate was eluted with
a linear salt gradient (0-100% buffer B [50 mM sodium phosphate pH 6.8 + 1M Na(l] in 10
CV) with a flow rate of 0.5 ml/min.
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1. A nethod of conjugating a water soluble polyner to an oxidized
carbohydrate noiety of Factor VIII conprising contacting the oxidized

car bohydreiDeomgilgtoy wi th an activated water sol ubl e pol pegSeed®s2103
conditions that allow conjugation. 2. The method according to claim1
wherein the water ];&1\% |l e polynmer is selected fromthe group consisting of
PEG PSA and dext&lm! The met hod according to claim1 wherein the

activated water soluble polymer is selected fromthe group consisting of
PEG hydrazi de, PSA- hydht &¥thas of saniaestétgwatge qlykle palyark ie #hoxidizedhe net hod

accordi L[9ed SELE) e - [ ' i, di

i ncubatc:agor?%?%&gqugﬁyer cgﬁﬂp rﬂllﬁsllr&%an%ﬁg@%%g%@&%ntgpﬁgt Zgg%g%)ég?dd—? %gn‘%tym aiml
wher ei nvitlhen activdied echtaraohblheyghl wher undeetondafonk at hllow cbojogited. i n t he B

domai n of Factor VIII. 6. A nodified Factor VIII produced by the nethod

according to any xpne OfheGhé@hd®ackofdingto Aaipl DivBERACEHO hated QBRibIeY ymer is
conprising: (a) a Factor VIII nolecule; and (b) at |east one water soluble
pol ymerselssid drompths grepprenmsisting i FEGOr b anddexii@r ei n sai d water sol ubl e
polyner is attached to the Factor VIII via one or nore carbohydrate

noi eti es | ocated 3.n t héeBnetbodigsorhing torclazinl | whereinihe aptitasi wiateesnligble

construct of .claim/.wherein the water I I r.is selected fromthe
gr oup Lolymeris %egecé?d %%I&%ﬁfi:%r’&u% ﬁ(ansmgl)? rog %%@gy(ﬁazqge,%%—hy(ﬁazme andt
aldehyde-activated dextran.

4. The method according to claim 1 wherein the carbohydrate moiety is

oxidized by incubation in a buffer comprising NalO,.

5. The method according to claim 1 wherein the oxidized carbohydrate

moiety of FVIII is located in the B domain of Factor VIII.

6. A modified Factor VIII produced by the method according to any one

of claims 1-5.
7. A proteinaceous construct comprising:
(a) a Factor VIII molecule; and

(b) at least one water soluble polymer bound to said Factor VIII molecule,
wherein said water soluble polymer is attached to the Factor VIII via one or more

carbohydrate moieties located in the B domain Factor VIII.

8. The proteinaceous construct of claim 7 wherein the water soluble

polymer is selected from the group consisting of PEG, PSA and dextran..
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