WD 2010/ 014708PCT/ US2009/ 052103 FACTOR VI I | POLYMER CONJUGATES FI ELD OF
THE | NVENTI ON [ 0001] This application is a continuation-in-part of
U.S. Application No. 11/729,625, filed on March 29, 2007, which clains
priority wo2081476% ovi si onal Application Nos. 60/ 790, 289/Uarmu9/6010887, 968,
which were filed on June 6, 2006 and Mar ch 31 2006, respectively.

[0002] The present inve, JRgEouS construct

conpri sing coagul atio nd to at | east one

wat er sol ubl e polynmer, inc oxi de) such as

pol yet hyl ene gl ycol . Furthhﬂﬁ?@?@ﬁ%ﬁﬁﬁ& on relates to nethods for
pr ol ongi ng {n al f-1i f EVI manmmal havi ng
bl eadi ng M} aaGelssmae Grbheiinit-patal O3 AoBlS Eh Nief T of enci o5 of
FVITT. 1BACKGES N &Fvikidh 20NMEYHvhidh claims pridr@P@3]. SPagidonkli Agplitahor VI | |
(FVII1) circulates in I&ﬁasma at a very |low concentration and is bound

non- coxPéHSe@ﬁfT%P?t% 208 ROARBT-Peib ik wee il opvuie) ©: 2006 pdgMABhe44480s, FVIII s
separ at.gd.di# VWWVF and acts as a cofactor for activated factor DC

(Fl Xa) - nedi at éd factor X (FX) activation by enhancing the rate of
activation ygygkfe ﬁe%g4%2%@nu&§}eﬁt&% agﬂataﬂ&%m%hmisc&{ sl Ul ar

menbr anes. I's synthesized as a single- chaln pr ecur sor
of approxguintion Ifzsctozmlliﬁwﬂmemgbwn%@ a drasl qnes’tautamoluble pAlymAL il yiBegcl - C2.

comob il Ll Bl BT P AR poffg S TP e iU BT g™ ' °

nol ec ulpathads & p@:ﬂoxﬁgmg dhe@hhvoiha]fmfé of Bﬂiﬂdﬂm&iﬂnMammnmmapmgraeol ysi s
within the B donain, chai S|nt e ran 90- 220 kD. :
0005] HlebBb AoRRL B oles nER SinwSaR: fotp e brithniey for therapeutic
use in bleeding disord have been devised to
determ ne the potenti a%@?ﬁ&é@@&%ﬁﬁﬁﬁ (rFVI11) as a

t her apeutic Ci es in vivo effects of endogenous
o T L S SR Gebr T T e Bt R ST 1l neroage and
subsequeiienERhQas & Holnd hén-pHacaagw il walkbimil Etoragwmasurgd by in vitro
assay. This activation and inactivation coincides with specific limted

pr ot eolh§EPLagLFN I i+ serwratid &y MWE arHe@cts ipyh eolartar 98 activried frckard¥r ¢ he

avai | abixial neffatedichdi&r ﬁ RicPicadidig t@@nﬁﬁﬁﬁ% théralfMrlabi@tiln irfhd PG FVBI o
di ssociate” from VW and bind to a phospholipid surface or altering the

bi ndi n@f edd¢ikintapd phospbelipadsoreoiider Iemabramstl bodies. WD

2010/ 014708PCT/ US2009/ 052103 [ 0006] The | ack or dysfunction of FVBI
i s associ at 904l t F*\MIHas spothesizedaprengldbisdn pregursiraf ppfpxinhteiopih330a A The
treat t h o] Llia Ads replacement

t her ag%ﬁ W t%{]ﬂlg gllélgn@ gﬁ%‘i’l{/@ —g;? rﬁ%l%{?{]g%ng\éﬂr%g 5§8§§4ff A Ilag%taée.% th severe
haenopfkplatma- éexweti’ho EERmacvd) EVREL wm;’h&épd af ehcgﬁp ehah [ A1-82-Braaphyghct i ¢

t her apy ee L] 1% bet ween d ses. Taking into
acoountithiAsbaid. The el dlrolies Boriant B VEGRSATEE i n t he

ci r cul adidysistWikifin @RB USHak] the B@av?%ﬂhﬁ‘{ﬁﬁ ﬂlia/raﬂge\/df@g BYRD.two to three
times a week. [ 0007] There are many concentrates on the nmarket for

the treat mepoosf MRMRHALD esiPLasOf reb IS Rark 9%&ﬁ‘?6r@1§e@®eh§c s8¢
reconbi nant product AdvateO, which is produced in CHO cells and

manuf abicgfies dﬁ?rdgéx Varlopieial iR 2 eys ey poreadpoied (ndetumian tspoEpisal  pl asma
rot el e | ation,
protel Bicaly & Al fvid Iﬂg@rgrﬂ(;ag dfierfifihlic Githfette® TREQGSSS: mBHkidld i

vivo effects of endogenous FVHI. In vitro thrombm treatment of FVII 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 FVI1I to dissociate from VWF and bind to a phospholipid surface or altering the
binding ability to certain monoclonal antibodies.



F0008] The aim of many manufacturers of WM concentrates and therapeutic
pol ypeptide drugs is to devel op a next generation product wth enhanced
phar macodynam ¢ and pharmacoki netic properties, while mintaining al

ot her pr osloeéioehaesct eri stics. [ 0009] Ther apeutrct/usgloypezpdsi de dr ugs
are rapidly degraded by proteolytic enzymes and neutralized by anti bodies.

Thi s reduce ir_half-life and cir ation tine hereby limting their
t her apeut i cfwictﬂémﬂ?%@ﬂ&f%ls&ﬁsoﬁlﬁlvﬂm‘%e PPy HRape _

car bohyideaing dis@rder ARnspRRk iAdernb agathiRaorehene f&%&ﬁﬁﬁgﬁmﬁ eghafshiipn and
increase_the polypeptides half-life. For instance, PEGylation of

pol ypeph isderlatenyst theeprwih plafeaderiigd onproVicsneaniptes. phatienis sadnsaea™® ¢ and

n S of . _ .

2003: 203 IO AR CTAASE 1, M Bendit i Forhyn DL nlty siingy =co”

pol yet nyh ehkeegingdFOIIH(aPEG) 1% betwepntigspe pT dkike idtowgeouRERBy laatragarhatiflivesbEcul es
I to. i i st of t tic d j-on,

nor eadk gt FYAFESHASRUE SRaRulh s Ry B B R o e p RT3

I mmunogebikcihtes timddcrveaked physical and thermal stability, increased

solubility, increased liquid stability, and reduced aggregati on.

[0010] Thusjooohp ari@did dr@maf¥ céhcsltalon tROmyiey for G €batasnt JihewmgphiREGY| at i on
is one approach to inprove the properties of a FVII] Itl)roduct. The state of

the arti QHW&% RoEGIRfes fhedrombipnat BRfect adyatp®t which daspducsd itons:
[0011] (iScelRatnd r¥RufaBrBdbyPa 1S eRGIHARSC @ phialion atddieortinge) - FVBI or

FI X conj ugate, where the protein is covalently bound to a poly(alkylene
oxi de) Pldsme pgicioaetadnin greadded wftheseslldubtyelprocess, purificatip 1 AhalEP1258497B1

descri hes ﬁ i epare conjugates of FVIII and a bi oconpati bl e
pol ymer. It%ﬁ%??@sﬂér%%ﬁc&, suppl emented by a publication of Rostin et al.

(Bioconj Ch 00;,11: - conj IS - in deleted
r econbi nant ﬁ%ﬁfl Orr%(li'll r?lgggll%\%) ?‘ﬁgﬁcr%r%t(ﬁ%%ﬁ%% C;%/g‘}t?%%/ﬁ %ﬁ?eg?p%glg?_ The

conj gg@b@p?ﬁnﬂf rdmgsh ddﬂd dE\aﬁl?p a ﬁm ];gf::ietne?i_oarpmbcmbmidoe_zglgii@dtp\l;wmmba;dSygymZBAﬂgcr eased
r api .degree o i cat.i on. |

oner ! el bR bropericr G0tk g R g e B T B a1 1 of

conj ugat es i n_each conjugat as one { hr ee ter sol uble polymers
oo P MRBAE R Curk R AR P iR Soetors P bsshit e Y

B- donaiafd féduati 8@ by antibodidsO O relihcs thBRthalfNge arfh, FéDaS8DmdeIRdrbes a

modi fied FVI11, wherein an infusible conjugate conprising a protein having

FVI || dleyiting hoir hesapsehicatientivapessi dke addidoolioiekihle Rpbyines ar cijhpRpdrate to

[ 0015] . 7 I I i de and a
bi ocorn:?;dt0 ﬁg ‘gtﬁ%cl)]la%prr%e? .gh%?m &%%lﬁ%]%%g% %{521%115&5}9%%2%#{3 E‘g)gp %}S ?ﬁ??%gédnd to

pol yet iyt mntenggl YEOY ahavofrpplpepiidef dmgsquotreth €enl and impioybt thef no greater than
5, 000 n . 7).k EDS. h I ving an

2t t achoiar B g o s R Rl £ AP Enb S R BN PR L Vo or
exanpl &iscavPEBy2:a14641)F\he PEGlgion @sochds|attadhen gipbatiy/luhits bigpol yethyRES gr eat er

t han 10, 000 t ons conj.ygat ed ereto, ich retains functional activity
while BREH @Bﬁé t‘é?wp%l%lt’f‘é’lﬁg‘ggmﬁa P}L:BP’faF%“ P%‘}‘Alg]f’@g‘?s Cé‘ET"é‘ fpIrEaso

non- PEiseinedofddidd o eRMMR e adatidh, inBNENI heiNlife in vivo, F0ddd doking present

di sclosure relateS to a protel naceous construct conprising a Factor VIII
nol ecullEIRFBLKler§ases ipmyheasaicity. incroased Phsinalaiddh tehilityj BegaseBohydr at e

oI et i eSuBilicy feAkedlqula sttty BNOAR Pl RELRALI N9 Sane.

[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:

[6011] U.S. Pat. No. 6,037,452 describes a poly(alkylene oxide)-FVIH or FIX
conjugate, where the protein is covalently bound to a poly(alkylene oxide) through carbonyi-
groups of said FVIIL



[0019] In one enbodi nent of the present disclosure, a nmethod of
conjugating a water soluble polyner to an oxidi zed carbohydrate noiety of
FVIT11 is provided conprising contacting the oxidized carbohydrate noiety
with an activated water sol uble polynmer under conditions that allow

conj ugati on. n i r el | ected from
t he group cow.glrfzsfi ﬁzgﬁ g? g)%‘lg@r%é?&iﬁa%ga%gﬁgdr%%éﬁ%l?r]ee%@&wag%r?gt@e@%gﬁ%odi ment ,
t he act bivadrephtibit golymed. uklie pgohtywasrsupsicsehnted bed pubbeatioh @ f Roetipetcdnsi sti ng

of PEG hydrazide, PSA-hydrazine and al dehyde-activated dextran. I n another
enbodi neHPesy Cﬁﬁ@ 285%%&%187%%%% EAIBUS A CORREIBD A Pademan delctdyresambingrdi zed

by inc i i : | Sl I I { ment
the oxi a1 BLAOSTAT I oRm HAGRE PRI Peol” LS Sbliye RO Rl layeBRRGHL 2L
FVI I 1. function ndGROFodgnlaanaitively decbastt mepidly veitinhdidbied oFMotificatieduced by
the nethod according to any of the aforenentioned nethods is provided. In
still anot hejoestbodoBM75923 A8 destribacpsiyid e PV fidtécul 5 cphijavitd 8measAs | Si ng
(a) a Factor VI npolecule; and (b) at |east one water sol uble polymner
bound tBPYEY earongisatgs herin sl coniugpieher Ang Iwehpgtvercrseiubl RolsFSmer i s

at t achedvhRaliPEdeRES B anfiy i HoRclRE 18E FRTIEFREHE VIR RUERLSS | ocat ed

in the mal n Fact or n anot her enbodi ment, er sol ubl e

polymer is s te rgm the nsi.sting o PSA and dextran.
TINS5 S T S

wat er s@hfiphe dpalpyiRBE dt@orih RNk ZelT sarbeRydicat e Bikedeb a hogirdipeMt! |
conprising _contacting the oxidized carbohydrate noiety with an activated
wat er  diaig e pol ymer under conditions that allow conjugation, wherein
said FVII1 that has been conjugated to the water sol uble polynmer retains
at | east 50%0ESInali.y.eP&VING. 648 A0 dgscribes conjiBO30H]a fotyrepdeaonih aspect ,

t here ibsio(%rn?v'ig%d m)rdi fied Factor VIII produced by the nethod as defi ned
above. pa% ™ a third aspect, there is provided a proteinaceous

| ecul i Sing: t | ecul e; and (b) at | east
vt or sl ubBUdl Yoo Rhae Faedes fvelieRgpd Gindlisiiricas e Mamsigin oai o
wat er  Sptfdhbt®mdRlcH B tvel ght 8F hR SR Ian SR0M3AtAE. VI I via one or nore

car bohydrate noieties located”in the B domain of Factor VIII, wherein said

nmol ecul e r et[gj,gﬁoaghgﬁqa%aﬁQOqlgéd Rath E’Q/Iﬁvlla{ziln %ﬁtaittg&ﬁeﬁ%soﬁlb% o

[0021] FIG the broadening and nass 1 ficrease o0 ter
conj ugaistend thd lidhf-PfeGnaB VIl th Wiyo SDSeipHe, wi REG guted dIHEN fudhradinio bngth | ng.

0022 2.5 t he pharnacokinetics of P rF VIIIl conjugate conpared
E 0 no]n-PEVloﬁ *@gatgg’ﬁg@warer ?‘f?ﬂr@%@hﬁ?ﬂms ﬁ?‘@&gat%gg?ﬁ‘éﬁd@?l@%?e@ﬁﬁ‘ﬂwqq I Hose

200 11 lyeff) o i et o) 0023
200 aciiMly ¥hitdp Gl%-%%eﬁh SiaiRadaicratd Vl%ordfs\ébiﬂﬁar Qs . %%@ggis‘%t%% ryiyrl 0023]

3 shows the det ed anal ysis of PEGyl ation sites usi ng

various anti FVII1I antibo t.ﬁfM(l!.B [ﬂfﬁ h\& shows the
t hr onbi n-i nduced activati gn an |‘r{1va0clfﬂi va ?%‘nfﬁo Il’(lgigi ve and PEGyI| at ed
rEVITT. [0018] The present disclosure 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 present disclosure, 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 one embodiment, the water soluble polymer is selected
from the group consisting of PEG, PSA and dextran. In still another embodiment, the
activated water soluble polymér is selected from the group consisting of PEG-hydrazide,
PSA-hydrazine and aldehyde-activated dextran. In another embodiment of the present
disclosure, the carbohydrate moiety is oxidized by incubation in a buffer comprising NalQs.
In still another

-3



[0025] FIG 5 shows the bands denonstrating the domains of native and
PEGyl ated rEVIII. [0026] FIG 6 shows the extent of PEGyl ation of
vari ous donmins of native and PEGylated rEVIII. [0027] FIG 7 shows the
thrombin inactivation rate of native and PEGyl ated rEVIII. DETAI LED

DESCRI PTI ON OF THE |'NVENTI ON [0028] The invention is a proteinaceous
construct conprising an FVII1 nolecule having at | east a portion of the B
domui n émbeditnent therridipedacantertherdrageomn atetseo oV Mims dosatidoh thend domlein of FVIIL

pol yal kyl ene oxi de, polyvinyl pyrrolidone, polyvinyl alcohol, .

pol yoxazol i @204 poi mﬁwyﬁﬁyﬂmphahbdiﬁa@FVﬂIpa:rdluodﬂylmbrﬁbmeﬂmdch as

polysialic aC| d (P or, dextran., In one WD 2 1 08PCT/ US 009/ 052103
enbodi AEFRIIBE ¢ ?H@Pﬁ%ﬁﬁr@ﬁeﬂtf%d Sé%ﬂ’rﬂb"‘ldé‘? é’%ﬂ%}]ﬂl@ﬂ tahsf%tn PEMMYI ene
gl ycol HGto8s Badaie: @ﬁfﬂ%(?éa@oﬁfg %gqmaPﬁct&r\el@flﬂﬁlet:ﬁ@“anli%fg%eg?l tons.

I n anot'her enbodi nent, e water I'eé pol yner has a nol ecul ar wei ght of
gr eat erone hmterkﬁlubmpoﬂzaneld)oabdm sal® Ba@@0V Dhmokisulgt wh&cidabe Watet 63012‘61;3000 Da,

Ot b ol tiache By Re Rt n iR PR ar S s AR Mot st ande s

pr oducti®madhdRsrovild e aabtheXéBPsRR et tte-wdtérSoluble/pol Pmedis sél@é’f&ﬁfr@ﬁl th®
standard therapeutic FVIII products. In another enbodi nent, the construct

r et ai ngreup doasistingol PEG, PSR anddextmn. 55 56,57, 58, 59, 60, 61, 62, 63,
64, 65, 66, 67, 68, 69, 70, 71, 72, 73, 74, 75, 76, 77, 78, 79, 80, 81,
82, 83, 84, |8B0aB6]n Biirst S@GCBmerQﬁ prévided2medd ogdonj@ga,tingﬁ wBdt, soB®)e 99,
100, 110, 120, 130, erce ol ogi.cal tIVI relative
to nat WB“W%E‘?E‘FOVFI}ZF&CT‘IHO EE&&P@VP@WB IE')T”&%)F gt ties of
the congidistalcaffflydatd Iﬂ&e@a@ﬁﬂan y&ﬂv'ateﬂrv?at&%ﬁib'l'@ ﬁnbymméﬁcdlﬁhmg 11
chronogenic activity -to FVBI antigen value (FV111.Chr:FVII1:Ag). In still

anot heellewivotiugatimn, whetdiesdic V¥R itoat hag beenlvahfughtied to Bf watgs sela;hls‘;tmlmen s
decrease,[%nts)%{[le (%rsé%s%{dagveg\,?%G 0,7, 0.8, 0.9, 1.0, 1.1, 1.2, 1.3, 1.4,

1.5, 2 rabtiﬁtfold relative to the in vivo half-life

et | on 1 S00b1 M bincens emsbb et pooat P oPTIAR S5l ot Q%rtﬁvo@%i? by

recombiNapdd KNRIEASELNRAY, t echni ques, as described in patents U. S. Pat.
4,757,006, U S. Pat. No. 5,733,873; U.S. Pat. No. 5,198.349; U S. Pat. No.

5,250,421; a : - ' t he
Cerm + Fact oftGF] - s M it IndBR i S prfinpseons molcP bk He)

| east a Faoctot Vol nodledube aBd@m)rmllemsi dieagdter sa)ﬂlﬂale/\pmlyﬂneﬁb(dunﬂltdb saithiFattogVdal
activity that i s assq¢i ated ative FV n_one odi nent of the
i nvent pé;ecufq,,grhpgmgm&rm E’éﬁ?l\é\‘% CPOL LI %‘r‘ﬂj"&“ﬁ‘& ff’a{‘l?? SRR ?ﬁP"}PH’é‘e ei/gore

mol ecu l:é‘rbbﬁycﬁat@ ik 190G initRe B %ﬁﬁﬁgoﬁ Mctd?WI%héx%%ﬂ?ﬁ%le@él@ abhgsof
hybridizing to DNA encoding Factor VIII:C. Such’a protein may contain
anmi no at:llealstd@%ecbﬁmnseﬁﬁflﬂapimws SI tes between or wthin the domains

Al-A2-B-A3- O-C2 (U.S. Pat. F@ﬁg{%) The FVII1 nol ecul e may al so
be an anal og of native FVBI Wnerelﬁ nore am no acid residues have

been repl ac f(ﬂ)ztﬁ/ S#ItGe Ps}{o%:sttﬁg bII‘TOIéll g rei\é] g'\r?d mass increase of rFVIII after conjugation

with PEG measured by SDS-PAGE with subsequent immunoblotting.

[0022] FIG. 2 shows the pharmacokinetics of PEG-rFVIII conjugate compared to
non-conjugated FVIII in hemophilic mice. Open squares: PEGrFVIIL, dose 200 TU FVIIl/kg.
Closed diamonds: native rFVIII, dose 200 TU FVIIl/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 rFVHI,



[0031] The FVII11 nol ecul es useful for the present invention include the
full-length protein, precursors of the protein, biologically active or
functional subunits or fragnments of the protein, and functional
derivatives thereof, as well as variants thereof as described herein

bel ow. Reference to FVBI is neant to include all potential forns of such
proteins and wherein each of the forns of FVEL1 has at |east a portion or
all of the n02%e BIdorshawstphandedsmensgating the domajngefpitivecandr di ng to the
pr esent #GVﬁﬂ&%?OT the term "reconbi nant Factor VIII" (rEVIII1) may include
any rFVﬁ et er ogous or naturally occurring, obtained via reconbi nant

embod mont s, DERG T £76 @aeonpaessings obEC o o R Heamassbasisafucl of o

acids, mreedicpgrerm.FVII1 of the invention. Such nucleic acids include, for
exanple and without linmtation, genes, pre-nRNAs, nRNAs, pol ynorphic

vari ants, b AS, M r teins
enbr aced bylPﬁéﬂteré?rE ﬁ%wglngﬁfgﬂﬁﬁlékﬁﬁﬁgﬁg éogﬁg ﬁgﬁ$hdgﬁftatlon

t hose ptdttHi ns and pol ypepti des descri bed herei nabove, proteins encoded by
a nucl eic acid described above, interspecies honol ogs and ot her

pol ypepti des that: @DETABVEDDESCRIPTEONGOEIIIEINVENEIONAaS greater than
about 60% about 65% about 70% about 75% about 80% about 85% about

90% about 9q0bgs1abaut iBkeioeRAUYroR3Mecil QUhsteonah ity SRV IIERRWRE %)
about 97% about 98% or about 99% or greater amino acid sequence identity,

over a hastiech lesst aportian et thg Hodamais intagiobaunddo a awséaitsolrdly padyeet whigh, about
300, 4 | f 406
o no- antbad Ao iAo A ELFRrkdlBiohS Bl sleobSEBO0GRERNETEE L o

r ef er epoédadivioykh@phsling oela carbohwiinate, aedhths petyyriic acid¢BSA) bedexan eimoneand/ or
(2) specifically bind to anti bodies, e.g., polyclonal or nonoclonal

ant i bodi es, generated agai nst an i nmunogen conprising a referenced am no
aci d sequence as described herein, an i mmunogenic fragnent thereof, and/or
a conservatively nodified variant thereof. [ 0033] Pol ynucl eoti des
encoding a rFVIII of the invention include, without [imtation, those that
(1) specifically hybridi 7e under stringent hybridization conditions to a
nucl ei c .acid encoding a referenced am no acid sequence as descri bed
herein, and conservatively nodified variants thereof; (2) have a nucleic
aci d sequence that has greater than about 95% about 96% about 97% about
98% about 99% or higher nucl eotide sequence identity, over a region of
at |east about 25, about 50, about 100, about 150, about 200, about 250,
about 500, about 1000, or nore nucleotides (up to the full I|ength sequence
of 1218 nucl eotides of the mature protein), to a reference nucleic acid
sequence as described herein. [ 0034] As used herein, "endogenous
FVBI " includes FV111 which originates fromthe mammal intended to receive
treatnment. The termalso includes FVIII transcribed froma transgene or
any other foreign DNA present in said manmal As used herein, "exogenous
FVIT1 "includes FVBI which does not originate from said mammal .

[ 0035] Variant (or anal og) pol ypeptides include insertion variants,
wherein one or nore amno acid residues are added to an FVIIl am no acid
sequence of the invention. Insertions may be |ocated at either or both
termini of the protein, and/or may be positioned within internal regions
of the FVBI am no acid sequence. Insertion variants, wth additional
residues at either or both termni, include for exanple, fusion proteins
and proteins including amno acid tags or other anino acid | abels. In one
aspect, the FVBI nolecule may optionally contain an N-term nal Met,
especially when the nolecule is expressed reconbinantly in a bacteri al

cell such as E. coli. [0036] In deletion variants, one or nore

am no acid residues in a FVBlI polypeptide as described herein are renoved.
Del etions can be effected at one or both termini of the FVffl pol ypeptide,
and/or with renmoval of one or nore residues within the FVBI amno acid
sequence. Deletion variants, therefore, include all fragments of a FVIII
pol ypepti de sequence. [0037] In substitution variants, one or nore
am no acid residues of a FVBI pol ypeptide are renoved and replaced with
alternative residues. In one aspect,_fhe substitutions are conservative in
nature and conservative substitutions of this type are well known in the
art. Alternatively, the invention enbraces substitutions that are al so
non- conservative. Exenplary conservative substitutions are described in
Lehni nger, [Biochem stry, 2nd Edition; Wrth Publishers, Inc., New York
(1975) pp. 71-77] and set out i mredi at el y bel ow. CONSERVATI VE



Non- pol ar (hydrophobic): A. AliphaticALI VP B. Aromati cF WC.

Sul fur-containing D. Borderline Uncharged-polar: A HydroxylS T Y B.
Am desNQ C Sul fhydryl D. Borderline Positively charged (basic)KR H
Negat i velwoahaneegos (acidic)D E PCT/US2009/052103

embodiment of the invention, the water soluble polymer is a polyethylene glycol molecule
having a molecular weight of greater than 10,000 Daltons. In another embodiment, the water
soluble polymer has a molecular weight of greater than 10,000 Da to about 125,000 Da, about
15,000 Da to 20,000 Da, or about 18,000 Da to about 25,000 Da. In one embodiment, the
construct retains the full functional activity of standard therapeutic FVII products, and
provides an extended half-life in vivo, as compared to standard therapeutic FVII products.
In another embodiment, the construct retains at least 50, 51, 52, 53, 54, 55, 56,57, 58, 59, 60,
61, 62, 63, 64, 65, 66, 67, 68, 69, 70,71,72,73,74,75,76,77, 78,79, 80, 81, 82, 83, 84, 85,
86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, 100, 110, 120, 130, 140, or 150 percent
(%) biological activity relative to native Factor VIII. In a related aspect, the biological
activities of the construct and native Factor VIII are determined by the ratios of chromogenic
activity to FVIII antigen value (FVII:Chr:FVII:Ag). In still another embodiment of the
invention, the half-life of the construct is decreased or increased 0.5, 0.6, 0.7, 0.8, 0.9, 1.0,
1.1,12,1.3,14,1.5,2,3,4,5,06,7, 8,9, or 10-fold relative to the in vivo half-life of native
Factor VII1.

[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 FVIIL. In one embodiment of the invention, the FVII molecule is
full-length Factor VIII. The FVIHI molecule is a protein which is encoded for by DNA
sequences capable of hybridizing to DNA encoding Factor VIILI:C. Such a protein may
contain amino acid deletions at various sites between or within the domains Al-A2-B-A3-
C1-C2 (U.S. Pat. No. 4,868,112). The FVIII molecule may also be an analog of native
FVII wherein one or more amino acid residues have been replaced by site-directed

mutagenesis.

[0031] The FVII molecules useful for the present invention include the full-length
protein, precursors of the protein, biclogically 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



Al ternatively, exenplary conservative substitutions are set out

i nedi at el y bel ow. CONSERVATI VE SUBSTI TUTI ONS || ORI G NAL RESI DUEEXEMPLARY
SUBSTI TUTION Ala (A)Vval, Leu, lie Arg (R Lys, Gn, Asn Asn (NG n, His,
Lys, M AsQ201bpid7es Cys (O Ser A n (Q Asn G u (E) Asp Heerfushodsos2idsl n, Lys,
My Ile (1I)Len, Val, Met, Ala, Phe,

wherein each of the forms of FVIII has at least a portion or all of the native B domain

sequence intact.

[0032] According to the present invention, the term "recombinant Factor VIII "
{(rFVIII) may include any tFVII, heterologous or naturally occurring, obtained via
recombinant DNA technology, or a biologically active derivative thereof. In certain
embodiments, the term encompasses proteins as described above and nucleic acids, encoding
a rFVIII of the invention. Such nucleic acids include, for example and without limitation,
genes, pre-mRNAs, mRNAs, polymorphic variants, alleles, synthetic and naturally-occurring
mutants. Proteins embraced by the term rFVIII include, for example and without limitation,
those proteins and polypeptides described hereinabove, proteins encoded by a nucleic acid
described above, interspecies homologs and other polypeptides that: (1) have an amino acid
sequence that has greater than about 60%, about 65%, about 70%, about 75%, about 80%,
about 85%, about 90%, about 91%; about 92%, about 93%, about 94%, about 95%, about
96%, about 97%, about 98% or about 99% or greater amino acid sequence identity, over a
region of at least about 23, about 50, about 100, about 200, about 300, about 400, or more
amino acids (up to the full length sequence of 406 amino acids for the mature native protein),
to a polypeptide encoded by a referenced nucleic acid or an amino acid sequence described
herein; and/or (2) specifically bind to antibodies, e.g., polyclonal or monoclonal antibedies,
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 rFVIH of the invention include, without
limitation, those that (1) specifically hybridize under stringent hybridization conditions to a
nucieic 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 FVIIL " includes FVIIT 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 nsed herein, "exogenous

FVIII " includes FVIII which does not originate from said mammal.

-6-



Len (L)Ile, Val, Met, Ala, Phe Lys (K\My, G n, Asn Met (MLeu, Phe, Ile
Phe (F)Len, Val, Ile, Ala Pro (P Ay Ser (S)Thr Thr (T)Ser Tip (WTyr Tyr
(Y)Tip, Phe, Thr, Ser Vval (V)lle, Leu, Met, Phe, Al a [ 0038] A

"nat ur al I woesmuwidog” pol ynucl eoti de or pol ypepti de seguarcmonidypically
from a mammal including, but not limted to, primte, e g , human; rodent,
hanster; cow, pig, . horse, sheep, or mamal The

rat, nmouse,
nucI eic aci g&%d Yagwne(os anaies) R Fﬁ’ﬂf@ﬁ%qcblﬁe %W%V%§Whﬁaﬁt°n%¥ ecul es

(e.9., MetarRPAAR AR RNCREL Rt IMEMWnhiflo bR SqBSRESPER ifenfor/arl i ant
thereof, or non-naturally occurring) Reference pol ynucl eoti de and

pol ype ﬂnmr@mmmyéwd@@tqdm:ﬁd@e or kotly termion piFthe prBf S W d/or Rapbe PollBEd

(FAS_H z tor VIII
Gone o im i bSeahiarhe iRt amin T HA0 QENGHG” Blski@n Sl N IBRACRT" O
human Resithes aMithky oN@tiuteanin3 10 9 ex&fﬁi}e4ﬁ131(oﬁ 9&46)1:15 za:ldd)rd"cbmmhldng.
Structure and, Functi n of the tor VIII rot Sem n. Thr onb
Cemost 5 bET G bR Bttt kP h o %égpegh@wﬁﬁﬁa'? SRAY SPYoRAEe ¢
entir etdoﬁﬁin an N-terminal MO 3HecBy Whed dieendtidule B er@gtdRbobiasily|e a

deri vat| ve" or "biologically active variant” includes any derivative or

vari antbagierial g peduas & i ng substantially the sanme functional and/ or
bi ol ogi cal properties of said nolecule, such as bindin propertles and/ or
the same st Mhﬁ:r A dBlgEPR VNS HONEOT ANgsR AINgiagidisesidust Hied BY Thpalyasplid

POl ymerd gedtRbld herein are removed. Deletions can be effected at one or both termini of the
FVIII polypeptide, and/or with removal of one or more residues within the FVIIT amino acid
sequence. Deletion variants, therefore, include all fragments of a FVIII polypeptide

sequence.

[(037] In substitution variants, one or more amino acid residues of a FVIIL
polypeptide are removed and replaced with alternative residues. In one aspect, the
substitutions are conservative in natare and conservative substitutions of this type are well
known in the art. Alternatively, the invention embraces substitutions that are also non-
conservative. Exemplary conservative substitutions are described in Lehninger,

[Biochemistry, 2nd Edition; Worth Pubiishers, Inc., New York (1975), pp.71-77] and set cut

immediately below.
CONSERVATIVE SUBSTITUTIONS
SIDE CHAIN AMINO ACID

CHARACTERISTIC

Non-polar (hydrophobic):
A. Aliphatic ALIVP
B. Aromatic Fw
C. Sulfur-containing M
D. Borderline G

Uncharged-polar:
A. Hydroxyl STY
B. Amides NQ



[ 0040] As used herein, "plasma-derived EVIII " or "plasmatic" includes al
forms of the protein found in bl ood obtained froma mammal having the
property of activating the coagul ati on pat hway. [ 0041] In various
aspects, wopedwmiiosn of rFVIII includes any nethod knowaTtivs2dobesast for (i)
t he production of reconbi nant DNA by genetic engineering, (ii) introducing
reconbi nant DNA into prokaryotic or eukaryotic cells by, for exanple and
wi thout |imtation, CtSalibfdedtion, electroporatioff or mcroinjection, (iii)
cultivating said transforned cells, (iv) expre33|ng &VIll, e.qg.
constitutively or uPeordsaiteti on, and (v) isol at¥ng said rEVIIL e.g. from
the cul ture nedi um. o rves ing the transf cells, in order to
(vi) obtain purfPIeeF W%%ﬁ?&ammc [0042] In o&%gﬁgaspects the rEVIII is
produced by eXpK@zﬁigﬂch Do gh(gble prokaryoti ¢, @r eukaryotic host system
characterized by C|n a pharmacol ogi cal |y acceptable WA I nol ecul e.
Exanpl es of eukaryotic cells are mammalian cells, such as CHO COCS, HEK
293, BHK, SK-Hep, and HepQ&2. [0043] In still other aspects, a w de
variety of vectors are used for the preparation of the rEVIII arid are

sel ected from eukaryotic and prokaryotic expression vectors. Exanpl es of
vectors for prokaryotic expression include plasm ds such as, and w t hout
limtation, pRSET, pET, and pBAD, wherein the pronoters used in
prokaryotic expression vectors include one or nore of, and w t hout
limtation, lac, trc, trp, recA, or araBAD. Exanples of vectors for
eukaryotic expression include: (i) for expression in yeast, vectors such
as, and without limtation, pAQ pPIC PpYES, or pMET, using pronoters such
as, and without limtation, AOX1, GAP, GAL1l, or AUGL; (ii) for expression
in insect cells, vectors such as and without limtation, pMI, pAc5, plB,
pME3, or pBAC, using pronpters such as and without limtation PH pl0, M
Ac5, Opl E2, gp64, or polh, and (iii) for expression in mammlian cells,
vectors such as and without limtation pSVL, pCW, pRc/ RSV, pcDNA3, or
pBPV, and vectors derived from in one aspect, viral systens such as and
without limtation vaccinia virus, adeno-associated viruses, herpes
viruses, or retroviruses, using W) 2010/014708PCT/ US2009/ 052103 pronoters
such as and without limtation CW, Sv40, EF-1, WC, RSV, ADV, BPV, and

j 3-actin. [0044] . In certain aspects, FVIII nolecules are
conjugated to a water soluble polynmer by any of a variety of chem ca

met hods (Roberts JMet al., Advan Drug Delivery Rev 2002;54:459-76). For
exanple, in one enbodinment PVIII is PEGylated by the conjugation of PEGto
free am no groups of the protein using N hydroxysuccinimde (NHS) esters.

I n anot her enbodi nent the water sol uble polyner, for exanple PEG is
coupled to free SH groups using nal ei mide chem stry or the coupling of PEG
hydrazi des or PEG ami nes to carbohydrate noieties of the FVIII after prior
oxi dati on. [0045] In other enbodi ments, FV111l is conjugated to ot her
wat er sol ubl e polyners, where the water sol uble polyners are, for exanple,
pol yal kyl ene oxi de, polyvinyl pyrrolidone, polyvinyl alcohol,

pol yoxazol ine, a poly acryl oyl norphol i ne, carbohydrate or a pol ysacchari de
such as polysialic acid (PSA) or dextran. The coupling of the water

sol ubl e polyner can be carried out by direct coupling to the protein or
via linker nolecules. One exanple of a chemcal l|inker is MBPH

(4-[4- N Mal ei m dophenyl ] butyric acid hydrazide) containing a

car bohydr at e-sel ecti ve hydrazide and a sul fhydryl-reactive nal ei m de group

(Chanow et at, J Biol Chem 1992; 267: 15916-22) . [ 0046] The
conj ugation can be perforned by direct coupling (or coupling via |inker
systens) of the water soluble polyner to Factor VIII under formation of

stabl e bonds. In addition degradable, releasable or hydrol ysable |inker
systens can be used in the present invention (Tsubery et al. J Biol Chem
2004; 279: 38118-24 /| G eenwald et al., J Med Chem 1999; 42: 3657-67 / Zhao et
al ., Bioconj Chem 2006; 17: 341-51 / W2006/ 138572A2 /| US7259224B2 |/
US7060259B2) . [0047] As discussed herein, an enbodi ment of the
invention is the coupling of the activated soluble polyner to the oxidized
carbohydrate noiety of FVIII. The term "activated water sol uble polyner"
is used herein to refer to water soluble polynmers used for coupling to
FVI11 having an active functional gr8up, which allows chem cal conjugation
of the water soluble polyner to a linker or directly to FVBI (which
contains an active al dehyde group). The term "oxidi zed carbohydrate

noi ety" as used herein refers to FVIII containing free al dehyde groups,

whi ch are generated by an oxidative agent such as NalO4. In one aspect of



[0048] According to the glycosylation pattern of FVIII (Lenting et al;

Bl ood, 92:3983-96(1998)), conjugation of EWE via carbohydrate noieties
should likely take place in the B donmain of FVBI. Targeting the B domain
for such wongmgat7oon reactions is desired since the Brmdurmeaedsae not play
aroleinthe activity of FVIII. Enzymatic gl ycoconjugation is described
in US 2008/ 00700275. [0049] In one enbodi nent of the invention, FVBI
was nodi fied via |ysine residues by use of polyethylene glycol derivatives
cont ai NAIRGnaANIRC MBI POHAEQXH LGB 6 BreQ8L K ih N cBURIbWAS Succi ni ni dyl
succi nate, succinimdyl glut ar ate or sucm ni t ni dyl propionate. These
derivatives react wth tiieNph --_ Sl apup STIGNA under mld conditions
by form ng a stabl e_am de bond | n one ep] E)dl ment _of the invention, the
chain | ength of té@éﬁ@ HERIDUE e | s 5, B3BMBLARY her PEG derivatives with
chain lengths of 500 to 2,000 Da, 2, OOOSUBS!SI’I‘.I(DDI(D& greater than 5,000 up
to 10,000 Da or greaterlt n 10, 000 up t 0 Oogl , or greater t han

20, 000 up to 150, 000 Dé used in vari ous enbodi ment i ncludi ng linear
and branched structuredrg (R) [ 0050] Al tlgs.na@nj As et hods for the
PEGyl ati on of am no gr are the chenjgca tion with PEG
carbonates by form ng gxglg@\llr)ane bonds nbﬁjt’%h g%si(%g on with al dehydes or
ket ones by reductive afsmd®i on form ng secor@lary am de bonds. [ 0051]
In the present i nventleg ?jc}‘ FVI11 nol ecul e |% chem cal ly nodified using
PEG derivatives that ar mrercially avai l N'e. These PEG derivatives can
have a |inear or branc@&u((dtruct ures. Exarrpl&;%l of PEG derivatives

cont ai ni ng NHS groups &L |sted bel ow. Aspl 0052] The fol | owi ng PEG
derivatives are exanpl es o those comer ci al I avai |l abl e from Nekt ar
Therapeutics (Huntsvil FésS(HA a.; see wwiiekimlyechBPEG reagent cat al og;

Nektar Advanced PEGyl atyjoff) pr| ce |iste2Q0pMQ08).: pRPEG Succi ni m dyl
propi onate (nPEG SPA) 0 nPEG Cl12CH2- c -0 - N> 0 nPEG Succi ni mi dyl

a- net hyl but anoate (nPEEPSNB) 0 Val, Met, Ala, Phe
Lys (K) Arg, Gln, Asn
Met (M) Leu, Phe, Tle
Phe (F) Leun, Val, lle, Ala
Pro (P) Gly
Ser (S) Thr
Thr (T) Ser
Trp (W) Tyr
Tyr (Y) Trp, Phe, Thr, Ser
Val (V) {le, 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., heterclogous 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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nl PEG Cl T2CH2CH- C - 0-N CH3 r nPEG CM HBA- NHS ( CMkcar boxynet hyl ;

HBA=Hydr oxy butyric acid) 0 00. IIll roPEGCH C - -CHCH2C - O
Structure of a Branched PEG derivative (Nektar Therapeutics):

-N> CH3 0
Br anched PEG

N- Hydr oxywaoacgcienismogle ( nPEQ2- NHS) 0 nPEG -C -0 - pofithafS2009/052103

[0039] As used herein "biologically active derivative" or "biologically active

variant” includes any derivative or variant of a molecnle having substantially the same

functional and/or biological properties of said molecule, such as binding properties, and/or

the same structural basis, such as a peptidic backbone or a basic polymeric unit.

[0040] As used herein, "plasma-derived FVIII " or "plasmatic" includes all forms

of the protein found in blood obtained from a mammal having the property of activating the

coagulation pathway.

[0041] In various aspects, production of rFVIII includes any method known in the

art for (1) the production of recombinant DNA by genetic engineering, (ii) introducing

recombinant DNA into prokaryotic or eukaryotic cells by, for example and without

limitation, transfection, electroporation or microinjection, (iii) cultivating said transformed

cells, (iv) expressing rEFVIH, e.g. constitutively or upon induction, and (v) isolating said

rFVIIL, e.g. from the culture medium or by harvesting the transformed cells, in order to (vi)

obtain purified rFVIIL

[0042] In other aspects, the rEVIII is produced by expression in a suitable

prokaryotic or eukaryotic host system characterized by producing a pharmacoldgically

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

CHO, COS, HEK 293, BHK, SK-Hep, and HepG2,

[0043] In still other aspects, a wide variety of vectors are used for the preparation

of the rFVII arid 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, pAQ, pPIC, pYES, or pMET, using promoters such as, and without
limitation, AOX1, GAP, GALL, or AUGT; (ii) 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, OplE2, 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

-10 -



0 [ 0053] This reagent with branched structure is described in nore
detail by Kozl owski et al. (BioDrugs 2001;5:419-29). [ 0054] O her
exanpl es of PEG derivatives are conmercially avail able from NOF

Cor por at iwa 2§1dkeges Japan; see www. nof. co.jp/english: PCEB)IU&MIDQ(I&]GBOOS)
General Structure of Linear PEG derivatives (NOF Corp

T30 QTR0 1, o Mod ARSI v o RO R by Bl 5 01

actin.

[0044] . In certain aspects, FVIII molecules are conjugated to a water soluble
polymer by any of a variety of chemical methods (Roberts JM et al., Advan Drug Delivery
Rev 2002;54:459-76). For example, in one embodiment FVII is PEGylated by the
conjugation of PEG to free amino groups of the protein using N-hydroxysuccinimide (NHS)
esters. In another embodiment the water soluble polymer, for example PEG, is coupled to
free SH groups using maleimide chemistry or the coupling of PEG hydrazides or PEG amines
to carbohydrate moieties of the FVIII after prior oxidation.

[0045] In other embodiments, FVIIT is conjugated to other water soluble polymers,
where the water soluble polymers are, for example, polyalkylene oxide, polyvinyl
pyrrolidone, polyvinyl alcohol, polyoxazoline, a poly acryloyimorpholine, carbohydrate or a
polysaccharide such as polysialic acid (PSA) or dextran. The coupling of the water soluble
polymer can be carried out by direct coupling to the protein or via linker molecules. One
example of a chemical linker is MBPH (4-[4-N-Maleitmidophenyl]butyric acid hydrazide)
containing a carbohydrate-selective hydrazide and a sulfhydryl-reactive maleimide group
(Chamow et al., J 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 cartbohydrate moiety of FVHI. 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 NalO4. In one aspect of
the invention, aldehyde-activated dextran (containing an active aldehyde groups) is coupled
to the aldehyde groups of FVII via a dihydrazide linker.

-1l -



X=car boxypentyl 0 C1-130(CH2CH20b-(CH2)5 -C-0 O x=succinate I1Il11
CH30( CH2CH20) . - G CH2CH2- C - 0- N nPEG Succi ni m dyl succinate x=glutarate 0 0
CH30( CH2CH20),,-C - (EE12)3 -C -0-N nPEG Succini m dyl gtutante

WO 2010/014708 PCT/US2009/052103

[0048] According to the glycosylation pattern of FVII (Lenting et al; Blood,
02:3983-96(1998)), conjugation of FVII via carbohydrate moieties should likely take place in
the B domain of FVIIL. Targeting the B domain for such conjugation reactions is desired
since the B domain does not play a role in the activity of FVIIL. Enzymatic glycoconjugation
is described 1n US 2008/00700275.

[0049] In one embodiment of the invention, FVIII was modified via lysine residues
by use of polyethylene glycol derivatives containing an active N-hydroxysuccinimide ester
(NHS) such as succinimidyl succinate, succinimidyl glutarate or succinimidyl propionate.
These derivatives react with the lysine residues of FVIII under mild conditions by forming a
stable amide bond. In one embodiment of the invention, the chain length of the PEG
derivative is 5,000 Da. Other PEG derivatives with chain lengths of 500 to 2,000 Da, 2,000
to 5,000 Da, greater than 5,000 up to 10,000 Da or greater than 10,000 up to 20,000 Da, or
greater than 20,000 up to 150,000 Da are used in vatious embodiments, including linear and

branched structures.

[0050] Alternative methods for the PEGylation of amino groups are the chemical
conjugation with PEG carbonates by forming urethane bonds, or the reaction with aldehydes

or ketones by reductive amination forming secondary amide bonds.

[0651] 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)

mPEG-CHCH,— C—O0—N

mPEG-Succinimidyl o-methylbutanoate (mPEG-SMB)

12 -



Structures of Branched PEG derivatives (NOF Corp.): 2, 3-
Bi s( nmet hyl pol yoxyet hyl ene- oxy) - 1- (1, 5- di oxo-5-succi ni m dyl oxy,
pent yl oxy) propane MC - (OCH2-CH2),-0-CH2 10 H3C- (OCH2' CH21" - O- CHOO CH2-0
- G CH2CHAGDI 2010008708 ) -- - - - - 0 PCTE/US2009/052103
2, 3- Bi s(net hyl pol yoxyet hyl ene- oxy) - 1- (succi ni m dyl
car boxypent yl oxy) propane WD 2010/ 014708PCT/ 1JS2009/ 052103 H3C - (OCH2
-Cl112),-0 -CH2 10 113C - (COCH2 -C112)cO - 1] >------
0

mPEG-CH,CH,CH~—C—0—N
I

CH,

mPEG-CM-HBA-NHS (CM=carboxymethyl; HBA=Hydroxy butyric acid)

mPEG-CH;C—0—CHCHC—0—N

CHjz

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

Branched PEG N-Hydroxysuccinimide (mPEG2-NHS)

mPEG

mPEG

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

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

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

Q
CHAO(CH>CHO0)—X-—N ‘

O

X=carboxymethyl
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CH2 -0- CH2CH2CH2CH2CH2- C- 0 -NO)----- [ 0055] These propane
derivatives show a gl ycerol backbone with a 1,2 substitution pattern. In
the present invention branched PEG derivatives based on gl ycerol
struct ur ewowiohidzp8 substitution or other branched st rragtusee®osiaexri bed in
US2003/ 0143596A1 can al so be used. [ 0056] PEG derivatives with
degradabl e (for exanple, hydrol ysable |inkers) as described by Tsubery et
al. (J Biol Chem 2004; 279: 38118-24) and Sheghter et al. (WO04089280A3) can

al so be used in the present invention. g 0057] Surprisingly, the

PEGyl ated EVIII of this invention exhibits f functional activity,

conbi ned with an extended B FY*Har =T e’ T vilvo. In addition the

PEGyl ated rEVIII seens to be nore resistant gAgainst thronbin inactivation.
This was shown by a variety of in vitro and® n vivo nethods, and is
illustrated by the foll ow ng exanpl es. [ 0058] As used herein, "sialic

acid noieties" includes sialic acid nononers or polyners

(" pol ysacchar i deX=raapiyghntsik e 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 admi nistration of the PSA- FVII1 -conjugate in a pharmaceutically
effective anmount. There is no particularglimtygtion to the sialic acid
unit used according to the present invenition. pol yners are
characterized, in one a$PEEt A RAVEAG $T6M L to] 4 units. In certain
aspects, different sialic acid units are conbip€d in a chain. [ 0059]
In various aspects of the invention, sialic adid noieties are bound to
FVICl for exanple by the nmethod described in US Patent No. 4, 356, 170,
which is herein incorporated by reference. In various enbodi nents of the

i nvention, the pBT@@ﬁg%ﬁaride conpound is a naturally occurring

pol ysaccharide, a derivative of a naturally occurring polysaccharide, or a
natural ly occurring pol ysacchari de derivative.?%Cenerally, all of the
saccharide residues in the conpourkd are sfalic Ld residues. [ 0060]
O her techni ques for couplocgnBSA-decpal-y-peptides [are al so known. For
exanpl e, US Publication No. 2007/0282096 descri conj ugating an am ne or
hydrazi de derivative of, e.g., PSA, to proteing. In addition, US
Publ i cati on No. 2007/0191597 des@fshbi@sm ME2x20101014708PCT/ US20091052103
PSA derivatives containing an al dehyde group for reaction wth substrates
(e.g., proteins) at the reducing term nal end. [ 0061] In one

enbodi nent of th&§Wd@Htion, the polysialic acid portion of the

pol ysaccharide conpound is highly hydrophilic, and in another enbodi nent
the entire conpound is highly hydrophilic. Hydrophilicity is conferred
primarily by the pendant carboxyl @roups of thasialic acid units, as well
as the hydroxyl groups. cEhgsgaegharide,unit,nmy cpntain other functional
groups, such as, am ne, hydroxyl or sul phate g S, or conbinations

t hereof . These groups may be present on natura¥ly occurring saccharide
conmpounds, or introduced into derivatlVve.RAQ ysaccharide conmpounds.

[ 0062] Pol ysacchari de conpounds of particular use for the invention are,
in one aspect. those produced b% bacteria. Sonme of these naturally

occurring pol ysactpelppoiBranched FEhdeyayss (HOFSUR ) 341 one enmbodi ment, the
POl ySageRAkihdBoRRRRANILS- Ay 1 (U BSIiBRS-5 Ahddnififorg! pdrefiSiy)ftop@Rl act ose

units.

ch "‘“(OCH;"'CHz)n""O_‘CI—Iz
H;C—(OCH, —CH,)y—O—CI ﬁ :
CH,—0—C—CH,CH,CH,—C—0—N

o

o

2,3-Bis(methylpolyoxyethylene-oxy)-1-(succinimidyl

carboxypentyloxy)propane
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[0063] In one enbodi nent of the present invention, the in vivo half-life
of the proteinaceous construct is prolonged. In a related enbodi nent, the
invivo half-life of the proteinaceous construct is prolonged by at |east
a factor wb28100147060i | € i n anot her enbodi nent the in vipeodsadobredzidse i s

prol onged by at |east a factor of three, as conpared to FVIII which is not
bound to a water sol ubl e polyner. [ 0064] In one enbodi nent the

prot ei naceous const&gg&xgi{ﬁﬂgﬂg&%sent invention may be administered by

i njection, such as intravenous, ijntranuscul ar, or Rptraperitoneal

i nj ection. [ G668 =T™aam ii st er conposi tf ons>egnpri sing a
prot ei naceous construct of the presemt®ifetds oh°td hdman or test ani mals,
in one aspect, the conpositions conprise one or norg pharmaceutically
acceptable carriers. The terns "pharmaceutically" &8r "pharnmacol ogically
acceptabl e” refer to nolecular entities and conpositions that are stable,
i nhi bit pro{#58] defreadatpor detichivasstaggr dgatoldackbode witeaVdgabgitattnct s, and

in addition do.not produce all erqi or .ot her. adyerse reacti.ons when

i it Geg P Rtes B GBS S B P L RO G2 et S aithly

" Phar maceubitgalion/orafiies Blaaidd sGasthies HescribeCin W2 0091 4830641 tancdliotecal | y
useful solvents, dispersion nedia, coatings, antibacterial and antifungal

agent s "§%ot oni ¢ and absorption del ayi ng agents and the |ike, including
t hose agents discl osed above. 0066] As used herein, "effective

amount " i nclW§8Y  Prfsduivativasarihedepsidable éior Prgrde: RutFrerabialithess) &° bl eedi ng
di sor des APy kéd%@f} AROVE Bjm)é@e%ozbgé&ﬂ;%pﬁ@% LRPORRNRPE L3 [0067]
The conpositions nay be adm nistered orally, topically, transdermally,

par ent €WAA4P89A8P A3 néranl addtoi borusepmalre presagt makdtipn. rectal ly, or by intracrani al
injection. The termparenteral as used herein includes subcutaneous

i nj ecti ons, [G0371 a\emprissngly, the REfidatad &V T ohthisdoventien erelibitsiple furicbonal or

i nfusign.t.echni.ques. . Adn ni strat . ntrayv - | ALK

i nt ramiSed acr:?mlgﬂ? r%@%%”&eﬁﬁmg%‘? %&f%%evéao,'ellﬁn#?%g%g}tga : rag%ﬁ r%:gt]ﬂI bar,

I Nt r apubdimytaby ndtg feistadagaiin tfonshin giac@atiohpTRiIskat slewndly vapiatytafdul ar site
pyr ogerals 48 AP Beliei e Aok B SRR B har n Ul to the
recipi ent. [0068] . Single or nultiple adm ni.stratjons of the

conposi t i ont?2gh b’%s‘égﬁ% herell oYAlic P MeIREes d B dpet csac%ifrfﬂort?éﬁletr%‘?rn bei ng

sel ect ediyRrd (ol éRtakiBss PRYRh GlAddinbiOi dhRGuddu® VM dnQ? stdpehdi@pdnaent  of
di sease, ‘the appropriate dosage will depend on the type of disease to be

t r eat edaveliftieeser nepetveinwaet, suchas sidy effeaty tamameslirpen adminiEradeselBe,

whet he el ¥l ift b BhithabAltichi YRRV Smdine! PRESRGHIJRidlHE POSES,

previ ous therapy, the patients clinm cal history and response to the drug,
and t hdindiagon &t thosialif adidrenitivsed nciondjngp iyt presant invention. [Tho @elynitrsargr esent

inventipon also,relates to hardyaceut i,cal sition. c ri.si an
of oot FORAGRM MORe AR5 ioF IR HRIRT T do fis, IR CHin ity Gl A 2

phar maeedtunfigdre conpRSi td Ochaimy further conprise a pharmaceutically
acceptable carrier, diluent, salt, buffer, or excipient. The

phar maceut i EI59T ONMPQ&HidsQBpR AT lie: idsa@dioh asialicraeidtrdigtics At oy & Belflimed

bl eedi ng di sorders. The pharpaceutical conpagsition of the jnvention may be

a sol u.tf‘i’r.cﬁ’fa@Pleé’Yl d@?)‘ﬁ‘ﬁ‘ihf"i1 desqripedoady P atgﬁlliﬁ- fone 1o Wh’fg‘ ) Hg?ﬁ?aceut i cal
CONMPOSiifdofidrBYbPRIGHRE & EHicu® eABYdifidhis APIR ihRRELY tHeZRlys@khRiRCess.
[0070] As "an additional aspect, the invention includes Kits which conprise
a conpeeinpewd ipf nathelly poamtipppolpreiugdel 4 derizatigoha natallyiecerdid i tates its
use fo LS & j : j it includes
a conp%ﬁﬁ%ﬁ%r Coﬁ%%@%@?%ﬁ”%%@%ﬁ%ﬁﬁlSh%?%?% g?gﬂ%ngggﬁﬁgﬁgﬁffgﬁ conpri si ng
a pr ot eacohasipussiden st thaconpoyprickasgielic aad esidogwt ai ner such as a seal ed
bottle or vessel, with a |abel affixed to the container or included in the
package t ha{0(d8k crothesechsgipes for keudmgSune polypemRiposie talso frmown.pFa@act i ci ng

t he net hod. | . enbodi kit contains.a first container having a
conpos F?We’c%nﬁﬁﬁﬂl ]go %&@?%@%%C@S%%WW%W% 8121?)"615“3: nt ai ner
havi ng dariviiys bQleQQirea, ky/ pracead 1a Bliditi6 e CHBiblitattonaMb. 200710191597 ésciites
conposition in the first container. In one aspect, the conpound or
conposition is packaged in a unit dosage form The kit may further include
a device suitable for adm nistering the conposition according to a
specific route of admnistration. WD>»2010/014708PCl YUS2009/ 052103
Preferably, the kit contains a | abel that describes use of the therapeutic
protein or peptide conposition.



EXAMPLES Exanple 1 PEGyl ation of Lysine Residues in &Il with nPEG Succ n
m dyl Succi nate [0071] A solution of a &III bulk derived fromthe
Advat e manufacturing process (3,400 Uml) was gel filtrated by use of
Econo- Pacya8i@ocobsurms ( Bi o- Rad) using 20 i nM Hepes brttas2004:a2103M NaCl ,
pH 7.4, containing 0.5% sucrose and 0. 1% Pol ysorbate 80. Then rnPEG

Succi ni_m dyl . succi nate, (Abuchowski et_al. Cancer Bi ochim Bi oph 1984;
7:175- 94 %rwﬁmé?s EAURIAINE ah gidphysle s5onRieT Jfﬁacttﬂﬁéeﬁ’ég %ﬁ&f-‘é)(&&vagmg%*ﬁa‘ to this
sol uti qRe NOGEHe @BRALLI®nEL I rring (5 my PEG SS/ng protein) and the pH value
was adjusted to 7.4 by drop wise addition of 0.5 M NaOH Then the

PEGy| ati on \§51§ arthofdeRbidiMBdr 1R dnBos thd pd1jishlicQEid bohdlof @l roOm

t enper at ur e. [ 0072] Subsequently the reaction m xture was applied

ont o arobsaichiriiespmgoungris bieblydrvgeopbiicornstin grathymbedimeny the getirggel EMD TMAE
6501 VI / Phar I Q. XK- ; hej . : i M Jfepes buffer,
150 mcﬁ%%fﬁﬁ%h%,ﬁggﬁ%%}ﬁﬁgg%ﬂ@?fg%?ngseéré%ﬁ%&galﬂ%?ﬁ%%sortt)altoe 80%J Then

t he colcarmoxylgsoupashihd sialit ki@ OniGYaewell hd the hydroxyl lgufups r Thasardwatideumikcess

reagent and theC&EE%Il ated rFVII1I1 was el uthe%{)a/vi ;h”%gjgltatieon bgffer (20 mv
Hepes, MAYFORfAREaer TEpcEgnal gtqups,uctyas; gips; AEPRLYSBHC B PS4 The el uate
Was  CoReAMBinadbRdhdyofU IThéR gk dups atay®s/piisartiontnamtdligrocwirtihg saceiennide ane

consi sting of regenerated cellul ose and with a nol ecul ar wei ght cut-off of
30 kD §empgudsiraRtEducsdantefeEsH s SOPRt BN GomRPIEPes, 150 mM NaCl, 0.5%
sucrose, pH 7.4. Exanple 2 Biochem cal Characterizati on of PEGy| ated

rEVI 11 in vi@l6g] Polysachaprdesonmeynds of garticylaguse o5t W@e‘}&’d’\l}‘éfee”%’r?uf acturing
proces | L@ralty 0chtiepPERVAL@s ARV | |

pr oductsds‘y/\gg tlﬁ%%ﬁgén&gg?%&%ﬁdé%&ﬁ?%g? The%f uncti o%a activity of the
PEG- | - Ribwh s glyeolipédse impreesintipglinpens, th¢ peliizecehgrfe edmpowpdient eubawis@ally Rosen S.
Scand % I—la%g:atolagl 1984: 33 . Suppl 40):139-45). The nethod is based on Ph.

[s)

Eur. Sthoedrtion % 6%5’“5&7 4 Assay of Bl ood Coagul ation Factor VIII.
[0074] A sa ntaini ng factar VLI CEVELL L i 1. Xc€ ' t hr onmbi n,
activated fac } I 0?7:?%?'38‘,%“15 c?tsf%heoqr%’sglhtd&s] anaﬁ’ftg%:zt”ov?w;ga%@%&ﬁga buf f er
cont ai pirdigingcbed domstrucE)Mprdlongedadi h vdited edyodimerante in drohadtibfsefithent | y f or s

a conpl ex with phospholipi.ds, .Fl Xa. and cal ciumiaons.. This conplex
act | v aPEQCHAREPBY CORSRET rsRRpIgREod Y ApJEal TACIoR ol o oY ki oy eeﬁ?%’ﬁ}%a&m c
subst r ak&inhXarnhiiAe %&bﬁé@@@y@t (F-aGhadtoASIEhRAA) corhfk@ed torEV EIOMEiSIRisOf

para-nitroaniline (pNA) released is neasured wwth a mcro plate reader at
405 nmnotrbrung|t@p @atsf selplle pely®er.on is proportional to the factor VIE
concentration in the sanple. The FVBI antigen val ue was neasured by use of
an ELI SA syd0dH c dmepe embedigicnhfhe pPbTiacequs Gapasef hegHeisyt INYSH{ign myy

Canada)be\r%t’[{]%li 1@&; E pﬁ%ﬁgfé\%rﬁ%ﬂ %;lﬁtra\’:ehgﬁg, M&%ﬁﬁséﬁﬂr,%_‘@n&alﬁ@ﬂt%ﬁéﬂl ﬁﬁecﬁ}ﬂ#}.l I

chr onoge culated. The protein content in the

preparat | on LR YRR EbRkidillen A8l elond RSIrhit Rthe280 Nm
From t hese Z%%gft ﬂ@%@tﬂgﬁnc co%t ent wasﬁz:sglltkgaullggt ed (Oﬁoyer LWi n:e Human

Pr ot ei prdattdoventiet @l Hunmn os tekt Srimidebe ronEdspectyfh egmpostlicHs COBPESSEIAPT Ger nany,
1998) afzrllcgre %ﬁ?gtrn%cszesll%gaﬂynacg%/tarﬂle 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.

J0066] As used herein, "effective amount” includes a dose suitable for treating a

mammal having a bleeding disorder as outlined above.
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TABLE 1 Native rEVIII PEGrEVITE PEG SS 5K (5 ng per ng protein)
FV111: Chr activity 3,430 64 REnlt

WO 2010/014708 PCT/US2009/052103

[0067] The compositions may be administered orally, topically, transdermally,
parenterally, by inhalation spray, vaginally, rectally, or by intracranial injection. The term
parenteral as used herein inchides subcutaneous injections, intravenous, inframuscular,
intracisternal injection, or infusion techniques. Administration by intravenous, intradermal,
intramuscular, 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.

[0068] 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 described 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.

[0069] The present invention also relates to a pharmaceutical composition
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 tyophilized 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 nse 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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FVI1UAg 4,067 81 [ U nil] Ratio 0.84 0.79 EVIII:Chr/EVIII:Ag Recovery of
bi ol ogi cal

WO 2010/014708 PCT/US2009/052103

Preferably, the kit contains a label that describes use of the therapeutic protein or peptide

composition.
EXAMPLES
Example 1
PEGylation of Lysine Residues in rFVII with mPEG Succinimidyl Succinate

[0071] A solution of a rFVIII bulk derived from the Advate manufacturing process
(3,400 U/ml) was gel filtrated by use of Econo-Pac 10DG columns (Bio-Rad) using 20 mM
Hepes buffer, 150 mM NaCl, pH 7.4, containing 0.5% sucrese and 0.1% Polysorbate 80.
Then mPEG Succinimidyl succinate (Abuchowski et al. Cancer Biochim Biophys
1984;7:175-86) with a chain length of 5,000 Da (PEG-SS 5000) was added to this solution
under gentle stirring (5 mg PEG-SS/mg protein) and the pH value was adjusted to 7.4 by drop
wise addition of 0.5 M NaOH. Then the PEGylation was carried out under gentle stitring 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 NaCl, 0.5% sucrose, pH 7.4.
Example 2
Biochemical Characterization of PEGylated rFVIIL in vitro

[0073] RFVIH 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 VIIL

[0074] A sample, containing factor VIII (FVIIL:C) is mixed with thrombin,
activated factor IX (FIXa), phospholipids and factor X (EX) in a buffer containing calcium.
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activity (% 100 94 [0075] The data in Table 1 shows that in the
PEGyl ated rEVIII preparation, the biological activity (expressed by the
ratio EVII1 chronopgenic activity to FVBI antigen) is recovered to nore

t han 90%wo 200068 son to the biological activity of teoeRadwu2163-VI 1|
(100% . Exanple 3 Characterization of PEGylated rFVBl by SDS-PAGE and

| mmunohl_ot ti ng. Techni ques, [ 00 76! Native rEVII| was characterized by

sDs PACGE Ty artivated h¥ fgmbissad F‘ftlﬁ?ﬂéleﬁt}y g complex ot PEPSPAEIRIfS f e
gr adi enjng ¢8kiuBBbAd. Meek oy Ru 4t Oea8r XQ@&I@@@Q whRh i wrn HSAYs @ecor ding to

the instructions of the manufacturer. nol ecul ar wei ght markers (MN WO
2010/ 0 cA7O8RETL sutszee @K@S@@@QH%&I:&@I%D OHfsGhiafkepNAY. 1 BhednogirieD)

obt ai neg C f é@; e proteins
were tr gﬁ%er r(g!c? o?@%&gﬁgﬁ]ﬁ%@wg&q& ne }‘}E{&?ﬁ%?%;g}_?%r%% es,

Calif. sldpSAf theyeaetiects Ipﬁiploﬂidnhlﬂg tlwrfdctsub*ﬁiéqmmmtmylon ircthb strgde Wil EF @l

pol ycl on sheep anti hupan FV obt ai n d fro rlane
CFionby MBRRPTS WMt Dorye of 55 FL BT pavgy cPude R autBlk S RB M codur e
wer e t gorhiing m@&nboomw&)mlﬁnnﬂiokaiomrm@i@s phat e (aileRtheGatiysuoatied

anti-sheep antibody obtained from Accurate (Westbury, N Y., USA) followed
by t he Prastose/EY B putigen gsraplaptatedo fThs proteip conipatip &F@r%afaﬂeﬁ ¥2Rad,

Her cul Rienfi@bd by mekiShhe mIf&%uéa@aeﬂsi@ a3 N NTRM #EL dafh did frotedn co'ﬁlﬂafr‘lt b' ot
denonstrat es the domai n structure of native and PEGyl ated rEVI El. is

shown twascalcpate@ddyres .- 8din Bymian Fzatein Digsd dpstpliments hﬁdﬁﬁhe@hEﬁmW‘é&yl‘ér masses
than t lve : 4 Phar macoki netics of
PEGy| aﬁﬁnﬁﬁﬁ@;ﬁ?’f‘ﬁ n%ﬁﬁ%ﬁcﬁ%&gﬁ? dﬁﬁ%@lﬁ&t Mouse Model [ 0077]

EVII1 deficient mce described |ﬂﬂﬁ§féh by Bi et al. (Nat Genet 1995;

10: 119-21) were used as a nodel of "severe human henmophilia A Goups of 5
m ce received e-bottus—reect+or—(4+O0—+ntIkg—v+e—the—tatr+—vein Wth either
PEG r FVBI (PEG SS, 5K) prepared accordi ng to ExafpG-evllor native &VIII in
a dose of 200 1U EVII1/kg bodywei gitive tEVHE at e pl BEGASHE heart puncture
after anesthesia was prepared fromthe respecfimepegmgppsein)5 m nutes, 3, 6,
9 and 24 hour s=after—mrectTomr—FvHt—actTvity tevets were easured in

pl asma sanpl es. Thelk@settiviyof this Bberiment are ummarized in FIG 2.
Mean half life incredd@d] from 1.9 hours (for native rEVIII) to 4.9 hours
(for PEGylated rFVIII area under curve (AUC) increased from13.0 to 25.2
hours*1 U . Hal f-1 58 cul ati on B 7performed wi¥h Mcromath Scientist,
nodel 1 from pham aco¥miktic 1i brary (McroMath, Saint Louis, M., USA).

Ratio 0.84 0.79
FVIL:Cht/FVIII:Ag
Recovery of biological 100 94
activity (%)

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

(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)
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Exanple 5 Detailed Analysis of PEGylation of rEVIII by SDS-PAGE and

| mmunobl otti ng Techni ques [0078] Native and PEGyl ated rFVIII was
digested with 1 nMthronbin for 60 m nutes at 60C, which resulted in
speci fi c wbeavagesof the FVIH nolecule with well defi pedndemsestadsi on
products. These heavy- and |ight chain fragnments were separated by

SDS- PAGE foll owed by el ectroblotting, as described i anple . 3. To
i sual PRt a5 SraRtD) chBiis FemuRi el Cd: boReteBnal

ant i boqis&s BEAMRSIotbiE vda%atmsfeh@& Bn é\bv@iﬁknéﬁbﬂmtaﬁed f-H8 pio-gtaami n and the

light chain N-term nal A3 domain were applied. [0079] As seen in
FI G 3 (HptculgskalifisURAY by glpatydbiatéeg ang snb‘iequqn@mw@bwéw@h@ pelyelepal. The B

domai n e heavy
char n ieD L 5ERG Ky EEKRGE ptRGhes S8 Rl AL EREERTAD, hndid? "eT1

t n-. . The)ascgedsaf be minamosteﬂmgrprmdeéurlemgkﬁtthem:ubam ~vdGiremi atkaliher agr eerrent
wth Ex e 6, PEGy| VI | | re.r

t hr orbiP %@%ﬁ?ﬂﬁi«?’g%ﬁﬂ? Aits %?Ps@gﬁ%‘fyng’?mﬁg&%@ %We?‘gwy’ N, [0080]
In vi tmg)%mdmﬁm@ﬁﬁmmamfau&i@&sewmm gubstaitd lap(Bio-RAC Tea&8esand
subsequent decrease in its procoagul ant activity. The rate of activation

and i n&@hf-veFAbnl heiaiudtn agsyrRsizehingdlg. (h ldablo derpenstipies deidmaling on t he

i nt egrigtycodt oFMEive WAS PRBHaQIEY IIDY 1t 3s hb¥a (R HRBIUyIASS AN TIARs hRbASWS:
[0081] FVIII was incubated at 37 Cwith 0.5 or 1 nMthronbin. Subsanples

wer e wibaidsraadhighimal¢autarimesses Wiandhdeative sagombBantpraigingi nut es and added to a
m xture of Fl Xa, FX, PL-vesicles and CaCl2 al so containing a specific
thronbin inhibitor to stop the fuExdmpletthr onbi n- nmedi ated reactions and

i ncubated for 3 mnutes. A subsanple was added to a chronopgeni c substrate,
whi ch i s Beirmetokineligs of| REGHMded VIRED a by TH ddefigieneldn®@RTut (Mouse dodélur t her Xa
activation. After a 15 mn incubation, the reaction was term nated by
acetic aci d[00TRE dDBYUrdeficient ritd 0& riba inastail\lyili ket dr Ngéperti onal to the

X CORBEIGR SR Y58 TR o o ] ORI BRI Rkl Lo P

concent erence curve. Yenel'dted FXa
concentécaivied B Solve rgeciibR (10e@/RGakintt tditvein with biier PRGLAIVRINWPEG-SShER)DI n.

it ngroREs derding egopme bpt visge v s Agaeors i groiialmancehs 111
TABLE Zifriek plasid BehedrRgba¥licd Bndstefa kvas bbb iedroRahétdspeRtite 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 rFVTI) 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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Thronbi nNati ve EV111PEG EVII I PEE native 0.5 nlVIO0.140. 080.57 1

nMD. 240. 140. 58 WO 2010/ 014708PCT/ US2009/ 052103 [ 0083] As shown in
FIG 4 and Table 2, PEGyl ated rEVBI showed a slower inactivation rate at
bot h applwediibhisebi N concentrations. Exanple 7 PEGy| etrws2méolzysi ne
Residues in rFVIII with Branched 2, 3- Bi s(net hyl pol yoxyet hyl ene-

oxy)-1-(1, 5-di gxo- 5 succinim _dyl pent ane 84] A
soI ution of [QU || ﬁisr?e‘?@% ﬁe%'e‘g’nfvilﬂffsfvéerre %ﬁ@gﬁ/‘zﬁfﬁt ﬁet“atf'ﬁldﬁféerirgﬁL i Naca,

. 5% sugE esEonaRtwls B9 PR Rad eR&R has1 RdeRRa@HaihY Sithdhdaky oREer i al
der| ved fromthe Advate manufacturi ng process cont ai ni ng 489 U EVIII1ind.

A br anctrslpPEd] ysREG1apd. nV@mus@Eﬁybaﬂaﬂ egPEsEmony-; feelfent - ) could be

(2, 3-Bi I 0 Y,

bent y1 o] Tt WXt BRSO Y o

nmol eculseematieb b mond reiGkaitDowWasmboded to 153 ml of this sol ution under
gentle stirring (5 ng reagent/ng protein) and the pH val ue was adjusted to
7.4 by drop wise addition of 0.5 KxNa@kléafter 10 mi nutes. Then the

PEGyl ation of &VIII1 was perforned under gentle stirring for 1 hour at room
tenperature [ 008%hrobitths egiseant ¥ §f RH(@ylateddIVIBN mi xt ure was appli ed
onto an equilibrated ion-exchange chronmat ography resin (Fractogel EMD TMAE
650M Phar ma ¢80 XK-1h Qitamathioiithin hezdmhmicgrﬁwmighuﬁs mmrapid iMeaSMIHepes buffer,

150 mM NaCl, pH 7.4, contain 0.5% s 0 1% PoI rbate 80 using
211 ne DAY Resfiansin 6 PSRN S Bl T SNSRI B AP ER

equi l i Qﬂﬁéﬂ&? eRidloh@hc hRMISAONMR AXERE Snd SR Mitedrithy BERVIIL, |vmﬂlrﬁ(ﬁhit6ﬁad2 cnt i n)
and the PEGylated rEVBI was eluted with elution buffer (20 naM Hepes, 1.0

M NaCl,bye H¥a sofeptgsessayy a3 llpysy sor bat e 80, pH 7. 4) at a linear flowrate
of 0.5 cra/mn Then the eluate was concentrat ed

ul trafiltrad@]/ Gl wasringubated af Q%delﬁerﬁPth%@ﬁ%ﬁl@’ﬂl APsyrrieLyERer at ed
cel l'ul g5 dﬂ%é@tﬁrﬁ ifhe %lsmh ovs%% fibiks ﬁa‘dfadﬁéd BQ KiRuisbinerxa, owf f er
nsi s

system co Ing o , 0.5% sucrose, pH 7. 4.
Exanpl éL8vesicles and CaCl; also containing a spec1f1c thrombm mhlbitor 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 K’

Thrombin Native FVIII PEG-FVIII PEG/native
0.5 oM 0.14 0.08 0.57
1 nM 0.24 0.14 0.58
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In-vitro Characterization of &III PEGylated with Branched PEG SG 20 1d)

[ 0086] RFV11l derived fromthe Advate manufacturing process was PEGyl at ed
via lysine residues using a branched PEG SG reagent according to Exanple 7
and the Ri®yhabedoy FVBI product was bi ocheni cal |y charattstigedins
described in Exanple 2. WD 2010/ 014708PCT/ US2009/ 052103 TABLE 3 Native

rEVILT PEGrEVLL T PEG SG. 20 r ot ei 11, I Vi
[&)\éB] As shown in FIIE(E aanigTa%?e 2, %(%Eateder%%l showed a s (gwe?:Ct vity
inactivation rate at both applied thrombin concentrations.

Example 7

PEGylation of Lysine Residues in rEVIII with Branched 2,3-Bis(methylpolyoxyethylene-
oxy)-1-(1,5-dioxo-5-succinimidyloxy, pentyloxy)propane

[0084] A solution of rFVII in 20 mM Hepes buffer pH 7.4 containing 150 mM
NaCl, 0.5% sucrose and 0.1% Polysorbate 80 was prepared from bulk material derived from
the Advate manufacturing process containing 489 1IU FVIII/ml. A branched PEG
succinimidyl glutarate (PEG-SG) reagent (2,3-Bis(methylpolyoxyethylene-oxy)-1-(1,5-
dioxo-5-succinimidyloxy, pentyloxy) propane) obtained from NOF Corporation (Tokyo,
Japan) with a molecular weight of 20 kD was added to 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 (.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 cluted 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 NaCl, 0.5% sucrose, pH 7.4.
Example 8
In-vitro Characterization of rFVIII PEGylated with Branched PEG-SG 20 kD

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

rEFVHI product was biochemically characterized as desciibed in Example 2.
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9,950 1,040 FVI1JAg [U nl] 20,807 1,763 Ratio EVIII:Chr/FV111l: Ag 0.48 0.59
Recovery of biological activity (% 100

WO 2010/014768 PCT/US2009/052103
TABLE 3
PEGFVIIL
Native tFVIH PEG-SG 20K
(5 mg per mg protein)
FVIH:Chr activity 9,950 1,040
[U/mi]
FVIILAg 20,807 1,763
[(U/ml]
Ratio 0.48 0.59
FVIL:Chr/FVII:Ag
Recovery of biological 100 120
activity (%)

[0087] The datain Table 3 show that in the PEGylated rFVIII preparation the
biological activity (expressed by the ratio FVIII chromogenic activity to FVIII antigen)
completely recovered in comparison to the biclogical activity of the native rFVIII (100%).

[0088] The PEGylated rFV]]I 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 rFVIIL. 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 rIFVII 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

FVIII seemed to be more resistant to thrombin.
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120 [0087] The data in Table 3 show that in the PEGylated rEVIII
preparation the biological activity (expressed by the ratio FVIII
chronogenic activity to FVIII antigen) conpletely recovered in conparison
to the biwbogboadresacti vity of the native &I I (100% PCT/US2009p2088] The
PEGyl at ed rEVB1 was characterized by SDS-PAGE and i mrunobl otti ng

t echni ques reduci ng condi tiqns using.a 4-12% pol yacrylam de gradi ent
gel as descﬂﬁg@jj R T A A ”?aég‘(ﬁt‘rog bﬁrdémg‘g'rﬂfgs’l %‘H{O?!et‘ﬁaqflaex 5. The
bl ot deMEASthabessiyie deRiBEdinIixatplel. Psliddlst MbednshtiPhn ralcod FRMII | . 1t
is shown that the PEGyl ated &VII I has broader bands and hi gh nol ecul ar

masses Waidateraedh Ry fiviag fedsainingpart ¢frthe @jrpes with a singlp ggmpentiyl fikpr e det ai | ed
anal ysis of PEGylation of the rFVIII preparation by SDSPACGE and

i mmunobl ot ting techni ques, the natiAE-fthd PEGyl ated rEVIII was digested
with 1 nMthronhin for 60 ninutes at 600 _which resulted in specific

cl eavage of the FV111 nol ﬁw%ﬁe%mm\ﬁgﬁkmggf(ﬁm degradati on products, as
described in Exanple 5. The fragnents were separ atgdbyr SDS- PAGE f ol | owed
by el ectroblotti ngr and visualized by different anti-FV111l anti bodies. As
seen in FIG 6, alltogdifai ndaies EVIPEGy| BEEd VI pei PEPBEedi fferent extent .
The B donai n was St r%@gl y |-’|:L96| ated. varlous PEGyTatl on-degrees (nono-,
di -, tri-PEGyI atiofy ®uld beYdbserved i R%he 1ight %€hai n A3-donain. The
results indicate thatMthe PEG)fAted &VI I Pl8eenmed t 0%8& nore resistant to
t hrombi n. WO 2646+0H4+88PEH-USR2889+0652403——166961—Fhe rate of
activation and inactivation by thronbin was nonitored by a Fl Xa cof actor

assay as de iLbed in Exa . Pseudp-fi or inactiyation rate of
Fve s dlOPY nehs By ot Fich g dEr iRt o B e ToriT REved P8 £
si ngl e jgxpeaRRAritdht Holl apphéBiForfibifichsden@iek. i nactivation Rate | (1/min)

Rel ative k' Thronmbi nNative EVIIIPEG FVII I PEGE native 0.5 TI M. 130.090.67 1
nMD. 210. 150. 71 Example 9

PEGylation of rFV1II via carbohydrate moiety

[0092] For preparation of a PEG—FVIII conjugate via carbohydrate residues, a
solution of rFVII (final concentration: 1.2 mg/ml) is prepared in 25 mM phosphate buffer,
pH 6.7. NalQ. 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 temperatore. 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 rFVHI with PSA-hydrazine

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

-24 -



[0091] As shown in FIG 7 and Table 4, the PEGylated rFVIII showed a
slower inactivation rate at both applied thronbin concentrations. Exanple
9 PEGylation of &VII1 via carbohydrate noiety [ 0092] For

pr epar at iven 2ab/om783EG- | - EVE' conj ugate vi a car bohydr at ecraszayesiosa
solution of rFVIIIl (final concentration: 1.2 ng/nl) is prepared in 25 mv

phosphat e buffer 104 s added i nal ncentration 0.3 for
he_ oxcasro sl BiPirdbetpdlf ek pers SHNR P e br ug. Dol
Rev.; B3épAa&t FPedR18Q20r odVDG-1(BdMundils (@htekad)w%bse@ﬁammw&?dmﬁwwﬁﬂ( 1987)) .
The reactl on was guenched by addition_of %g{%cer ol a final concentration

of 10%2 Ap@ length eheOddk(prepagrdmecordiag éo ¥ é@l%gﬂsraéﬁ‘“é%ﬂ]éﬂ centrifugation

usi ng il 0 hydrazi de (MNV
3300 D I Ra O TE R A Bl i LTS e oo D

concentiemaparanreofTha p@lysialyltada By &lhis plﬂ’ilﬁied PE@}ﬁamHmtVl\E&Bhardeﬁer formed for
2h at roofm, LePRraf UL s§fg‘1 %I?gsua%ﬁeci Y the 1%1 ol réﬁ?@% BaARLALAG AN 3M1€

excess reagen Was separa y repea uga 'on on Am con
M cr on-NuT'1.dEhik eestuiess ﬁ;ga]jaﬂi tomile phmﬁmh‘aled vithf Bigyl: Sephhrbse A GEEMealthkae)l O

Pol ysi aI Iat on of rF t h PSA- hydrazi ne . 093 r paration
of 5 pard PRI n Bb e abulL PO uisbs oot i doaw Hepeohuit it bf gt 1 1
(final ceau@eRtd ARMOaCH. AEeNhitidSofh&RH @ el ﬂie%@[ 1@%;&9@& wpreeet at e buffer,
pH 6.0. Nal04 is added (final concentratl on for the oxidation of

car bohydrate residues. The oxidation igsagaidied out for 60 mMmmat 4C in the
dark. Sodiumbisulfite (final WD 2010/014708PCT/ US2009/ 052103

concentration 25 inM is aslggfadich SR NBakGOSK PoRRialid ABIEXCESS sodi um
periodate is separated by gelfiltration on DG 10 col ums (Bi o-Rad).

Subsequent | ypop9 faﬁé' Qf‘dw‘!ast Q'B lafioh @R&HaRe OdhrdBatk &gy ed
accordi ng to w nOO 016168) MI& §§W|Onal co%centragt%%mrlo nmVv). The

pol ysi Seyiasase & apderseblest ia W@Oé%]lﬁrlﬁbﬁll .obiive grgms2f ﬁSéthmémqlwlpeﬁﬁﬂm e. The
pol ysi %M%\fﬁ} ahoflabl g ,Hg ?&ﬁ ﬁs&aﬁ bOF&). Thi
( GE- Heal' t hcar eShaEX W%Ib%gf%%?yl ﬁt?lg%{nl g‘%é to't n‘?xt ur tolsgi ve a
final ecolntentastppbed afto 3Whiiaticia XKbGcotumt titled with @ppdrhends¢ BE (B¢ col umm
filled h_Bu haroser‘\&%Health %2) he. el.ution aof the
1 11 ot MR aBaF i By P e i atBe b B Smn
cont ai AtfGvBhed With £adhdn vBfuiness (E€VY Lhitg OLftMAd GV HougaPBA wdielynd i s
adjusted to pH 6.9. Exanple 11 . .

stepwise with 3CV 200 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, Billeri_ca, MA) and subsequently

diafiltrated against 50 mM phosphate buffer, pH 7.2. The PSA was oxidized with NalO,4 and

a terminal primary amino group was introduced by reductive amination as described in

WO05016973A1. For reductive amination, 11 mL of a 2 M NH,Cl 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 SM NaCNBH; 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)»COs solution (50 mg/L)
containing 10 mM NaCl and subsequently against 50 mM phosphate buffer, pH 8.0,
containing S mM EDTA. A sulthydryl 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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Purification and derivatization of Polysialic Acid 111:10941
Polysialic Acid was purified by ani on-exchange chronmat ography on
Sepharose FF as described in WO06016161A1. Five granms of PSA were

di ssol vedvonod@i4mes 10 mM Tri et hanol am ne buffer, pH 7PeTESRANDFGg 25 | nM
NaCl (= starting buffer). This solution was applied onto a Pharmaci a XK50

colum fjlled with Sepharqse. FF (GE Heal t hcar.e, | ch. ..Cer man whi ch
e equPi BB AR gt APt PO dorT el Fee iRl 1 o
col umm avednun® Freb §H)— gba;g%@gltﬁweﬁ% vdldahen/bafindtifiSinps membiad st epw se
wi th 3Cv 200 mM NaCl, 350 nmM NaCl and 500 mM NaCl in starting buffer. The
fracti orithed ertelf aliStkd axignadg olEgenapsheeluesroMEEPIE Bilei@n MY 20 kDa as

i ndi cated by SDS gel electrophoresis. This fraction was concentrated by
ultrafiltration using a 5 kD nenbr ane Fa@@®ko¥2 r egenerat ed cel | ul ose
(MIlipore, Billerica, MA) and subsequently diafiltrated agajinst 50 mv
phosphat e buffer, pHotyspalylqten ﬁSRW%EYB%ﬁ%%@W@W%MOS&ﬁH‘kg t er ni nal

primary am no 9%rou was introduced by reductive ami nation as described in
W05016973A10096br Fosdenting ef B\ g togh Y . 1therheterpbifunstigpalgrpaclinkss| uti on wer e

scied 0o 14T AT R L 20,
B e a E S e et e
07 a1 5o Bt Rl rin Ghetts B0 22 0 St SR AT HIaY T8 NaGl - and
SUbS e QU iy 139Rpes (el RBGERBES BxhidiE er, PH 8.0, containing 5 mM EDTA

A sul fhydryl” group was next introduced by reaction of the termnal primry

am no group [ggy 2pi i ANIIAG3E Bie( T BSG g AniR@eiARbndenfht@Ing RereROCKf Ord, 11).
The reaction was carried out in 50 mM pﬁosphate buffer, pH 8.0, containing
5 nM EnFasfairedtozgidaten buficg (S0 ab8Ram: 2ce580 0b) ©Foine Jesaiing capiyys (Blecess of

r eagenty f t d i | 3 ining a
tor m naiogthaf1o LESTLASIREIAIRELAR: oY nb Ml S BREPRAE 2 Mo
usi ng aheverditizedevivi §.ASaMcNEIO {(Merk) BhlaDA Y0 th thedekb fTheegahtpateadiael | ul ose

(MIlipore, Billerjc . le 12 Pqg | alyl ation EVIII by use of
a het er“(ﬂ%iq?lﬂﬁbﬁ gﬁhlgﬁfg?r%/@élﬁ ﬁﬂgg%cenm%m OF }C;%'GFYBESIFO %%dulg{ﬂlq’%d” 0f PSA-SH t o
r EVI 1 | rethbe:dhal eteghottanedsitenserred @ssrehdtivk & RBBHmMM sodium phosphate pH

(444- N- Mal ei m dopheny] butyric_acid hydrazide. HC1/ Pi erce, Rockford, IL)
cont ai rﬁ-ﬂd‘s%gééﬁaﬁwf&%-(gé’rgﬂ E?Péoﬁﬂfdﬁ)zﬁgh@c trede Qfl‘?ﬂ}‘gé}cﬂr@rrseacti ve

nal ei Migengfi P ANRkuis 8shehithad 81BIE/mg plotBinQhd BRAMH 260 3R %MEar22( 1992) ) .
PSA- SH contai ning an active sul t hydryl ]gr ou 6was prepared according to
e .

Exanpl @Xqeps to protein) WegOeex} inpvkpted fof EhanR iy Thaessts fdinks Wsot ei n
concen i . ﬂﬁ{r ) | i : aMh, ks cet at e,
pll 6) tr%@%egqﬁlengg%ﬁ%{&a%o ur%@ﬂ)( %?%%gdéﬂ E%do%gﬁgﬁﬂ Qag o ﬁ%ﬁhg@% t he

i nst r uchd masfafuthandrbnlifiec-PSAaronjughte was taesferredastotrerstionRiidirzed wi t h
0.25nmM Nal at (Merck) (lh at 4Cin the dark). The oxidation reaction was
guenched wi {00981 y CBredViPBH-RSA torgbgacowmasemideditoi thmoodizdddtVIE(G.der mig/rsind Nal104
wer e renopve the.protein was transferred,into reactjiqn buffer (50 mM
o umEHg b B SRR wh T el 2 Bkt ARy FBE e lsoac 20 00
accor dirpylt-eshhe Hfvas blfifdd sy HITSidinch prepskedBiiyk$epharosocdlann (G 1 ny
I\/EPI—Vnéﬁglrot ein gjggiltPSA- gH (200 fol d_nmol aé excess to (?fr otein) were next
idnculb?ft W@Fevﬁﬁt%féﬁpgf 5%?8.311%5&%5%}1 C’(’J"Fc’;zuﬂﬂse& "b\?ﬁ’w t ;J_Si ng
esal U IHiy13RphHIte ath [HARSD- e840k f@hd R&ctdoiSt ruct i ons
of theHr?r;gynufgcturer an thaé | i nker - PSA conj ugat e v{l/a%gltransferre_d into
react i orxi ey increased to a p@Elggfvitynd aRfBK:- lﬁéjmg’@mjbu@a%g wdutigdebdiono t he

oxi di z / [ N APeactie i ]
ncubat St Siclin B Tholt 3nF AL BN e AP I BRI EN 0S¢ s
puri f i eehchiyn HiCuresiasdo=led pepankeduButhal wSephidibosel with equilifraiorHedlet hcar e,

w th e Sephirees e Psion &1 RET SEGRBLC e ST ThEETHE WBISEY enat v
of t he rhgacl DMK UkRDUH@SanFl€ haagashet Queawtio DBttt iid vblymef (@ppsfox. 185

nS/ cm by addi ng a _buffer solution containing 5 NaCl (50 pe 5 M
NaCl , &49vilifsgtienbyier. dhe sopmgntenas gricd voyr a brier pidgw o 5%%5%@% oaded
onto the colum that was equilibrated with equilibration buffer pH 6.9
(containing 50 /TIM Hepes, 3 MNaCl, 6.7 mM CaCl2, 0.01% Tween 80) with a
flowrate of 1.2 cnim n Unbound sanpRé-was washed out with 10 col um

vol umes (CV) of equilibration buffer. The conjugate was eluted with a
buffer of lowionic strength, pH 7.4 (50




WD 20101014708PCT/ US2009/ 052103 mM Hepes, 6.7 nM CaCl2) with a flow rate
of 1.2 cm/mn During the chromatography process, sanples and buffers were
cool ed using an ice bath. Finally, the pH of the eluate was adjusted to

6. 9. Exampbecid®14Zanj ugation of rEVBI with Dextran PCTIRBODYBS2Ir63r
conjugation of &Il with dextran, 2 nil rEVII|I (638 ng, 3.4 ng/m

protein re tr dIo X|dati buf f er 50r M sodi um acetate, pH
6) usi Pab tﬁiﬁ@ﬁcﬁ? it el ele o EL3 (B 10ERg 5&@8%0%8 b the
manuf a?irbtfe@sr szﬁn 1SN WetFeiR Ry erel 14N 2121 2R iMBStH. ff&ﬁhlg'xthé phast i dhihtdwad M

Nal 04 (1 h at 4C in the dark). The oxidated protein was first concentrated
usi ng VAdipsspitmO-Bl trafiltration spin colums (Sartorius Stedi mBiotech
GrH) with a MACO of 30 | cDa accordln to the manufacturer's instructions.

The sanpl e was next dial yzed agai nst Heob$ buf fer (50 nM sodi um
phosphate pH 7) over night at 4C. [00100] After dialysis, 26.58 ng

adi pi ¢ acid di hydrazi de (ADH) (Siigesipnwhs Vdloeth Pegouf ol d nol ar excess)

and the reaction mxture was incubated 2 h at RT at pH 7 under gentle
shaki ng. ADHWO8E rkeneogezation ofridddlaith drgtrémlmﬂ(lﬂl(@?ﬁ%gt 3Eb@@@;§ac 10 DG

accor di t|

al dehy e&g(%l }Vé%t% 53&%& Ctjt(raé)n?(% P%?%e%}?%%%?%p% Fftqf §F‘:F)%gi|n§9 esg%%ss to

'FI)'L ot ei repluand (Bhd{aﬂﬁ'dou?lmcv]{@sl)ﬁ}}m&mi@do ﬂ?mlamufacmterﬁ'ﬂnstgbtuzl The HP[ 00101]
e con ifie r a 0 e se

(G redrtipare et bl pi fea Nl BFoR e B8 ety T8 S, v -

1) t Rids fitétSom@birdtediisid L6l vidploul Lt freionAp(Bi LA s stidHis BRasp BaduechpH 6. 8)

with a flowrate of 0.5 rﬂlmn Unbound sanpl e was washed out with 5 CV

buf f er GEbIE) wigh p PIWERf ORI paeEding &0 @Pmaéﬂfaw’c‘qli sdnsppiiogs. Lag ol di ent
(0- 100%&8%&%@%&%@&5&%&9@6&9&@?‘{’%&4 &dﬂiﬁ &cﬁpﬁatéﬁﬂl BiRGY e night AQe€V) with

a flowrate of hod of conjugatlnga

vat er sol ubjgygg| 'y'm{erﬁﬁg%{(}x%?gg%%q% bohpm}ddr%&mmﬁm@a)ﬁagtor VI

conpri si ng cont actin hydrat e noi et an activated
wat er 9d¢1€t§1b(5@0tvd)dmnbremebéranabMdeacnomsnxtmwaahncawt@@hp@g&if|apr 7wher ei n

said FVLII t ated.to ter. sol.ubl retains
at |east d%r@?l ‘?Shnafl %v%% Ilegg"y i us‘tniig. detsﬂﬁng‘"& l%nﬁ@é&%é?ﬁg%oé%%%rdl ng to
cl ai m DG@hetaiingtidthe Wastractiaslof Heanpotaeneer. Ton sgl abdrhedk-fnioacd Bextgnoup
consi st of P nd dextran he net hod .ac

oV ar m 1PfkeR s e RUGp BERER 4o Protigre tisgTy e NRODCHREEIRE f fom t he
group gomgbst.i ng of PEG hydrazide, PSA-hydrazine and al dehyde-acti vated
dext ran.

[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 NaCl] in 10
CV) with a flow rate of 0.5 ml/min.
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4. The method according to claim1 wherein the carbohydrate noiety is

oxi di zed by incubation in a buffer conprising Nalas. 5. The net hod
according to claim1l wherein the oxidized carbohydrate noiety of FVIII is
IocathA' the B domain of Factor VIII. 6A nodified Factor VIII produced
by th od according to any one of clainms 1-5. 7. A proteinaceous

nol ecul e conprising: - (a) a Factor VIII nolecule; and

b) at | t t | ubl I i.d_F I | e,
Whbrei n sald wdt BT UPU BaeREY RE R BRIy B R e 27010
\% emeieﬁgﬁ%bﬁ%ﬁggt?gimis?@ c&mtdc::im%aﬁeobtxidizeﬁrwrtahdm moiefy vlﬁttcamacti_\/ftlebl, o Th

etains at,|eas 9% n Vi . The
bt ot evAiet SuikuE Revae: fdeE Foadloh watFigh s bilom, BhbEFu I VUl e e S
sel ecdopflighateaito tiewgteosgluttio melyster rgainé aREa3t SPSAofanativel EXliradtivityd. The net hod
according to claim1 wherein said FVII|l that has been conjugated to the

wat er sol ubl e polynmer retains at |east 80% of native FVIII activity.
10. The nt.eculheanetbodiatgorting ¢td aaim 7 whbrtirethe vedérdsoinblicepalyreerietelecisd at

r _ g
| eaStfrofrs'r? I'?eog;];roﬂ?[gjl E[:cgn\/s(lasti%/ Io} I!’E&Cbbxle;[n% ‘dextran.

3. The method according to claim 1 wherein the activated water soluble polymer is
selected from the group consisting of PEG-hydrazide, PSA-hydrazine and aldehyde-activated

: c_iextran.

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 VIl produced by the method according to any one of claims 1-5.

7. A proteinaceous molecule comprising:
(a) a Factor VIl molecule; and
(b) at least one water soluble polymer bound to said Factor VIl molecule, wherein
* said water soiuble polymer is attached to the Factor VIIi via one or more carbohydrate moieties
located in the B domain of Factor VIIi, wherein said molecule retains at least 50% of native FVIII

activity.

8. The proteinaceous molecule of claim 7 wherein the water soluble polymer is

selected from the group consisting of PEG, PSA and dexiran.

9. The method according to claim 1 wherein said FVIIi that has been conjugated to

the water soluble polymer retains at least 80% of native FVIII activity.

10. The molecule according to ciaim 7 wherein said molecule retains at least 80% of native
FVIll activity.
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