S| TE- DI RECTED MODI FI CATI ON OF FVI I CROSS REFERENCE TO

RELATED APPLI CATI ON [ 0001] This application clains
whewehs29nf priority to US Patent App. Ser. NOPCT/US2005/041205

60/ 627,277 filed on Novenber 12, 2004, which is

i ncorporated herein by referdnce in its entirety.

FI ELD OF THE | NVENTI ON [ 0002] This invention rel ates

to Factor VIII (FVIIl) nmuteins that allow coupling, at
a defined site, SHEJIBREGIEDNPRIFIGATONQFAMIbI e pol yners
such as pol yethylene glycol. In addition, related

formul ati ons, dosages and nethods of adm nistration
t hereof for tHRQESRAFEBENCE PO RESATEDARPLICHTIOND. These
nodi fied FVII1 variants, and associ ated conpositions

and ods are useful in _providing a treatnment optiaon
o ¢ B8] ofHE AP feateR el nebaab oct 6 g Pristiiacier o B0827 77 mec
oD IRTOEEIRI 2004 @b isdncomerptel hripiny byrafgfecedt s éntirerd wi t h
henmophilia A. BACKGROUND OF THE | NVENTI ON . [0003]
Henophilia A is the nost comon hereditary coagul ation
di sorder, with an estg g eripevERAeR of 1 per 5000
males. It is caused by deficiency or structural
defects in FVIIl, a critical conpon'ent of the
i nt r [0883] cThisdlntemiep reftedlodacorcdbfiviiariuins thEhalow eoupging, at a defined
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trelament nptioA Wit dideAByeClion fiequeqdylanipsioded ilih3genfSe@edpbnse for individuals
aFIREB WA nerBiiddR- 11-22). The precursor product is
processed into two pol ypeptide chains of 200 kD
(heavy) and 80 kD (light) in the Golgi Apparatus, wth
the two chai ns hel BAGKIRAUNSYORMTHENNVENTIONNs ( Kauf man et
al., 1988, J. Biol. Chem 263, p. 6352; Andersson et
Th" B HerforRli » B9t sl &en Pt oaflan e el b Somates
ingideRsel A RGP aeplgsy Y i CRBEIbbY JEiCiRTYY A1 SNEtuFRb 4¢fgete ATV, a critical
cprhmbra_(bf k© intiirglet patilvay bi) bidva oagutationb eBe mhMeztt@erheor hemophilia A
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. - I [ ue | )
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QRAD®FPsade AP hanin Hamptal 2% Ar-J 18R)e Theipreeunsor prodyctia tpesdesisgd into two
pblp;serpméajnghgsmaadﬂki(&hmgh@m i (gl ih the WhIgk BpRARLSOWithABe Bvo chains
r t.her [ regd t .
Bl 26 iat I R T PR BoE AR o B Andersson ot .
B REiINGHtAPS St §RPr 2819 actor VIII three tines a week.
It is constantly required in the
[0004] The B-domain of FVIIl seems to be dispensable as B-domain deleted FVIIl (BDD, 90
kD A1-A2 heavy chain plus 80 kD light chain) has also been shown to be effective as a replacement
therapy for hemophilia A. The B-domain deleted FVIII sequence contains a deletion of all but 14

amino acids of the B-domain.

[0005] Hemophilia A patients are currently treated by intravenous administration of FVIill on
demand or as a prophylactic therapy administered several times a week. For prophylactic treatment
15-25 IU/kg bodyweight is given of factor VIII three times a week. It is constantly required in the
patient. Because of its short half-life in man, FVIII must be administered frequently. Despite its large



patient. Because of its short half-life in man, FVIII

must be adm nistered frequently. Despite its |argesize
woboogneapber than 300 kD for the full-1ength pre¢BUS2005/041205

FVI1I has a half-life in humags of only about 11

hours. (Ewenstein et al, 2004, Semin. Hematol. 41,

pp. 1-16). The need for frequent intravenous injection

creates trenendous barriers to patient conpliance. It
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frequantipdministiatiop.e f U”V[GUW]thWPSBQf diettmentadould ibs aebueatt iatpe halblife were
inbRay bEtde f&\ﬂﬂ#ﬂ@é’esin&ytﬂaﬁbe RRadl. 25-30% of patients
devel op antibodies that inhibit FVIII activity (Saenko
et al, 2002, Haenophilia 8, pp. 1-11). The mmjor
epi t ol8%] din 3ddiions| disadyaniage itonBelicereenbiherapyoe Atabeboul 285108k of patients
tévelop\antiti odiesi tinat ibibit BGIl detigity (dAkdd 81, 2dobeHa8BosHIEB] fp. &111). The major
'éﬁt%bgtb?ﬁhlgigly]anM§s ar@rBQatQMthm?éj%hﬁm aVaLib ROGs. 508, the /t-\3 domain

use
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eapiBrentent Berenp fancriovteis gropmefrmatintsitp seekiangerdmere expensive treatment with

higiE-0d%0 rdtambindneledcF VIM dnd inilile toBraABEhEBSET ance t her apy. '

[0007] The followi ng studies identified FVIII epitopes

of inhibitory antibodies. In a study of 25 inhibitory

pl asnBOYANSP é%'c’w'&glstwéﬁseder't*fﬁﬁ GVHIsrisPaTioftinthibitens aptibpdignlim a study of
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Riep eecorahinanbAd pabertige (ScanslelianBi et alnt199%2 Bloed §36@ prni 1367-75). Epitopes for
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irgssgmer_t,\lﬁemna'klrég Slsz{gaep °f§8? A2 g@(nil )(Scaﬂtbella 63_592 ab.) 198%nBlood 74(5),
epia1ge).f or 18 heavy-chain inhibitors was | ocalized to

the same N-term nal 18.3 kD regqi on of the A2 domain

(Scan la, D et al., 19

L 000D A Aopetec PuRiarl PR LAY YN AApSHs; et b repicing
FYyNan| AZrgereain residugseP@684 adh Ky hoeplowﬁ mereine segvence. Wasressigtant to a
pamhtcACBhiGHY (LGBW, Mettan, 1998, J)@ith|argaUZs9pIQY, Ph.NEB3S 1] LA ERistant to a
\ATaﬁner rﬁc?hloa&%mmla&y %Aﬁaqhwthﬁ% rjn sl%tF. ggtle‘lt%QH :i. |torlsfor%rnd|ng to A2

{Ssaicelin i 81, 185haAPPTE AERSE B U SAY T S ARAETAN FpRgcyas frver
tdeaiizedcto MpetZedomaintrésiduest 4841508 yileni exberie tte slwwed thatyn il # 18ggG and four

bStieMlnHibne@ el ot Anibila hﬁi‘ld a.!,man/pl&aa FVIhE QRbh HaABWSHain residues 484-

ggé %ré rt,p %ceidG\Aﬁ&hzl;nLa} &200 Cfm m; ealelyes {jad L htgﬁ bgﬁ fZ%(EIH,e prp.14505-9).
éR‘bBYbI' IAE WY vag RlsuBereresistanhiapt 'ﬂ%hQ'fg’Gz%Pﬁﬂ'e’f‘@@Fmiﬁaicieé’Pﬂd (Barrow, R.
lendl, R0A0O BoodlBEI2)N k. 56#HR). DAISniee deyining tnutagaeasis pdentified @esidue 487 to be

E¥ichi rorlbhda toCdN b 1Batidd ifBREE Rstb® WnieSiark84s4, 487, 489, and 492 were all
important to interaction with mAB 413 IgG (Lubin, 1., J. Biol. Chem, 272(48), pp. 30191-5). Inhibitory
antibody titers in mice receiving the R484A/R489A/P492A mutant, but not the R484A/R489A mutant,
were significantly lower than in mice receiving control human BDD FVill (Parker, E. et al., 2004, Blood



508 were replaced with that of porcine (Healey, J. et

al., 1995, J. Biol. Chem 270(24), pp.14505-9). This
whydmeios3269/1 | | was al so nore resistant to at | epst/ubab$/041205

of 23 patient plasnas screeneg (Barrow, R et al.,

2000, Blood 95(2), pp. 564-8)° Al anine scanning

nmut agenesi s identified residue 487 to be critical for

binding to all five patient inhibitors tested, while

&) RPe £044H) | I, the @ig4-5Q8ngaigrogl theep demhdin $eemete bna binding site for

inhibiersaof EVIBactintyt h mAB 413 1gG (Lubin, I., J. Biol.

Chem 272(48), pp. 30191-5). Inhi b|tory ant i body

titers in mce receiving the RA84A/ RA89A/ P492A mut ant

but G008 Heaqeign R rsdeuaioRmeRtah #n ImmupRresRogse tp ¥ ranptper problem with

Faoventiortahtherapyris tratdtaequisesdiequentydosapirigrbedauseniene sEisDhalf\ke lof FViIl in vivo.

(AT &cBanisnis for@lear@hoe of AP fom Rk ARG hRe beBiPstuaed4- 10) . I n

sum the 484-508 region of the A2 donain seens to be a

binding site for inhibitors of FVIIIl activity. [0009]

I n ad@¥9) ofiViisleptaacedtoredirafirtion basdfeerapariyratiinwtedrte sgpofis Binding to the

fo@-deNdity Ilpoprafé(htrb@btoprfeahh Priteid (LRP)CHR3HAIY dicdRAte febEPlorRh BrSad ligand

E;Ee@ﬁ'cnk{ YOI ér?wgﬁlljrb ]g?§ %d’ogi}#ﬁ%f}\gphnge%bﬁbgﬁ_ﬁygc%slg% Re&gﬁ)F the low-density

&H°8f8i85rﬂ:%%?°e¢?n WS A5 SRIVTHE PEY P &t BiFVBHPRAERDES. Besbres by cooperating
withuldRReial regfli@tnd Olasriakvels of F\@t (Bamenectien etral. 200%; Bload 1aBNpth 835-910). Both

hfé%gdﬁ@réré )facﬁifateﬁ' t?lublﬁdjngt %) &ﬂ%gﬁafcé fhe?dntn HylpHatd Q)rJtJbﬁlycans (HSPGs).
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Fece
"F?’@Fﬁt‘;} ‘i‘éﬂ *H%h'@%he@ (Sapafagpy et ap(R921. JI-RiRnBhs- PTG PEL0‘1970 -11979).
Balpcpé ard hymmesdasto]ca&)entraﬁemmbh Yhe delh @urtabavardhetd Sirdsynt it to LRP. LRP

nhcﬁﬂeaos:f thtcﬁ\'VlﬂIW(rla@ﬁeeaeE %ﬁ%géo% A!"?é%nd@és%ﬁh ﬁ@g&!;ernﬁoﬁt Hll @¥992). Biol. Chem.
Pl SR TR A RS R (R vespine R B, it i 275, oo

83708p77) ag@%epltgpqmdhel%donpp\ (LoGa gp@)wggojt Biol. Chem. 274, pp. 23734-
pswsgy actions are facilitated by binding to

cell-surface heparin sul phate proteoglycans (HSPGs).

Plasma half-life in mce can be prolonged by 3.3-fold

when 0§31 FRYIILiE 3R elgarest fram gjcplggiop byie Rctiop toh PrefResegn flo understand this
eftdcl, osaimbia weddrifdndaheamechbliat kyedhi¢hSaniafsamoledi bidod coagulation. FVIII

&gl%tes ‘;s a%'e@ odlm(;pgmea 7a65d llm che%’sgg&)mc]-m V\’V'S%ﬁﬁm@rneolves Fvill

oo PS8, PO Lﬁéﬁ Tt i g e SELegrA i Bars o o1
kagauelis eah all. 2620, Bloed] 9§, p.AZ58196D) aith €3 daBAnS(Spieget s ¢k @) @04, J. Biol.
&hem. 7989), pp.. 5369104). F@hfi‘macﬁﬂﬁd bip fhrondbir) SMick E@N2} ,peftide bonds after

Eﬁ%]%hg%z% 87153 Li i'sg% %{eﬁ%@% Bmét ofﬂll A2, %993401%2 %}EQLS (Pittman et

an e eln
abﬁﬁ(i” I'PEMI md eﬁcu %‘{ pp iwg 12{?9) palp acp |@ﬁ| ?anﬁ'FZPSOCﬂFS from VWF
23J7i34onc@BARS Yo thp @é}lls]J]facE‘df pltelets by bigdingctb @baselablipid. o Rinospholipid binding

mv&&‘aalpamlr%u@ymtg@Qz@ﬁhﬁs@rhnefzza@r(@.tbe.a&%s 2002 J Uil oneadYd, pp. 6374-
\I\%‘l i 'I%ﬁr\?lltl%fnds %q:‘?)( trt%f.x%h in erac |o?ﬁ wi hq-'v II resucrres {R%’B?{Pﬁ%t al 1994, J. Biol.

Ehere.AGEt RPs 24522 8°5I¥é)t@\ddé1h@r18 é‘fe"maﬁ/?' éﬁ%ﬁ Mi §ipit CkaTai2Ak pp- 1935-
henon and FX WMEgh ivéfactoh s ditEMIil regialieseg9-BAZ (Nbgahe 8 &l.u2m4, J. Biol. Chem.
%%%p ]@ﬁg 1(5F7q Er%r ac@tas @lcofactJr$<§ gnx al:tlva%nQJf FX qa%géent?a@g’omponent of the

260 Zthway dAcP vated%Vl?l (F\Sl:lla) is partly inactivated by the protease activated
protein C (APC) through cleavage after FVIil residues 336 and 562 (Regan et al., 1996, J. Biol. Chem.

PR, 5230-
intrinsic coagulatuon p



(Jacquem n et al., 2000, Blood 96, pp. 958-965) and C2
domai ns (Spiegel, P. et al., 2004, J. Biol. Chem

wWQ@ 206543299 pp. 53691-8). FVIII is activated by ptr/osos41205
whi ch cl eaves pepti de bonds a&ter resi dues 372, 740,
and 1689 to generate a heterotriner of A1, A2, and
A3- Cl1- C2 donalns (P|ttnan et al., 2001, Proc. Natl.
Acad. _Sci . . 12434-12439). Upon activati on,
%K)l PR 3%4233%7@1 yeee%eqvmmt\?vtmuﬁat df ipagtivatien hewerereid theisseriation of the
é2 Hémainfrofmedtieand 301 a2 ¢f ay teal b 19910 INBIDINChetn0 2681 5pS BI5@sbgd).d .
Phosphol i pid binding involves FVIII residues 2199,

2200, | bert et al., 2002, J. Biol.
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tsHtESrigtieni nitEGrviatien isrike odvalbnt Rifadhinent e ilcdgreisairte8 HolpdylehEaytycol (PEG)
fible@ies to 4 BR¢kin o} .othdt MAblecufe ek P@@Q:an B@ln azﬂég'zor%%%mrarﬁn& form to
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pro@asepgigestldn 7418 - Kby THe) materthl aatt & thes kidne§ Git@t @farrk @t aFl 2001, Clinical

ﬁﬁéﬂ‘né/c%fuhé?igs af pﬂ: X30-541. ﬁ%ﬁtﬁﬁ&' @Gyﬁgmgﬁg mQIeaéenﬁe overall stability and

n oagul at | on ivat e
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é?ét’qev‘m éﬁefrs Pbﬁ@ief?e Gidg mffests bhredugly the senghde pedkt levelsFaf|d ¢irug, thus
ellvShatintatBe B30 toambddsd udeRpIyaiblogdal i@lels, of pro@MA at ebrly ﬁh@bomts

Chem 271, pp. 3982-3987). The predom nant determ nant

of |nact|vat| on, however, is the dissociation of the
A2 do¥ith Repesm modiicalion oABVIPY ¢apaefingaRyimary agtines (Ygrpinugjand lysines)
Bitrokarge @bigmers 286 ,as [PEG B0 9&@xt8H 62) beeh BEbidled @itk vangihd Ochree of success
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dibcosE¥£onjugdtedos FiVII aad Ipbips@dend gyl Bat drdcrbatédnaldegh drdom héification.
RE&@H&%E@M&E@&%& @I?éhea‘%lrﬂte%?ro%#; %{Igvgkl%pﬂ F06 DR 15, pp. 410-

Besi dés | ncreasin pept | des or
protaeheen @E@ﬁdéfﬁ‘ﬁﬁp‘f?ﬁ%s'%@@ﬁaﬂjsed to reduce anti body

devel opnent, protect the protein from protease
di gesﬁ)bﬂﬁ‘ T@qu'a%%ﬁlpapbmgcmﬂ&FJvéra‘s Akh nQH‘re bldSlekatd 6 Mthe heterodimeric
qullt '%9| I% fjregs of i)ater?tlal PE(%%gor{ssit)as |r\c,ug” %tge 158 Iﬁsmes the two N-termini,
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St wdapénits printdkilyt thrgetiay @timany . anfiieBlal Holy exdnipi, ShieSthadrngitional isomer for
. Bbéﬁé@d |ﬁt@ﬁ&§n&5r%téb%sgﬁom}3 E@dé é‘hu@tﬁ!m@r(\ﬁ&r%'éﬁl Gadd, Eﬁ%ﬁx?stry 39, pp.

erse Si
DL e dharore erosgteogs spirasnaqt ) vopEVAL o W sg,g misure of
aledich materiahthatdends ¢o furthse compleyity in the riEGalbted prodiicts. A additional drawback
B ot &infﬂollﬂb tr@%fté O FEGYRBtdA®h RV/M.is 4 &Qéhaa]l aR@uﬁd@dﬁbtlon if the PEG were to be

?%9 efd a(f %F hgap cmaal \éln}e sntg%/ e%&% %I?tlfl rpo(;e 91 h w ¥E§m Q%ﬁgle large PEG is

yners suc
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OEGgateC@edicts,\WiBftAtbS 6P &b tain 5 lyRane R EG ARFOB0icts WB dRaticalit lower overall
6 :687;-%% t@&omg heteRFEHekCinl JIRMLQVRER il nraublcarﬁ,#a@ﬁk §yﬂthesns and

%éﬁr?c%r f# %n ?q ?ha}@ é\ﬁ%r&tlm%oaflb% I%‘ce @8%16 m%r%.‘faitunnp 6?%ures a con5|gent well-
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2 GhofedpeLifitletiod AX PESSating F\RIESdesMeR 004/ 075923



di scl oses conjugates of FVIII and pol yet hyl ene gl ycol

that are created through random nodification. Randomy
wERBglosd2edl protei ns, such as interferon-al pha PCT/US2005/041205

(Kozl owski et al, 2001, Bi oDrggs 15, pp. 419- 429)

have been approved as therapettics in the past. [0014]

Thi s random approach, however, is nmuch nore

probl ematic for the heterodinmeric FVIII. FVIII has

hundr B85 ferigys sitpdirested pretgin HEGYRtios; Hetegies heveuktien gumerized in a
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ﬁ%ﬁ'"@?‘ °‘pﬁ)¥$‘t“ derivaive ithabyik reatigipedifically |with ¢hé unmatesalfaginoracid. For example,

ANephaatdhl aEiso 3dkDWay O dae tiat lBbradinsda Reto (gV&B%oﬁfouﬂJ in» native proteins.
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het er?ﬁ%eneous rOCeSSI ng can’'lea

pEplide ket & eyt SP é‘?stdf“?Pg SRyeralRegydes ﬁ%& bg '@ata% tq fgrm a larger piece of
pelyrebtde, bublapprogdideteyeri the Bhilem&Giétedt Bl woultiteqi gredter than 20 ligations,

afieh Wwb@d adsuid fna“%alﬁ% iR r&%@erﬁ @%rlﬁlhéﬂ @&I Fela&w§|cgrﬁilti9£ Recombinant

e)]gp%éﬁgﬁ[ é;o@%tt.awesrvgt}‘{ tugn ureicl a{n{ng @ﬁlg dhag tso 6arr nw énglpe%r} '("{"]efg}ﬂ nog rr]nammahan
SPr9sHe oistems, Teig a@zﬁaam syexpectefiie ke prakiematip éor PEEIRANdzomplex protein
sichgs BVIII mgee@&&é expeesel ingadnenthlisrosybtdihd. | . Because

random PEGyl ation will invariably produce | arge

amounts of nul ti PEGy| at ed Br oducts, purification
0" onPBIh ASTIRY BN PE St BROIAIoY of Aens by Srosing Nermina
backlang e@ing yith B@-pldehydesalThe piveHdequiredmbénythis prbeesetocchkieve specificity

bet ethergmiiRi drolps, fhoﬁév@ﬁ iéCrTot Wn{bgtibieawlw thel naffB ﬂea@-ﬁ&ﬁﬂaﬁﬁl—ﬁﬂaﬁge needed
§o¥ Me Qgglk? m}él Q@%& gt OIOE %t rgglloﬁ)al J eﬁnarmaceu‘ilcsrk%sl y1 -15). Moreover,

nran ur
E‘é?fg‘lng'tpéﬁy'a“%é!f F¥IH gﬁae?tw&@pvvmma h f"&lu&‘ts region is not involved
mgiiasmageaandey In $ach tHealM-terminal tregiod @e IFVilialightzabih das bdedrimplicated in

@u'mljmg]t Q)etﬁ@ vB@@\ﬁl%Bénd ?aclgp[ﬁ\lﬁ p@@érﬁér%rd@r‘i Iﬂ\g{j |s]c Giical for FVIII survival in

sipiaied) PR Roeriingl o Brdtopeisrioneofe bl bppine: ssizsauth Wir may
St PRy erdW%Kef&dr s N-terevreeRE §yietierhef itfdlemyehave he, opposite effect of
¢ddlding pidsind haliResTevIBI o . 2005, avai |l abl e onli ne as of

Cct. 15, 2005, direct object identifier doi:1 O 1

016/ ] a. 2005. 10.007 ). One approach involv

i ncor i?B‘rﬁtW@?P/ BT 4adisdpseratitencenciiia mofitraties o “Pfﬁ"f"o"-ﬁr @rP@fiqeyte colony
symuttisgriactad angyentthie®iesn potype@identdi inserting exqmba&&ngm cysteine for another

famlnb gw%ﬁyad& MEa REH thit®Bs 9§ulfﬁydRE@agﬁé b, 1%8 |.§Aaatco eL Lelectively
et MRl sl s AR ey T8 Bt

contains a keto group not found in native proteins.
HoweV@b18] CHoe the GatlsorS \stitdaBove, hére RXiQE 8nBed forSanAproved FVIII variant that

pgs%g'%s@ ?regt&rdu ch'\r (Qtagti E |r9\‘7ivo| a% géaqbge% #gbllo:gemcggrv&hﬁ@Ietammg functional

Sy glumﬁé‘b‘t’? d‘é%deé'éar‘?'eﬁ'@t F‘i'°§ étpélﬁe"t b RrOAUFRIES PAPTegenpAYE pRduct in a
oénsipehtymepdri de, but to produce even the B-domain
deleted FVIII would require greater than 20 ligations,

'deal reacti on condi SPHRARRREARENUENFRRLr Eoci o of

proteins with unnatural am no acids has so far mainly
been Iimted to non-mammal i an




expression systens. This approach is expected to be

problematic for a |l arge and conplex protein such as
wo-Xobhsbat needs to be expressed i n mamual i anPCYEEBNF041205

[ 0016] Anot her approach to site-specific PEGylation of

proteins is by targeting N-t ePni nal backbone ani ne

w th PEG al dehydes. The | ow pH required under this

process to achi eve specificity over other am ne

gr oupl019h duie dupbiect of thedresem ifyentiphie eraxide A bipgpmpatiplernotymer-conjugated

fuectionah Ml alolyprdtidea hgrngn eepeteeld fpbsrmiatiringticattialdclelstiod and therapeutic

Enétdcleridtidng et al ., 2003, International J.

Phar maceutics 259, pp. 1-15). Moreover, N-termn nal

PEGyl ation of FVIII may not |ead to inproved plasma

hal T -fobdof 1 & dnbthé dbfelt GMind Breflidf ink/(?ﬁYlS” %éa.eﬁoJiJl. Qt'bﬁéoqﬁeﬂbh polymer-

cl ear.a . Ln ct,. the N-term nal region of _
PR e e R i e Breves e RAFT e PRge on
Wl | ebrand factor (VWF), a carrier protein that is

critipoedt] fias ydrifiotier iﬁﬁHcNde\f@'invérﬁoﬂJprUih@& biBdmpEble p_olymelarl-conjugated
atl on, o

e R S R R
W@ngwéh%"d-. lovridersity figopratelf (HaH) rqoerty) tie ihepsranfsulpkate profepglycans (HSPGs)
bratee intibienogpiasiies egagisf Ryt of reduci ng plasma half-life

of FVI1I. [0017] W0/ 12874 discloses site-specific

nodi fi cation of human |L-3, granul ocyte col ony

Sti ' fact apd . erythropojetin polypeptides b )

o orpFe) ks Y& Ghher B e PeSRT rapkioh B o B o g varan
Hal RessestRS greptea dvrgtion of pejiam i Wveznd Fesluce igmprfobgpifitys [which is capable of
ber@qirddueed@s @ hipmogEhedus prgdustin 6 canpibted neheCt i vel y to

cysteine residues. Mdification of FVIII or any
variant_thereof is not disclosed. [0018] For the

r eas JA%3L h OB S5OV Y, e plion et & novidse @ $apjugalf having factor Vill
prapnagwand agivityl ¢ompgsingaan funttivad! fapes Yissbpemide atvelentlyLattadched @t one or
Abrearbdefibdi dted/ bl thePUilpb i S Ond BITMBE Afidebipatidle pHIMES wherein the
[ ggse?ibegd]bﬁﬂ% is{alljl?gfgnls utg%!inaaﬁ%ﬁi% Vle'l'?'n% inBeeE\H(%\ﬁaEsgEncr:gr@éees’gsrﬁe;hold%r the preparation
pidtbepeivedecnprigieRLBytating 2 gudestireisgauenge thatpnsedes fthpgmmionalfactor VIll
E&HEebtiWEi\Eﬂb@h[t@ﬁ)l@]ng|sque§ce6\‘6l' a)@bt_@iﬁé reBidud ftex [Pé-8FiesY site; expressing
lhgvnﬁngtéoonu&e_gticﬂré%&que & Qb&gé’lqpcg%}llei?% €nhanced mutteira pup]fying the mutein;

ol ynmer - conj ugat ed functiona ol Pe | de havl ng _
[efe e L RdbeiacRBRATEe ErlMpes ELhep LranEivaReto eact wih pobpeptides
substactjpivLaniyat thi intradiiced ¢ysteing rosidyed @R [thak the icenjugple tisfermed; and purifying
0k] RAjlgaR. t M PUdEaNTs didv@Rt®Ob bﬁhrrﬁéc@wcﬁiecolﬂnpositions c?mprising the

[ C t , .
B QBAETAL bR HRLIS) LR S IS o8l Vebbon
F%Q%T”"Pt‘“ef@e‘g'éﬁ"y sifrstve @moihy & eserhaimagedtical eamrpgiipns g @ mammalin
peeditietkef.a bi oconpati bl e pol ynmer-conj ugat ed functi onal
FVII1 pol ypeptide having reduced binding to the

(o) 05 Tha BTG S et @it st BiecBh B Sl of 2 fctor v
h\gt'g?gmampr:@igg I(ﬁjag;@espipg;@ sitgcrlirgatedrfactqr MEP@4gin wherein the mutein has a cysteine
replacement for an amino acid residue on the exposed surface of the factor VIIl mutein and that
cysteine is capped; (b) contacting the cysteine mutein with a reductant under conditions to mildly
reduce the cysteine mutein and to release the cap; (c) removing the cap and the reductant from the
cysteine mutein; and (d) at least about 5 minutes after the removal of the reductant, treating the



and/ or inhibitory antibodies against FVIII. [0022] It

is yet another object of the present invention to
w@eavios2oan i nproved FVII1 variant that possesBERUS2005/041205

greater duration of action in,vivo and reduced

i mmunogeni city, which is capagle of bei ng produced as

a honbgeneous product in a consistent manner. [0023]

In one asfect of the invention there is provided a

ESNE JRE" ML RS FaeriERg @ SulfyBb eRyatngl mriety aeder dopdjtions such that

Ee@yatedsaciy VI ruteicis podaded.f act or VI 1| pol ypepti de

covalently attached at one or nore predefined sites on

t he pol ypeptide t r | oconpati bl e pol ymers,
wherein the pr ede%%}%cﬁgq@" é)\& ﬁ%sc '[_T'ETHRF\ISt er m nal

am ne. The invention also includes a nethod for the

pr epaoezs] ¢IG.af vedidrnapOsHdwilitlobnesio BRidg§ R BEEWLRIL.ND a

nucl eoti de sequence that encodes for the functiona

factor VII1 polypeptide to substitute a coding

sequefe8] i} 25 Ashsprhrnce prefilel gle288rm withyeepeetdd limpefdr thé PEG2 protein
Ui 58 ragmbiivelonal tFIe entibotyl @edmathgrapB0 LGS tThe RAGABESaphy was
Qerﬁbﬁ%ﬁgbiﬁ@an%ﬁﬁ@q&ﬁgor _ Skﬁéﬁmfﬂ réptly é)@lgmtﬁjanl‘ﬁ A%Fsﬁéln.Bioscience.
reacting the nmutein with the bl oconpati bl e polyner

that has been activated to react with pol ypeptides
subst[8R7] &IG.\8 Jittep-step sitdrgirerted PEAyIdtiedl methed.eiPEG re@edecks @Scysteine-
fedéille PE@tsudn® PERINHEARIE. ICRosbPbdIE fipreadhdl dibiide frofinBt@n tRfe open bars

&E&&ggg&bd;@ﬁmwventi onis also directed to
phar maceut’| ea conpositions conprising the conjugate

and a pharnaceutically acceptabl e adjuvant and net hods
of t reaas] . ae Spdictte@PEGyIaBicdf RESL.Er i NQ
therapeutically effective amounts of these

phar maceuti cal conpositions to a manmal in need

|
t her 8921 [Fifp 24 PterdjigctphVEMAN P BFSS rel ates to a et hod

for site-directed PEGyl ation of a factor VIII mutein
conprm@%glé.;t)a. VARLRESH BEGatioh Bﬁ%rSBé [pg_@%,ea 51 aled" uphbd danels were
|

tejn rein the nutei S a e replacenent
P b hori S B it S ezt e i SHE (3 hain anioooy.
Ui & uneregessed jaterialigpntaining bethdH & hat cyst ei ne i s capped;
(b) contacting the cysteine mutein with a reductant
under i tion m | e h ei tein
and 1AL 68" Prbfallh fed s BaEEs) Uy FES) SR Bl st
Ptiert PEM Mueing 5D (e BYuce Wife TERR @NdrPECGYIRERd () 242 KDt or @ 22 kD
awmscﬁaft& renioes oafhb @gdutténe _(“RBn'!SUrablea)\f/eré he dn_eﬁd@mseumcine SDS PAGE
BrKdles'%{;ﬁeggvitlh Q%X»?ylté_ﬁbiﬂ ?‘H@Htatﬁiiﬂadw\brt Bt E’En@d&%gmrchﬁﬁ PQC"??nﬁib?dy on right
sul f hygr coupling noi ety unde it10 uc at .
Bt L R SR O SRl LM g CERE Y RIRRS o Woishted by
BESCRI PTI ON OF THE FI GURES [0025] FIG 1. Vector naps
and nut agenesis strategy for PEG muteins. [0026] FIG

2. A : _ ,
i e PhoeF IS BEPESREPireeaft wind sl bl SR eBp2 pecs, o
PRPT0 'Sa’ﬁFLfCB%W‘ Hﬁppoar?ﬁlpgsylﬁﬁ%v't%ﬁ kRS orRet3 kD (“43”) PEG after removal

oftheoreditoyt R YPERRY6 was also PEGylated with 12, 22, and 33 kD PEGs. Samples were
run on 6% Tris-glycine SDS PAGE and stained with coomassie for proteins on the left or heavy chain
(H) or light chain (L) antibody. “U” is unprocessed material containing both H & L. PEGylated bands
are highlighted by dots.



performed using an AKTA(r) Explorer 100 chromat ogr aphy
system from Amer sham Bi osci ence. [0027] FIG 3

wabeoeesrbep site-directed PEGyl ati on nmet hod. PBQA/US2005/041205
represents a cysteinereactive PEG such as
PEG mal ei m de. Cl osed bars represent disulfide
formation whil e open bars represent reduced cysteines.
[0028] FIG 4. Site-directed PEGyl ati on of PEQR2.
[ 002000033 &'C.5d. BEGatin plwiipixee fiHeRath i {IbI{CR) WItERES2 as a control. Left
PO O:B4bjed it cobmass@8i stain dhr rpeatdiesdarfab@nt atli vath i6dineBRD,PEBEGEHDD U” is
AnpréeesseNEDO maldkd? 8dnt 1) i . bdelh;
chpai n anti body whi Idgﬁ%g’tbt yf%i}%ygteag%g%%gfgﬂ@g%yf{@& .
light (L) chain antibody. "U"' is unprocessed materi al
cont alo®i4hd B Ft Ahmemein cleavagrod PECGR#E PEIR. TRE®rainaldwalf offA2 domain is
Biisedbinaine dAEGtetmirah haMEiRSYrean vt kb REES! 2 GAHoEP biSitopeShigHiighted in dark

| t e 'S, r i and .
E%%Ef%?ﬂ’ﬁﬁ%ﬂ%%%%ﬂ%%a@) £2 {0 S Ghecrbab et S roated win
Lo (PRFRG AP 4oPsherively It them i op @ &%) Tris-Bgqige eal (I0vitrogen) gpd stained
vith 89/RAB 12 antipbgyc iEach IB8SoRAiBEabant @0 sg ofiFvdld Wi t h a heavy

chain ("HC') antibody on |eft panel or light chain

("LC tibody_on right panel. "U' is unprocessed .
o PP Ut TR Bty eceiatepatfyn, BHotm AU a2, 'S -
HRgrd KerA materigdy “Ri GtreducdddiB2 indrpdBcta@cemdvi/Pat TR REGYiated with 43 kD
PEG? +Burél £ P PialaRedasvhy RiotbexdsssCRET. I " - ligREERin. PEESyiatdd bands are
ﬁ%ﬁ@déy%o(s.educed with TCEP and PEGylated with a 5 kD

("5") or a 43 kD ("43") PEG after renoval of the

reductant ("R'). PEQ+6 was al so PEGylated with 12,

22, alloBeRTF IR D. MdEs. Stéfanypdf EEGMBEeEPEGM 2ar £4D PEGylated PEG2 was run

If b §29ﬁ§@%cﬂnﬁtgﬁ§§? a%ft o\?mchirée;rﬁs'ﬁ@ﬁg'l_u%Jbbdﬂ%ﬁé@sa%l : E?) %ﬁ&djnﬁ (lanes 3
] Vi [ [ [

PEEh o8 o Wege il uRinesPini i GO hilscbl uont AR anih o anes 1 and
B&2gh cpptEns_abopiQnp at RAdl! Whila thgesad and Kiceyiain fieutdigby
dots.[0033] FIG 6d. PEGylation of wldtype full _
| engt RaFV! K ' ;
o nrSGTG, 16 e hed Spekatey 8ol Bbecilaten 5] ?fg%@v'ateé
YEHDifash SpastierRYY 18t Pesiimed opPEFR fFig. $0a) A kP EESHateBPES2 (Fig. 10b).
nf_aQr’el?E_Eleatim thie doieaMy 1lg) dbaib Ipedif o PEG2 Bwﬂﬁteduhebamﬂs new peak (H+PEG),
@#r@;ég é&]:ﬂfﬂ) @%Eﬂ PES + dokBIddvychdm), sppea Jf?fr@f'ﬂit* I2tdd RGN A @hain peak,
0 ate . half 0 omain is
Rloe et b kg2 T B Ao Th Vot el o 1
R8B12 anti body epitope highlighted in dark green
(ri ghfoodsyldis. ModRA)DI NR¥EES3pédiramiéry o PEBHated akdufPEQykil 8G2 after
%ED in(é,egga%g) were treated with thronmbin (lanes 3 and

, respectively) and then run on a 7% Ths- Acet ate gel
(I'nvitrogen) and stained with the R8B12 anti body. Each
| ane 039 cHiBG.S12alMALD! Bi@ssngpectforriel} ralysis of PEGylated PEG6 before and after

thrombin cleavage.

[0040] FIG. 13. The UV absorption profile at 280 nm of PEGylated PEG2 purified on size-

exclusion column.

[0041] FIG. 14. The UV absorption profile at 280 nm of PEGylated and UnPEGylated PEG6
purified on cation exchange column.



[0035] FIG 8. Thrombin cleavage of PEGyl ated wi | dtype
full-lTength FVII1 (KG 2). "S" starting KG 2 nmateri al

w0 Bocmsneduced KG 2 and reductant renoved. " P'PET/UR005/041205
PEGyl ated with 43 kD PEG "Pure" = "P" purified away
fromexcess PEG "L" = |ight ¢hai n. PEGy| at ed bands
are highlighted by dots. [0036] FIG 9. |odine
Stai ni ng of PEGyl ated PE&R. 22 or 43 kD PEGyl ated PER2
was rl9PF2b 1 189T e W\salisgretion @raflelat 289 dmerf BF Gidateddnt WnPERylated PEG6E
R3BdonfsiZelekclaioh cdashy (| anes 1 and 2) or iodine (lanes
3 and 4). The two stains were lined up according to
their nolecul ar weight marker |anes. Lanes 1 and 2
each QB 5i'GisCarftsitty SHPHRY'alad Reypin fs GRAPPTRY foagtidly 3f i gnREGylated
eofeinzasmeaboert by2a crgomdo@0B8assay-dnG.a bBguldibd_&dsayVbRsified full-length FVIIl is
RPRE&NQINR Iday2. aﬂ@'p?él%érﬁ a&intyp E@‘tl&@&/&dde?éﬁﬂnw Fcﬁa/dm@ttl%cbalue of sample

F%% WI!F E’I:)'q éeélu eIrJE <{Ian¥r @%{ 'g?ag {ﬁﬁﬁimplﬁgﬁed with buffer
m@gltwpmcwwr%&w atighyiglh peak of PER is

greatly reduced and a new peak (H+PEG), centered at

111 Kigodap %1 Br PRSoit PR Sl PR e

ey e T ) PR RaB R PES e RGPS, 0

centered at 100 kD (22 kD PEG + 83 kD light chain) is

det ecioess] HIG®O88RabHItRK stidy VREDYatet PEGSpeaparan®tBDD afd PEG2. P-
sy |a@c@ﬁ‘p§@6113‘5&8§é%ﬁ@%@gd BESZafdoty, t hrombin

cl eavage. [0039] FIG 12. MALDI Mass Spectronetry

anal ysis of PEGyl ated PEG before and after thronbin

cl eavi§8as] AI@OA(Fabpit R stud3 of AEGylated PEES oerpriaredite BR#ridI RECGEL

280 nm of PEGyl ated PE& purified on sizeexcl usion

col u I Pk sruatR bso fil t

280 n@}ouﬁ ng’%a/l E b sudmngE%)(I% dz gl[d%&%m Ie%?tgf( ﬂé%V@ncompared to
epqdiipd B&\Ekange coI urm [0042] FIG 15. The uv

absorption profile at 280 nm of PEGyl ated and

UnPE B i e | o n
ot O b P LS s

4
E8ﬁpared to activity of the unPEGyl ated protein as
nmeasured by a chronobgeni c assay and a coagul ati on

assaypooddy rrid i22d Nbital mbRe Fihsulaylof b2 b 43800 BSERAPERD compared to
2. The percent activity reported was determ ned by

'viding the value of sanple treated with PEG after
reducti on and reductant renoval by that of the sanple
t r eat posop riG 2bUNbeEl BasE PR Istullyadfi2d §DIPEGRate® REG 2 edntbhied o BDD, full
'ih?? ‘E @ylation yield. [0044] FIG 17. Rabbit PK study
of - PEG/| at ed PER conpared to PEG2.

[0051] FIG 24. The Hemophilic Mouse (BDD) Factor VIII recovery histogram depicting a
pharmacokinetic (PK) assessment of the half-life of two species of BDD Factor Vill in a hemophilic

mouse assay.

[0052] FIG 25. Hemophilic mouse kidney laceration study of 22 kD PEGylated PEG2
compared to BDD. Vehicle treated mice have a blood loss of 25 ul/gram body weight.

[0053] FIG 26. Chromogenic Activity of PEGylated PEG2 and BDD in the presence of
increasing amounts of FVIII antibodies. Antibody epitope is denoted in parenthesis.



[0045] FIG 18. Rabbit PK study of PEGyl ated PEQ2

conpared to BDD and PER. Pval ues are conpari sons
whednsns?IPECY| at ed PEG and BDD. [0046] FI G 19pCcRabimn$/041205

PK study of PEGyl ated PEGS5 cojpared to BDD and PEGS.

[0047] FIG 20. Rabbit PK study of PEGyl ated wi | dtype

full-Tength ("fI") FVIIl conpared to unnodified fl

FVITI. {é 048] FI G 21. Henophilic nouse PK study of

PEGy| BP%H FEEGE (Hraneeets AYVIPREEEGHaeBPES2 [rothe 9jeserogof increasing

2BouniNef Flll maBYsearbodes.udy of 22 and 43 kD PEGyl at ed

PE&R conpared to BDD [ 0050] FI G 23. Nor nul rmuse PK

st udy PEGy| at ed PEG2 conpared to BDD.

1 oo Fho 5P GpromnG sty 1PN B et BEgs THPECtes
PBE® @nd %4 kD diPE@iatesr REG2iS tnditr ragpetkeif bynianglaama derived from patients that
pdva dBVlopkd Rkibitofs to PK)I. 3RS ARIBIR MEr Mk dEt'a%f B\@Adfc'ollécflcﬁ vitke noted at the

{oﬁg ;p Rfod%gﬁf nEF%D%aEaago'_%cliedvaL lﬁ!ztlent prITaDng e(irrtilglgn 1J (%O 4|T(95Ufslg Lower left

%‘F?So‘?‘i‘ Stocfefg digionfor W'PE&W%& @EF"PEGQW?JG PPeR) cqnfrms that the
BDE UM hised fer dacteBl| ik shmpiedrethi top évaepahélDedh Hotssatundting ose.
uL/ gram body wei ght. [0053] FI G 26. Chronbgenic

Acti vj P | ated PEG2 and BDD.in the presence of ,
i ncr e@é%ha:ﬁ%ﬁ%%@}ag‘?" SE9PT19 BHRGY5BGYALRtionnkop pRRE shows a schematic
efpfE@fation screpning ok tlanisiantjyaxprasshe SFS. NROH4 | BARpG Maifel shows a Western
- GAHIYOIEBORET yiatedGiddudtd ¥singfa iR Ehah el )E’;Ee@ac britibdd) Yed) 0P8 RghEEhain (L")
F%ﬁlgtg?r(tug?dé (g%t)a% r?gédceb%{‘%\%%; %1 %? d ot I“Lp'gg Iuﬁ;ﬁ")ocessed material
Preiginingal Heoed, 33 kD PEGy! at ed PEGG and 33 kD
d| PEGyl ated PEGR+6 in the presence of human pl asma

der ' V] 5’57& -0 CL Eﬁat P@@Jla%ort Qa'genh@vtﬁ %§|19p%e§té’r‘m'aml§s@r§f PEGylated

BB Sl LA PRt PB4 o e B P hchan (L) speci
pHiGPdissd CTFt and €M) At 8 edteins agaeiediMe fopthe deryy divding wittorelatife PEGylation
officiérRy dHECh oL rEG 16:Pme 7. PEGyIaRanahdsfechigBgntdaby totd S0 @l tlprocessed

[ r nt HRF-828 plasma. Lower right panel
halet L o R L O P s et o |

sanple in the top two panels was not a saturating

dose I G 2 PE n [ t .an
d%%&gﬁ‘%} ?.F Gg\ s%ov'nngsﬁae@ allo% i E‘%%JE:P g?sn%E@j?tgﬁ gl;‘] reductant

§?3\C@éfﬁ'i'q'ig P(ﬁGzt‘F“aW%ﬁ %ﬁﬁeldy"'téﬁﬁrt?e%lew PEECER foe PR &inufss 13t GAC. The

peginadnt ¥hoBI0ed\bg Sigteunamialloysd By BEGYREG/ Witht 22 th HIY REMEICHeavy and light

Hﬁa'ln@g)f @Vh%@é’)ﬁglﬁn?lﬁéd"b)( ‘Hriana &PGEdpEdicerANTeDRE Yotk b6t th 1R PEGyIated

ﬂeavy gnd light cﬁalns

[0059] Fig 32. Deconvoluted Mass Spectra of PEG2+14 treated with 67 to 670 uM of TCEP
followed by reductant removal.

DETAILED DESCRIPTION OF THE INVENTION

[0060] The present invention is based on the discovery that polypeptides having FVIiil
activity can be covalently attached at a predefined site to a biocompatible polymer that is not at an N-
terminal amine, and that such polypeptides substantially retain their coagulant activity. Furthermore,
these polypeptide conjugates have improved circulation time and reduced antigenicity. The
conjugates of the invention are advantageous over the prior art conjugates that had random polymer



speci fic antibody (right). PEGyl ated bands are

hi ghli ghted by dots. "U' is unprocessed materi al
w@ombasong both H and L. [0057] FI G 30. PEGy| BECT/082005/041205

screeni ng of PEGL5-1 7. Western anal ysis of PEGy| ated

products using heavy chain ("H") -specific anti bodi es

(R8B12 and 58.12) or light-chain ("L") specific

anti bodi es lS}C?F? and GM. Al 3 nmuteins are selective

PEchrgnts o EUN)\pr ettashipents gt e Nrtesiinali Bite-Mectpd attaciument allows one to design

abdificaiicns twt avbid It te(cddbonk elailited i Gbibgicd? B&yityaine &ebﬁﬂﬁﬁnaﬁftﬁ\ substantial

bVIg Ia!:tlvg)"tlteépsok&yomg%r%e%gn“g t acttag'nﬁy ‘@%éﬁ‘g%&k@%é htasnes involved in FVIII

cont al n
BRI PUHIBTSHAIEA o AW TH{c YnSm GFodH Rer HRY the Peterogeneaus
eenrgeles preducestin theRERw-RAdoawlymee@uplidg. syt dvoidiMg 4tactentdt allvh N-terminal

@hind 63t ligRchaif) tHEl dBkliRtes 8t thelprédent invBRtioh Wﬁ@ﬁ&sﬂ‘ﬂ@ﬁss of activity from

%t%#%g@(d Tﬁ_@h Qct@gl: rEFthg E{/Ill gﬁ@%ﬁtm}é Elge&/{efniun reglon onheallght chain is

H?“@‘f?mtbm |é@lv69 inn tpf asgpﬁﬁatloq_of erFégcﬁééq F\.(}Ié|W|ch Sriestabjiiging) agsaciation in
freicindulatiam. t he PEGyl at ed heavy and |ight chains. [0059]

Fig 32. Deconvol uted Mass Spectra of PE&+14 treated

Wi th lglijllEl%E$l 0O uM of TCEP followed by reductant

r enmov | LED DESCRI PTI ON OF THE | NVENTI ON [ 0060]

The present invention is based on the discovery that

pol ypeed1] dszomsatbled golfmvdr! h bedrhpatitiey pdhader mau&@‘éake@l@tehé/ oxides such
% jﬁni%‘c‘smﬂ aﬁgq &Iﬁ{hﬁgr%fglgga ?%%ﬁ%ﬂo%%?lgrgrgﬁg %cé s or otger Cﬁrb?hydrate based
g?ijSp GPYBRP dB0 <Agisst bigy jdarivalivep.cRolvinY! trelal (Relgervprboxylates,
agvinylipyriplidobel r folyethpiereao-nales acidp edhydrigipt palatyeasrdi@alicesid anhydride,
B@%Qaz'omér Cb\ﬁ@&rﬁdyfuﬁwh@lhboﬂe&a'l'lﬁealﬁnrqn r @QHG&Q hydrolysates of chitosan,

ant nvent

g‘avéﬁ%t %Ué‘g oﬁjshyg(%)feﬂ}yhsé %\gf (ﬁng é}yt{lm)erowjowbgiaré%est Hlé‘fogﬂh pgaroses and
deriveltyes fherepirstian 9w haviians inulin, Rgnthan gum,gearragsenam tpecting alginic acid
aptrdNshtes, Btheabio-pdjniets SHdraa¢ bailaits MelRBRE MHrefértdd S0y hgledelglycol, and

glﬁlshgrg ;prgﬂré‘d' a&\étﬂ%poqﬁ@lgle Vv kc%l rElgEé)egbgl@§ uge%gl'ﬂorygl%/lene glycol

§‘Ej‘Ef§’t"éi’ﬁtafea‘1l°'?’g’WV?el(’:‘te Iﬁ'g"lﬁsxﬁ’??/n’ p"l"‘f’”‘éﬂ?’?c?'yéi?'? GRS 1P EP 9'V°'dy' ethers (Epox-
€E8 ). dirGruyydactboalin@edvlep(§IDy-ARE@)S btapcHel qolyethylend | ghygolat lingart miyethylene

bl@éb%l i‘bﬁ(@d bélydnYlehd gifdoR @ RER-armaldtd? “sdbdr Bh 8 aadolya®NEmYiycols (star-
%ég allows for a uniform product rather than the
erer

ogeneous conj ugates produced in the art by random
pol ymer coupling. By avoiding attachnment at an
N- t er oerd! PoiEthNENeOdlycbiN@EG). gFHEGE [3ad MpolybififierROdlycdid @k @SedOfierein are
Enlﬂagchgﬁg% tand M@&té nuaz?éfgblﬁ)lé Dcﬁy Qme%'emxﬁe)l oﬁﬁwgf PEGs for use in

activit rom at an actl ve Slte

EHFErEP i OER YYRIN DD ep e A et SGEbHESh-yee ) s 2 o
KOaghtAsc beid nherein, DREG ealsedintledebe’™i AHSIH€@CHiCHQl - CHCH-" and "--
Q@@@@Hﬁtd--ondébgnd{n\é\':u;foﬂ%r{éfhert Sr ! thé ,terihalC Bxybéhsahave been displaced.
%F\r%uglhloutzti\ gpe%?'ca?gn QJJ Qarllmsl rl]t sthgtﬁd %!e rreCnl1Je|mZ%>t Jegrghat the term "PEG" includes
structures having various terminal or "end capping” groups, such as without limitation a hydroxyl or a
Ci20 alkoxy group. The term "PEG" also means a polymer that contains a majority, that is to say,
greater than 50%, of —OCH ,CH_--repeating subunits. With respect to specific forms, the PEG can
take any number of a variety of molecular weights, as well as structures or geometries such as
branched, linear, forked, and multifunctional.



DEFI NI TI ONS [ 0061] Bi oconpati bl e pol yner. A
bi oconpati bl e pol yner incl udes pol yal kyl ene oxi des

WG pala/0s:Ini t hout |imtation pol yethyl ene gl ycobCtl/BES)S5/041205

dextrans, colom nic acids or her carbohydrate based

pol yners, polyners of am no aclds, biotin derivatives,

pol yvi nyI al cohol (PVA), polycarboxyl ates,

pol yvin rrolldone pol yet hyl ene- co- mal ei ¢ aci d

anhydt®P %‘é EGylaiasy y PEGwation, Ja Rrecestc Mbereivhy diplvelelene glycol (PEG) is
pokizaly aitwhedite a npbyaaclybaproreinphol | ne, heparin,

al bum n, cellul oses, hydrol ysates of chitosan,

st arc{agé such as_ h dr oxyet hyl - st arches and hydroxy

pr opyl®P%H ficlyried orgctive ’Pft'° by 8P es VAR agnrtipad! | grup such as a
Pineompatible g@lmergamesqubﬂdl a$ artivatediuthe rigncicanlt fraup gaants readily with an

6lBEtopIYie BNrilclefiid dnbnotBérGloltic@e.aCi d hydrol ysates, ot her
bi o- pol yrrers and any equival ents thereof. Pr eferred is

pol yet hyl ene glycol, and still nore preferred is
met hoB?%V)"bl '%/@i"ﬁ*jﬂl @I‘?@djW'dBPD)( PE&)d hegi BPD igsehprgkterized by having the
poiny atik yégeeree ghigls odntorangdelsncls ofaa dutPid| ayfifoCdaiik @NBe B-domain of FVIIL.

Fho/ir b SminB B Rs of &Q'BYJ%H\BM l(%% glli Ftpfll(§1)(é3 Bfked to the 10 last residues of the

B R YR R DIRED e Toits’, 1955 R ochem. 292 po. 1927
plest BRA ppil betein tasythagdmino dcidiseqvengeof $5Q IMNGRHe ¢l ycol s,
forked pol yet hyl ene glycols and rrul ti - ar med or "super

gg?nC@E&F eFﬁ@} )ql:" Q XIPt? n%@%})y\ﬁlﬂg‘;—@ isa dcopro ﬁlr? Sé({\th |28%£nd released into
61’9"9%1% Oxialrener é’ler?'f@a'aénq pleodr it awg\éébeoe Vm?aranﬁ@pteuéWF also

antFebte:swhm@étei @oiben) ed foyth @nseabxdothplex. Tppi adildtign by thrombin, it

Fﬁse@%atfe;@frorﬁ‘% cbrﬂpl@@tg Wté#&m«‘vﬁ (W\eﬁ' ialotq aét&g mﬁ%’\ﬁﬂg& "?‘!P és?.‘a%e which

Eveingjal Afdﬁgs to&% fﬂ'@gta)n Iﬁ’g? tgfowbusp%%n epgﬁf&f\apjg%s the amin acnd sequence
OHEGHD N CRItrp @Hatylia variantpip @pgsible”  and " - -
(OCH2CH2INnO-, dependi ng upon whet her or not the

term 6’(:1» %Xglgna‘?f ta VSIJI%?epepfueS ég%gigre h{unéglgna?yactar ?ﬁ gf)lypeptide

speci
fieneteg @ rf WF“°PEG°'YReﬁHe QaeEbivgtion of RevEePtifeR i, ge\Farapigyg vivo or in vitro, of
t@renting Almarfacte Vil dedqiprieg thagrceuies, forsuiartipla dy hdnioplilist A. Factor Vil has

Huffﬂ)l& a@gr&i@tloﬂ ohﬂrgéegﬁ%\ﬁlfonqg indhethatufe? statk K PreXe %Q%OIytTéﬂﬁ‘y derived from a

REPEIT® LTS ToreRyHvaisy BAPRr A HisHratage i poysepuce ncudes
S@hzingle rbain iPratpinstgLAot RsOVideF fon theees prsious dagragption ipfaducts that have the
biokgieal attihvgy BEGTTW“Q hébhed fadldr U BERIends. AAIWIRI VaBitignORkely exist. The

%Ltﬁﬁy | éE)torW?/'lllg EB §pef)€b%s Wﬁéltld agk %%Jhu gl‘egg %na‘ﬁgnsg eg%@sglllé{eg Sversmns

I near

FROFEGeHain 2R TSP SOHEP secpiet PLREor Mlksp 58 Py conigin the functionl
pegveesy humen @btpr Wil ot Jretdssdntalechgrlasteristic furtaG)fadtas ViIl functional activity

Cais @i dedih king hedsd derivatives |oﬁ§é!$relllﬁﬂb§§és§® the @EL@JHS FuRetional activity
;:QnorGeg'Jllas Ctdent@'eg gy 8 (,QHAE rwarg in v%pocttestso Q?scnq%d %urg u&hermore functional

tprsioE H"b’@b‘p%’gdea'é F?R?B’? @acatquﬁz@g ﬁhfrf@t“refﬁ'?al of @cgUfS te éﬁl@t t§e presence of
fe@elixa ycawiutmhar@irphospholipid, as well as correcting the coagulation defect in plasma derived

from hemophilia A affected individuals. From the disclosure of the sequence of the human factor VI
amino acid sequences and the functional regions herein, the fragments that can be derived via
restriction enzyme cutting of the DNA or proteolytic or other degradation of human factor VIl protein
will be apparent to those skilled in the art.



el ectrophile or a nucl eophile on another nol ecul e.

[0065] B domain deleted FVIII (BDD). As used herein,
w@biDeios32ehar act eri zed by havi ng the ani no aci dPCEYSENT@41205

whi ch contains a del etion of f but 14 am no acids of

the B-domain of FVIII. The fitdt 4 amino acids of the

B-domain (SFSQ SEQ ID NO 1) are linked to the 10 | ast

resi dues of the B-donain (NPPVLKRHOQR, SEQ ID NO 2).

( Li ndl00§8] FAX. As usedojgemein, Eipf megns iagdtiomFa@@aX, wiich is also known as

HOm@VGlottinGFactBDK) di PREmATENr@hHoplaais Chigonasti N0 aci d

sequence of SEQ ID NO 3. [0066] FVIII. Blood clotting

Fact or 5 (FVI'1 I% gl yc rotein synthesized and

r el ealf®P! iRt o ¥red ?’6‘60@? PeAR 99”!3%‘ Faclpe X, whigh i Blgo known by the

oamesHugiah Rigttihg Bastdr X itd byshetzponyeh StaartRpsweyaktbiebr and

factor (vW, also known as Factor VI [l1-related

antig t for a_ staple co on activation by |
t hr on@[’%l %‘83 Sat 42728 "F'I'fé ég 3% feﬁ“l‘f?F‘ér‘%é’)tgsc”be the
Riopeitiast ?feiibserpt!ﬂnt idisgoytians t metabojism, tand elioinglidnaefi @rdrug in a body. An
oasaatent torddreds ghermdcolalelicd Meamtm |rhQO\Iehﬁntquth@%tJhQrﬁct&fstlc@ that make
‘hlard%%?ee iU@H VLULJ tlhg'g&g{l:t %é/rltl sp%ﬁﬁyeifs geftﬂmrgt%n% he body.

sequence o QID NO4 varirants are
possi bl e. [0067] Functi onal fact or VIl polypeptide.
As usieo71hevieeim, A matehi isrmberetiatyoengifetred paltefp efisiigdss a result of a

Qs&%@%daceﬁmﬁlbrﬂaalpromloYP&fbbbtfé@ or combination of
pol ypepti des that are capable, in vivo or in vitro, of

correcting human factor VIII deficiencies,
char al@P& i Fretein. Asedhesgip pesteinapd helypeptidp hiegynnymRact or
VIIl has multiple degr adation or pr ocessed forms in

the n@Bﬁﬁ aLVIﬁtc%tar%nce reg%p or.. ar eFGIEI c!iearan e receaptor sdlfes%d \‘lgraln means a

from ecur

Ffé?%?’rfeg'% ?Mﬁé‘t"F‘t?h?ilFVf"aMYB?p“‘éﬁ IhP‘ ‘?J'QHS}P&@&‘{OF'GFES Wit Prigdesgmore other
sulebulesi to gdselt bIRVllNclgeraice from atreckiradiaion. DFator d@iScidagincd Redors include
VA duOMatR Heqelidns B ARHGE i ikfbind\3REC L[BLh@ce?{oplgrQ%'r A&k,
activity of correcting human factor VITT I Cl encl es.
Allelic variations likely exist. The functional factor

VII1 polypeptides include RIBCUSIIRKM al |l el ic variations,

gl ycosyl ated versions, nodifications and fragments

{ﬁ:;l &)b'ﬂt? n %ﬁ?{élor}/ 3},{(‘%\4?% gfnctfloerllgltfgct?r\@é pﬁlglpl)ngln doef rgac\’yt g’e mutated at a
Yiepgtergingd F'F?ea"éé!?é [evalgntly a&ﬁ‘éﬁch%tt“@* pitettp @ bﬁmmat'bﬁea@ﬂymer according to
el rhetiods ot the rakntiarc t Usefdl polypeptiies heluda viteont @oltation, kil-eelgth factor Vil
IMth%lhy Qéld ¥§1§en‘3g a.i: %W yéd |ID R@%Sa%é %'Dﬁg“;llhﬁavmg the amino acid

ui site functiopal activi can readily
F Ritce£F SRRy HY ' NQH fpé?f?/(ﬁf’é BEY Rt r o tests descri bed

herei n. Furt _her nor e, funct| onal f_act or VIII -

pol yp@@fsn dﬁue'bﬁ:c&@@ﬁm golyRer €584 ﬂlt%Zdoﬁyggatela%f HORVENiSH 4y bRTany of the
gagner% d>§c sstc?< abcale aggewe Fo?gnée[)apbgeo PI m?r ltsogetlﬁc?( 9’ to Cparlovcl: eume desired
6@?&‘@’81“8&‘ "bPPaHEﬁFCé‘&'tet'?sn fior aamRled teiideatty. fsl’zerﬁ"ﬁé\ﬁ*t?b'r’ﬂ pfitae polymer is
adléanit 58 Ghs itdnichiprov €l tha leisculafanovalf-tith ef teé paypestide @aviy AViicactivity or decrease

%%ﬁﬂéﬁﬁnpéf thé‘%ol!}}iéﬂm iRt %F. u\(éécéptébm area&d Al a%ﬁxﬂve%e@e?ably the
8§¥{n% é:ora%'%?{; %é)\?f‘l%stlll n'%reoprgferably has at IeaQ%OA 0?95 mcl;]ecular Qea}éht as PEG.

In one embodiment, the polymer is a polyethylene glycol terminally capped with an end-capping

moiety such as hydroxyl, alkoxy, substituted alkoxy, alkenoxy, substituted alkenoxy, alkynoxy,
substituted alkynoxy, aryloxy and substituted aryloxy. Still more preferred are polymers comprising



restriction enzyne cutting of the DNA or proteolytic
or ot her degradation of human factor VIII protein wll

wheooappzpent to those skilled in the art.[ 0068PCTFHFUNR00AE41205

used herein, FIX nmeans Coagul afion Factor I X, which is

al so known as Human Clotting Factor I X, or Plasm

Thr onbopl asti n Conponent. [0069] FX. As used herein,

FX means Coagul ati on Factor X, which is al so known by
{“ﬁ‘@°’i¥&%§‘V'PMW'CIYqu’%UefF%Féta{ﬁ Polymais gornRrising metbpxypafyethylene glycol
Biving atsizPrapge fronh 8 &0 @r 100 kDA molelpeeferatdyofdn®kD ©%4 kD or from 5 kD to 43
k#’har macoki netics" (11PK') is a termused to describe

the properties of absorption, distribution,

nmetabolism and elimnation of a drug in a body. An

i mpr 98k rfireferablythel pelyhes hasheniepdiivoibietet Farsxammda  can embodiment, the
pdrmeeuﬁaemwdm e 8ASEMEQRthACIaR Fdastiviith & b 8steFBISR atilh€tional factor VIl

Jl}bgptrd@rtf fc%nffgwafé?lullnw%?ul v ucﬁlssulﬁuﬁér?er%g \?euHm% eggsc_?tdé thiol, triflate,

HERVBErFEnanerseng SRy ﬂé‘??@!"i"?,eam'?)'eé n'aﬁfﬁ LY mslrem imgiety. In one
anbaglinregt, dw lyres isl linewfand hbsab Geant otr gnei terchinne thamist ravt istedmgly reactive
toﬂaﬂs Qtfliﬂ}o%‘li‘(s@ih é%%é(lﬂ?ﬁtahéjﬁsulﬁww %acth@Qrﬁo?elt)nat tHSSothls inus. In a

r.ot e
Reet emBaPi, o FERafS s¥RTR G FOErlh ARt 3 edgpagiivom s 0 1
8t Qysed herein means a receptor region on a functional
FVI11 polypeptide that binds or associates with one or
nor e r [ fend Ny A Cl C
t he Cl,???’glfj Fg{ﬁf&é %GH%:IEE f%'rse{?lgtl?h Js'a#gla?lz)a: Eétng&lb@ r?bg{n%,% & prcgv%ngi in the
F’ﬁapl‘iﬂ@awpﬂout limtation the regions of the FVI I
nol ecul e that bind LRP, LDL receptor and/or HSPG

DI SCL{S@'VP‘énE (ATONAINY nlu"tatnbrﬁofeﬂ{dcl%bt%@%QqJeFl%ten@J%gfddWJph&”t%lvmg FVIII

fﬁ V'geTaé’r ey %r?ét%éﬂ%?ﬁj("w{’eiﬁ Eo%l %ff{'elr d é'lefhﬁgsng'au%?t mutagenesis to
theduca? psteing cadqmabbhsm@mtﬁnéorpevqmmﬁammjutwotymem s may be
B&bn’ﬁﬁldﬁed&fsmb h&;ohﬁfé&lﬁw HAilabldsd-titectp® myRg@iesisl &6 such @k tHdeStratagene

%Jl&@l‘gngg‘h 'i” s‘t@& l'egtgd mtjt%én 4 selptg&\g C%Egholrbar}\@nﬂler Qi% dJlr %etgtrmﬁagenesw

guence ovvn I N

DY O I O%f RO Chsle CUIsGerogh SYHPT o-SEIOTOM, the
Pomkiga Stere@rSi¢sdt in @itto nwtaBivBsis-Systen kit [1())@]35]0 Pirtke Takara Mirus Bio LA PCR

hluRgsanaii 3l faaier used in the conjugates of the
i nvention may be any of the polyners discussed above.

The bi oconpatible polyner is selected to provide the
desi r @8F9 nihe senigatat ofithe ipneaiomaey Re Preraredsdy firshreplasingrfi eodon for one
bh@ore cienitloi deids os itheesudiingd of thelfarictional Il pdigbeftidb Witk a doSon for cysteine,

?:%hl?c% Gk EflefR hfteih WL Qé/&mhn&\t %&Jr&s‘éiof'i“sbé?é?n Naldind b %P]Lgéin with a

t1de havin activity or decr ease
{efnﬁéﬁgg 'F PYYOST reepRat ﬁgq 'i}‘ﬂféf'ﬁ? fPa&vRint hout an

unaccept abl e decrease in activity. Preferably, the

pol y”[@bso? QRS syStem! PRGaddieA ofh b&lymmf fhe Ry éBlcYn B&8ccomplished
ﬂ\roughea malelmlc{a acﬁlve ftuncttona,lty on lhe polymerg I'Ilitxampﬁes ol?_'%s technology are provided
infra. The amount of sulfhydryl reactive polymer used should be at least equimolar to the molar
amount of cysteines to be derivatized and preferably is present in excess. Preferably, at least a 5-fold
molar excess of sulfhydryl reactive polymer is used, and still more preferably at least a ten-fold excess
of such polymer is used. Other conditions useful for covalent attachment are within the skill of those
in the art.



In one enbodi nent, the polynmer is a polyethyl ene
glycol termnally capped with an end-cappi ng noi ety
wae pale/os:Ihydr oxyl , al koxy, substituted al koxy, PCT/US2005/041205

al kenoxy, substituted alkenox%? al kynoxy, substituted
al kynoxy, aryloxy and substituted aryloxy. Still nore
preferred are polymers conprisi ngmet hoxypol yet hyl ene

ycol . Yet nore preferred are polymers conprising
net hd&%br"y@f’ ﬁﬁ"@%@ that (pliasy. the Mpteing ake nemed inraamayaer gopyantional in the
#D The cdr@éntikDfor aardingrownts ischesedaly the famoon abid leBYuecebér & mature, full
@ﬁgtlf FQc!BrF’VIK s tp%vﬁ‘jg’d kDsed G8 /@4 al'sea( @éc?ett)édy prBtQﬁnE\ﬂll%gﬁgr?s a signal

I n one e
Bor RS e R Sty B 7 BErspo g glop o of e 19
?'ea‘bi'c'%'ani sgaueneeethe frsitagiine@cio of tze Secrated FWh afoddchis bopladifid. |
pol ypeptide to forma coval ent |inkage. Such

sul f rl?{&fz)’ IAs rlseé)ﬁxtiég}[c%ar@rld %Eedeﬁcérelrnn %Léjndr%feF'rrn? % rhutﬁgn# %’f‘ Pr? aﬂéds in BDD

tres
Gl é%/‘? putalehamng apid ip 4e§'9%at‘?i’eﬁyé‘§ rﬁ’P%ﬂ?" rﬁnﬁheﬁsﬂue'wﬁ o fyd-length FVIII. For
ol thePEGE mitein gistussedibelbs is| desigrated &ngbsbascadse' iC@angedthe lysine (K)

R doSifidNaNAlSgolidBt18deSin (RO Full kbR Seu¥nck %Q%téué(ee(gS owar ds
sul fhydryls (such as nethoxy) and a sulfhydr

reactive noiety at the other termnus. In a preferred

enmbodP4BBhtThe piedefiperhjitadert covalenhpindinges tieg@lymet 8ibestdselectedifrom sites
6@Bsed of ittesulfas G the pbIRpEDtide that Qrebivdt kkdived ORI adtliy ol Rlolved in other
gb@hgrﬁ%etg;tg{abiﬁgl Iﬁﬁlt fn vglo '“%Egi éQ %Rr'rn‘a%’ PWE“ bpr{he oilrg nEr g’est selected

| S rovi
‘gm Bogh sitatneyn rﬂﬁedt‘r°trﬁd tﬂfme&h%eﬁ ByuhigheF\é b 5 Aepgtivated or cleared from
engyatidn.n §elpaiby picthese diteshiadiscugsel\ifl Hdtailchetovy iPreferrer \sitadGadilide an amino

Bya @E]Uueniﬁtoh Réhr MMM g isite foP @) Rt den&ly QB&‘J’F&&Q redBPd? QSted protein, (b) a

nc ud guta enesl| s

RS o RAERRh o ok Par W, R i, ) ef U iton
irtypgﬁnaéf By fif psnedny bipdineale onpAnk § iesifuel Sty sefficenthheieseitap bipding site
su¢h thabdolBers bttaehrilént 6fCt BEtomMpHtiBg PoIERdr $o thé biteSAbRId résilt inhsBeric hindrance
(§ttr(e%‘rn%ﬂ§ Qr% %&H acéﬁg}%Q&%&aE [gbe lerthrﬁ‘ b(y R ?f"y brrn%ﬁ;rb @ife, for example.

mut agenesi s kit, the Contech Transforner
site-directed mut agenesis kit no. K1600-1, the
| nvi tIPeFgEin @ereihydirent of thesinaintion dhelocourpatigle melgher issopsdlantty attached

BQhe hatdhaDddor vilhgoiys E&H@ﬂ%n%ns a6 reSldbein of |1|ea|' ﬂ) ¥ kdcfoPVill clearance

@c%) cﬁg\g% S s% r§t rQbrndrng ?etfor?sorgteﬁ& Q{Qﬂ%‘% desH %1) oM-ﬁs]:%r VIl and/or
Cohpidngsie f°bF*°ff>'h ai I"h@@ﬁtqnﬁt??dﬁayﬂrﬁ@f%@ei)fa?w qsswaferi PpEptein C (APC).
hepdtees iembodinieat, e dboripatiblopb®ymer is Bavaientiy Aitaebedat thd Predéfinkdigte on the

%H&trgraa?@ctgrf vilk Mpgﬂireé;;dcﬁ WIQJ brrﬁVb l)fl Io@@én)ﬁr@%%p‘r&i@n ?M:ép'ﬂ)r ﬂelated protern to

FB 2OMSP R T LT S e e ron s Y HePRe. T FEfpb e ren
twiofold legsc ylg:{ne emeadimpat thejbigcqrriatitieepolymenig epvalentlyrptiached at the predefined
il loh thgifumgtich i €actod U ipBlypep Q38 (Mdn thafbihdigSof RapSfirEdlphétd Broteoglycans to the

&%k&nb?% Igs]:s ﬁanptgltﬁ/en’&)rypgﬂndé Qﬁen y §tn§ti &ﬁjugétéde ar?oaaetlgr%bly is more than
twofold Iess In a further embodiment, the biocompatible polymer is covalently attached at the
predefined site on the functional factor Vill polypeptide such that binding of factor VIl inhibitory
antibodies to the polypeptide is less than to the polypeptide when it is not conjugated, preferably more
than twofold less than the binding to the polypeptide when it is not conjugated. In another
embodiment, the biocompatible polymer is covalently attached at the predefined site on the functional
factor VIl polypeptide such that binding of low density lipoprotein receptor' to the polypeptide is less



t hrough a mal ei m de active functionality on the
pol ynmer. Exanples of this technol ogy are provided

w0 ndosas32dhe anmount of sul fhydryl reactive pol yper/usmesi041205
shoul d be at |east equinol ar ho t he nol ar anmount of
cysteines to be derivatized 4d preferably is present
in excess. Preferably, at least a 5-fold nolar excess
of sul fhydryl reactive polynmer is used, and still nore
‘B%"e‘f’é'?eaﬁ{ é‘f’e wBgs it isynat é?f‘J“fgé'leﬁi Resferetls g thanctiofeld|Igaterin another
gmbodiment.. thaidpempatibla dplymeyisscovisafiyudttatien attby/prb®ifilied site on the functional

f@dldr&ﬂlhmmkpt@é %ch tﬁzh'anplish\% p?&éés!a dQJraJeg%epo‘yEep'ﬁ&eless than when the

Bhbeoko8 bt dudal, 153 Wleripis e Fsiapiatog of hopipentce by the
R{aéﬁ‘ﬁé’fﬂ‘qaé% istragre Hanitwripldrigsathers the slegradation efrthe briypaptide@hen it is not
cagjughtesi@g the sutied fuder thB €aneadobditdns bvat the kg pbasat or VI | |

as provided in SEQ ID NO4 As a secreted protein,

FVI11 contains a si uence that is

n
pr ot &898%h FRZ 18y ’Gfeé’g’(/e‘lﬂ "éﬁh’ bipdingnaffinity dofTVAt Fainbe determined using
rfase aasmot-gdsbrantentgchmelouyy (liacok). t A ekSm@leri AVOI eadi Kb &dagd adirectly or

SRR A Sugh taheif hr’ft@&dyaéna %c&@’mdch%f aﬁo*\%ryﬁﬁ %ﬁéeﬁt%tug\él dF lLRP can be

p%gs%g %ﬁér tﬂe ch%rl a egsraxlren?oéhr %nl rﬁ a}n%é\i-{ff ?f gtae 'gtFﬁaﬁt 8n é%vs&scr?eﬂ N. et al.,
2800 P ?he"t RE(ThitPat Bd0-Aki The ratie otthe vodetes gjves markapyre phaffinity. A
tpodid prefarabi fitdsfeld Sredtel prezeably ftentfoll,| antt @V tnibrdMbfedably BOYold decrease in

a@ﬁﬁ RPE& RIS 1§l di scussed bel ow i s designated
808C because it changes the lysine (K) at the

p03|t|on anal ogous to 1808 in the full-length sequence

t o cye9Bei Regrgdajon of §6VIB by Tk erofEasiC ¢re de gichireddy any of the methods
kaowitb @idte dIskackh g aRf the polynmer is best selected from
sites exposed on the surface of the polypeptide that

are not involved in FVII1 activity or involved in

ot hed00&Hc raphes ambadimant. sthexhiocemnatitisy/|pplymernisyoyajently |aitachad to the
doiypeghtidgat toe vr\lfore GUtedfastbit \@S ain® add pRitibed, B8| &0t &8, 4630187, 491,

5‘65‘%%6 Sslbtﬁﬁ {%Qé"gfzgé 973%91603%;&’ 6dod, Bs ?4%@%5%9?13’ 2091, 2118 and

whi ch activate eare

2Pt c[hF‘%f’c"iebﬁ’"b"glé‘leéH‘F BReparcolme; it GvaIpY giachasdia g pppetde a
aje bandre bidaawViliRndfosacid @dsitiong 33, 376466,018 1,804, #A%. NT95a 7196, 1803, 1804,

186§ 181621868, 1963, A¢ATand 24314 AR (ADh& bikdhglPihe (;@h)uglat@‘l’& I&ﬁ@&lsﬁy)ﬁpoprotem
rgéeptgﬁxetg{eﬁl rot{ r? %q?sts Ql'(an rthee t%fng oP [h%&%coﬂiu?&en? po 618%)?9% {o tne low-density
Pl E?Fepé?’i I Ralg S tecigp o ng smee t813-deRe eRaTolein receptor
iflgss'tham the bimdrarof the lohcvdjugetedsiolysebtidoaa e (av-deasty tpoprdtdiverecedp®or; or (3)
R bi ﬁduﬁ;' & el c\Snj 28568 bb I@v @naghlﬂcgaro‘iélr{ %cecdt{ﬁ I?elétaiaﬁrotem and low-density

t he
BP0 Bl B i e plere o RGP saniaciad SediEvie 1 iy ov-censy
ligprretein Soepter gelatqdiprotqiang iipdewr-dansitydipgpeotai neeeirier-20 A of a
bi nding site, for exanple. [0084] In one enbodi nent of

the i Nt i al S C

R 0.5 Il £ Rynde Bl RGRRE bl Bl Y Wn% s covaq%n%g%{@acwd to the
PP SRHTE 8 OBR P 8 TERRS VITk P 2588051085 . P 8y 4 04, 556 and 711
a0 ¢aer g of geephjogata® eedrinneiihael pro@eglchy) isdedsi thehi the binding of the
uﬂl:JnﬁlgétQJ pRlypY mee&sge&apaéalpﬁatpfpr&i@ogry@aqat Iuora @Inhéraemd.mem the
B8l ol LR B o S My gy i
.—ﬁ‘d@p@quqqsgj (1AR@7, 378, 468, 487, 491 504, 556, 570, 711, 1648, 1795, 1796, 1803, 1804,
1808, 1810, 1864, 1903, 1911, 2091, 2118 and 2284 and the conjugate has less binding to factor VI



I n anot her enbodi nent, the bioconpatible polynmer is
covalently attached at the predefined site on the

wo ovesneml factor VI pol ypeptide such that bEnUsI9g5/041205
of lowdensity |ipoprotein r??eptor rel ated protein to
the polypeptide is less than'to the pol ypeptide when
it is not conjugated, and preferably nore than twofold
| ess. I n one enbodi ment, the bioconpatible polynmer is
intjory anfibpdjesdhandbaengoniaate golypeptider inefdrthsr prbagimept the biocompatible
pbiymertis @maiéntly attciad ta/hé polypeptidp ethé Bremaelcfithel thddr VN aititiol@id positions

gaf 128ep@r 378, 384, kLS, l64075§63‘3|7cy %‘Fslsiaoﬁd%ed%@' %@?%bﬁ%os 1810,

S R
i ‘5‘%&%3%351% ﬁf? Seoh, RO¥ ez ot e h et BRor Y, 97, 45
4Ph 584,158 tand 71 eenddeH eppivgate basdesidearadation fropl ®plgaiaynretease sapable of
fany 8lieiBgrhdatit thatdvesltha lindofiGyai @EigdebRd Malelpforddd LthEplasma protease

actor VIl polypeptide such that binding
'J%n\ffa?g?%?é'\}lﬁ i nhibitory antibodies to the

pol ypeptide is less than to the pol ypeptide when it is
not (0OB9luinad @dherpmabdimat| e wtendatite pbiywad 6 covbiessy dithaad to B-

dohA&in Qél&gd ngrt\fl)ll $tréﬁnnBQL|X B@éelt)lll 0, me{hoh tana/a' 1@% more pr?ferably at 491

e

o oS e ORI o SOTaAaIAE SR b SEreaeic Hhchgedefde ot facor
Vdih amiie afid resitiapntio4 fand compriges polystivionregydoti e Prefeedblyt Hatone or more
peddBfthed Gitef fol Witicehayashié ol m@Ooftacin@hn aleesonpdied bl Gitd RBecific cysteine
Miypeptide is | essthan to the pol ypeptide when it is
not conjugated, preferably nore than twofold less. In
anot her enbodi nent, the bi oconpati ble polyner is
covalena]l Oneadrimmcisites, prefetahig oy @ thed, pmitbelfusdtibmal factort \Wiépolypeptide may

bteméd@ﬂ@h sitedGdr Qbly¥erlattadARbt P Bitakilar SHBGiImh ML the pamﬁm is mono-
gr %eag/ g es the pol ypeptide | ess than when't

P%r W? th hot conjugated. In a further

enbodi ment, the degradation of the polypeptide by the

pl asipmsfr tﬁeﬁﬁ\liﬁlloh SisdRlaf:s tdAriethiodadr tethrdpaiBfiontonN8 cdnfi@ate comprising

I'Tq_ﬁgl %g ﬁ&élegpdeos Jeﬂ& tpﬁ gx&g tfbrqﬁehm& Qna'l Factbrs\gl??&)geptlde to substltute a

conj sure
cf’ﬂ'ég %Hﬁ‘cﬁ 19 ‘ﬁé‘F'f‘%ées'd[’?)B‘B%]”eLdﬁfﬂed s Pxeeeraohe ”UF’ted "nucieotide
seigleGeb pebdurg axdy$teims énpardoed mitein] durifyiag the enutht esapting @@ mutein with the

m&bm&tﬁ%&ﬁ%‘mad Has B aatﬁstemm&,%t w.ﬁgambmyat(s&%m%my reduced

cy?]ta e&;@F@; %Uﬁl’ll Xrl?ghwe COWﬁ?ﬁ go )? ;EunIymg éhe con*,ug;§ In another
eethP@mentiritie aprfph groBgRsCR Mo f°b fls-drpachPE Qyiion & PipsigpYlll mutein
dmprisingh @) @kirgssing anstasidced¥adtdt \OIN nusinewiendn def mitéih ma®fa cysteine

r%ﬁ&eﬂnmt %raa‘ﬁtdnﬁrrb éc%or\éﬁmﬁq}nqne 5!( o?etd s@”face o?gg?facto} VIIBantlern and that

c[yﬁf 'é is @qpeécg(bi %Eglﬂg gle q:ystg%er mﬁepwutﬂ @ Eemtaptovraier condmons to mildly
rpdueé the gisitejinefmutein fngl to relegee the panefcd reatoling the narf anddhe radigtant from the

MENe AOER; Biceloft #aktyand@t-4 Mindieslemb rsi@atiyratabdst M6 tyinutdB Ol more

P"f‘@ﬁ% %t Ig{ghgp Mmdttep gfteﬁ;I ‘ﬁ%ﬁ%ﬁgval Jth rglucgﬁtg [r%q g Q{/sqgn}eamutem with
FtEt‘PeC°ﬁ’é't'%*ﬂSc?§“l?H6R>(}rF°t'Fwnq Tigjehe urgter %%P"'q"s Fll'fh {REP Wated[fm Y]\l mutein
i$ produeed. €Tb edalihyden touptingendiityod G PEGI ihseteciod rynrive grosp consisting of thiol,

tﬁfméadr&p\stleyazﬁa L ehaRk, 6PylidyFanB HaRER LB e2 breRRBly Halelfidet
the factor Vi1l amino acid positions 81, 15 9, 377,
378 468, 487, 491,

{0092] The invention also concerns pharmaceutical compositions for parenteral
administration comprising therapeutically effective amounts of the conjugates of the invention and a



504, 556, 570, 711, 1648, 1795, 1796, 1803, 1804,
1808, 1810, 1864, 1903, 1911, 2091, 2118 and 2284. In
wan@blensenbodi ment, the bioconpati bl e pol ynmerPeBUS2005/041205

covalently attached to the po] ypeptide at one or nore

of factor VIIlI am no acid posV%ll ons 377, 378, 468,

491, 504, 556, 1795, 1796, 1803, 1804, 1808, 1810,

1864, 1903, 191 1 and 2284 and (1) the binding of the
BhsrTaseicaly @ecepighle @dinent yPhaimsesutienlls pereptatie priuyants elecsubstances that
paybeadied & the agtivé ngredielitao bélp ebrmidat® br §thimizé! e Prdpd@fidnehd cause no

QQ‘IIfMQfﬁ Q&Je@@ thQolBJkedl Srfels Qﬁﬁhséagé/nt | tﬁ&%ﬁ&&h& JdE:G&PJ aQ% well known to

con

8?& 3@%"5 Bttgf’ # ﬁf&p'@démfef SUER BHth 2 raliase of AgEpsp Abumin, sas, elc.
Bihercidivgantsfare describad bonpragale étRepongiqpis Pharcheceuticat $niences by E. W. Martin.
banca@psiibns Wil &ﬂféfn‘llnﬁdff@ctlf/@@rﬁﬁhmf theq",ronj(xgoa)e R Qb&ﬁ’ér Weh a suitable
Qrf'nout'nhcﬁ V&QJH I’tlgl%grgl %%8%}8 H‘arrlngc ut|caq \Xl_aac ﬁtabl PonpplosJ' on? Slfltg?lﬁfor effective

n an

?dé‘efé 5&8&&9{“ ‘? §‘e Ine¥s FerpxAmRia é‘etfpmat?gnqxfbetpﬁrentarﬁ@mmgsﬁe@do subjects
poienng dpiihemophitia Aleea Hasageteal sial yary witohe severitylof tieasiftiog episode. The
5RlagL %e@ﬁ&ﬁuﬁét&e@ﬂ@v&%uél% Q%Sér{g)é of JOQHPJ&F ﬁl'o&am for pre-operative

BPGEBlpAT AL i Py tPor o i ERPPGoAE 260 4 40 pl por Kegram
m'yﬁ@m ?Veéa"aﬂ'hoeﬁ@efdﬂd fopgmainggharicadessr VI 11 amino acid
positions 377, 378, 468, 491, 504, 556 and 711 and the

bi ndi [B&3Pfln 5&%‘6?&%&%& %vénghm%?ordl vol§el§| %%{[:g one or more surface BDD

Ot eoglycan 1s

'E‘bﬁf %sg‘éi‘fhe%i NP BEYCHE "E%W‘i@}ﬂ%r”?”ﬁ?"bﬂl"bﬁ‘é’?‘@a"a" expression system,
rereing o) ysteina . whiah s fhgert bappeds dvingl iermersion tbipeysteine from growth media,
Qh@@@"ﬂ@%&lc@nt%' anaﬁrsobsd.mu@sl @Yefodin, Ak aséa@r@ ith & Rsteine-specific

BELXBERL 5o 2y L5 o b5, 8611 At 7108 e o
B@%-,magryrupe Vvt]]fEGlms SUCFP@@ 221?'9‘63 le%'@!‘Pb'eI@mﬂektﬁswfapeutlcs of San
¢ &6, CALBAEr Nekia:3talod Dlbers2 AR UPHPIAREGRMAL 8R65jocamd, 202010P01 MPEG-

MROMASR®, %&ob@ﬁﬁp&zﬂ\ﬁ’ALﬂﬁNQ@ kb "i‘&s‘p@:{ ivel), b 1'23%'9{6 LEMble from NOF

bod
bR Gibaporibae N Beibome) BYRGE Mo and sunront ue

WAl easpéctivelyt t BehRES atedt mgdugonb yufied judeg in-exehenggr chrpmategraphy to
Rfnoldenrdael PEG Ak hsﬁdﬁnﬂ%xaﬁdldﬂ dARmbaiob@pty t8 demolel Bhreadtéd BDD. This

6 450 ey iy it bR o

?fip@r'ﬁ]?a'atZQ 8lgara|qulanplpfyeqngmdy bipding, aad 6Pgr?ﬁ§}4‘c@ Ryt proteoiytic enzymes.
plesoted tasthd PEG r&igent sdpBsd by NektaSOMNOFHSGKD dasthd AL Bkmindbur laboratory,
me‘aem tHOPE® relaae%t J;u% Rd 9EBeA%a KD watea b OB 1D, %@%mea as 40 KD tested

%{% g hhaﬁ%g@ugg geg ? as Mkb woour Iggoraqs?‘ L o”%:tojél c?,'nfusmn we use the

mpla@#awasfdtaez@g@d i"s°“a'é'?qf%i<ﬁ¥ @dhegﬂ'sét'séi% hegein, [66%9‘}” they5 gD PEG, which
{velrepbreds sr0ae the MARGfactdrdt &ehtifiecionpat i bl e pol yner is

covalently attached to Bdomain del eted factor VIII at

amino acid position 129, 491, 1804, and/or 1808, nore

pr ef l0884] yjn afditiamtp cystenpatyatonsizt epsfiorisiA b ABLAPRRAgisclosed above).
pdstiodsi 48T,019p,H0# 168, 1800, e 1818, 18§, aT¥5e A79B 01808 eand 1804 were mutated to
aglemgeoogo&e@lﬁauﬁsuomrotc%e L %%@%ﬁ@eéy|MI kue@re,oé&%an 378, and

I
g{é E\B%leégoef:){) ?? é%?o :leé eblﬂoFlbag %f %oéh Ih%r Idﬁ'rsg’%] Xli\dmr?eurpon BEGylatlon
awtawae #R9. 432652303701 19648119909 and 23¢9energ $ete°‘89/ iotgiefualy spaced on
BDD so that site-directed PEGylation with large PEGs (>40 kD) at these positions together with




nmut ati on. [0090] One or nore sites, preferably one or
two, on the functional factor VIII polypeptide nay be

wo b@opsroef i ned sites for pol ynmer attachnent. PET/US2005/041205
particul ar enbodi ments, the pgplypeptide is nono-
PEGyl ated or di PEGyl ated. [0091] The invention also
relates to a nethod for the preparation of the
conj ugat e conprising nutating a nucl eoti de sequence
FRGYIatan @b deshafivsy g'vq?éY'ﬁ"afhé'teiSdghl't’?’P aRER118)1 @ LRP binding sites should
pohpjeteytov el dhetsorfge bEROD ant BeatifiCrmulél Digarsie bR ERRisth & BAD.
cysteine residue at a pre-defined site; expressing the
mut at@ggl]’] cl eoti e sequence t o %uoduce a cysteine
enhanceqd Mieas fm ﬁ‘ﬂ’f‘?”ltyﬁhﬁd:e'f Fetiey Pafivm °P'%5%l?ﬁ PYsiginep dhat “cap” the
axsteine mesigueshont themiteio by fapaing Hisuifide bbndeem theharepahatisn bfaknconjugate, the
ateind Aulh préluteRas the Ydcbmbit yBBRtY & |§eda\ﬁth 8 ¥RadiRMHomahd Medium and

91%' %/ag |§ %@éjd (Ej;)/ﬁu lc? }epﬁctm? ﬁ} ﬂ%%%s l“%e c o) gltfcire ag%n OE% cgsteme -specific

8%'&?6 f‘-ﬁ%‘ﬁ‘f Ott'ﬂ@efwséwwwn tfﬁ@a\ﬁra@sspac'fwmumw ¢f VIt may also be used,
s$w<aud11eraeparmtolaﬁeyflsm inteaptf a factor VIII nutein
conprising: (a) expressing a site-directed factor VIII

nmut ei ' e mutein has a cysteine replacenent

for & O%X?n%k"gbé% resi due on the exposed surface of

the factor VIII nutein and that cysteine is capped;

(b) C[@bﬁ@@ﬂRO@TUﬂi@AGﬂSﬁ@IFJEEATT@NSWF! AWAL%l@OPWMCtF%ﬂtand BDD FVIII
gr%ggr{y Iag%nﬁ%lmt Iexo %?Iﬁcu?es WItJ‘l 6%’()3 Jlf?erenf: s1tes |nvc¥Vﬁé in bleoboggﬁl deichogs Previous
P'&El?&?t‘&ﬁ?va{e?‘@rﬁ‘qdﬁé‘hevé‘t BPrRye ﬁlnarmqqkme&ﬁ dropaftiesthadl gnired results. That
thle mwlec@esmionid be specificatly potetee aradrthgn olyimeasdded i arsitérsiie@ific manner was

§err|s|ng n%@neﬂﬁ&‘ré QF@MSMtsan u#m;ﬁ@b%& pﬁgmmoﬁh& @%ro%grtlgsr artdh'@tamed activity

st ei ne
Bl e bt S P S B e B s
éfeﬂrfelq’l{C?Qﬁ?QV'tsuch that PEGyl ated factor VIII nutein is
produced. The sulf hydr yl coupling noiety of t he PEG is
f’?legcl't!)&%éflg gne embgdl que |F\:\Peﬂ olnsc’:grlgg {e C?tlr?cted mdxtaﬁane&s utsm cysteine-
ﬁﬁﬁc'é‘t igards sB‘i"’eﬁ‘sé?rEé”Ul‘i}e 'ﬁ’ﬂ? e"ﬁ fﬁ"d@“tatf ‘_f°e?h‘é hRYR\ABY BYaiPle cysteines
&l et oling EEGSnafeinddarae e the alutato RYstedietpositd WilDise the site of PEGylation.

RidfeCpt Gicaly, W‘WI%E&( ?J ¢yRBinSO AP b vgﬁlcrﬂgorhm?sﬁm%hb &l okr¥r 3 of which

g%&%g%#};e {@:&{&ﬁe@aﬁ? F"y g?(: rﬁ{éhtﬁif"‘% 3%1 J%%B TLQ \s/t%lgturapmodel of BDD
Feagesipibaial B fa¢ typtenecapbulist StelidyaNeiiviest alr 8003uBjeadA9crrs 1215-1223).
Bbalsd®jiZeE crthihesl chmof frePE®iateddyi FER-RabiRidés, tHe 18edyfteines that form

dgulm% ﬂtB%DQ:En@¥ l?ebfLéd é%dmﬁﬁuggeiﬁ@ g{sﬁlre?lggd aé%gecpo%%?e strldQural models of

I cant adver se t OXI1 CO
B2Pi Bt reeresififAsds By max fohbeR padthoyt %s‘\ﬁé'rﬁ‘””%‘aﬁ/ﬂmiet? to expose
theos@steikes! th thel PER redgentailtusaibes met brrder feastblerto achigeraspscific PEGylation
SUBHD 85 PEBYIAtAS Bt AdiiveS biBleMS PesidBbdMtRbit dranttkidally ailfify th6XBBON structure,

I\_o;ﬁ hWIﬁﬁlga u?e'f éilegéiﬁ“urpc?gn for exanple in Remngton's

ar naceu ences by EE. W Martin. Such
conposi ti ons will contain an effective anmount of the
conj umedsy Theresk staegLthHaeK cyikinds iAl LB takdireofammength AN is unknown.
\SEBMQJO:? ol’ tne pEngerne§ ﬂ R PR %%re %P%%Htlf tﬁé}l Jo%ot form disulfides and are

accepta onpositions Ssult fectiv
surface exposed However because full-length FVIil and BDD have a 5|m|lar pharmacokinetic (PK)

profile and similar half-lives in vivo (Gruppo et al., 2003, Haemophilia 9, pp. 251-260), B domain



adm nistration to the host. For exanple, the conjugate
may be parenterally admnistered to subjects suffering
wo canatobz2oophi | ia A at a dosage that may vary weehusives/041205

severity of the bl eeding epi S?@ The average doses
adm ni stered i ntraveneously a in the range of 40
uni ts per kil ogram for pre-operative indications, 15

units ki l ogram for m nor henorrhagi ng, and
SGY'?}'%C? %‘Pheg o RSyt ip |'T%@’Féﬁ'ﬁ%lﬁﬁﬁ%'f1"§t”éﬁei§dh%%¢ happens to also protect
BohlBdersainregiorsd f or a mmi nt enance dose. [0093] In one
enbodinent the inventive method involves replacing one
or oduleree (B EyEtTes RETRe e PP scityforposmer
algshreens ?héh”"éfy@"éﬁﬁm Vi @otivityapd émrears pedrmacokifritics thia &dloviemeguidelines
@armﬁéi'\tdiﬂabé@n@mrms IMBifidBions AU b@@argfdié&%v&i‘%athnce lnactlvatlon,

{ O it ﬁ?unJggmpMEJﬁg?lénQesu{:rﬁﬂLtﬁp81-IrgPGt RP@' n9 Whl? BE lt%og%gmcg ing sites.

or an
m O%rgloo:? %%@é’rﬁ’t 121§é:&ﬂ10\g§thg Sirystueecof BDD. For example,
RE®\oralhelf-¥fe., dsmglE?Eﬁ”pbrelsa igfodgoad At arspextfie Mitesat ar rear LRP binding sites in A2

P&Q{JéﬂSﬁB@@ 8 A dsRuREe 51848 Slnﬁdégamﬁ‘& the bu@gPE@ lét tﬁb’%e ngs should

%'S%Et Fa’ﬁllesﬁb"'{y%ng' |>ﬁ'l bng r‘Jﬁ]%er s Iﬂgg\”ﬁ%ﬁf TW\E"W ¥ 3150 blieved
Habig grojorg halfifenitheyt &WE@mEffqg\ngtlvahatng@p@q_e introduced at residue

ME4BCRRidAL at NAA/juhBtide [Of the B Sipredli andatkeyA3 dofail @ tel fulBidndfnolecule and in the

QX%in@Q&@nkfaﬁ%dﬂg%e%EPfﬂéﬂ&!arQﬂxsJSRKM@ Japan under NOF
cat al og nunber Sunbright Me-120MA and Sunbri ght M-

300MA, respectively. The PEGyl ated product is purified
usi nglon @t - SpedfrinefEECHePNEaOEraaitned byenubeming singls @vateiheasidues

I h @ RTlor A3 idBigaitd Ry %%Mﬁn%ﬁﬁﬁt%s@;@écﬁﬁ&%s ?dﬂovféamp‘élfé-spemf ic
%EP@Q%E PeB RP(:}c]iuceP 8\'7:'stew%twh9? cxlseame sPec S?G rea ngs(:"urc]:Fl as XI%C%‘ maleimide.

rab &ALt ong
PoAther a%ve&tﬁgea&f PE@ying atr‘*ﬁfréfeﬁ anf &3 16?&*? Hatdeese MetpPEAPEDERresent two
afthe theed ynajor ¢labisesgpf inBibithryCkdtyeaid aitels Orpatigntsp Mo beh@vy tnbximal effect of

mérculm ﬂgilﬁedar{dh&ilcttongf uﬁlﬁ@\o &ﬁ’tgr%%ns% %91' A2ea‘;td Ry LRP binding
Sﬁa 8 e BRI oo D el AR Gt g

18Kt 1848 regiorpaydend to bigitificani fopé of@clivitysing@thlsMedicn 4t alsd inyglvedn FIX
linding) chitk-laiRdcted WRRYIARA wiltsin S58kES §HRGIH asbligsHEPEINdING, Khay also reduce

laﬁ@&’a@ﬁlﬁ!rﬁé?u%rg&e nngFq,p_nf usi on, we use the nol ecul ar

I n our Iaboratory in the discussion
herein, except for the 5 kD PEG which we report as
5kD aBHM) eAdationsf sucfbaersies canlnRPEGyiaged td itlentify 00@¥dlearance mechanism of

ol bE@ﬂatBQ ofGieSAEdoRGin mét/ Biter oA a&@ﬁégtehrptﬂ§t trﬂa% d%ﬁ‘lgm dissociates

clo
568 Pl ulefor g B SR oy B bisGlRn 8¢ maayestor v
aw@C%Ma%e pEtssmelier ¢izp- PECYgted &2, pethe othgrdreeds mawbe Big eflopghto
hkcﬂﬁé(latgﬁy SbardnBPark Hadd Nepripprabie PESYE HAIF-1ife . theMe& @f FVIII and thus can

lstituR ViR d 556 were nutated to cysteine
?‘%%s'iu JVZ gg\éﬁ&\m@oth LRP and HSPG bi ndi ng upon

PEGyI at i on P03| tions 81, 129, 422, 523, 570, 1864,
1911, [020H) UIDEWTIEICADIOM OHG?E@yethnaﬂE@dNMANB AR REGIONS. Five positions

$23¢.8900R496, L504 and Q468 corresponding to PEG1-5 positions) at or near the putative A2

. LRP binding region were selected as examples for site-directed PEGylation based on the high surface
exposure and outward direction of their Ca to CB trajectory. Furthermore, these residues are roughly
equidistant from each other in the three-dimensional structure of the molecule, so that together they



BDD so that site-directed PEGylation with | arge PEGs
(>40 kD) at these positions together w thPEGyl ation at

wo bmsns2dve gl ycosylation sites (41, 239, and PA1/B}20851041205
LRP bi ndi ng sites shoul d conggetel y cover the surface
of BDD and identify novel clé&arance nechani smfor BDD.
[0095] In one enbodinent, the cell culture medium
contai ns cysteines that "cap" the cysteine residues on
BHEPYTERTET CBe fegiPh Bt msgenw% 166%&1%12 1843.t1AE5, 1795, 1796, 1803,
1894qraembnding toPEGHE) aton paagthe eytattvia@3 CRS bisdinggedintviredselected as

e&&:ﬂﬁ@é&&dnté drebtBEPE SR #E@B‘(Kﬁb{éé'iseda‘]abén 6&9%%%1 H"ér’r’dhheanatural N-
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FEFs Mufafien ﬁ@@ EGP eosiien W’?é? will @lsgyaplish tim divspsylgtiqnisitel sAlthergtathe
AEGY pbsitioa (K 1813) vas prédiet&re 6é pdirting k&4, iitavas dlecteW i dasd 1y structure
nHdSI®s rQ?cdﬁ%&dPE@ﬁ) VR M@qs DEgRh p@\%lc IR PR Wi Aﬁfmlj-% #b b’n@ing loop,

the;ﬁ Lﬁgt%ﬁﬁ\ c& STRUCTURE

PO 1 P AR S €0 P DI PO oo SR pcplyfaupa o e
canter of erpteinipepteineinteractiohs Bepayisebe 1 849 - 184 & regiorehay bekinfréportesito be
i/ol&Sin bally CRFV&d FIXbikding) IiEByfé&{n witaelid 18dpSwas koAt S34Sibly to result in

QﬁEe%'Q%Evﬁ tﬁ\u% ¢k £PES M (5%9' glﬁ'q 88% we@({ glgned.].%be negrthe 1811-

ar macoki ne properties
1&?}1 BRRAAuE WHIN ‘Be 'B?P @ﬂ@é?’?euce'aw?%?c'ﬁﬁt-%'f e Fihbindingeyith a'ffefe"t PEG
sizes.yner added in a site-specific manner was
surprising. Furthernore, the results of inproved

har kineti rties and retain
C i e S oR LD Bhinele SBUP B Ao G mloh of or Sampe
throPEGPeand EEEO pysitign censbeauasdtedy nonspeci fi ¢ addition and
reduced activity. [0098] In one enbodinent, the

| ”VeEJ bgss.%’erl R %g Rt S%ntsﬁgwrggﬁ%%%%'rép&%'nggnx no sites

cyst
W%Te&t‘ﬁ@ﬂn Eﬁ#%eg"smﬂ Pﬁ‘év%F’%‘?]V (3 et BerfP @58 yaredpyidgd in
betveerethe A2 WRR indH PEGiIndiaY eigionk® thag an @tathed PE@ nray ingetferel both

|&¥r§ct,t€hsrla$|d QQI%bttpb%fbleV}ﬁtLrlach,% Jen\f‘eeﬂggrﬁ gclide’A%@ He g thbiQite su%’c,re%xposed
P Brohoeeionin bt eesa R o 5 aFErnd FEog bads dons. 7o

ideptify aovaleciearangegchanismst F V4| can bg §gmatisaltytREGHIateg. In additiop tp PEG1-17,
(HelkBred 46)r.nailiaqiwbsya6srikited, narstieNs 0 N2 BN N2 pasiaspbival to PEG 18-

zB'an B %gcg:?s t%?@'{n& bg.g?fo?ﬁ@eﬂg&{s&%% QJoEQKé‘sMP rla’x&oégé Syrface

ecause Oxi

aé%Pé Wé"‘"h%%d GFoBY afes ffigfljé;ﬂ Ch BYf PREG PREP&niihg &y glyepgylation sites
viefe ogrpeeontetbe BPR modebinrdditios td finctiersl intara@Dsitea fon oV F 57X, FX,
JRbdMbiplefha Mrditiit being first reduced. Based on the
structural nodels of BDD, the 3 free cysteines in BDD

may not be PEGyl ated wi thout first denaturing the

pr ot é91A6lt BE@Xi#9serrespensing toyil i 182 K492 KoK PED 188h JEH( . Q2091,
ahbB @g284inwleredBenSseldctéd Eas@PMmIthdirabitty Bl covelr feaflg thie emiee r@eicihg BMD surface

vﬁﬁ% af dsP8hn e@.u% Baén E’ﬁ@(rl @takm Hhesp %s'm\fﬁs v?é/é:!l?d d3Rcted because

i dues w t dr amat

BDD
tgﬁyla[fntftll[}{reépos%a,l P‘Eﬁarw Pcrlntlﬁgb §Pd f|ay WAy i;ora g@?r? &’Ft? neg to minimize possible

ifagmext disuifide formation. The 20 angstrom radius is chosen because a large PEG, such as a 64
kD branched PEG, is expected to have the potential to cover a sphere with about a 20 angstrom
radius. PEGylation of PEG21-29 together with PEG2 and PEG6 and glycosylation sites PEG18, 19,
and 20 is likely to protect nearly the entire non-functional surface of FVIII.



[0099] The redox state of the 4 cysteines in the B
domain of full-length FVIIl is unknown. PEGyl ation of
WO b@eAs2yst ei nes in the B domain may be possi bPer/uf2005/041205
they do not formdisul fides and are surface exposed.
However, because full-length 1l and BDD have a
sim | ar pharmacokinetic (PK) profile and simlar
half !I%E%ﬁf@ vivo (Gruppo et al., 2003, Haenophilia
0 lgion PesitpasRtited &3 Anhenceprprertion pyCk & 'V‘Pt%jed PK profile,
sfestafl Stablllw qr nquiceed dromyriogeditily daabé ednibingd torgessate inbie-PP&(Eated product

RapRSsally Shhdhced plRp&HicRC bE@ﬁhnnggmé?e Je@ghéariﬁ Ten{ogl;]ig)m; exposed

B8R R0 Bl SUSLRS Pl R, BBl S Sypaponner
Péﬂa{?fﬁ’ﬁﬁa'e'mr L'Wme %1v¢1899Aaﬁ\9u'¢ RS R1803 to be PEGylated.
phar macoki netics, the follow ng guidelines are

pres li(fh M%%NEFISB%SF r;Ld b sntg/g Qelc{e B%ylglgr’? C{wﬁ)ll'#\liay be generated

argeted towa earance, 1 na
DARTHRYGEA O i Fle 4t sgmﬁseagorfﬁﬁwatﬂsptqe Siplegens fuickChange™
Il miter-dire¢test yutzaenésisdd yadpisad tormpks alt o the PEC anutantsg Stidtdghneckit 28523 from
8lrat@jene CaPfation, EEQQQ (9/9(141)9 cQQEChaWsﬂ&%w&;tb@%t Q‘Pesw method is

Biaplit
Eérfoprﬁ d%ﬁE%Q{JTuBbD% DNA qolym ranpza'\% teng‘oepaéUé y]c,l q‘gll cgnpéfnergery

uce
RlsSRUckepSe BT ﬁg\ta;m%gége Jesirealznuiatian. gigelnaptel.using Py Fittboaghich will not

diggace treprih&s. dsDNB IBntaiting theeliigbe EVIII génetishdedas daymtss Rillowing
tRSEeSighfn c?@qhéjprg&tﬁ{ lymges{: ykfv‘tﬁ D;§1I aohucleset théw IQQ)GJZRF%OF

romcircu

§g5ft§cg3'ﬁ§ ety FRABEEEEORS. sffiuraiit Poipiopds it Priipsc. whereas
Hie gRretal leriyps/ DMA fsaethylaigd.dibe Higdsteg DNAGE then USERIo drarsfdye XL-1 Blue
buper-@ehgeedt cals. resi due 1648, which is at the junction
of the B domain and the A3 domain in the full-length
nmol ecule and in the 14-amno acid |iker | the BDD
bet weld#P9] hEneutaghpesAs iipieuisinosi 8o The myaqenesipacjonsere
RérGyrheaitin @therpS8H20T@BRIC N2.€ verbkRY7+BDY (Fighes 1) M8 cebsig mdtagenesis was
E&ﬁﬂnﬁh BEDKA $d M‘%ﬁg Iaﬁbt é%pltobr?ate'q%gﬂéntﬁgo | 'tmﬁnd!acti'oﬁ] gvere transferred

o enesi s tec
B R prer Bt Tl st Pt PSR ERD oy dfr o of e
mutappnaweygg@n srovense-ednfiimed PRGAS ayiginp PEG Gch8 gsand 10, mutagenesis was
Bireimtad edctor px207YBODIN2(6. AdstdBhQRfitkd Beybeatihd) the@tutant fragment,

ﬂgﬁ/Pﬁig%a?mu&r%% n]co %&(}&JBBDt lﬁl%thlﬁﬁ cﬁn &X@he@t%séﬂﬁgﬁnto the

resent t WO nmaj_or asses
Y nRER T "F‘ﬁ“p ErASEMS PO AEHReipe n R THIEPenept Wesfdone
Qrfectlmmewztbr P29t BRO and sénmbriceicorfiieneg muitantRRITwére them$ubcloned into

b SR PEDR iFGr Kz&ﬁ@&ﬁb%G hQHMAZthaﬁ\dta&é’v-e&RPastHoﬂéjlh e pSkﬁ(ﬁ’S BDD

ERBRlr. ket Rkl BT EDSREP D anelons

P%@%%’f?%y I ead to significant |oss of activity since

this region is also involved in FI X binding.

Site-dire N $hRuLE lish
HSPG bi Nl e B HaT oy s#“rd;bﬁké@%%??éﬁ HRACEATS

regi on al so binds t G %Bhal surface

sites can be PEGyl at ed to |dent|fy novel cl earance

nechagh fn fiic1RslE: cRFEdaircefrifTcheatEs ANTRAGCAREQ 1D NO:5)
of fer add|t| onal advantage in that the A2 donmain

di ssoci at es
[0111] PEG2, L491C: TTGTATTCAAGGAGATGCCCAAAAGGTGTAAAAC (SEQ ID NO:6)



fromFVIIIl upon activation and is presumably renoved
fromcirculation faster than the rest of FVIII

wodoeosd2eo because of its smaller size. PEGyI at BC/BR2009041205
the other hand, may be big engugh to escape ki dney
cl earance and have a conparable plasma half-life to
the rest of FVIII and thus can reconstitute the
activated FVII1I in vivo. 010%] | DENTI FI CATI ON OF
PEGy| 112 PESR T4 TAACEHARS TREATGPEATTEPAMSGAIITTE (HFQ 1D NO:7)
(Y487, L491, K496, L504 and Q468 corresponding to
PEGL- 91 p$EG40 nL§640§“AA@E;A*F‘PﬁbCRRﬁT%%@{Aééﬁ(ﬁxﬁ?ATk?Pc (SEQ ID NO:8)
bi ndi ng regi on were sel ected as exanples for
site-directed PEGyl ati on based on the high surface
exposldted] £S5 o R46RE: ACATITAEETTITARGAATTEREICAAGRAGAT CBITAT (SEQ ID NO:9)
trajectory. Furthernore, these residues are roughly

equi di r c t i - dj si.on
o udPTisE ey RIBGET TalhdRhag Pk RErd ShRAR MEREARARL = o
N@dPesent this entire region. Eight positions (1808,
1810, 1812, 1813, 1815, 1795, 1796, 1803, 1804
corre ' t A '
Rp oA mete el RACeRaRicTRbMIL ARG SEa o
YPt'&l di rect ed PEGyl ation. PEGS (K1808) is adjacent to
181 1-1818 and the natural r |inked glycosylation

. si te gi17] GHas, REEWCAGTERAGECTRATEAA R ARRABT{ARE B (ska 1D
kgqgape the sugar with a PEG Mitation at the PEGS
p dPtion T1812 will also abolish the gl ycosyl ati on
site. Although the PE® position (K1813) was predicted
t 0 beropm) HEGAY K1BWE: daaddcTwWASGAR T GEACTTACTRSESEAMAG (SEQ ID
@bqg ture nodel is not correct. PEGLO (Y1815) is a

ul 5 hydr ophobi ¢ anmino acid within the LRP binding

| oop, and may be a critical interacting residue since
hydr ojoimshi REGa 0 Y18158c CTHA TSARACGANARET TGCTTOTGEARG TIHDAAC (SEQ ID
wenyper of protein-protein interactions. Because the
181 1-1818 region has been reported to be involved in
both LRP and FI X bi nding, PEGylation within this |oop
was t 106204 REGIb.IEi7$A0y AT T CTEATHACGAATHESOABARS GRAGOAGICH (SEQ ID
Nbus) PEGL1- PEGL4 (1795, 1796, 1803, 1804) were
designed to be near the 1811- 1818 | oop but not within
the I oop so that one can dissociate LRP and FI X
bi ndi BN RES18i 784G AETPEGASCIRGATTICEAGELAFBCAF CAGAAISER ID
NBRspi ndi ng sites sinultaneously, double PEGyl ation
at, for exanple, the PER and PEG5 position, can be

generated.E%%105% Since the 558-565 é@géon has been
shown[® %! Ji5Rd 3RTSRHt FARERPAS CHAARLKTC AEEETGIEAAGCCT (SEQID
destirpned within this region. Instead, PEGL5-PEGL7

(377, 378, and 556) were designed in between the A2

my | 08 PEL O AP ERLAT IR GAR Rl RN o
iNRt'8F acti ons between them Additional sites that are
surface exposed and outwardly pointing could also be

sel ecﬁgfal ‘{}i'oetcﬂg,%%c: &R r AR & EEA A rERRGE MARRE RS G (sEQ 1D

regi o
N&%m

[0125] PEG16, H378C: TCAGTTGCCAAGAAGTGTCCTAAAACTTGGGTA (SEQ ID
NO:20)



i dentify novel clearance nechanisns, FVIII can be
systematically PEGylated. In addition to PEGL-17, the

wo booeesxzbher natural gl ycosyl ation sites, nanmeb@rT/ubkbds/041205
N239, and N21 18 correspondi n%Eto PEG 18- 20 can be
used as tethering points for Gyl ati on since they
shoul d be surface exposed. Surface areas within a 20
angstromradius fromthe Cb atons of PER, PEG5, and
t he {8161 JIEPdBK5PeG: i TRCIPAETCREACTGRFNMIETETAGATCAA (SHODD NO:21)

nmodel in addition to functional interaction sites for

VW, % , PN QAR { |

E&g%)l@zg] fp2ed %’@3 e %\ %fb\?ﬁf@%fggfé%dg Fk%%’,le%ﬂﬁ,m ID
4, T1911, 091, and 2284 were then sel ected

based on their ability to cover nearly the entire

r emai (01289 FBBIY, 2BSACETUIATE AT RIS TAREEAG ST TcBLERGET Q1D

8 )of their Cb atons. These positions were al so

sel'ected because they are fully exposed, outwardly

poi nting, and far away from natural cysteines to

m ni noB] FES20,i2e18cn CAGAETIATEGABATEercbacres At TTAlSEQ 1D

k8. angstromradi us is chosen because a |arge PEG such

as a 64 kD branched PEG is expected to have the

potential to cover a sphere with about a 20 angstrom

r adi U9130PEEERALVIBOST KNTCPEGRETRA5GTUTETGATACAGTAGREAR (abal ID

R6G5) and gl ycosyl ation sites PEGL8, 19, and 20 is

likely to protect nearly the entire non-functi onal

surface of FVII11.[0107] PEGyl ation positions that |ead

t o enAtHL EEGE2.GPEC BAACATRATAMACTGGTECEGC FRCARNGEIGAT ¢SEQ 1D NO:26)

greater stability, or reduced i nmunogenicity can be

corh 14 SdAneE e MR Al s

B8<7lyned by renoving the exposed disul fides in A2 and

A3 domain, respectively. PEG30, or C630A, should free

up it { S j r |

P A e AR RO eqgroc e=a

) at ed. [0108] MUTACGENESI S. Substrates for

site-directed PEGyl ation of FVIII nay be generated by

| Nt r oyl NEEGRs, KEFR | OACLIAAPETEAGATTE CAEERATRIIRAROCT® SEQ ID
( ;atl on. The Stratagene cQui ckChange(tm I

srté-directed nutagenesis kit was used to nmake all of

the PEG nutants (Stratagene kit 200523 from Stratagene

Cor popoeds) (EG26,N1d6Mct adAACTAACRC ADDGTE FDCIEPTCANEGGAGA (SEQ ID

EP%@_di rected nutagenesis nethod is perforned using
uTurbo(r) DNA pol ynerase and a tenperature cycler.

Two conplinentary oligonucleotide prinmers, containing

t he diesisl REGRTIITAS 11ONCAGKTS GAAGATEE T E AT TAYRGAGAATITATASEQ ID

Whisgh will not displace the priners. dsDNA containing

the wildtype FVIII gene is used as a tenpl ate.

Fol l owi ng multi ple elongation cycles, the product is

di gesot] HEGRS, 29 1Ce MIHAAGEH $€ CCRMT RFAAGT TS HEAGACA CfiRQ ID

reisbyl ated DNA. The newly synt hesi zed DNA, contai ni ng

the nmutation, is not nethylated, whereas the parental

wild-type DNA is nethylated. The digested DNA is then

used B8 PES29.523849 - TAAAGGTTTTTTGCGGAAATCAAGACTCC (SEQ ID

NO:33)



super-conpetent cells. [0109] The nutagenesis
efficiency is alnost 80% The nutagenesis reactions
wowess/opx2pd orned in either pSK207+BDD C2. 6 or pBKROF20BE0D¥1205
(Figure 1). Successful nut ag?gesi s was confirmed by
DNA sequenci ng and appropriate fragnents, containing
t he mJtation vvere transferred into the FVIII backbone
in tg?e1 ﬁap expressi on vector _PSSZO7+BDD After
t randfd 5??0 8F3°t‘*hé”ﬁ'8f*ﬁﬂ<%¥ﬁ§%@% TA§SAFGAGGTGGCA (SEQ ID
N@&#tlence- confirnmed. For A3 nmutbins PEG 6, 7, 8, 9, and
10, nut agenesis was done in the vector pSK207+BDD
C2.6. After being confirmed by sequencing, the nutant

fr agngaby, I
DD e R AR s e B e By (¥ o
"&fﬁ)es& on vector. For A3 muteins PEG 11 12, 13, 14,

t he nut agenesi s was done directly in the vector

DSK2Q(71#E]DDUQE'IQ| é@ﬂé@ﬁéﬁ R@?fngérm%% m&@%at%@@ ) ,ﬁcQ (ﬁ

FORvS R e RSBk e gt e  tal R 2e eg@faség) A
vt Z%E@t"beans“fHQ@ns“’ééﬂfeH@é'"%nppfpn@iﬂﬂﬁ%ﬂ?@n?) peatbe manufacturer's
|l$dtrbﬁ|b|w’1 el eRprosspo’idRtée Blybp Rbhnkl&idn s RS2 LYBoRest Thdbmogenic

(et W e e BT il

fYerpesee eecp9 PehmigbHy) B p@ptopth
rﬁE@@ suml@ri@ted WIG‘ATEWMBW apbA#éN\ ey B&®manually
dd@ed@d@.}rﬁegﬂa&%} F\Hh_i Szgiaoatest chror&ogemc assab The F\7/III expressing stable

it B Gy e PATE e

gEQa] U(R@cgys/rvlm@gl}mgjg% wﬂ@@B@edla Tissue culture fluid (TCF), harvested
BATBIdaYA Wad USAGAATUNGEHEASIABACCATMNS. THeEQII dotiviof)thd TLF Mk
gggé@d by SRS GTabRAG CTTTGTCTGCCCTAATGAAACCAAAAC

Q I'D NGO 10) [0116] PEG7, N1810C:

AACTTTGTCAAGCCTTGCGAAACCAAAACTTAC (SEQ | D NO 11)
[0117] PEG8, T1812C
GTCAAGCCTAATGAATGCAAAACTTACTTTTGGA (SEQ | D NO 12)
[0118] PE®, K1813C:
CAAGCCTAATGAAACCTGCACTTACTTTTGGAAAG (SEQ | D NO 13)
[0119] PEGLO, Y1815C:
CTAATGAAACCAAAACTTGCTTTTGGAAAGTGCAAC (SEQ I D



NO 14) [0120] PEGL 1,

D1795C:

ATTTCTTATGAGGAAT GCCAGAGGCAAGGAGCA (SEQ I D NGO 15)

W 0b2A332REGL2, QL796C;

TCT TATGAGGAAGATTGCAGGCAAGGAGCZ%GAA (SEQ I D NG 16)

[0122] PEGL3, R1803C

PCT/US2005/041205

CAAGGAGCAGAACCTTGCAAAAACTTTGTCAAGCCT (SEQ I D NO 17)

[0123] PEGL4, K1804C.
GGAGCAGAA

[0124] PEGLp—K377C— CGCTCAGITGOUAAGT WM‘ITAA};ACT TGG
(SEQ | D NO ‘?,t"?fblz!:;] PEGL :MUt%%. _rans:ent Stable Cells
TCAGTTGCCAA HEeSFA— SRR 20) (eeON
ai 03S) OO fRyearviy B -Ch Ao -37D-4203d
.8K). (3eO 7O G SR SPOVOOoOV
0 16030 ' 83& =N T
| VI | WOVOVW [Ki €08 3a2790 P (0eO
N al D3S) vipN®©®S8i voi 00i 00i {HEG70VQv00.24 oyov@.EON8]1- N
' 9303d [set|@dN81R6ZON ai DIS)PEGS 0.16 N/A
O OO VOO WONIRSE Qvoval O W IRBE Z9%33 9803d-7#W { O
(830N ai D38 000i ooivou HESAR | quu@Bhodhi vy 39"
>308d [eei 5 5 G11 0.27 N/A
VOOOi OVVW WO 2C o ovi-o6t-ve GAB—ed 2o v L o NAY 4
el - o] (930\ J$ r3 S\ : \vw Mﬁ% fvg'm anl\ A’lﬂ IQ/\D
: ( 04E° 5+ VOSOVER OO O Ovy S
- 63U * 33033g1cheiBoact ISONPEG2+6 | 0.11 2.48

L491C/K1804C PEG2+14 | _0.13 7.19

K377C PEG15 0.11 12.58

H378C PEG16 0.15 0.97

K556C PEG17 0.09 0.15

N41C PEG18 0.05 N/A

N239C PEG19 0.16 N/A

N2118C PEG20 0.13 N/A

Y81C PEG21 0.36 N/A

F129C PEG22 0.25 2.55

Ka22C PEG23 0.28 N/A

K523C PEG24 <0.05 N/A

K570C PEG25 <0.05 N/A

N1864C PEG26 0.15 N/A

T1911C PEG27 0.28 N/A

Q2091C PEG28 0.20 N/A

Q2284C PEG29 0.17 N/A

C630A PEG30 <0.05 0.20

C1899A PEG31 0.30 1.80

Table 1. Expression level of PEG Muteins from transient and stable transfections.

[0142] MUTEIN PURIFICATION. Upon collecting the cell culture supernatant containing the
secreted mutein FVII protein, the supernatant is filtered through a 0.2 micron membrane filter to

remove any remaining cells. The supernatant is then concentrated by either ultrafiltration or anion

exchange. It is then applied to an immunoaffinity column where the cell culture media components

and the majority of the host cell protein impurities are removed. The immunoaffinity column eluate is

then buffer exchanged by diafiltration into a formulation buffer containing sucrose and frozen. Yield

and recovery of protein across a monoclonal FVIII antibody column was assessed by chromogenic

assay. Samples of load, flow through, various eluate fractions, strip, and the diafiltered eluate of a

chromatography run were assayed for FVIIl activity (Table 2). Table 2 shows the recovery of the



ai D3S) HV010010VOVI V01011100V01000V001V O . 8L't 3C3d
lge i-0] (fr3ON ai D3S) VOOW010V001101VOOV001V110VOVO

WEBI08ME320803d . 6ZK) - (e30ON ai D3S) PCT/US2005/041205
| COVOOO O O oovoad via vl & O O 6e3N '6103d [831-0]
(33(]\Iai D3S) Ovi O G ova alvoallilavwwo
a - er 81. 03d [Z31 0] U3SON ai D3S)
P\QQ Cp 00 .d VO OO Q 99" 71.93d [931-0] VZ
i 88&%’%19'3?38“%%%%’&57’% Bevpiihedien arpftEI(entinedisp Ahe percent

'W@A@TWWM??@AWW&( Shé&XinaDyidlOv@4)3%. Shown in
Hiddded0$ a PGB the UCLBARANce at 280nm with re _l_pect to time for the PEG2 protein purified

i? It M e Ry Al TR emgop ooy pa pprtgmee
R an Tﬁ@eﬁ,xglorleég@é;prgﬁet@gr?@y menqugam@Wém@E@ This instrument
amplogs NBulivepelehgta NY-Visbteaubnitanamd i fidy @l tre PEGS nideinagéiuted from
kb cbfin 1R preRARY &Kl@dsﬂaﬁd"el&%g’ pdaR %tlﬁoﬂ:at-le-ﬁ Qyn?;lhetﬁé élgﬁrbance at

Invi.trogen Corp. Cat#l 47-0 19) per
ﬁ"ﬁgggtﬁ\/&ra@'wt ass%’structl ons. FVI II expression at three

days post-transf s assessed by Coatest
chr onogeni ¢ assaEtMr amgeni x |CokRecovery #421033, see
Exanpl e 12 ChronfigEhteedAssay) ((Tabl #001) . The
transfected cel | {S7ERF!aw theugh ol dced ddder del ecti ve

pressure with 50 h medi um

suppl enented wth S—When H,'g res+dt ant

col oni es appeare%‘(ﬂ%ﬁi werem llucu :q,g pi eed and
screened for FVI I T ESST oM hr onogeni ¢
assay. TH¥ %\ﬁemve@wa? Hejr §‘t"aﬁP'l§’°’e'€§1’ ﬂé"' mmdytc%rnn

adapted to a medi um cont ai ni ng HPPS suppl enent. The
cel | $014@r BE@R¥AIIRMe dNativedulidenatiéiY llleor BDD Xanh@tde CELYIatedrby dysteine-
spéuiEIPEGSs iitrGtredubloh And denstiralidt Sver 100§ dIékc6dd IPEGY Botbih Hhti6l (data not

s‘mg—vﬂ: %clbnl{prﬁll:n%ﬁg Lg:gt'g% 51 q%r %@?DD s\f\r"al %ure'_ﬁwge,l__(pftl a]II natlv? cy(/ste{nes form
dpgarer e B RAY VTSR PUERs pePiRBien 21q PPy hp plandars
pREGoMistexl abovei cogd sot ba BE@yldted vith pregsatiecspedifie PED nalein@dGeagent,
pMéLrﬁéB’EEbef:JL@th h&&ﬁ:h&!ﬁvuﬁ%{tﬁé @ Rlafpetr rt@'?&fc%tmhtﬁ Qtﬁfhydryl roups such
Js cystelr]e a'vé'% meca B{aB ar%o‘ prgsr?{]t érlu n? ﬁé?l 9{‘1%’@‘ rgeéj@r é’&ug %SW% Pﬁ entially be
rssvlvw bvmﬂ'@lnétma cysteigs wpﬁemmwtmanpiéfom|tnetce'f%m¢ﬁ bl tis rpay lead to
I&ve? FWIiI GloButtishedib wain@ndt pleteat sutitydryls released by the cells from blocking the
introduced FVIII cysteine.

[0144] In another aspect of the invention, a three-step method was developed to allow site-
specific PEGylation of FVIII (Figure 3). In step 1, the purified FVIil cysteine mutein at about 1 pM is
mildly reduced with reductants such as about 0.7 mM Tris(2-carboxyethyl)phosphine (TCEP) or 0.07
mM dithiothreitol (DTT) for 30 minutes at 4°C to release the “cap.” In step 2, the reductant is removed
along with the “cap” by a size-exclusion chromatography (SEC) method such as running the sample
through a spin column (BioRad®) to allow FVII! disulfides to reform while leaving the introduced
cysteine free and reduced. In step 3, at least 30 minutes after the removal of the reductant, the freed
FVIIl cysteine mutein is treated with at least 10-fold molar excess of PEG-maleimide with sizes
ranging from 5 to 64 kD (Nektar Therapeutics and N.O.F. Corporation) for at least 1 hour at 4°C. This
method yields highly consistent product profile with reproducible data for dozens of reactions repeated
by different individuals.



remove any remai ning cells. The supernatant is then

concentrated by either ultrafiltration or anion
wezmbasgee |t is then applied to an i mmunoaf f i PCT/¥S2005/041205

col um where the cell culturg nmedi a conponents and the

majority of the host cell §e|nin'purities are

renoved. The immunoaffinity colum eluate is then

buf fer exchanged by diafiltration into a fornul ation

buf f & i!o?ﬁca‘fsﬁ h?gp'g Gelvrosraetanddorrergpyal qf TGRPAS gpt sgaipable, gel filtration

deedioy eirgmatdgraphytasisalecied: divogegr, pandestiaothib metibd dsing AITICED dyike

sﬁrﬁ;BIéJ W‘Wa%wﬂ%ﬁﬁ@ﬁ@kﬂ’éfut&hd’t m%ﬂfe qévé\§ A comRRRY @§nd91t>t just in the

<2 Frone= g Y it P ararouf Wi sty e o
ajxayeshaweksiasificanbbackoppung PEGYIatioh probably iy te inzymplefetsmovapof TCEP. In
tisoaamtinie @ pairete expefinfer®s showeIi=t2 7rMpugiied mateAdTcsuld BRIAA KGR purified

meH f*&ﬂ\thepﬁktulm}npuxtﬂg u%énggﬁﬁ gﬁ:h%g CIQnE ?og?gﬂny Rgcm %ﬁnbmed with a

rcent ecover
<81l c s iR Secin oo C7 P ALY TORSL soSpciapve an
tiein grocess thejmategialpivestheghion Bxshadge atbtsm [Bacavee efch2@Otifferanie the FVIII
pFoRsiDWRsild HeGethihdBvhiithe &P WiTddion HASUGh the Bollirhi 4 én@ Rot®¥ Pdtaifed. At the
gﬁ@ﬁ}% gdrthg %Jatlj ént %teﬁukff?nqb{e I!:\ﬂlr ﬁrg@]ﬁ% Igl Q@ %I.F of unn rom ple majonty of

rona
'&W"@M’QS%‘FB@{F'&?J hTy'sé'%?‘é‘?ﬂ e [Gier %i?ﬁf fi éﬁYBf'M”@ﬁe é!‘eme""a"y
midng Ipmiopesieousivith purarsptoy sra@riatUHéwevarpupeh estih With b/spikeshrbpleof TCEP,

|t%@ EﬁoWh trﬁnrqeé%ur%ﬁmef/élsod@ﬁééﬂ’ J/vere mﬁd &lﬁl mmétg‘:r‘édﬂani vﬁth%e‘-ﬁvﬂd

e
Thp EBteies SSudtl R il e hERGT isefra dePandBr aff gnig exchance
chramatagrapiyl setipsel twestenswhery used incppquereetytogld pesulda ceyorigts regpval of
TRESAndelim@iationfof foi-spedmRPEGRalonFVI | |  ant i body col umm.
[0143] PEGYLATION. Native full-I engt h FVIII1 or BDD
cannot be PEGyl ated by cystei nespecific PEGs with
r edu&‘Fr‘ﬂnF’%ﬁY}‘\J%NﬁLgﬁﬁéﬁ SRS FAREANDOBEF TERY B4Rl es éEhe PEGylated
pRIAEt ciT t@tapalyzed By electromhatesis prod regindgrdye, Tns@vdinerﬂthmglyadmd;amlde gel
(my.psgeme%n@wmeéueam@mésraahmpcaatbe Y@y ﬁthrmeﬁlasstem tahém.fy all the

p':_cv% rlrsvo? s%ﬁa? {o as a{n%ard Wegers %l t prgtes | tg |de% efy OPg&lJ‘Y &klon LPaYt\%rn on dlfferent

i'ne Nut el NS express
regitna gf ivlle %q'mwe blstvith geprse mqngf'@m' RERde & 6 P'a'b?ﬂ!tfa'f?é
aghif3y tha toetekmidal ragiéh of Yhe Feilimeavs pieii dr itHe NREf@inzbrdegioraf ehe VI light chain,

rés%éaﬁé?} shogrde%HWpéd léﬂ Gtthefes &:ﬂvé Jﬂ&ﬁ@% vF tV ltrle|41 3 antibody
Al

¥st eine 1s " P reac ﬁ‘g %Q ’Zﬁy %{ ;
G e et fw"@y*’\('wsetsmesm G BB 5 D esang or ot for
muteirstsechcas |PEGE o Wikdwispestdizing Withithe QLQM Acatibodpthatiedogilijey the 1801-
1883 fe§Sr M wWidbeRinhing NP Ay 2GorGY Sile &pdt@is oddtkor muteins such as PEGS-10.
b- mecapt oet hanol fromthe culture nedia, but this may

lead to lower FVIII production and woul d not prevent

sul f 84fly PEG2 @ﬁ%&é@%‘? ion} W2 SRR 18 be Felngiive fas ERiNARYY Cirdn over light
dhaih m@rhaaleldarl;‘déléduve:fyshﬂmesog {eQiddl Flgulera) @iilie PESE (KI8EBE] tvadhown to

&Q@Ieétn%’ﬁﬂhé ﬁbﬂtchgmkm}fﬁghégv E’na‘mt:PQ% sywas devel oped to

 ow sitespecitic PEGy |ono [11 (Figure 3). In
step 1, the purified FVI II cysteine nmutein at about 1
mM i $9148]I ¢ryhersexdw¢®d:tewiirtﬂgunee}d_u@?m rsutgiy idmen s arskf) istreddced with
TOHP Fibwdady TBEP Perbed Nies BBASH BhdealmbE#fth 5012, £2, 87 or 43 kD PEG-
maleimide (lanes 3-7 and 10-14). UnPEGylated FVIIl runs as unprocessed (H+L) and processed
heavy (H) and light (L) chain bands. All three bands are detectable on the Coomassie Blue stained

gel (lower right) whereas Western Staining with chain-specific antibodies reveal only the unprocessed



mMdithiothreitol (DIT) for 30 mnutes at 4Cto
release the "cap." In step 2, the reductant is renoved
w@bmngsiawg h t he "cap" by a size-exclusion PCT/US2005/041205

chr omat ogr aphy (SEC) net hod 2 ch as running the sanple
t hrough a spin colum (BioRa ?r)) to allow FVIII
disulfides to reformwhile | eaving the introduced

eine free and re at | east 30
i T BB BF /B, UrBHBTF sanie Flasd il raey vt v
drpmafigallRedyced iRdntengityerhan PEGZ is brestesidvithiPER-naaleinhiéraeitl a hew baldds
crfated thaenifet8ghe Othar ik paidnt B bmd%puvlu&rlal t6 the @e brARMPEY Ushg ®rr7

s5a ntln‘a (l@\ﬁerm) (M.gﬁt @Il;am (P)eﬂ’aﬂ&qﬁﬁllﬁés ba%gs} du& @e@menouﬁg?%s%atlon) do

KA R LI L G A
nae pfrtwmrmseectﬂldla Goomasieaiming ko taptretsimaismere PEGYI&DN biythe heavy
cHaih, fi.8.rédittioh ijﬂ-l Hénq Hﬁén&ty[ tgaiﬂo'ﬂhe%ﬁ e Ftnglﬁf tﬁpbfbﬁa%cwmds lose

gglklé\?%?nfeq tena e 419 ant 6/ ns,tg njwpgrprﬁét?%%&g ? ét@% é'Ha PEG size-
@Eﬁmé%fash'm?ﬁuww Mgo q'tmse,ecﬁ@?wt'emfﬁ@ whigtgpiezks i Ripding of 413

aswaspﬂr te A84-50onamarsitks\wNFIinaaded per 1ahekrd BbuiBE Al @i the two left gels, about
pbrEYRlgs), 4 amezdaakyfzsnmx%gr gmg, ef1OL just in
the salt racti on as woul d be expecte roma nol ecul e
wth its | ow nol ecul ar wei ght Western Bl ot assays
showiW48li Geduttiop &atieweld & kegowal pictedBEi@itIdadsi notchpiige ratrhigratibu ef FVIii

(bfke 1 RCOEFY sal;seg)r RJHW@BfZQi(D AEER.PELA bbb@ tﬂm{iﬁ\b Bfihe 413 antibody,

c%r%%@e Pmrﬁ gxlll 5 E‘é o§at‘¢i %@E gos(lt\on Fi qujre#upg%[ rl]grl\j rg?lg Tplsfa}sgﬁ\:ggests
t'aﬁ* ﬁ%@wij?do'f%%%w"f 'rmmow'eru@@uqqsenﬁgv in fnam PrcgyFediectid Atjigody has been
sbéwroraliapgtha gme eptbe as momEb AR elibirdry dntisod®a (Scargledickit 8101992] Thromb.
HRModt e pdesslded to reduce the C7F7 material with TCEP

as descri bed above and then process the material over

t he ani on exchange col um. Because of charge

di f f €r&®ic EBortthesstuay/fidpicted irdigere 9. tivoREEGP Mydein 8 trexiucpgd avitiviCERfollowed by
TtdEe rdrhdvi (sl 1Gind B)AA tréliRehRitnt 5) €2, 08 lok BB KDEWEL-RALImIAe (lanes 2-5 and
e L%rﬁ%@ Iﬁﬁ& E@F n§m ocgggead(Hf n%d grg]ceess%fiﬁeadyg g’-\%asaal Bt éll,?]chaln

tion é%ﬁ e| n wou e
bepds- REGaYPd the PRfi6 (KEAPR) Mutalign reeideseanithe "ﬁ'ﬁ&??"t PE@V'atrph wgs detected
antz antheligte thaintead hetttrerheay chair. |Ang>uﬂl6(}5mlabadeu pevdaule ¢k dbeut 100 ng for

thed 16P§PArdGBbUt Yo RPAndWYADgEENeoUs Wi th purer starting
mat eri al . However, upon testing with a spi ke sanpl e of

TCEP, it was shovvn that nmeasurable | evels of TCEP were
f ound@181uTtierRPO thatwherug sl cahe! diginptshevhanyighifigant PEGylation upon
trebifeRtfwith Grebter tHéh3 00 infdRElexcss oA EMBIBIMIdE @lenfaftéritiearbdudibn and

gmﬁ%t@l\ttr rﬁb@a@%{gé’&ﬂ?& d%%ﬁ‘é’d%o@f(? g{re é‘@' .\FI\AE s% Mé\ﬁd‘&%s also applied to

5&4@5%%&%19&"6 oFl SHTBaTFHO BEAP bR MHERBYSLF N6 PEPLRES aiicienty,
bet they wead seteative ffor the hesp ettt singilaRECZG2{LUOIT). PEIBXB]808C) PEGylation

&E@Y&&Trhme@gwafeﬁa?sa E@éaé@ﬁ |sP\ét%loéé\@th\éEﬁ-E@\éIMuonEn§at N1810,
it Bt TRey by or i oy Paf b iE o TR BPIAE) Girove e
'@\'%@iyﬁqsa?g'@n)s'ﬁe qIéMOO\RF%S"@Wéwr%ﬁﬂ%@F@ efftCH@CVgeﬂnp%%o PEG6 in
dreadtosesecbmphishn EROREBS)S iStiBHLRER16 shalle BlighfiybeadrIPEGKIEton efficiency
tparnQ‘IE%'znﬁE@f%SénguGlg h%f;nttOQBl?\%%l o Cglla)éﬁ%ﬁ G&tﬁ‘heﬁb?&d Ilght chains

rotocol to id attern
since PEG2 is a heavy chaln cystg/ne mt%llon while PE%G isa Ilght chain mutation (Flgure 6¢). This

method was also applied to wildtype full-length FVIII (Figure 6d). PEGylation was detected for the



regions of FVIIIl. Staining of the blot with a nouse

nmonocl onal R8B12 or C7F7 anti body rai sed agai nst the
w@2d0606320@l regi on of the FVIII heavy chai n orpe¢hes2005/041205

N-term nal region of the VII I3(L>i ght chai n,

respectively, should identify PEGyl ation of the

respective chains. Staining with the 413 antibody

ai nst the 484-509 region of FVIII1 will determ ne

\ﬁ%@ft 'és!m?DE@}\ea\tvlcw that inclygrsd. A3 P’d?—’&?&é?f“’felecd%\a'"nﬂi'ne RESyylation

naltedi suggests olonelRE GyRiEh-add thhtithesis 68y a Siighd dyiteisle PEG ytddhe

CLB- CAg A anti body that recogni zes the 1801- 1823

regio I termne lation is

G o B TR AT S s VS Rl R b AU i g Ter sLoT

[I' m&ﬁqylamg(g@dg(;_m@)treﬂwuthamrpmn (A8 HU/ed FOMNN at 37° Odor 30 minutes. The

Sedn@iH Us¥Eal§oonthiREARE &Ve/coRtBRinght OVREmYin @J&Vag‘é%ﬂ g@néf‘ﬁgthe 50 kD A1

Q ‘{3| kﬁ%’lg%@g&éﬁf@%gv% (Ihgll;w w‘\ qheAﬁDAC é Oas\alagre%\ﬁll it th A2?18ma|n further

e Se |ve

t" dng $1ghie 2 KT ??"BO‘éfF'Q“F?@) h%ta'wg EH‘&F%RW? gfﬂ}\b@dYS‘yh'Ch recognizes the
Codrhipis $fdire Heley chain aWll idbetlly atiyable intactfAR gomain dnd thdas kBEE&rminal

FegnRh(FOli8bEMo] 808 irfPEch ﬁséﬁéwr?ﬁé’s b rof G -oﬁ %1' ﬁ%\é‘@@'ko A2

| 5.
? aur%oul% ggpé/éyla bE} eﬁ’ﬁﬁ@f ?#n(]fgal gfggﬁgts iS sflasalﬂ%eed confirmed by
the Western bigh fopthy F%l’E[éEﬁquIPEF‘@ Rowan figpedc Eusely efipiration, PEG2

aedyigion tateediodutiad Yo thd)-terhital L2 Riiragirept (EVRBTB-388 W B2 dddhdin. Since
bhé%leM§ cﬂp%t%@@ttv@gL &st@iﬂesuﬂ EH @@Qmé b@y r@tl\%eFVIll cysteines

st a as Wéstern

A G ol et R ARG e i o
the fntrgdusedeyaiainelattpsition 49 1. algsterrditaignacdi tirambinttieatad PGB PEG2 with a

sV ihBdvip ghdlinNPRefindl 8dtibddy shdwad h@ﬁﬂdyléﬁb@éfrhe(d’ﬂ)domaﬁ‘ diatasnot shown).

ggl?ﬁwbﬁé@hatl%{ cgfgggg Ssgnr?grprorlnlﬂl; 8e 5 teé'nemg rHas aEG?baer} ﬁ,?nfr rme& f%rdPEGs of

Ri '@y and {2108 (atapalsepnn)-H b Cﬂﬂawe Ptﬁ‘%ﬁ%{ﬁredt’\'ﬁdtm@"éﬁnst@ Fvill
stiows tret ¢@® ddominngPECHeRdgtigured)ng (1 ower left), the
l'ight chain (L) bands (nultiple bands due to

het er d e intensity.

The  ultirb e TatBRAN AR RIS BY ISt R BN 38 sprlmcfiteliguy create
benda o Goantresia-Bleharidi\V asternstaining gferetifrised P yiptedidords, tRjim-fodine
Claiaing Whick isShexifio it GE@ vize usafigurd®). FEGCHIatdPEs RSy Undhia®m

QIISthJEﬁe P& ﬂ}{\)(tﬁg&?}' ’éh st ne@ wnﬁ ?Hg%h%gav? hz“ %@lpo%y {)r a barium-iodine

i nt ensi

PRHEEOD &F%a‘ HERYY qeasgéchPfé| 13?% YEPY Ho e F’Erﬁy@f?gubﬁ'gﬂs aﬁt%?é’e“"ee"
the Jvastdinshoidy ths malenuldr weipkmarkecth tine thdmaup, RBBdAfirsring iIFMIlliheava chain
BE@|§(;°zedependent fashi on presumably due to

site-specific PEGyl ation of 491, which bl ocks the

bi ndi ng of 413 anti body to 484-509. Quantities of

FVI | IIOFMdWYIbéFONé‘iNéL%fr'%BéwH@' MBS SRPEICoFo gontsmithed>EGytation of the
@2 bismairdib ©dthedy) @Rbir) the FrMNII $ahiBle iR ankiafidt PEG@btion dBslardRSddtby

fth ? -alkiht ng%sellcﬂgor{)/tgwﬁl:ufzgnbrg AL lnass[ gétz}rgl\etﬁeq &&a‘u@léf Here mixed

es no

ﬁ?cbqr)ésﬁnnatﬁj qgfther_hMLlDl ta(g|e%ﬁl|aée \Tth\@magmaﬁgp rgat(ycsln 3(@70 acetomtnle 0.1% TFA.
Adieyivtereghenciinal g2k D dPEe@geoDIPERR shrcoahater infposithieniaeargnodé. Thaeesults,

490% |é|.pé)ﬂ)YshoGl@@§ﬂé ﬁgthmg.nw FEG2SRRERE | ms REGV hd héaoy é\%m (HC) at
gé@te S?geicﬁ'urF aigil.__u r%wu 3:%&%859 Q errg Ierslﬁ ﬂ%?%én the plb pea% an9 anew
|p pigedrti i §Ditp OfFanwaece%fugseP'%qY@t'moé thamaavmew tNePEGylated light

bie@(at 105 kD) was observed above detection limit.




shown to share the sane epitope as human A2 inhibitory

anti bodi es (Scandella et al., 1992, Thronb. Haenost.
W®7Z0060§3299665- 71) . [ 0150] For the study depi ct eRICT/IIS2005/041205

figure 5 the PEG nutein is leduced with TCEP

foll owed by TCEP renoval (I ar% s 1 and 6) and treatnent

wth 5 12, 22, or 33 kD PEG nal ei mde (lanes 2-5 and

7- 10i UnPEGyl ated FVII1 runs as unprocessed (H+L) and

pr oc £88¥ MrSaUPles were Arbath syRiected tp theambin fligsation st 20meitsenfis e

thrbrebiPEGE V(! K1B0SBor BAriattes fellawd®mi Fifdiconmenttatien detegrhihatioh 8y dmino acid

dnEi(aid (Bbrh@shwaas Bi’&écﬁﬁd’l@fés Qm:l) YTHa fﬂeévP @hdml v%'@tclemﬁ'in'ib fMD (A1) N-

termlnaltbllget{on la)d(\gél 43Ck|Ba(A£B frtaﬁtlon | g tN?Aé.g,: ngﬁré‘mzfﬁ%de fgg(h?@Ecl}y(lﬁted sample
(Fipwe 1) ghws ey o 053 Pt}!l%‘l'wj kDmeak @pjtherdeygiopmars of urew6S kB peak, due to the
REGyiated M2 dorthimn GREGymIN ofiRY LS is@Baih hdt asservEE4bslaahé @Jﬂecummm These

rEJuﬁsagggﬁ r&an W\ béb;@é’t.‘é@&f% k%ﬂal;“ g&gﬁlplTﬂe gg?vleaa:’galfgfs a»?a%%g&?d to

e reduction
GBI E B CREIPG-RFOLaie %158 Telb 5178 ASB CRmemeptjFourn )
sane nethod was al so applied to PE&4 and PEG (Figure
6a) . [deeeiPACAUTY MEREGREMENYESE NUt ei ns were not
PEGyl ated as efficiently, but they were selective for
the heavy chain simlar to PEGR (L491C). PEGS (K1808C)
PEGy IH8T1oRORGYLATIRMNRSSAYs Thetleting i |IKC teehmethpeisaapesstage assay
Hagegiaparethé dictivaled\pantiyl tirbratsoplabtia tid €aPiRT). iFReets g4 ¥ €50 AlthePResence

oﬂ:gc?or % Jyﬂcﬁgnoandgmbs‘ﬁnoh ¥1 t C#Q%Tg@él/ |3noo?F§c§or RQOSJ(% I|9 {ﬂ.s assay,

Thus
t?&.ﬂ"v%te@ﬁS%H%%ﬁf%wua%e%?% Cayith pgnpgure éé*i' @Fﬁm&p'ﬁ*wﬁwﬁe and
@E@dagﬁnt delcainf ¢hivridais ydcbd)tqrplm'lmbqt@ rE@E andcladting is initiated. An inverse

rBSRASHpEXIIR BEtwE SN TRAEh eSS4t d5] iOHKeS fdP b);lot tShofh Lr@nd,gséntﬁ’ﬁa the
| Cl,en

cé%%gvﬁagér! (ggg@{%lA t?vt n% evelstfé%kr%%:n_)ganm& es are mtig ?c}at%y cam%an%;nghe
%i“?l tirnégé\f, yariaqsﬁdjllpqogsmf tqﬂ'fa@tﬁgl \@ih @(lcérvpmMcgd opa aq;ys of dilutions of
stAnaard matg sl ef kn@wvnnadtivity braaraviepdried M@ natisnahUhits glsrtmw(hminn.

mut ati on (Figure 6¢). ThIS rret hod was al so applied to

wi | dt gefull-length EVI | Fi gur e 6d | ati on was

det ed'a8 FEROVREFRICHSSAY 1 F%?gfti’@ 985 @ é(f‘ﬁ"‘& consists iAo
dorretulivesiepA Wherdthe inderditymd salor G prapheiorB| td tedriviil. actiity In the first step,
GES i@_Ei:tQﬁtecfl@‘Fk@ By FIRAGIEHAS t&radid TG the bpie@éhca Bibplia Bmounts of
L SLN
ol ons PrsPenfols s PR Recir Eh Bt sk be g o
qfefion ofFrStopiEes sl depeprevtiarEe amayntsEF YN Ja the gegand Hep. Factor Xa
Hylroigaels the ctird@odellc wgpstraté folyleldatchidmogbofecand $1© corormignaity. is rfEhe
;IhBtBH&‘FPéaW égﬁﬂnalﬁﬁn&‘w&ﬁln%wﬁf)(ga@@at@d and mea/mdwtthe assay is
IR 500 oSO bl Rowi e RerbaBe e
(#¥reldvage will split the A2 dorraln further into the 2 1
and 22 kD fragnents (Figure 7). Staining with the

522\1/50 @ﬂ;ﬁﬁ@?%n 1}5‘@ |§;£B {.ﬁ@%@@i‘n%‘ﬁ&g%@‘%lxc?& %%ﬂ%e@ of .RJ\ﬁdual

PREPNE Hithirpthis laephas nobhest Ater mF‘F%lg[}/ RS 10 (MEtpine F'Sﬂwe?'ﬂb’dﬁe"tlca' specific
chivoregenicfactiRifGRlafRle@yhative B (Ralge 3 Eatild 3 sholvothe pavsant specifick@tivity

6.A)REPEBmItEN¥hd PEGylated PEG2 or PEGE relative to BDD. S.A. was determined by
dividing the chromogenic, coagulation, or VWF binding activity by the total antigen ELISA (TAE) value.
The S.A. of PEGylated muteins was then divided by the S.A. of BDD (8 IU/ug chromogenic, 5 1U/ug




domai n shoul d be PEGyl ated but not the 2 1 kD
Ctermnal fragnent. This was indeed confirned by the
woeabas9bl ot for the 22 kD PEGyl ated PEQ shomem/os2005/041205
Figure 7. Thus, by elim nat :T?g PE& PEGyl ati on has
been localized to the N-ternthal 22 kD fragnment (FVIII
373 561) of A2 donmain. Since PEG maleimde is

| etely selective for cysteines at pH 6.8 and the
CB"H“ tiqRedndy & WE(IAF) and\rutigied &Y 19R5te phitain 1y peresgYS. edwmed fnrTgbte & under
thpheadigs dirsrabdenid eolzptativpeand BABTARd 554, PER is very
i kely PEGyl ated on the introduced cysteine at
position 491. Western staining of thronbin-treated
PEGyl ated PEQ2 with a FVIII heavy chain N-term nal
anti body showed no PEGyl ation of the A 1 domain (data
not shown). Selective PEGylation of PEG using
t hronbi n cl eavage nmet hod has al so been confirnmed for
PEGs of 5, 12, 33, and 43 kDs (data not shown).
Thronbi n cl eavage of PEGyl ated w | dtype full-Ilength
FVII1 shows that only B domain is PEGyl ated (Figure 8)
[ 0153] PEGYLATI ON ANALYSI S BY | ODI NE STAI NING To
confirmthat the newy created bands on Coonassi e Bl ue
and Western staining were i ndeed PEGyl at ed bands,

bariumiodine staining, which is specific for

used

(Figure 9).
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fraction and a 43 kD (A2) fraction. The MALD spectrum
acquired for the PEGyl ated sanple (Figure 11) shows

wo beechsxesy of the 43 kD peak and the devel opmeneCcDiUSB®05/041205
new 65 kD peak, due to the PEGyl ated A2 domai n.
PEGyl ation of the LC is agai n” not observed above the
detection |imt. These results again confirm
PEGyl ati on of the A2 domain of FVIII. The sane
anallysi $5%2% appl i P8 PEQYI at'® PE(S, confirnli ng
PEG}I at i’ 2§f tHe I Y% chain A3CLC2|fragnment (|Figure
12)} [O JACTIVIT SUREMVENT [ 0157] CQAGULATI ON
ASSAY. gl ottling, | hCltest nethpd is a ong- stage
assqy b 5 upon thgsﬁx,%tlv ted partial thronmbopl astin
ti (aPEEps FVI|I | @b&c @as|a cofactof in the priesence
of KFact gregk¥Xa, dal ctamc an@d phosphol jpid in th
enzymat ireceenver|si ameoofc Fagtor X to Ka. In this| assay,
the{di | IRESA9t est samzbqs afe incubated at 37C 'th a
Te;t z%]bt% 9 f PF ygnt rﬁec (flwggg/\glo?ﬁg& C’lml e/nss’st rgtPlgﬁ atB ?gcéz' and PEG6
n1xtG*@WHﬂ§Delott|ng is initiated. An inverse
rel ati onship exists between the tinme (seconds) it

t akeﬁn&(ﬁ rAs‘%sQ& ﬂt'rat§|93 f@é(':@ rgcqus FlEQﬁqwtetlrhmtﬂgs t;egﬁtreated wnth reductant

onc nt ra
UL e o PR T B R RS SR e g th thre
fttnptweei aghvitigeeaf FYill s PEG2 muteio penjugéited o SEGataNging fedm kD (REG2-5kD) to 43
kO Y BE2- RS d ld€ib&h dighMBanBarSdRhd o@&r&ﬁogdmé AtV St A8 greatly lower
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RN Preer e RECY RGP ‘g‘f'?r‘iﬁ?ogehl ¢ assay et hod
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of Cﬁh 9‘[] ‘|‘(§T Arl).rA(RﬁRfEW Iﬂ@ (TA@) H71ﬁ |sF¥$tLrlad @rpg Jrn\éllotlt);(r pI:Jté']tthlﬂgs been

firs i vat

P Eabral | ey THe EHU BB dhEEe D A siigiee Pobdona
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sBEgRiRinSToMplenR6dudds 2toRF RadlbreRMbddRibe b theh@tameth@bdnatige tva)

sﬁl?sttrgtx aéér?ﬂﬁ:r%ﬁeln@&%)r%r atr%jn!eiyolgtgb %rx gt EQENL u @é f&l? Sarameter fit

econd step actor
’WVHPdﬁQ&@§m§ﬁ@’ﬂﬁF%Hbﬂ¥ﬂ¥c substrate to yield a
chronophore and the color intensity is read

phot ﬂﬂ@i]r J«WIabllelr\ﬂi EL4§5 lem is BQIV@:HSBm@fo v mlfgémé)%}ndpﬁlhc Plasma

o oS Ey BB poabied Bty lon PR @ecily i doaed wina
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ahfitRdyldhl abok&idsH peeRidhse-antrrabbittoaiudate. [Théshrdd@aseccohiligatediaidtibody
A:Hﬂﬁe)l %P&Eésaa%@ r@gcuw&( 5&1“@}1 of’ﬂ%%&étrglgsSMg@éoncegpétn%ns are

wﬁgaqlqt?p frogehitandayd c%‘tsi'% %p%ﬁ% Q‘é?ﬂde' gglil%{yglg%/resultg are reported
i gd/ralt. | Theretwas nasignifisarfE Wiphét of Amfaif§ the 3gtivitidhalpbrePE33 yatiowghittveould be

BYistRNWith lafidnGt REBIaYhdiy. (S. A) of PEG muteins and
PEGyl ated PEG2 or PEGS relative to BDD. S. A was

det er m ned by




di vidi ng the chronogeni c, coagul ation, or vW bi ndi ng
activity by the total antigen ELI SA (TAE) val ue. The

WE2086/08829PECY | at ed nut ei ns was then divi ded byp¢es®0#041205
of BDD (8 | U ug chronogenic, 8 | U ugcoagul ation, and 1
VWE/ TAE) and mul tiplied by 10

to obtain the percent

S.A listed in Table 3 under the headings chrormgeni C,
, dVWE@'Sénd
o SalnbbHandaid Bt ‘ tlug(ml WVFTAE3Stas
B 001 5,60 3 0 42, 032 100
9 téntsriat 19 b enhfeaod 8i*t h

( by gt he redquetant. This
ab@g \é\gge é|9d n‘?ai gpggﬂll f‘ﬁ: 1gy| al ter the
ke oexD et 0884l 2.8Ct ia ti0B |03.0dVIdd - HE oYL &I D o4
e-pjsoupeeesl| beo PESS rangi ng4flrom 5 &P (H5055D)0520 460
kE2-4BMEGZEGIBRBY |d2.d nate | oee Jac.es gre.g i capet | anount of
chromogenic activity, but had greatly [ower

coagul ation activity as the PEG size increases beyond
TgbiR . Smerdlie @ctivit(Shé) of widurest!! Iprstfultil 616-2) hoforaran® pited PRGylation with
diflerenl siregefiPEs. ze PEGy| at ed PE&R2 al so. [0161] TOTAL

ANTI GEN ELI SA (TAE). FVIII is captured on a mcrotiter

pl ate that has been coated with a Ixcl onal FVIII

ant i BY83. P%‘S'%\M“l%”oﬁm&'ﬁd@wa\fée@ EACHMNPE GHROMATOGRAPHY.
AEiGotefer V14 issubpljpd toyam| apkam bxchdnygl Ediunanvr cdtiomigxcamgde column where the

PRSICNh AR\ ElE Bollhe vaRé é\@' e‘i&s@@e@ébd@a%@nt@kg%t tﬁrﬂl@n&' Qa&ﬁ‘oved in the
ﬂI\Dﬁ\ Pr1 Omemerr? ge h%X IeIu ]eg] ftr tﬂ?e{f‘umnp wu@ﬁ SF um aﬂonge %'adlent A

reac on up enzi
b(a"rWBPd'%?ﬁ%'ﬁdéﬂé% '%?a?fﬁlge' of lgett Bav¢ thravghopng géﬁd@"t f'acflons was used to
comfirre thatthatabchnfetution feactidna hala PEHG@ated/euteis.i ng f our
pararreter fit nodels. FVIII results are reported [ n

L162 VWE BINDING ELI SA. FVII1l is allowe
bi nd[‘PS Iy PRI IPASEQES P BGutrtRg V1B %E%%USPP“&%WR%WGRAP”Y
Thk enigi\dxchange/fifctiane nqnitainingitiee nidjreity of BEE2m@ein ane pacled and concentrated by
Utiafiltr&oh thek aplie 6 a kibadxciash BRAR. mt)lﬁl‘% Wittel eted using the formulation

ﬁ\' E%Céefdf% gﬁn?r%:clalo tisnzae%trﬁll__%‘ of tl;lt-zhp?ot E%/ clglelg%n oungetréfr PEG is
bapne ta thp grotedy, Q&lCQ'Hm’pEﬁpéfﬂeﬂﬁ‘Q & ECa‘YH’t? R ein ey thgfef @y ’ema'"'"g
PH®2, yedhOxnall AEGy! @ad) | The) BE @hataibutdyORMI | Cazngns @ve ppoléxﬂbasason&\avmg the
rﬁ%L I"égl ll’l %c?a{t'}ttﬂeq ﬂoi‘éﬂ ®n sﬁggiugﬁt Qmmgfstuﬁlagarﬁlm{xl?rtcﬁaraccﬂ‘.@igmoﬁ Flgure
at | rom [
GEPRGR 87 afbr e St Rt b Pt BP 0 el pecz
reitein. r"éﬂp GEBWeted REGRIyies sioTifieantly egeisr. wijchdndigates ae inereasefnjigsize and
sBspedidth ti cotdientipatachedtPE@s upon PEGyl ati on, which woul d
be consistent with PEGyl ation at the B domai n. TAE
Coagul ation Assay Chronbgeni c Assay VW ELI SA Sanpl e
ug/ mil0168) Wiith I“EJF'U@S%P%P'% togt ﬁ‘TPWI"E‘IleUQf“‘UEF'é? ¢f PESY'?H?" I.e. less than
S50VFthd Abst Bt ctivet publfiatidn stheme tolyieBilhighly®ui@d n®nd-00G Pat&predud is to use a
b Sioft & BicA ke BRUHEEGY ooy 8352 Skedich ooy For
PE

4.
example w?{h @g the catlon exchange chroma%ograp%y purifi es the PE%y?:’ate:cli%G6 (earlier
eluting fraction, Fig 14) away from the majority of un-PEGylated PEG®6 (later eluting fraction, Fig 15).

The size exclusion chromatography then polishes the PEGylated protein (earlier eluting fraction, Fig
15) from the remainder of un-PEGylated protein (later eluting fraction Fig 15).



KG 2-12kD PEG 0.59 2.3 3.9 107 2.99 5.0 118 KG 2-22kD
PEG 0.63 2.5 3.9 108 3.06 4.8 113 0.19 0.30 94

WK 0BHO302ED PEG 0.59 2.5 4.1 114 3.01 5.1 119 OrdPUR2082041205
100 KG 2-43kD PEG 0.52 2.4 4,6 128 2.86 5.5 129 Table
4. Specific activity (S. A) of wi | dtype full length
FVIIl (KG 2) before and after PEGylation with

pEcy PAFICERGET Dr B 7E R CEANEE Ch o brsakBiRgss hovean ofcton

bptE cypaguiatiog amighramagenicastivities of RVH! uppn BEG Watiore rertied igielenadd EMtih PEG2,
PEG6 it P%1%@ﬂﬂ@€d BYOTCEPToINRET 5 réddBtaf FéaicRal EnJJrieéBﬁlSn Wifh a buffer
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éfeW°Yaé°fterFéFF R SEPEPHARH: SO MPomeisahasdinahine excess
PEBIhes nakdfecioadVIg attivityA bari umt i odi ne stai ned 4-12%
Bi s-Tris gel of | oad fI ow t hrough and gradi ent

fracti S _. use onfirmt he col unm el ut

{1 aclBASrRaS PRSP eteh, Paur@rfé TenBlRIVE R PEec o -
20FFigREy Thetretert aEtivty rBpprts] ZEthmLa@SPtm"@HmmW of sample
tréhred ithi FEG A¥GBRIBEA ahd REIdANEMERANyahaNbfig dafBle BFBYtEY ith Buffer

chtroﬁgﬁ?gl ur{ytzo%k Qerg\ro th%%bglguoﬁggld c 9%&4}1 er )aélc?sqrepé/ comﬁarable across all

FEGE {prany WH%F %’B F?Jﬁﬁ”cf sThFh%’ﬁ a‘éﬂ“tﬁoé‘tf”d%q ?15’;’ ESRand PEG14 and about
4pBrfenPEGS.i o elaufprfeciPEG Bebotian santrolftreitbrbhad iafcbaguitivp@ctivity ¢fl68 1U/mL vs.

33 I@%La&@he&baﬂ@E@@Iat&@ﬁE@ﬁ%ﬁﬁbl@ ﬁ&@e&dﬁe @éb;)@ﬂ&\t émrené’yﬁﬁs about

spE P e Aot et e e St P i s g vou

%.ue%@v@twoﬁsqnmww@a%w SpEhy P%fttEftFaﬁ'eta@IV\‘V afS\thel buffer control

tleated PE@IAStha pedcaptattivitgl ofLABEGlyladet fbrane FIBQSytafee PBEBG 4 wdrkd dut to be 34% =
(ggglsyl;ngyzotygm 3864, f or subsequent ani mal studi es and

nol ecul ar characteri zat ion. Figure 13 conpares the

el uti on of non-PEGyl ated PEGQ nutein versus that of

t he @64 CPEGEjibrawithah tHEARor A8 tanain at PRE2, PEGH | ca PEE14Re&on of BDD
I&J tb‘Br@ﬁnatﬁ;'kﬁE@sfdf &ﬁ@JlétMn SctlilywBbn PEESiEIndrd28ds1RT A8 6RD. However,

a CIratle a3 E}h"b% aﬁw%lgée '%? \{ethdhoa alen cf srsté?rqsguoc Ele fuﬁi ?eﬁ%hg(}{l th? no effect on
t'@ﬁqu'a@%act'@v f pierestingly e ‘ES‘f°"PE%9}H agtivityiy "°t|aff%°tedlf‘§ @4 PEGyigted
coifucts. Impisnnzs be adefte adshydifgpancest iitdsadositie Batltr@rsmall chrgmagbrte peptide

snb&%)ﬁa@éﬁre%mm@&sg E%HEg(/ﬁgd p\plgﬂg@ix do§ 1bPth&hStRe I§rfqer protein substrate

T e e R L A S S
rEaGadily Piectesitbl e opscetheerrgeoulahiancaseay dign Hsiwo-girgeichiomagenig @ssay.
PEGyl ated PEGS (earlier eluting fracti on, Fig 14) away

fr ogk&@ﬁ P%o% rlfégfe o%%.%r\l/'!ﬂof 5‘9&3%& %@co ufd |§1rac{ﬁ)lt)%flP%g2 6, and

fra S| ze exc usl
e oS o o b ok A SRS v PEG

dossort hava any{-_dffgct on the chromogenic activity, the chromogenic to coagulation activity ratio is a

good estimate on the relative effect of PEG on coagulation activity (Table 5). Larger PEGs at a given
position such as PEG2 and a higher number of PEGs as in the case with the PEG2+6 construct
induce a greater loss of coagulation activity.



15) fromthe remai nder of un-PEGyl ated protein (later

eluting fraction Fig 15).[0166] EFFECT OF PEG SI ZE ON

WEASDbNE3BYe To test whether PEG sizes have an ePdBUS200$1041205
bot h coagul ati on and chrom)gsgi c activities of FVIII

upon PEGyl ation, purified fuft-length FVIII, PERX,

PE&, and PEGL4 were reduced by TCEP fol | owed by

reductant reppval and reactjion with a buffer control

or PEGsPESHaE#BDPr om 6 kD t o gﬁkﬂmﬁ@l Bk (Ceaguiation 1U/mL
v P Ralior 1 lIRatioseiative to BDD

ted BV 1fontral 1
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any BEG&h FVII | co0kbr1864. Théy ar ed4@bout 0% f or2.5
KG 2PE@ d PEGKD 186 abolit 40%% or PE®6. For29
BEGAINL(ESPI Y BIDfab 49141804, Pbl It reat &4 has 12

ﬁga.hhaioio%mas&dem& loYeoRduidderBrol Adrifda PEByIatde Bob.U ML f or

'{ghehldzpé@ PEGy| at ed PEGl4 sanpl e. However, the
E’@ﬁatl on efficiency was about 80% neaning the 3.2

| U represents the aggregate activity of about 80%
PEGy [lar®@draBEIT Bk STHDY2 Ofhud ddr¥tioy ltritefiekts APEGYTRtIBE ot ihe

pHQRE@X(inQFc? ELK? gﬂ%‘lle Qtﬁdiésh%resﬂ%m@& ’ﬁia\ﬁiu %Mer%?spta{'&. QQ\W@F rabbits

control trea PE'(DE'?4 the percent activity o
ofEREeg Lo EIPo 10 PR PS P A BB R AES25YH 20,2358 PEGYites
FEGR). -Sa(nBlew@e 8ilutedirdest@THBS(vath 8 final nenser@eiidn of 100148} (chromogenic
UnERYERH FBHit ?é‘.:én}% B dbdaef ARIKQ(1003U/kE) Hﬁﬁé’ldil_atEd RBEG2 conbPEr&hbstance via
Bt o8 il BB S A B Dl
singe (ahaiesroyith 1R af 383N Giirale) frem the seniyalRangieRy 24 defged time points
aftertdosing. Btlaémmmplesy\&teehanmmfwim IRGB‘_fa,H_ehvyl ceamgarhib&iylc@dtedmd 96-well
it 6 § e anPapluRBnE QR RHah PN aFe ity of tHethStEBS EVI Hhd/determined

B oA St i S BT S BEgf v oo comprs
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PRpiredte BBDDPEGR4t&l WiRGperii-lestH NIl A€ fdt SispebirQo shoRWitgh Aipatlement
(Eigdr!ebd).lzl X/ FX conmpl ex than the larger protein substrate
uSed 1I'n the coagul ati on assay. Alternatively, PEG may
affect activation of the nutein. This would be nore

r eadifd1y1]dOUEE €Y SIHYDY.has asezost speatesCICRiMet or bemabii@ FVill
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coaqul at1on act| tiols a

VIt ra
3.8% Na-Citrate for normal or hen¥ophilic mouse study, respectively) from the inferior vena cava at the

indicated time point (one animal per sample). Plasma samples are assayed for FVIIl concentration
using the chromogenic assay method described above. PEGylated PEG6 shows greater plasma



good estimate on the rel ative effect of PEG on
coagul ation activity (Table 5). Larger PEGs at a given
w@omkhsxm such as PEQR and a hi gher nunber of RERZESHS5/041205
in the case with the PEQ+6 ggnstruct i nduce a greater
| oss of coagul ation activity”Table 5. Ratio of
Chronogeni ¢ to Coagul ation for Purified PEGyl at ed BDD.
branched PEG [ 0170] RABBI T PK STUDY. TO understand the
"ErrELtogPard ISEBA A PFEH (P2l PRRYH PAIEAE SHevs aeaster PRgmagpeovery
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% %%Q%PE%M)&EP %gg)shcl?wgne6 IaV? PI srn gour ar ed *Initial
p\%p hiddlp 6hng5%E> re'gg %td? rep that
yRlesM NPhran |rrproverrent |n pl asma recovery corrpare
BDD. PEGyl ated wildtype full-length FVIII did not
MkpRear tgegghow rpygh i nprovenent (Figure 20). [0171]
"MOUSE PK"STUDY. As a second species, |ICR normal or
%%rg)phl I |13,k FVi I2I deficient, mce (Taconic, Hudson,
vere G58d i £ PK studies. Normal nice were used for
t he st udy, 5 mce per group per tinme point. Test
RE&t%rial $%Bre B9 uted into fornulation buffer to a
nom nal final concentration of 25 IU nlL. Each nouse
REg2+be adddikRi st e¥®d 4 nl/kg (-0.1 nL total volune) of
the dilute test material via tail vein. Blood sanples
HEG 45 or BkB nl £or normal or henophilic nouse study,
respectively) are drawn into a 1 nL syringe (charged
P 41650 053 k80 My pf 3.8% Na-Citrate for normal or
henmophi | i ¢ nouse study, respectively) fromthe
ﬁéggrhor MgRa caya at the indicated time point (one
nlnal per sanple? Pl asna sanpl es are assayed for
EVILI con entratr on using the chronogeni ¢ assay mnet hod
R¢er i bed®ibve 2PEG)/I ated PEG shows gr eater
pl asmar ecovery conpared to BDD or PEGS gure 21)

e/ aflesrapEepery 96 RECYateh PEF eaen'ahrfecw c&ﬁ'ﬁﬂr@@wmnf in

ﬂ'aam%ggreﬁagu? purspestdpiationpmpe A M e pame date
ofP lated FVII1 show ng plasma half-lives in hours.
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[017|2] HEMOPHILIC MOUSE (BDD) FACTOR VIIIl RECOVERY. The Hemophilic Mouse
(BDD) Factor VIl recovery histogram shown in Figure 24 depicts a pharmacokinetic (PK) assessment
of the half-life of two species of BDD Factor VIII in a hemophilic mouse assay. This assay was
designed to measure plasma concentrations of both BDD Factor Vill (referred to in Figure 24 as “wt”



prep of 33kD PEGyl ated PEGS with half-life of 9.6 hr
in rabbits was not as pure as a |later prep that
W@ e@badextod7. 4 hr. Miutein PEG Fold PEG 6 12 kD PCBUREGS/641205
33 kD 2.9 PEG 2+6 33 kD 3.3 g’gG 14 33 kD 2.5 PEG 2+6
33 kD 4.4 PEG 2+14 33 kD 2. 1"PEQR22 64 kD 3.2 Table 7.
PI asrm recovery of PEGyl ated PEG nuteins in henophilic
npr ovement |nbéol asma_recovery at 16 hours
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(PESYRAB femaibedVd tHe @ncB SSAgsma ThhGirsafseadmin@Gatide 9 @hipeked @ the un-
PERPSHE RolRk@s® concentrations of both BDD Factor VIII

(réeferred to in Figure 24 as "wt"or wld type BDD

Factor VII1) and the PEG 2+6 doubl e PEGyl ated vari ant

of BDHaACDYEY WACERATHNIMOBEN tTiofdetenhinel itRERIyieted FYild meteins asre
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I-%Fno};hn ?n‘:f‘ce éb%&.@%tpe\ﬁsrﬁ&% F\}IIII’]t 4 a) ageg é;nlégth |z? und?r |58frfll{ohan? ﬁléd
VGEQBGdarTae H!feﬁ?denatan?eWi?&P‘Wﬁ%d %éﬁ%o ¥ 8ifibaT sdlineor RVHverginjected using
B0 lghuga SIB@IS IMBa beeldle wagitdréfaly Feiolad ano b@ssut dplied atihe sidht of injection

f‘gg’g 145 secBiRi ﬁ%émb@emﬂ g’lf'l%ro t@rvb Wﬁteg 3!%? Ig%t#@ﬁey%@ Bx3bedtdd& held
betwgeN tﬁ"eg q‘s a?%\g ﬂ]“rdﬁ’g“ea %5 ﬁwgthg%y%y was cut hgrlzontally toa

daethPi ramy Tetinsyig aa@'fQE'Dﬁ?ﬂT Qféhet'QS'Ot‘ Hégneywasightly heid ia ¢he middle to expose
G| B3LE & eithé) 3ida bf tird FERERY. TheEkpodebl suFthcl/bIhd kidnEPwEkSuEt fefdBpth of

tﬁef fo@%@@l@otd(%&%r ﬁyé &ulantﬁy& %‘ d@§cn¥]®ra%0\%f IB I‘f&é\'ﬁ 5£H§ of%lll we}r/e tested on
"l“%?c‘% F'?;i’f%cl’iﬂzel%‘?é’ﬁe warsonwﬁww of ﬁ%‘Hﬁb HPfrer/ E'e?ﬁ"@e PEGy'ated PEG2
sh @5 bBhBable fatengy td BEP inpeduding-bibdd losg efter )noagedidagyasitrip Rigurecas).
mnsd €|Ehob®Qiﬁé déaurtien aﬂ:ﬁ\ﬂt wﬁi@bﬁﬁd PEELIs |IOQ1Eﬂﬁérﬂﬁat\'$ﬂ=ﬁﬁ) thi\kiney
Iaceratlon diel sﬂowsqlgat i%g mlvuvo eglcacy o] Jk?’nrylat?egll’,haf was né)r V(Iealera%)/\Breguced

jected usin € nee
%@P%‘FUPP?W“@I\W&W'MEF ‘i*)‘f"@@g%!\"@sﬁﬂw?‘?ed at the si ght of
I njection

[0174] ANTIBODY INHIBITION ASSAY. Adding a high molecular weight polymer such as
pblyethylene glycol (PEG) specifically at position 491 (i.e. PEG2) should reduce binding and
sensitivity to mAB 413, and by extension to a large proportion of patient inhibitory antibodies since
many patients develop inhibitor antibodies against the same mAB 413 epitope. To test this,
increasing amounts of mMAB 413 was incubated with non-saturating amounts (0.003 IU/mL) of BDD or
43 kD PEGylated PEG2 and tested for functional activity in a chromogenic assay (Figure 26). R8B12,
a non-inhibitory antibody, and ESH4, an inhibitory antibody that targets the C2 domain were used as
controls. PEGylated PEG2 is indeed more resistant to mAB 413 inhibition than BDD and shows a
similar inhibition pattern in the presence of the control antibodies that do not bind near the 491
position. Furthermore, the protection effect of PEG against mAB 413 inhibition is dependent on PEG
size, with larger PEGs having a greater effect (Figure 27). To test whether PEGylated FVIII is more
resistant to inhibitor antibodies from patients, chromogenic activity was measured in the presence of a
panel of plasma derived from hemophilia A patients who have developed inhibitors to FVIIl. Of the 8
patient plasma tested, 43kD PEGylated PEG2 was more resistant to patient plasma inhibition than



for 30-45 seconds to prevent bleeding. After two

m nutes, the right kidney was exposed and hel d between
wo b@ehsa2eeps al ong the vertical axis. Using a PABUS2005/041205

scal pel, the kidney was cut rizontally to a depth of

3 mm To insure a uniformdept’h of the |esion, kidney

was lightly held in the mddle to expose equal tissue

on either side of the forceps. The exposed surface of

BOuin Ripefiea\Plagaa sarpplest fonepmiire PEGYIeied REGR, PREGEG efEG2s6 ehoved
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igmoisite MHuci ng bl ood | oss after nouse kidney injury
(Figure 25). Thus, although the coagul ation activity
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anti bodi es since many patients devel op inhibitor

anti bodi es agai nst the sane mAB 413 epitope. To te
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(Figure 27). To test whether PEGylated FVIII is nore

resistant to inhibitor antibodies frompatients,
chr onB&hiRezene pf REG puteipsscanbe syreaer hyrhi ﬁ@hfps’r"eg@rﬁ%@wmomas For
panpie, REG 1p (r1808C BED)ihsEst Idast@bout 807 PEG fidtian X ligha thagniit ak @D PEG
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asma feste | at e

B AT AL TS POV R O HEA AR PR CRCBZPT L on 0
prlgatsamabaserhql teesBDOFgituctane cavpdesting MEGHE intredyctiorcha 43MPEEG ahthis position
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esibttddces Ugthetsivery matein REEhk aysethe REHES matyadhais oagetdREGpated on the
ﬁéa(/'f_&ra'nmllé J@/eltyrnﬁjﬁs‘n' witdl tfﬁ@%t&r@@thg Right crdR \g6ts PBGIAEd & theilght chain.
Mutein numbers 2 to 31 represent cysteine mutations of BDD replacmg the native amino acid at the
position listed with a cysteine. PEG2+6 is a double mutein of BDD where position 491 and 1808 were
substituted with cysteines. A1 and A2, (and B domain for KG-2, the full-length FVIll) belong to the



[0175] HI GH THROUGHPUT PEGYLATI ON SCREENI NG
PEGyl ation efficiency of a particular PEG nutein is
wonpsesized abl e, especially since there i s no dP@BUE2005/041205
structural information of BD% For exanpl e, based on
the structure nodel of BDD, fe woul d predict the
PEGyIation efficiency of PEG4A and PEG shoul d be very
h, simlar to that of PE&R and PEGL5 since al
“F*H’?/ lainyyue £3.Grisang (G2 belararta the lighk phaise AEGrietiop effigiency was estimated from
nowingtoe BEGylated prodlicia@n b SDS IPAGE tompating the intéhtitss ofttie REDSIal’EGand
Wit um%@d b&Ha: AAVvelgod |P€é9|§tf&ﬁ CieldBG ng '7§°}J1/i¥|h a4 SY3bR TR FHd -
~Pgﬁy %%lon will require a |arge nunber of nmuteins'to
5¥¥%ened. [0176] To rapidly screen a |arge number
of PEG muteins, a novel high throuqhout net hod has

been devel op
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much hi gher PEGylation yield. Relative PEGylation
yl'lag: gmgar ?AE.% PEE&O%MVE\ngQiNkﬁfélg QE?«EB %H?é 'N%ﬁgllenTo determine

tpipantiy af the “cA/Ha| Preente Aras ey sHoneo! BE prefing ol enai Y IpBEG2+ 14
Wa3 rdd0cbd ekl TCEMatichritbnttiens Yangind onn6 AnM ta 67dweM. CRES yiatitreyididincreased
|@E§T&%ﬁYMn&&§%€alﬂwn¥ ogﬁéEﬁ-“ (EE&?&EW ?pe s%ple E%I&%\@/hal&réﬁélﬁed by
Waﬁpﬁctg)értegy Pf@@ﬁ ngélatloaﬁFuquﬁeeSq) I@ medlergtﬁ Q?IVH a pmrbqo%am that could be
directih etndied? the earBples weegpligestedwithahromein ated ratiotoh2q unitsime FVIBRIDS0 minutes
dt 8PIAGhREhbI RRaVAEE predicad dnM fagrhéht @kt ifcliBes residues 372 to 740 and no

occupied glycosylation sites. The digested sample was injected onto a C4 reversed phase liquid
chromatography system and the eluent from the column was introduced directly into the quadrupole
time-of-flight mass spectrometer via an electrospray interface. The mass spectrum from under the
chromatographic peak corresponding to the A2 domain was deconvoluted to provide a protein intact



position |isted wwth a cysteine. PEQR+6 is a double
mut ei n of BDD where position 491 and 1808 were

wenshsas ed with cysteines. A 1 and A2, (and BCOUORB0#041205
for KG2, the full-length FVIIL) bel ong to theheavy
chain while A3, Cl, and C2 bef ng to the light chain.
PEGyl ation efficiency was estimated fromrunning the
PEGyl at ed products on a SDS PAGE conparing the
MREEYTLP ipég" i fedycn. hedp Fpaitef FERE* thivields & MBSyt ist1a@daltons larger
han theoretically-pred@@e REGY TGER @incepiratiod is intreasedDa ned ey whtHas the precise
prelictd@Massl ot Afldonitthppears< TR propdRlof of tig MGy &apﬁ@js% L3k Tcep

kB e T e s e sy as Y iyt a
REtdEe Rysf8 1 vip disylfgle formation with g ¢yetine (1P Da) ang instpimeptatrcsuracy. Thus this
diawa dttat (RECRG aiiedB are fcagpEdhyaidyetein, which prelentsldpatgPEs Vb, | |
PE&Q2+14 was reduced with TCEP at concentrations

ranging_ from 67 uMto 670 uM PEGyl ation yield

i ncr e@g@& Alef Be efrsncesstiscloRpdinpein@eerrgy prsRarted hefeimmringr
efirgggs.e 31). The sane sanples were al so anal yzed by
mass spectrometry prior to PEGylation (Figure 32). In
order to have a protein domain that could be directly
studi ed, the sanples were digested with thronbin at a
ratio of 20 units/ng FVIII for 30 mnutes at 37 OC
Thronbi n cl eavage produces an A2 fragnent that

i ncl udes residues 372 to 740 and no occupi ed

gl ycosyl ation sites. The di gested sanple was injected
onto a C4 reversed phase |iquid chromatography system
and the eluent fromthe colum was introduced directly
into the quadrupole tinme-of-flight nass spectroneter
via an el ectrospray interface. The mass spectrum from
under the chromatographi c peak corresponding to the A2
domai n was deconvoluted to provide a protein

i ntact mass value. Prior to reduction, the A2 domain of
PEQ2+14 yields a mass that is 118 daltons |arger than
theoretically predicted. As the TCEP concentration is
i ncreased, a new peak that has the precise predicted
mass of A2 domai n appears. The proportion of this new
peak increases as the TCEP concentration is increased.
The 118 dalton difference can be accounted for by
cysteinylation at residue Cys 491 via disulfide
formation with a cystine (119 Da) and instrunental
accuracy. Thus this shows that the PEG nuteins are
capped by a cysteine, which prevents direct

PEGyl ation. [0179] Al of the references disclosed
herein are hereby incorporated herein in their
entireties.W claim 1. A conjugate having factor VIM
procoagul ant activity conprising a functional factor
VII1 polypeptide covalently attached at one or nore
predefined sites on the polypeptide to one or nore

bi oconpati bl e pol yners, wherein the predefined site is
a not an N-termnal amne. 2. The conjugate of claim
1, wherein the bioconpatible polyner conprises

pol yet hyl ene gl ycol .



3. The conjugate of claim2, wherein the polyethyl ene
gl ycol conprises nethoxypol yet hyl ene glycol. 4. The

wa@onposgabe of claim 3, wherein the nethoxypol yethybmon®041205

gl ycol has a size range from§ kD to 64 kD. 5. The
conjugate of claim1, wherein the bi oconpati bl e

polynmer is covalently attached to the functional

factor VII1 polypeptide at an am no acid residue in or
Weadiai:a) a binding site for a factor VIII clearance
receptor, (b) a binding site for a protease capabl e of
degradation of factor VIII and/or (c) a binding site

flor fActogroata hevinanfartyi Vir Rrocepgulasb astiuily, canprigimgea functional factor Vil
ooyentipatcevatentycatathed b onehee merenprédedneddi siesodiad pdiypeptide to one or more

BRESHPRIibId sy akierid te SHodefitddtfk i8h nbtf NRERAETIRD Site

on the functional factor VIII polypeptide such that

bi ndi ng of |owdensity |ipoprotein receptor rel ated

Br ot eTlre cotjugateeof paimyipeieréiniibe bigcompatibletplamertcomprises polyethylene glycol.
pol ypepti de when it is not conjugated. 7. ; The

onjugate of claim g, erein the bindi of .

Bow. o2t Feffentt sl o BelipFode 3hatl tpPates mepyopobetniens
©heelconjugate is nore than twofold | ess than the

bi nding to the pol ypeptide when it is not conjugated.

Th f . . i vy

oy yroy® AR RaRls, Ehabing mohlBpighyhFytofse 22k efieom s o
6‘?16‘%/'1% functional factor VIl pol ypeptide such that

bi ndi ng of heparan sul phate proteoglycans to the

Bplt Y PRy éﬁﬁgétﬁ of gﬁrﬁ %Lnﬁé?eiﬁ %etdfbt%orp&lftiﬁw @W\&lgs Mﬁ&\tli{ .tatté.cﬁed to the
ot . c ed. 9, e conju e of clal .. wherein
B TR 9 EPvegtoe o fr ST SRS I & sitryh 2 g SR8 = facor v
clsppRRgaesertPis (b pindipghgitg feragratdage Fapatie efifiggradaten ofifaetor M and/or (c) a
tbmdihd Site [idd Fag LI indditonebddles S not conj ugat ed. 10. The
conjugate of claim1, wherein the bioconpatible

polymer is covalently attached at the predefined site

&n t hé"s eATLEatd ADTAIT dc tvBsreiR/fhe| PigsemRAHRIS PPIRET 43 canaleniy pttached at the
predefinag) sipfonft!ae:tuoctiohﬂl Factor Willlipolypeptide suol thbblpiﬁdﬁ@ of @vvtc!eesit.y lipoprotein
REMBERhEES ot td tﬁ@&{jﬁ@ﬁiae i Rsé g @me%?ﬁgp{idi%h\éfhieﬁ nbtlcohjSyated.

not conj ugated. 11. e conjugate of claim 10, wherein

the binding of factor VIII inhibitory antibodies to

t’he cobg capivgete jof clpipy & wherein theubindingl of lowdslensia firopietein receptor related
ot ©8ahd Cnjufiste BAMoyBET WARIdWAE fthah tthel BndM@to 1O PHIY@RHde Gvhen it is not
chn'ugyéﬁ. conjugate of ~claim1l1, wherein the

broconpati bl e polyner is covalently attached at the
predefined site on the functional factor VIII

Bol yp&ipd capgselohcldiat whereial khecpiasbmpativie deyrsdrtis/covalently attached at the

Lphéatgfﬁxg&’tsgé Bn gﬁecﬁg&igrga[] téér?to} {%h_ pa%pruaggéunshemgfgla&%i%ft Qrgn sulphate
[ | .ed. .

R R elo g TR RePite s ee i e ens R A cped

density lipoprotein receptor to the conjugate is nore

tghan F'N@_E&liu@atla%%laﬁh&mﬁe% {he NidiRg of Begah® s@sHakP@BkddiRans to the

\@@rﬁ&a{etis rlndci'e 91% tw%%m lé@g ﬁ\taﬁ gfe binding to the polypeptide when it is not conjugated.

10. The conjugate of claim 1, wherein the biocompatible polymer is covalently attached at the
predefined site on the functional factor VIl polypeptide such that binding of factor VIII inhibitory
antibodies to the polypeptide is less than to the polypeptide when it is not conjugated.



14. The conjugate of claim1, wherein the

bi oconpati bl e polyner is covalently attached at the
w@e@desizoed site on the functional factor VIIIPCT/US2005/041205

pol ypepti de such that a pl asggl pr ot ease degrades the

pol ypepti de | ess than when the pol ypeptide is not

conjugated. 15. The conjugate of claim 14, wherein the

degradatl on of the pol ypeptide by the plasma protease

i's moPeCtHERte SRR g" |“@§f§'“ttPFaH'"i!"rﬂemdfe@?ra\d&ﬂnh@ﬁorbﬁnttbh@es to the

cpuloptedndre thamtvefold l¢ss ithan the tindiamio tigabppkpade whea 8 Ishetttonjugated.

under the same conditions over the sane tinme period.

e con of ¢l ai . Wherein the_ -

Bt oo ST R IFbiy e horth s iaeiege G oty teched at ne

PrRsEfpee pitei Aethefungliqeal dector MU poleaptide sUEh thatalinding o éowddensity lipoprotein
réguaptbito BB Poifpkptidk 2ess Thar 1o the/ Shlypéftie witkR Tis rfbDdonjugdiéh. 556,
570, 711, 1648, 1795, 1796, 1803, 1804, 1808, 1810,
1864 1903, 1911, 2091, 2118 and 2284. 17. The
'donj 4 '@%\F‘i—f\””@?te of gaim L2 wipreip drerpinding %ilyt eanpikyt ipppretein receptor to the
cpuigatery mors thao afoii¢ss yhaa the dntiegitotite pbiygeppde whee pisintiojtigated.
one or nore of factor VIII amno acid positions 377
% 8, 468, 491, 504, 556, 1795, 1796, 1803, 1804, 18
1810 .T"e &ikI21 §hYm 1'o Yhersip dhepxisampatiple pRly e CW's'rt%.aHaChed at the
pfetipfineth gitehemile fgctiohal tfdeter Yingolygentide sugh that\a diesrea prytease degrades the
polyRpfideQést itHan WRERS Sulypbsttiait ast chijsghebn 1s | ess than the
bi ndi ng of the unconjugated polypeptide to the
| ow-density |ipoprotein receptor related protein; 2‘
the BF%G?'B@a'Gf“tq‘?é“ dén}"’bﬂjﬁ'ﬁ dhet ¢poragdalion erh dhet 9°'Ypept'de by the plasma
prdteae Isoiogd tharr BoRdtias thas tHeatsgraddiemoftttecpolypaptidenghen it id dve conjugated
aenﬁggﬂukéagjﬁ&e%ee%ymmt@né Bvel Bo e dnieHRNST LY

I'i poprotein receptor; or (3) the binding of the

conjugate to both I owdensity |ipoprotein receptor
1Bel afleel cquiugite iohclaimd, Wbewid dreshidcompatiple prlpheriis covelemip tattached to the
dof§pdpBdeSat bREE tﬁeh&:tdaivnldaim ok pbixRndIBG Y, YBB BRI 468, 487, 491, 504, 556,

999'7¥f‘?§$é AR5t Bod, q@o 5 GG 0 14 % JaﬁsPQQ(?ao'igelH %P?Q‘?&taﬂd 2284.

protein an e I'ow dehsit’ I poprof e
receptor. 18. The conjugate of claim1l, wherein the
131 oc anPp ednjughte op hiyiIME whérsin G@viadcempdtivle abitraahse covaiently a@ached to the

RObRRERL | oqg orar"norQ %Pfa&Br ﬂPE:‘ﬁmQ“aan g&‘itBﬁs | &735‘588”9913564‘3' 556, 1795,

posi tions

37 d
Wef {1 Fer 1%@@8‘? Hal"h %8661 WB? 631 Tend ??Fé‘ 8 Fﬁ“ﬁﬁéﬂ‘%’e%‘ &!) the binding of the
daeipaete tp dutdehsity dipprreieie ogieplonmelated Ipetein fshigss tthae the rbitiding of the

Lﬂf:onfubﬁed»lméﬂtlug@ttl%do@@ér%lﬂﬁlﬁwra&n teQepi? Rstd d pr&télh; )M einding of the
c%lrutq a?qu llo%Cc%FSIt} %pﬁp;ma% rg&gdoyg ?etsf thgrt ‘hg lbﬁ c;lf ’the\gﬁ?c{nﬁu?ﬂec} &?ypeptlde

(BT RISERTHS TBRP AT PP Pl O e HEthr SRR SRRl eigow-donsiy
liparsotéin ceaeptd telatddXBoteil ant lovg-d@hsitydibéhrotel iecepd® Is, less @b tHeSFding of the

tﬁz&jugzt%-d']-%oly;béﬁigi :tl-o]-tzg %gld%%gg H_pé)}?%g rg&é%ﬂgﬁ?je%?&:éeuﬂ-%(lhe low-density

"B?Pﬁ?ﬂ@%?feeoqﬁas less binding to factor VIII inhibitory
anti bodi es than the unconjugated pol ypeptide. 20. The

130N] US@E&utﬁgte GF ahim 11 whiBig 1R BlocbMgatible @EIHEAs tdvhiently attached to the
ROLIR atofe SWAL §Mdiof VA IAGNRR fbQidhl'S77, 378, 468, 491, 504, 556 and 711
and further wherein the binding of the conjugate to heparin sulphate proteoglycan is less than the
binding of the unconjugated polypeptide to heparin sulphate proteoglycan.



pol ypepti de at one or nore of factor VIII amno acid

positions 81, 129, 377, 378, 468, 487, 491, 504, 556,

wGhI@e/073Rd9 1648, 1795, 1796, 1803, 1804, 1808, pAdBL2005/041205
1864, 1903, 1911, 2091, 2118 ,and 2284 and the

conj ugate has | ess degradatié froma plasma protease
capable of factor VIII degradation than does the

unconj ugat ed pol ypeptl de. 21. The conjugate of claim

%0, faojugate RECIHIN A's Wherpip diecipsempatiblg @elyreitie epvplemly @ftashed to the

pOypeRfide aT bree @@ onvyeLigf &etctor Wil aginaiabidl positiieg 101 29, 8172378, 468, 487, 491, 504,

5%61%% lﬂﬂ&'ﬁm‘ aﬁdsohgb" tsbs H@M I@ﬁﬁt ttﬁ@ 1'8§4 3962'30%’1'1 M@l B1echa 2084
?aﬁh onju a fua @ bit wher €i n

PP &Sﬁ%a't Bfss ?5’6‘1%‘& Y B\)%*l'éﬂ‘tfl%P"%"t"teaé'i’?éd‘“td‘"°°"lugated

PelRRREden del eted factor VII1 at amino acid position

129, 491, 1804, and/or 1808. 24. The conj ugate of

26' ai 'ﬁ\elconiofgﬁg %t Qaa%hlew rg ﬁ gwrgpu%%nﬂa%blg pol mer |s %ovalg%tlg/ a&acﬁed to the

pf'g‘tfﬂ"d&r?él Wf%ﬁéacﬁbw EiNg laeif) é°5é'P?Ft%7t 1292377 468, 487v 491, 504,
6@ rugat. g 64, 1295a1796,1180911804¢ 118081 1830,01864, 0003DI1@, 2091, 2118 and 2284
R ﬁ\@%h]ﬁb%dz ks RS dEé?Sdapdn%mm?tl héntd ﬁotgége%gﬂble% #a%ﬁh‘mﬁ rbtegradatlon

specific cysteine nutation.

t?f"r?@?stct{ged”"fm"l’”g?tﬁg %g?'ati on of the conjugate of cl a| m
1 conprising: nut at| ng a nucl eoti de sequence t hat
28NCOoaRScohfatd SFRlakrade ivhepdidthe hiaditaProtddsd ks aRRb¥PEBEIEE t O
substitute a codi ng sequence for a cysteine residue at

pre-defined site; expressing the nutated nucl eotide
@equéh‘t:@’"t”éatb PRRAIE & whegsis he fuReliopd FRSIRE ¥ PRMRERIiGe; is B-domain deleted
fator Vfityi ng the nmutein; reacting the nutein with the
bi oconpati bl e pol yner that has been activated to r eact
wi t h_pol izleé)ltiﬁes at substantijally onl educ
Zyst EMhEnadr LM Aewrariaine PReCa'e Iss°°Y36?"f%6“a°“ed to 8-
dameip deleted/facter Vilhat ampn peidiedsition 129, 49THE804rendiawd8A8f cl ai m
26, wherein the bioconpatible pol ymer conprises

2q0| y‘?ﬁeh é’on u?a e %h)é herFm ther?nocom ptte Q/o&mer is Bttarrb?]d tb the polypeptide at

f%FéRﬂ in"l am*tw@F'd 805#91' é@%aaféccmpwp P?'Y?thle@?aWCP'e act
specifically to cysteines in proteins. 29. A

ﬁhar W&Hfu%&@gf cfém %Erglln% ORQ F] e &Q&eﬁtge%lsltes forg)%ocompatlble polymer

adni ni stration corr(grlsm er apeut 1 cal ective
WRDTRE 2Bt CopiFpledy sl utpatie %?‘e"&ﬁ RPN and a
pharmaceutically acceptabl e adjuvant. 30. A nethod of

do! eawr%ohedfr&etatépbrano%rmé toaju?ge &I &rBFdilgg to a
patient in need thereof an effective armunt of the

conposi tion of claim 29.
mutating a nucleotide sequence that encodes for the functional factor VIiI

polypeptide to substitute a coding sequence for a cysteine residue at a pre-defined site;
expressing the mutated nucleotide sequence to produce a cysteine enhanced mutein;
purifying the mutein;
reacting the mutein with the biocompatible polymer that has been activated to react

with polypeptides at substantially only reduced cysteine residues such that the conjugate is formed;
and



3 1. Anethod for site-directed PEGyl ati on of a factor

VIIl mutein conprising: (a) expressing a site-directed
wo am60532% | | nmutein wherein the nutein has a CRGL/ESIV65/041205

repl acenent for an am no ach resi due on the exposed

surface of the factor VIII fein and that cysteine is

capped; (b) contacting the cysteine nutein with a

reductant under conditions to mldly reduce the

cyst ei ne PHIYYEP He4PMi9ES: r el ease the cap; (c) renoving

the cap and the reductant fromthe cystei ne nutein;

ﬁ.nd G’ﬁ@ méﬁodl o?agiﬁn 2@,%Hkin5hmid}%&%bléﬁglﬂer EJﬁ?prlge%rﬁtgl\%/%Egg glycol.

the reductant, treating the cystel he nutein
conprising a sulfhydryl coupling noiety under
28ondiThe gwthod @t blaimh2it, WAEGIN| rlyetiylereecd!pool M| dclivaadt ey the iagldition of a

iRl RElp tihe can TER: SFBLMAN tOdysenéd iRbrdteths, Wherein in step
( ¢) the cap and the reductant are renoved fromthe

cysteine nmutein by size-exclusion or ion exchange

28hr ofrethaERaspHlical cemposiiipre fargrarenigrabfadminiatiatierd campriging aetherapeutically
effévtivel AlGtiof tdé tdnjubaté 6f claink §ardtl aprbreiateutdalBactépiabielzdideinet ed
factor VIII. 34. The nmethod of claim3 1, wherein the

PEG nal ei m de has a size range from5 kD to 64 kD. 35.

Fhe ATeing Bireatinghamaphilia Garerriging, a¢rpiisternp it ¢ iatiant [Rgiegd ghereof an
efféctivehamolii@f the cagogiiheticldim@en t he group consi sting of

thiol, triflate, tresylate, aziridine, oxirane,

- pyri dyl an | ei m de noietjes.
3?. Py A me¥hod %r gtem‘a’ec?ed PEGylation o?a factor VIII mutein comprising:

(a) expressing a site-directed factor VIII mutein wherein the mutein has a
cysteine replacement for an amino acid residue on the exposed surface of the factor VIll mutein and
that cysteine is capped;

(b) contacting the cysteine mutein with a reductant under conditions to mildly
reduce the cysteine mutein and to release the cap;

(c) removing the cap and the reductant from the cysteine mutein; and
(d) at least about 5 minutes after the removal of the reductant, treating the
cysteine mutein with PEG comprising a sulfhydryl coupling moiety under conditions such that

PEGylated factor VIII mutein is produced.

32. The method of claim 31, wherein in step ( c) the cap and the reductant are removed from the
cysteine mutein by size-exclusion or ion exchange chromatography.

33. The method of claim 31, wherein the factor VIIl mutein is a mutein of B-domain deleted factor
VIl

34. The method of claim 31, wherein the PEG-maleimide has a size range from 5 kD to 64 kD.
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35, The method of claim 31, wherein the sulfhydryl moiety of the PEG is selected from
the group consisting of thiol, triflate, tresylate, aziridine, oxirane, S-pyridyl and maleimide

moieties.



