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benefit olopoésrsdisy to US Patent App. Ser. No. 60/ 627, 2p¢Tiushed/ o405
Novenber 12, 2004, which is incorporated herein by reference inits
entirety. FIELD OF THE | NVENTI ON [0002]YThis invention relates to Factor

VIIT (FVIT1) muteins that allow coupling, at a defined site, to one or
nore bi oconpati bl e polynmers such as pol yethyl ene glycol. In addition,
related fornulations, dosayEsDREGTRRMPOIRCATIONARFVIIStrati on thereof for
t herapeutic purposes are provided. These nodified FVIII variants, and

associ at ed conpositions and nethods are useful In providing a treatnent
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intrinsic pathway of blood coagul ation. The current treatnment for
hemophilia A involves intravenous injection of human FVI1I. Human FVII|
has been produced reconbi nantl yF@ﬁD%FTﬁEWE‘ﬁT gigi n nol ecul e of
approximately 300 kD. It consists of the structural domains Al- A2- B- A3- Cl-
C2 (Thonpson, 2003, Sem n. Hematol. 29, pp. 11-22). The precursor product
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r epl acemenigicddVih AB¥oghlh aAhenophi lia A The B-domain del eted FVIII sequence
contains a deletion of all but 14 anmino acids of the B-domain. [0005]
Henophilia A patients are currently treated by intravenous adm nistration
of FVI1 | on denmand or as aBpCEERYUNEOF THE NMENDMNadm ni st ered sever al
times a week. For prophylactic treat rrent 15-25 IU/kg bodyvvei ght is gi ven
of factor VIII Is consta
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humans  of ig%llv);(s ﬁpévéﬂoul'gnjection of human FVIIl. Human FVIII has been produced recombinantly as a
single-chain molecule of approximately 300 kD. It consists of the structural domains A1-A2-B-A3-C1-
C2 (Thompson, 2003, Semin. Hematol. 29, pp. 11-22). The precursor product is processed into two
polypeptidé chains of 200 kD (heavy) and 80 kD (light) in the Golgi Apparatus, with the two chains
held together by metal ions (Kaufman et al., 1988, J. Biol. Chem. 263, p. 6352; Andersson et al.,
1986, Proc. Natl. Acad. Sci. 83, p. 2979).

[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



hours. (Ewenstein et al, 2004, Semin. Hematol. 41, pp.1-16). The need for
frequent intravenous injection creates trenendous barriers to patient
conpl i ancwo 2bde/0sB9bd be nore convenient for the patienpsTius2@siovizbi
product could be devel oped that had a | onger half-life and therefore
required | ess frequent adm nistration. Furthernore, the cost of treatnent
could be reduced if the half-life were increased because fewer dosages may
then be required. [0006] An additional disadvantage to the current therapy
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18 heavy-chain inhibitors was |ocalized to the sanme N-termnal 18.3 kD

region of the A2 domain (Scandella, D. et al., 1989, Blood 74(5),
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the A2 donﬁi‘ensal"ées?"éﬂj'é'@a'ﬁé? k5 pegiopyesf e rAZpoaBd(Seandeliar Ratt f 1988r Biope 74(Real ey,
J. et al., pp96®8B-26). Biol. Chem 270(24), pp.14505-9). This hybrid FVIII
was al so nore resi stant to at |east half of 23 patient plasmas screened

(Barrow, R et 2000, Bl ood 95 J'B‘QPE 564-8). Al ani ne scanni ng
lepreipg BYf mp

mut agenesi s i dellﬂof’?ll A7y a¢i%S fegprbinash mplgFule, PRI bﬁ’bepﬁl‘:'l‘g five
pati ent i nHiubpan A2 glomeis tresifues\Bg7-694 rvdth i toku bamalk@dus pp&ihe sk8@nceads 4GBtanetoea al |

i mportant  tRtidnhe irmBitdr QLULIA 1. Rt BP\Bogk] 3. i@ Gerekli RE912),| pp, 86B0-4B) &Hd. redidtdito a
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(Scandella, D. et al., 1992, Thromb Haemost. 67(6), pp.665-71). This A2 domain epitope was further
localized to the A2 domain residues 484-508 when experiments showed that mAB 413 IgG and four
patient inhibitors did not inhibit a hybrid human/porcine FVIIl in which the A2 domain residues 484-
508 were replaced with that of porcine (Healey, J. et al., 1995, J. Biol. Chem. 270(24), pp.14505-9).
This hybrid FVIIl was also more resistant to at least half of 23 patient plasmas screened (Barrow, R.
et al., 2000, Blood 95(2), pp. 564-8). Alanine scanning mutagenesis identified residue 487 to be
critical for binding to all five patient inhibitors tested, while residues 484, 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



were significantly lower than in mce receiving control human BDD FVI I |
(Parker, E. et al., 2004, Blood WO 2006/ 053299 PCT/ US2005/ 041205 3 104(3),
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short half-life of FVIIl in vivo. The nechanisns for clearance of FVIII
fromthe cilPH&) ar-i’8fr1Have stiadie G4HHE8 eadion POV BR dRivkih seemisgtabaadindihy ita for

ci rcul at i onnnivags brereni gedwvity.l y attributed to specific binding to the

| ow-density |ipoprotein receptor-related protein (LRP), a hepatic clearance
receptor with broad Ilgand specificity (O denburg et al., 2004,

Haerophi | ia 10 $3P}) Inaddijgs to e develgryent gtag iprpung respense oMbl enpdfiet groblem with

| i popr ot ei rorfvediohal thecepks that M@guiras Bayuat GosagibgdbephiRY odhd shof haifitdVEVill in vivo.

cl earance, 1aMmBcHaSistYioCRARRE g plasma | evel s of
FVI T (Bovenschcen set fgl O%Jél,':o'glﬁg%ﬁe%réu!gf)onlHgvgtﬁ%y%t%%dq Both interactions

are facilitated by bindi ng to cell-surface heparin sul phate proteoglycans
(HSPGs). Pl asnifoh@l fRMII| fleardnpe fione eircalation thes paeo lpatig ettibinyd ©.sBedifio badnwh@rihd RP i S
?|SOC kfed or i&v-&enkigllipoprdiéiirebsptdrrdidd pratdisl (LRPY, bnapsfié a&ﬁaﬁ'@%%pta‘r\nﬂh QIIOQ@IE‘Q

ar af anov ¢ p
hypot hesi ze ct'fg‘yc(gldgn(e%ﬁeg % g" 2@& P?emqéﬁﬁw?gug?m Epur% %e&e?"é s '8‘53?\'%“ to
LRP. LRP HPepeteiy (Lo recerioh Wrs Al5q shRwY o RiR¥@rfole il sletance sach aschyicdepesatingB4- 509
(Saenko at with LRP ib9&fatinb. pld8ime levelCHTENI (BRErbchdnfat al 32008 Hicdd 666 bp. 9860 ToR SBattIe S
1811-1818 Q@Xﬁ@rﬁcgﬁr‘fa&ﬁat@ by b%QQé;’to Lell- s@kﬁe he?é\‘ﬁu%ul;%gg, erQogly (ﬁ'n%?&z@gé%n and

t
o0 S8 9B gt RS IRl ESHEDS £ Blien 2o S8 o o P
of pr ot ease8d cefiufacel £SEEa AW bidgked (Sasdfansy et alo AW 1di Biol Ghereradf.cand1 19h@ 1 19EDhani sm

by whi ch FVsPGsiate hypnadsized td conbdnosiel FOUmagLthaitdiQfack \dhd to p@éeﬁCnUlanI#S g a

het er odi msrbmglfng Q%g&)’ Pl %Jz%tloc%ﬂ@& 3% r&%%d‘i g?,od’(\éfeélkyf\!ﬁl b1'98§i ) r%cél d?u\éﬂl ves

FVI I re5| dues Foster et

5230- 5234) 274 P8 YT %768?) 'esf’ﬂ%fc}?ubWﬁ (%Qve%the" & 6bF°0%1o B'a' QBem 3 o
958- 965) ard7@EB7dcmdian SpifoBpinetgeC2 dfmaire{Leating et 20909, J.BidBi Glem. 27@hmn232319( 51),
pp. 53691-8hy3oiVII1 is activated by thronbin, which cleaves peptide bonds
after residues 372, 740, and 1689 to generate a heterotrinmer of A, A2,
and A3-Cl-C2 domains (Pittman at al., 2001, Proc. Natl. Acad. Sci. 276,
pp. 12434- 12439J001JpbWH!l icaiso\ciepted from Eiqulationdiydheorstien & profaagas \TpEndesgiandithis
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J. Biol. Chsam. 276151),18: 556988y FVill is activated by thrombin, which cleaves peptide bonds after
residues 372, 740, and 1689 to generate a heterotrimer of A1, A2, and A3-C1-C2 domains (Pittman et
al., 2001, Proc. Natl. Acad. Sci. 276, pp. 12434-12439). Upon activation, FVIIl dissociates from vWF
and is concentrated to the cell surface of platelets by binding to phospholipid. Phospholipid binding
involves FVIII residues 2199, 2200, 2251, and 2252 (Gilbert et al., 2002, J. Biol. Chem. 277, pp. 6374-
6381). There it binds to FIX through interactions with FVIil residues 558-565 (Fay et al., 1994, J. Biol.
Chem. 269, pp. 20522-20527) and 1811-1818 (Lenting et al.,, 1996, J. Biol. Chem. 271, pp. 1935-
1940) and FX through interactions with FVIIl residues 349-372 (Nogami et al., 2004, J. Biol. Chem.
279, pp. 15763-15771) and acts as a cofactor for FIX activation of FX, an essential component of the
intrinsic coagulation pathway. Activated FVIIlI (FVIla) 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.
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10634-10640). Furthermore, heterogeneous processing of full length FVIIl can lead to a mixture of
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starting material that leads to further complexity in the PEGylated products. An additional drawback
to not controlling the site of PEGylation on FVIil is a potential activity reduction if the PEG were to be
attached at or near critical active sites, especially if more than one PEG or a single large PEG is
conjugated to FVIIl. Because random PEGylation will invariably produce large amounts of multiply
PEGylated products, purification to obtain only mono-PEGylated products will drastically lower overall
yield. Finally, the enormous heterogeneity in product profile will make consistent synthesis and
characterization of each lot nearly impossible. Since good manufacturing requires a consistent, well-
characterized product, product heterogeneity is a barrier to commercialization. For all these reasons,
a more specific method for PEGylating FVIll is desired.
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y [ i
by targeti 3g %s[tab"' “I ?‘ﬁgé’l?g 560§nf {?é‘abﬁ"?' ﬁ%% q‘ﬂg)e BRVPH
required urNj’éF""lahF%G)ﬂﬁ"eft@é:é/ it rpyehlpad te inpreved P'P%‘iatfyﬂ'f-“fevféms egipreis ntrifvalued
groups, howepiasma dicrdned. maagahe Rit@minbitrbgisnNe tHEFVIIDWghD Erdin- i€ Wk értimpfatetl aNgE

needed forbmtd;;gg térth%b\}ohl\kMebp.{nd E%é/{k)o'r (vv(/rW‘QQ;a Er &Ltem tiﬂQQ%E' .l;{!tf&r Ad s @quil/ r]]I ay

Phar maceuti cs tion o

not |ead td&"f ?’b\Pé’d‘P “5iminahgodificption I°T ff’“é°' i, fhﬁl"%t'c?'@dm?ﬁa’lt§Ssﬁ8‘[‘t'°|" WiYWeday i n
pl asma cl eaueanmtedlon weaketed. t Thes, Ni-teemimal REGYlatieg pOFVIDMay haveRNg bipositegiffect ohai n
has been i mpdutic@biSshainair-ifdbirdang to the von Wllebrand factor (VW), a
carrier protein that is critical for FVIII survival in circulation. By
N-term nal nodification of factor VIII, the critically inportant

associ ati on wi t [POITAFWPRY1283¢ digeleses) pitecstedific mgdiiratipreef. hunaw 4--3. Igrandpgyienaglony
PEGy| at i on shinulftMb lFdctomrayd érauepdidtie poipRptdet 6y @Edridgtor Glibstititdd WCdysteindfol antther

hal f-life cgmidg\élcild,l then adding a ligand that has a sulfhydryl reactive group. The ligand couples selectively

to cysteine residues. Modification of FVIIl or any variant thereof is not disclosed.

[0018] For the reasons stated above, there exists a need for an improved FVIII variant that
possesses greater duration of action in vivo and reduced immunogenicity, while retaining functional
activity. Furthermore, it is desirable that such a protein be produced as a homogeneous product in a

consistent manner.

SUMMARY OF THE INVENTION



[0017] WD90112874 di scl oses site-specific nodification of human IL-3,

granul ocyte colony stinulating factor and erythropoietin pol ypeptides by

i nserti ngworoesdsiopt uti ng a cysteine for another am nopagiwoosheroaddi ng a
| igand that has a sul fhydryl reactive group. The ligand coupl es selectively
to cysteine residues. Mdification of FA 11 or any variant thereof is not

di scl osed. [0018] For the reasons stated above, there exists a need for an
i mproved FVIII variant that ossesses greater duration of action in vivo
and reduced i mﬁﬂ%?je'hlsemopi?ctaﬁhq ReeseptinyeRtion ¢p rrevivietai bisnerhpatitie bdlywriet-yonjugated

Fur t her nor éynciidnali 8Videilypediide Haling irBproled aphaficindtid) @hERMMES hndSthrapeutic
honbgeneoushPs@iidik 1N a consistent manner. SUMVARY OF THE | NVENTI ON WO
2006/ 053299 PCT[ US2005/ 041205 6 [0019] It is an object of the present
invention to provide a bioconpatible polyner-conjugated functional FVIII
pol ypepti de havj i i I haracteristics and therapeutic
characteri st i-cs.tdazodoigm(i%?étﬁ] gﬁ g&%&g?ﬁg:ﬁ'reggf\ é@te '%8? 'TRE" St (aasbéﬁ?m‘faﬁa%ﬁ{’]'?'%‘ﬁ' to
provi de a IPUEBHRPFPHRR IIed el proteig Rpving dprsereplpsRacPnetiepreresigs VI | | pr ot ei n
havi ng i nproved pharnacokinetic properties. [0021] It is yet another object

of the inventiOpobf PkMiaAGER oblb®SAINehh % pt?ﬁxed\éwo-c 'a&ﬂggoﬁyﬁgg%%@%@;é{ gna'

FVI11 polypepti ving reduced hinding to t | ow-density

receptor-r gﬁngtfogag%\}g%?“@?ﬁ'df E'ﬁﬁ'}g, re?‘b‘\?\g h'@ﬂ%ﬁ o1 {WASPBY dPIRrerlereRtesBehr |

t he hepar aRroin (yRB owrentits dedryateiméDHSRO), theghieddrer sulnhhte pratevglycaan HIPGH) es
agai nst FViahd/or ifhdday hntbbdidsagyi@tt FAamot her obj ect of the present invention to
provide an inproved FVII1 variant that possesses greater duration of
action in vivo and reduced i mrunogenicity, which is capable of being
produced as a hﬁoggﬁeneous Er oduct in a consistent manner. [0023] In one
aspect of the i t 1t Bt HEIe 9P Bigirersert Vet 1pgsavide Raimaeyes B¥H! ypria | |

pr ocoagul afftat pessesses greatesruratien ofgctionfinviva @andrreducédaipimunogehhitity, yridhyis eqpablel of
coval ent | y vaihg prodieed dta HdMBgdAEous R PaeoRisteAtantét €S on the pol ypeptide to
one or nore bioconpatible polyners, wherein the predefined site is a not
an N-term nal am ne. The invention also includes a method for the
preparation of [0fIsIncBRjaseest &F B8 rpMenton dberenin BPEYIdRY & conikoplediavioe fastorYehce

t hat encodeschagulattheetivity netprisingla fliratdnalr fadtérl il paigleptae povatkatyt attashdasdt iohelbe a

codi ng Seqlr'r%’ﬂacEregé%ﬁedasif&{%Qhé"?oI{;&ﬁljidgL{Q oAt oft nBFeebig(%_fninfBQ .ytngs, %Q’Eiﬁ_ﬁl&j ng
t he mnut at edﬁ(rglufcl ne enhanced mnutein;

qQt i.de sequence to produce a cystel ,
purifying tH&° Wﬁf%ﬁehs‘;a "°?%’h’§'feir'ﬁ'§a' f"ﬂ@gnﬁleé'lvﬁ"tw ¢! 'P‘ﬁ@e"b? BB 2Ry ner
t hat has begthis genygetacedrrising metating anuciéptigodegpraps thatescodes fordheafnndtierlal factarvily  at
t he i ntrodypegskpdesb eibafutt @odlhteseqedncdfof A 3fstcind QesidaB jalig) freRefined bidf BBFbssiayd

23%2%’: '|[1|90 ﬁiehrg%t%gging?%%&[ Ec;elc-ln&cle Q(y %Bﬁﬁcgrh !:)EteﬁlL, Seﬂhaqlcéoeﬁiﬁtguﬁt BJ?.fyPaQ%e”%SHt i cal
reacting the mutein with the biocompatible polymer that has been activated to react with polypeptides
substantially only at the introduced cysteine residues such that the conjugate is formed; and purifying
the conjugate. The invention is also directed to pharmaceutical compositions comprising the
conjugate and a pharmaceutically acceptable adjuvant and methods of treating hemophilia by
administering therapeutically effective amounts of these pharmaceutical compositions to a mammal in

need thereof.

[0024] The invention also relates to a method for site-directed PEGylation of a factor Vil
mutein comprising (a) expressing a site-directed factor Vill mutein 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



conjugate and a pharmaceutically acceptabl e adjuvant and net hods of
treating henophilia by admnistering therapeutically effective anpunts of

t hese phawvoroeuiss®al conpositions to a manmal in need PhensedosolR024] The
invention also relates to a nmethod for ?te-directed PEGyl ati on of a factor
VIIl nutein conprising (a) expressing site-directed factor VIII nutein
wherein the nutein has a cysteine replacenent for an am no acid residue on
t he exposed surface of the factor VIII nutein and that cysteine is capped;
(b) cont act¥{fe REteEyhePER crmerising aneyitvdey! cevhliea: aaiety uyrder capditiatis tsugnshat o
mldly red&Cgatethfacton\dil muteie isanddaced. and t o rel ease the cap; (c) renoving the
cap and the reductant fromthe cysteine mutein; and (d) at |east about 5
m nutes after the renoval of_the reductant, treating the WD 2006/ 053299
PCT/ US2005/ 041205 7 cyst ei iFLPETHIMGPN OBEREE sing a sul fhydryl
coupling noi ety under conditions such that PEGyl ated factor VIII nuteinis
produced. BRI EFookspGHE AT IVeblolhapd B dilt s[rg%%lﬁcerEb%uténs Vector maps and
mut agenesi s strategy for PEG nut.eins. [0026 A WV absor bance
profile at 2BOhmw th respect to tinme for the PE&Q protein purified over a
monocl onal FVI | [00281t FIGoH\A BYi eeretbenngrozfle\at 266hm with reSibest tg time fomthe (PEGR Inkoteinas
performed sifieg oddr AMbAIIRAIPFN &htibbE clirbrh ASERApRY cAIBAY, Sthe t @FBnfatodiihiNRisS ham

BI OSCI ence. ETI-fOQQ&Z.]SINEL&BAKﬁ@T%B%f g@ roﬁgl}g‘ Fglk’ﬁ%&%ﬂefg mPE%‘l %ltl’llBOgCIerTEt hOd PEG

represents a cystel he- reactive 0sed bars
represent disulfide formation while open bars repr esent reduced cyst ei nes.
[0028] FIG 4. B02A-KGr & cTreek-RipGitedtdced REGYREGmethdd) (HEY reprefantsSa cysteine-

Si t e- di r ectg@diBEFRY dkh 9@ PQ(fS nP e, [E030bak I &resBA- dls§lh orq{aﬁ clid oE’éﬁ%é'rsat Ion

of BDD, PEX pper panels were stal ne eavy chain
ant i body \/\hlpirese'?)“etdt’%?ﬁt%séeﬁ"efs were stained with Iight (L) chal n anti body.
"U'" is unprocessed material containing both H& L. [0031] FIG 6b.

PEGyl ati on of Piodd) mods. idirdstet IPEBRSHN afFkcBEGG as controls. Start

purified PEG muteins ("S") are reduced with TCEP and PEGyl ated with a 12 kD
("12") or a 22 kD ("22") PEG after renoval of the reductant ("R'). Sanples
were run on 6% PPY- P& Ste-disoisd PA@Hation fiPESPai ned with a heavy chain ("HC')

anti body on | eft panel or light chain (" LC) anti body on right panel. "U'

d I P QI d
i gl ot o by, o8 b Sp AR et in d plo a0z Yol £ R Ioigie

PEG5 as Coﬁ{afr%‘? g{lth IpEth(LI) ﬁs‘g@@ntl Fy while bottom panels were stained with light (L) chain antibody.

“U” is unprocessed material containing both H & L.

[0031] FIG. 6b. PEGylation of PEG15 and PEG7 with PEG2 and PEG6 as controls. Start
purified PEG muteins (“S”) are reduced with TCEP and PEGylated with a 12 kD (“12") or a 22 kD
(“22") PEG after removal of the reductant (“R”). Samples were run on 6% Tris-glycine SDS PAGE
and stained with a heavy chain (“HC") antibody on left panel or light chain (“LC”) antibody on right
panel. “U” is unprocessed material containing both HC & LC. PEGylated bands are highlighted by
dots.

[0032] FIG. 6¢c. PEGylation of PEG2+6 with PEG2 and PEG6 as controls. PEG2, PEGS, or
PEG2+6 is reduced with TCEP and PEGylated with a 5 kD (“57) or a 43 kD (“43") PEG after removal
of the reductant ("R"). PEG2+6 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.



PE&+6 is reduced with TCEP and PEGyl ated with a 5 kD ("5") or a 43 kD
("43") PEG after renoval of the reductant ("R'). PE&+6 was al so PEGyl at ed
with 12, ®8.20end388 kD PEGs. Sanples were run on 6% TripeTgisyeisne2eDS PAGE
and stained with coomassie for proteins on the left or heavy chain (H) or
l'ight chain (L) antibody. "U' is unproce%sed material containing both H &
L. PEGyl ated bands are highlighted by dots. WO 2006/ 053299

PCT[ US2005/ 041205 EE%OOSSF] FIG 6d. PEGylation of wildtype full length
FVITI (KG2) wi f93BECS. 8% FECGyanobpildypefull lengile FVIY (KG-Pledth REGR ag@ conitels iLeft st ai n
for protei sl staided witthtoog@bsiansthin foroptotaias fabd rightGel WBDIRddkE forSPEQINPEGIS @856d BDD

t i al rial ¢ nin sar .i | b dot
[0034) "1 G el eR Bl S TR P el S Bl B Rl ¢ o

A2 domain is colored in blue and C—term nal half in green, with the R8B12
anti body epit op&0P41ghGi Ghtheuhbinreledeaok of REGyleted PEGY hTheMMbininanmtfet A2 ddrfaleds (| ane
1) dazd 22 l@BolBEWBI@é%(.E’Eﬁhmaﬂ'halﬂﬁﬁzdreéheﬁv@w ihm@be;daﬁ%sdz ep.Eolam |gnte§|na&%§)3 g
an res [ n_on._a r | nvi trogen) an
atai ned wirer 62! R BhRal el Wihedl o #20d PESREF RESS ol toe e U 1 |
[0035] FI G hrgmbinfigngsd and 4 reé%ﬁfé‘@é) YT tep ey onraeTde wSr&f@tytp@e*r(m-troqe@mg@ Btaipsg | |
(KG 2). Sw|tgthewa‘r2tanm@dKCEa2hmaémmamls abouFSOngofledluced KG 2 and reduct ant

renoved. "P" R' PEGyI ated with 43 kD PEG. " Pure" P _purified away
from excess PEG %t chai n. | at ed bands are hl i ght ed by
dots. [0036] FI Q°3’§ F'Poéh B’°§P‘5u°ﬁ?¥?§eaf ‘B’Eﬂgﬁda\t“lgapﬁpﬁ_’t';?"gtzfv r (KGR (5" =

PEGy| at ed PBEGRI KGR makrial. R’ Ere@¥edKE-2@hy EHvmEneino@nd RS t AR TREGylaiet With FxCRSB12

FVII1 anti tnzd;y (Plu%ﬂes P paried dlayOfrorh @RbeBE PES.ANES= Aght 3Rdh. 4 PEGYIREd b¥s Skl NS
were |ined | E giihg to their nolecul ar wei ght marker |anes. Lanes 1 and

2 each cont %)ut 30 ng of FVII1 while |lanes 3 and 4 contain about 2

pg. [0037] FI G 10. MALDI WMass Spectronetry anal ysis of PEGyl ated and
UnPEGy| at ed PEGHRo36]MAGDS. IMiSsSISiag bMREGHY PRAS 1260 4o kINPEG iteBEER (dsirgh  10a)

k |
ggagof nggzﬁé 63t ggggﬁg gad%éaggjeemh the Hﬁ%"% &ﬁ%ﬁl %ﬂ%’é& § D& éggﬁg%‘%e( Hé%s fi“f'ko

(22 kD PEG2d é’g WEIgaNef) up az&ﬁ%‘é’é?r‘g‘“e fr’va?’éd‘ar“]e@ﬁ?es( Egneg hant
peak, expecaetconiginababpit r@r(éﬂVl&Mh'!I@O@ekDar(d&wk@nPE@tZuQSS kD I'ight chain) is
detected. [0038] FIG 11. MALD WMass Spectrorretry of PEGyl at ed and

unPEGy| at ed PE t | e va e 003

Spect r omet r Siq g.él @[30}0 w&/’?ss P S('as °an%igy|%d g Up %%%?dhﬁ%i :
cl eavage. @bﬂ"aﬁsls@d@@etm’ﬁé pwfﬁ?%%r%ﬁzéﬁg g Pyfor ??ekDa'?E%é?GPdrﬁﬁG@f(F'PE@g)I at ed
PE& purif ILmdn OBG@atze-the heavy (H) chain peak of PEG2 is greatly reduced and a new peak (H+PEG), :

centered at 111 kD (22 kD PEG + 89 kD heavy chain), appears. No PEGylated light (L) chain peak,
expected to be centered at 100 kD (22 kD PEG + 83 kD light chain) is detected.

[0038} FIG. 11. MALDI Mass Spectrometry of PEGylated and unPEGylated PEG2 after
thrombin cleavage.

[0039] FIG. 12, MALDI Mass Spectrometry analysis 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.



exclusion colum. [0041] FIG 14. The UV absorption profile at 280 nm of
PEGy| at ed and UnPEGyl ated PEGS purified on cation exchange colum. WO
2006/ 0532986 2bglos#68005/ 041205 9 [0042] FIG 15. The UVpahasp@sioeroprofil e
at 280 nm of PEGyl ated and UnPEGyl ated PEG6 purified on size-exclusion
colum. [0043] FIG 16. Activity of PEGﬂ ated protein is conpared to
activity of the unPEGyl ated protein as neasured by a chronpbgeni c assay and
a coagul ation assay. Purified full-length FVIII1 is represented as KG 2.
The percent act [00f4lyFiBeorThetVabsorptien rsefite at 28D ry of EGyldtiet gndt UnPEG plhtedPRE6

sanpl e tr eatified omsizdrexBifionabhi@h. reducti on and reductant renoval by that of
the sanple treated with buffer control taking into consideration the

PEGyl ation yield., [0044] FIG 17. Rabbit PK study of PEGyl ated PER
conmpared to PEGf’.O“{]OUQS 6. Fhativityeef PREWBIEY Prpikings cemypatst topetiyityaaf éhg ypPERYIRteshpar ed
t o BDD and pRi€gRas Reasurall e s caro@ogeoinpssay aans chagiisee AsRECplrait € fi-Rrse? Fainds BDD.

0046] Fl GdQese j ka.PK ntQti s in i RRD EGS.
{0047} FI G, 20, %ﬁ% ';;%H%%g& t%%“ﬁ?e% Jl,r%%,g% \?ﬁ@t %Ey %ﬁﬂfg-tf"gngt h.f%'g)
FVI 11~ compdFag E i"P “éﬁ%fﬁ“" IRt rePRYA'SYY RSt e samRREHFY MY Bftsse PK
study of PEHoHeking ipEcmsidesatontheECYatoE@8ldand BDD. [0049] FI G 22. Nor nal

nouse PK study of 22 and 43 kD PEGyl ated PEQ conpared to BDD. [0050] FIG

23. Nornmal nous ugdy . t @ co to BDD, full
time course. [Oglgﬂf '—I%{SGQ2E%QF%§sﬁ?ﬁ%@%&%ﬁ%ﬁ%‘é’m@gﬁb°¥£§gt or VIIl recovery
hi st ogram depi cting a pharmacokinetic (PK) assessnment of the half-life of
two speci es of RiDEs]FaGt@r Rébbit PK Rtuay bEPERIbdd REG2NRHpsee@ HSBOD ahdBPER]. Pl G 25.

Henophi |'i ¢ \ORLSEe KnBa¥nd REREAPEQLSIAEDY 2Rf s KD PEGyl ated PEG2 conpared
t o BDD. Veﬁli cle G{rgn(aat ednrri ce hav(’gﬁaa bl 0od {oss' of 25 ulL/gram body wei ght.

[ 0053] FI G 26. Chronogenic Activity of PEGyl ated PE&Q and BDD in the
presence of i nfl04GIsFiGd9aRabitPK sody dFREGYatedREASdmpsed tABDD bodIREGHII t ope i S
denoted in parenthesis. WO 2006/ 053299 PCT/ US2005/ 041205 10

[0047] FIG 20. Rabbit PK study of PEGylated wildtype full-length (“fi") FVIli compared to

unmodified fl FVIII.

[0048] FIG 21. Hemophilic mouse PK study of PEGylated PEG6 compared to PEG6 and

BDD.

[0049] FIG 22. Normal mouse PK study of 22 and 43 kD PEGylated PEG2 compared to
BDD.

[0050] FIG 23. Normal mouse PK study of 22 kD PEGylated PEG2 compared to BDD, full
time course.

[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.



[0054] FI G 27. Chronogenic Activity of PEGylated PEQ in the presence of

i ncreasing anounts of FVIII mAB 413 anti bodies. [0055] FI G 28. Chronopbgenic

activity wb 2805348 kO PEGyl ated PER, 33 kD PEGyl ated pPE@32003061288 kD

di PEGy| ated PE&+6 in the presence of hhlman pl asma derived from patients

that have devel oped inhibitors to FVII The inhibitor titer and date of

bl ood collection were noted at the top. TJop two panels include data

coll ected at patient plasma dilution of 5- to 405-fold. Lower |left panel

focuses on 1: 151908d1dFIfi 37ut Grsemdoetic PelivitveeftPEGRIEt8 FEGE| im theepreseunneaf incieghitg panel

confirns t haburtdhe FVD.ntXBM1B bhtisbdiassed for each FVIII sanple in the top two

panel s was not a saturating dose. [0056] FIG 29. PEGyl ation screening

nmet hod and validation. Top panel shows a schematic of PEGyl ati on screening

of transiently E9pFeECRS Sirromogenis arivity BHBPRA3IENRECHARIRECR. $eld BEGylated

anal ysi s ofPEBEGN &8 U diPEGHated BEGZ6 frgthé prlagsdve/of thdampldsimid dprivep @arh batientatdat body

(left) or &a\l'e' &béloﬂéh@ihmlt&rs to VI STHE Ginfoltdr n@pgﬁmof@rob@mlléctlof (=€ ln@ttecggt ﬁeands
0

are highli roces cont H and
L. [0057] eg’ﬁ ‘b 'Ed“ge da‘%f%'&ﬁ? ) e"g%@f? "?"°"\7?é§1t8 ﬁs QBHal wprdeth
PEGyI at ed pﬂ’l’%&’&'@@%°®§1ﬁ§?'dfﬂéﬁ\99f°€h@tieﬁf HRFLI2B plaprazsi Fower right pabeldorfiemy tRE8NL and
58.12) or loioghtuielhaden fof édch FViHRaGIE inthe taptivd Pandis @as fdtd Bfuramg d6dy) . Al I 3

nmut el ns are selective for the heavy chain, with relative PEGylation
efficiency of PEGLS- PEGL6>PEGL7. PEGy| ated bands are_hi ghlighted by dots.
"U' is unproces®8Pl HE23r PEFYRIgHEcmeAn® BetBes 30d plidation) Tor ros shows pespmatie|
show ng PEG)PEGYI@nan stredEGof Trdnsiesthaexptensedi REG ofiteing d Bottoampanelcshnee AtWesterron.

PEQ+14 wWasndijsaak @dGM&tEd"'pr@%ctE QsifyHn ééw Qifaln-(mpspgdﬁi& a%ow (ﬂ:ﬂf- &2 I@ﬁt—cﬂanp@_ y The

reductant was.re 12 kD
PEG Heavy “RRd° aﬁt['l%?y ("8%% P\E&éﬁqe mﬁ‘? arﬁrhé;%ii\é%%ﬁl | g‘ﬁ Sed b? ”"Ff"ceéﬁeg mgterial
respecti veI°9“ta"ITPR9b°E’\/\'Iba’d’d{s point to the PEG/lated heavy and |ight chains.
[ 0059] Fig 32. Deconvol uted Mass Spectra of PEGQ+14 treated with 67 to 670

uM of TCEP fol l/d&%dﬂeysd e%&%@tmi Jc%gr\?r\’galar BEE{W LEWeﬁEé?ﬁ |§TJ WP$%§%1F

| NVENTI ON [ 0060 resent [ nven over
pol ypept i deHd 'P@Yyl qha'"éé"()ls@?"ff&? aE'éH‘id'E)%(P@BVa?"@rﬁaﬂﬁ) %(t"?'%f(fh%‘ﬂ( { spgcific
pr edef i ned agiitiodies @757 ndo@ O Binnltegnspaod sefeetive tfiddtte Hegvyrebain, aith zatetidé PEGYiatipmal

am ne, and ekfb.aﬁcy%uﬁécﬁodamwwﬁs PEERSbABHnbiSArk Yighightad By doBei“U” i€ pedb R0
activity. Further thes pol ypepti de conjugates have inproved

circul ationti te"a' £ 'ﬂﬁgbo uced anti genicity. The conjugates of the invention

are advant ageous over the prior art conjugates that had random pol ynmer WO

2006/ 053299 PCT/Old§aoplél3q4&egos§mwmg PEGylation of PEG2+14 as a function of reductant

concentration. PEG2+14 was treated with 67 to 670 uM of TCEP for 30 minutes at 4 oC. The
reductant was removed by spin-column followed by PEGylation with a 12 kD PEG. Heavy and light
chains of FVIII are highlighted by “H” and “L,” respectively. The two dots point to the PEGylated
heavy and light chains.

[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



attachnents to FVII1 or attachments at an N-termnal. Site-directed
attachnent allows one to design nodifications that avoid the regions

requi red worokw@bngi cal activity and thereby to maintai pcsusséodntizes FVI 1|
activity. It also allows for designing to attach polyners to bl ock binding
at sites involved in FVII1 clearance. &Slte-directed attachnent also allows
for a uniform product rather than the heterogeneous conjugates produced in
the art by random pol ymer coupling. By avoiding attachnent at an N-term nal
ami ne of t IRadhmgs odTYHl o1 attachmentoatjan dbterminabf Siteldizected @ahnent pllavstoh@te dasigi d t he
possi bl e | ossificdtioraafiat ¥didthd Feibhs radu'ir&ﬂfbﬂ Bidogall dc@Pshddkerddy tARhintdif ssbstafiaPf t he
FVI 11 pol yg—@ﬁltéc%y IIQ?D éﬂa&,{ome@ mg{/\@h#p @{/)metr{] tce) blge}?!? dm%mﬁsutef_lmvolveglenl lé\}la'lved to

be invol ve assocl a
stabi | i zi n§'eaRe%c i Sh-fiEster Attachrnt alsq Agvsior & HnifomEedYEt TRt dhan tR)BiETogeneous
Bi oconpat i [spriugatsh proguced A ths apicyinquelern bélengp cdupivgr By adlding @Bacpraéry afl da\W-tefenapXi des
such as WwighfHalst thé iight éh@h't%cdﬂﬂbéf@stdﬁmtz Q?engtheQEUn &R posgﬁPéliJsg&%ctwﬁ)p#roqm ni c
aci ds or Otaﬂ§ hmég1 gaggxquna;[ct?ves ite |de g M IOf |oarI>] neI| ht chgln is
n 1 ? 6%5?‘15‘6 XS oL e lig
El

biotin deriva coho

pol yvi nyl pyeteysd ‘ﬂ@ﬁé“’°'}fﬂ9l"§/@? ﬁ?q°@ﬁt§’ﬂ ebY @‘Pfdo ¥l dwhightis @ stablézing association in
pol yst yr enerecdeutstibn.c aci d anhydri de, pol yoxazoli ne,

pol yacryl oyl nor phol i ne, heparin, albumn, celluloses, hydrolysates of
chitosan, starches such as hydroxyethyl-starches and hydroxy

propyl - st ar ches PEGNJEPGen, agaroses and derivatives thereof, guar gum
pul lulan, inulin, xanthan gum carrageenan, pectin, alginic acid

hydr ol ysat es, Otda@n m&mealbné%werawb.&ezjﬁgylpyl%é%mcﬁ,déshﬁrya lene ;.@Jsesru&fed i's
erre ene

| yet hyl
gloy)égl %/ngré% gho}gzlﬂmtétmn g%pt yen%?lylcgﬁkg?)nﬁe rzﬂs c(? fmmccagﬁ‘b%rlfﬁ% ét%/agydr;{e based
pol ypr opy| ea¥mefs.yraYMers( Prm)ino griflsy bigknydesyatives pelying! B (PVAEEigdatbokythids.
et hers ( Ep@siyvi )'ollddﬂEGpﬁyémaﬁé)myélélﬁiadﬁbﬁﬂiyﬂnc(eCDblyéRE@)avcoJafaﬁ’d’lGé’kﬁdnhydnde
p0| yet hyl egaglyg,{aycﬁl% Spol;}g&rﬂgﬁlﬁor%‘ r)éetr@{érﬁ”%c? rQilnyc&Qlluﬁ)lE'esf C}Jkgrglg?agagl %!fEtc %ne

gl ycol s an g branche ycol's (star-
PEG) . [006Z"P8} J¥t™hi B yttdpehoestsy. “Vdiﬁrscpmaﬂata’ S \PYEPRPMePRATQSPS @A
used her ei rveavatives i thareaf,céian gemb bdulam dindlinc kanthen amw, wartagesnso| peoline alginic acid

pol y(et hyl &@@o@ssteda)mer B RbIgAsS ¥ad P@Gau.\fmtsu&eeot NpreFEDE gamne\% bikeot, B

o' 4000, AL HolsFeles 1 msBALRRheBbIoHE ohlyT mEic, [T et oG b ' © 2
CH2CH2- - d&A@Pounds %mqrw?'f@m's (Pﬁéb@ﬂww@"wwsm)ﬁeﬁs gycidyigythegsi{Bpox-
term nal ox@EgNBEGeyeard@imidizad(GRIEES), bFamchadgimiethylbiteglgpisc lifdac adlyetglessnd
claims, it ghgu |f&’ke*a%ofy§ﬁ1}i‘éﬁ'@‘§ry€dﬂs Ma@ﬁultiel?ﬁe& &l mper%ﬁchéd“%l}é@l@@ne §ifcold Gdtatr €S

havi ng vari 8:1%3 t er m nal d cappi ng" groups, such as" without Iimtation
a hydr oxyl a Ci1.20 aI koxy group. The term "PEG' al so neans a pol yner
that contains a majority, that is to say, greater than 50% of -OCH

2CH2-r epeat i ng 00821 NP dIvBthydid BlydoP BN “PEG"SHRCHethyleRd BFcortdicusBiFtesiatare t ake
any nunper u% rcrf_lan%le%[)ll etnx m%]cudggllf %&ler@srolug\fglpgngeﬁyler?esomy.l Tgp%caﬁ}, rF’lé%rs l“re@e CM

geo metries .
accordance with the invention comprise the following structure "--(OCH,CH,),--" where (n) is 2 to

4000. As used herein, PEG also includes "-- CH,CH,--O(CH,CH;0), -- CH,CH>-" and "
(OCH,CH,),0--," depending upon whether or not the terminal oxygens have been displaced.
Throughout the specification and claims, it should be remembered that 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.



branched, linear, forked, and nultifunctional. WO 2006/ 053299

PCT/ US2005/ 041205 12 [0063] PEGyl ation. PEGyl ation is a process whereby a
pol yet hylwoeo@losspb (PEG is covalently attached to a wolraswesosizoh as a
protein. [0064] Activated or Active fun(iéi onal group. Wen a functional
group such as a bioconpatible polyner i'S described as activated, the
functional group reacts readily with an electrophile or a nucl eophile on
anot her nol ecul e. [0065] B domain deleted FVIII (BDD). As used herein, BDD
i s characterizefO831 REGHaten-t IMEGYigiAN® aneioerss averebice Relvebylereogiycal (REGA is

del et i on ofcoalidntiyjatthchkd toathalzulaictias Oprotelde B- domain of FVIII. The first 4
am no acids of the B-domai n (SFSQ SEQ ID NO 1) are linked to the 10 | ast
resi dues of the B-domain NPPVLKRI—g? SEQ ID NG 2). (Lind, P. et al, 1995,
Eur. J. Bi ochemi%084pActigied py Astve funchgal Brgspy s M¥heRe? dinstianals otk suehi B8 &ci d
sequence ofbicgEaalite GyBer [sO@BETbed\ds |dctivaBiote fohdtibrial RGup-aedcar resdily | witFM | 1)
I's a gl ycopiceirdphiit o ¥ REdRSHiIE 8tlardiidr h&ecgRSEd into the bl oodstream by the
liver. In the circulating blood, it is bound to von WI | ebrand factor (VvW,
also known as Factor VIll-related antigen) to forma stable conplex. Upon
activation by t HOB¥HP domain deletedsFMbiE (BRDR SAS ysetrherein BRPNp kheaxactegzedibly davdratthen t h
ot her cl ot tamitg dci@akqiecsi whidhhentsinag déigioh @NalCEE EASHINo ¥diisCdh theQél&JMaHQAHFVm' eads
to the for ”ﬂﬂ& h@{h a(?rtlnoaa fdpgﬁﬁ%béjﬁomamﬂg?#q S#bllD LISQ?LrQ rII:<¥Jl Jo theh1%§as rl%flduesgngg%ac' d

sequence 8
Funct i onal BF%?E‘F r(N?ﬁY"IKRHQByfﬂ%%H 8‘8 2). fdnd, B e) 2l 4995 rF”’ f"uﬁ'&‘ihieﬁn%ﬁz PRade-87) Vi | |

pol ypept i ddhe e otedderminfhasibe aromabcumhqppemeEQImNO:eonbl nation of
pol ypepti des that are capable, in vivo or |n V|tro correcting human

factor VII1 defigciLen eri henmophi lia A
Factor VIII has'm%hﬁl 'fc\ll" I%°°&§§ﬁ'ﬁ%la?°f°6i'ﬁg'=rv" 15 §§9§ e'? B‘i“f?)és"'fer‘f af“ﬁ'é'eﬂ%?f’l'ﬂmal
stat e. Thedre kigodstispm by dieyivdrc Hi the cirgeating bidod; it ésrhoand tp verc\ilehmangd fastee (viiFaRisp
protein, asneemansiciontvectelrRd @htiyen)Ao fiahAcd btatild borhpisx! QUpoWlaktvatal byReBnbie St

i ncl udes %‘ég& J’n‘?heﬁ&ﬁ'n'pﬁa{ylﬂg ﬁ&t%tﬁgﬂfraclloﬁﬂ%r%tg%' |rgf?\§ ctga%[ll?t on %gs%aa/easl;vh 81“5

degradation pro ting huma
factor VI|I Ie"‘g’@"fa‘ %'F%’ﬁ(‘ﬂtg% ormefienqf g dhrembus- aﬁ“l”@ﬁ@"ﬂ‘?"ﬂ‘@lﬁ\/”'é‘if be am"i"l’l%c'd ﬁeﬁ‘l’ﬁﬂf"i onal
factor VI lof BEd i@t atiewgh allgkcvddantslare mssitie.al | el i ¢ vari ations, glycosyl ated
versions, nodifications and fragrrent s resulting in derivatives of factor

VIIl so long as cont i.n th nct.io egnent of hunma tor. VIII
and the essenti & qtogﬁ ﬂﬁ’?é(?? C-I?°t°§tv ' p#f FRAAP- ;léé’f%drha?ﬂ"l’l?unfll?ﬂﬂp‘f%%gf' @ FRIPG y
remai ns unaPfaiesadinclionakiolypertidees semiation o polynestides thataes epablg, Invivp gsis B iohg t he
requi site fodinetingrambn Bt Wil deficierRB, ch@adkirkzot, dEexafiBIB ty her@ehhiny A S Fdctr Yinthbor war d

invitro t%tﬁle%&r%a'ﬂ&#& Tph)@és@écﬁfom,: Wt‘\p Jtlﬂgrs%te fﬂ&%%*e%&%olwlmghﬁ(/ed\é olrnla .

p0| ypept| de 1S ca cat al %/ZI n e conver sl on

t he presend&Yro ’&c‘f‘ﬁ'? pT°5€é{‘ a3 4 eqnst ‘eddﬁff oHOLPHBT " V'é{§°\)&%ﬂpi'ded%°'“des

correcti ng suttesingiraghainatréteim acke dlex proviges (foretbesa vemup Wegiadation products that have the
biological activity of correcting human factor Vill deficiencies. Allelic variations likely exist. The

n

functional factor VIl polypeptides include all such allelic variations, glycosylated versions,
modifications and fragments resulting in derivatives of factor VIli so long as they contain the functional
segment of human factor VIII and the essential, characteristic human factor VIl functional activity
remains unaffected in kind. Those derivatives of factor Vill possessing the requisite functional activity
can readily be identified by straightforward in vitro tests described herein. Furthermore, functional
factor VIil polypeptide is capable of catalyzing the conversion of factor X to Xa in the presence of
factor 1Xa, calcium, and phospholipid, 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.



from henophilia A affected individuals. Fromthe disclosure of the sequence

of the human factor VIII am no acid sequences and the functional regions
herei n, twe décage@ats that can be derived via restrictipomuspagoei20sitti ng
of the DNA or proteolytic or other degradatl on of human factor VIII protein

will be apparent to those skilled in thd3art. WO 2006/ 053299

PCT/ US2005/ 041205 13 [0068] FI X. As used herein, FIX neans Coagul ati on
Factor | X, which is also knowmn as Human Cotting Factor |1X, or Plasna

Thr onbopl astin (9AHoRNENtAs Jsed 6PN X mkanySeagulbtondiantor IRXwhighaissalsGomgut as i on
Factor X, whimah CiogingiFsfor k(enmashy Thro@bopRsiiBsompbial C otting Factor X and by
the eponym Stuart-Prower factor. [0070] Pharnmacoki neti cs.

"Phar macoki netics" ("PIC ) is a termused to describe the properties of
absorption, di s{1PHubX-ofs uspdthatssl F% meansrizpagylation fiaatar o whith i atbe lkgovimbyathdrody .
An i npr ovmmHumnwlqﬂmugasorp(md brte@Edongt S1st-PE@stSacA | NProvenment in those
characteristics that make the drug nore effective in vivo as a therapeutic

agent, especi all hts useful duration in the body. [0071] Mitein. A nmutein
is a genetical | YO8NgPhEBIRENSPDt eThrraacridnetics” 4P Ka? Ses e BYedato dessive dber y
i nduced nutrsgredies 100 absomtion, eistribatfonp alelppaliph,i del. elndBfd] oProdrag m aAsodys edh

?ZEZI {lor pr Or'hﬁb\lﬂanﬁﬁtdo pakuy' Bglﬁﬂrm&@ku@éﬂ& rﬁééﬂ@léjw Hférov&n%? cglhogé/éﬂa}ac@hs%@sr tﬁzﬂf{ﬁ%lr(e
gt on_on Ao LSRR 0LEE FRIBE P ey R Re TR B PRBREP T one

or nore other nolecules to result in FVI1Il cl earance fromthe circul ation.
Factor VII1 cl egoaficRuteieceptniten isng |gettticalliMehdinbdted| protbih akisify) aé Rereb®gbfonNs of
the FVIIT nibeso ifautdidhutRion adifRein &%lg‘geggo%pt or and/or HSPG DI SCUSSI ON

[0074] It is envisioned that any functional factor VIII polypeptide may be
nutated at a predetermned site and then covalently attached at that site
t o a bi oconpat i K0&2]pBroteime As ased berdinmupt¢imandtphigpeptidelapdsynafyms.he i nventi on.
Useful pol ypeptides include, without Iimtation, full-length factor VIII

havi ng the amn uence as sho NO 4 and BDD FVII1 having
the am no acid ?°°Z§ g?@ g%éangené‘?ﬁ/ﬁpt?r )g%&"nﬁﬁ{gc% recepiat 2% FEq e BB | |

[ 0075] The "erepleniepian ohRrdunsidngind!l pejypdetida thah bindsoerj asepsiates with opder npre evtiter on
may be any nafiectibeto rpilt yiTEVIS clbrasdd I@@Gha biRVIgtion TIFactr \OIC aPaick bdceptpolinemes i s

sel ected t QiR ihfor1erofERIof f Fyill HIGANARE Bha LRp, reBe e@@pqa‘sh&&tusﬁféef”

exanpl e, the identity, size and structure o mer 1s ted so as
to inprove the circulation half-life of the poI ypeptlde havi ng FVI I |
activity or decrease the antigenici D\COBSIONe pol ypeptide w t hout an
unaccept abl e decrease in activi ty Pr ef erably, the polymer conprises PEG

and still nore ?Jogi]eﬂ?'sbleXVIsQﬁesd %at an fs nctlonal ctor ﬁl%o@%é;:‘?&”%% b\é\er%ljg I‘tléd g'tsa PEG.

predetermined site and then covalently attached at that site to a biocompatible polymer according to
the methods of the invention. Useful polypeptides include, without limitation, full-length factor VI
having the amino acid sequence as shown in SEQ ID NO:4 and BDD FVIII having the amino acid
sequence as shown in SEQ ID NO:3. Preferred is BDD FVIIl.

[0075] The biocompatible polymer used in the conjugates of the invention may be any of the
polymers discussed above. The biocompatible polymer is selected to provide the desired
improvement in pharmacokinetics. For example, the identity, size and structure of the polymer is
selected so as to improve the circulation half-life of the polypeptide having FVIIl activity or decrease
the antigenicity of the polypeptide without an unacceptable decrease in activity. Preferably, the
polymer comprises PEG, and still more preferably has at least 50% of its molecular weight 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



I n one enbodi nent, the polynmer is a polyethylene glycol termnally capped
with an end-capping noiety such as hydroxyl, alkoxy, substituted al koxy,

al kenoxy,weubs#issasbed al kenoxy, al kynoxy, substituted achkysegiosaoy! oxy
and substituted aryloxy. Still nore preigrred are polyners conprising WO
2006/ 053299 PCT/ US2005/ 041205 14 net hoxypol yet hyl ene gl ycol. Yet nore
preferred are pol yners conpri si ng net hoxypol yet hyl ene gl ycol having a size
range from3 kD to 100 kD, and nore preferably from5 kD to 64 kD or from5
kD to 43 KISthopmeyeshviens glyest. Alst pore Risfered 3eralyniessscomprisinaaeihprypolistiatenie olfaot
exanpl e, i madmges dxebardieremt3, kDt @0 KDOANIMBre pramrably Hoth &Ry & 64 kDX @ #6h 5O tH3 ety
that can rgact with a free cysteine on a functional factor VIII

pol ypeptide to forma coval ent |inkage. Such sul fhydryl reactive noieties
include thiol, triflate, tresylate, aziridine, oxirane, 5-pyridyl or

mal ei m de noi et [08%6] Pefefably tredolymerchasra reaitive deietyDiFet gxample) i06r2 endbdaéht, et |

t he pol ynerpol&rﬁer'fbﬂ@@dilfh?d’r‘ﬂ ré%&?ve hoiefy Mt caﬁtre&p\ﬁithtaeﬁé@c%netJﬁaatfuﬁcﬁongﬁgctétvrlpngl y
reactive pggge Fc% rfnpx Ir alemF gceh h 0@% atn K % reactive
miety at thé" 6 Cer M nus E) ‘fcefse”f'?yg SRBYRI RS ES '"f' & Ohjia%t e
conpri ses Wm%?@'q'ﬁed@“rawds-nﬁwar @?'%'dﬁ maigkess Prsferrsd it B matpimigmaigty. Ip@@??]
Furt her guiedaodieent,ahe sejregtis gausef iz abicar abped iebhifuspadt YsTRStSstrbiglyPegidded in
the _examplisdsainybiok (ith od ABRGA) etaCublyisibashd i & LA g&erqe&ghﬁé eptd de
sequence encodi dg g gﬁl‘{gﬁﬁ) c havi nﬁw t1vit Ly ey O ny

net hod kno®ft 1 H° tHe 8y 8?1%931‘ ﬁgﬁg "iaf?ﬂ"lfb%‘ r'i‘ﬁi 3@'@?\@9%“%5 ko

i ntroduce #4&Ysteine codon at the site chosen for coval ent attachnment of
the polyner. This may be acconplished using a comrercially avail abl e

site-directed e S the, Strata i ckChangeTM ||
site-directed ;geﬂg@%rsg{d °® Bﬁsel "htet gmimmr{’gﬁbor Pre’Fm%J : Perareeay eIYIréF\
nut agenesi sexa"kﬂ“ts‘ follg#1 600- 1, the I nvitrogen GenTayl or site-directed

nmut agenesi s systemno. 12397014, the Pronmega Altered Sites Il in vitro

mut ageneS| S Sysio%?@] ké Ie J}Qctedorﬁt%gf Spég.u tl&%@ﬁﬁc%&bén£ﬁo®ﬁgﬁd5 %ln FVIII na
b

mut agenesi s kit "no. € 1 nven
be prepar edB{Y MY §’f°”? B‘bl"’?;i’ci“f*f@o KW 3ty rPrejprEed ‘?th"r‘?ﬁr"l@'ua?ﬂrﬁﬁ‘g%{‘@?'ﬂé" on
t he sur f acentiofuce laery$teimeceodemat|the8ite Ehosgrofor gpegent deactunerth otthe pahorer.f Bris oysbeei ne,

produci ng taB@nplishteidhey dTtdnhdrcidilf a@auébﬁca@iairématm@gaﬁéa@&itQﬁbhssé&ﬁéeﬁ&atarge@ecti ng
the nutein (Sngn]&&hgh%egﬂyl%lt%IdP‘?cte%%%%%Lrleglagp rxr&onte:g‘:r?‘l;’lrgﬁs?qrmer snte-dn%l'ltr %mxtageq?stl he

mut ei n.

site can bé“t @806?{58911sWéd“V'tPﬁ?rbﬁﬂﬁaﬂmnﬁF éTe}ﬁeﬂé“LéRQP?ex?@ %ﬂﬁﬁt’?on@??"toy“ dre t he
pol ymer. Branigedltepéd $ifes 8 int vitohmedgegpgis aystenpkiton @&2do, or thk ITakaralliess BoCUNRCROf

sul fhydryl feRedtds¥it ROIXKRRo1gsed shoul d be at |east equinmolar to the nolar

[0079] The conjugates of the invention may be prepared by first replacing the codon for one
or more amino acids on the surface of the functional FVIII polypeptide with a codon for cysteine,
producing the cysteine mutein in a recombinant expression system, reacting the mutein with a
cysteine-specific polymer reagent, and purifying the mutein.

[0080] In this system, the addition of a polymer at the cysteine site can be accomplished
through a maleimide active functionality on the polymer. Examples of this 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.



anount of cysteines to be derivatized and preferably is present in excess.
Preferably, at least a 5-fold nolar excess of sul fhydryl reactive pol yner
is used, wOQosisbioonore preferably at least a ten-fold exeassoosoiizssich
polymer is used. O her conditions useful _for covalent attachnent are within
the skill of those in the art. WD 2006/953299 PCT/ US2005/ 041205 15 [0081]
In the exanples that follow, the nuteins are naned in a nanner conventi onal
in the art. The convention for naming nmutants is based on the anmino acid
sequence for t hBO#Htinthe exprpies that gy, Whermpteies are/nanedzs a praoher derderitionaBE@d D

NO 4. As aageTrabagntpnGbraiaming Fiitdnts i€ 6#keaion Shedaninodstad seq@é@t%ﬁﬁ% hdtad, s

proteol yti %bthﬁ’a&h:e@m% queggn 5B 1br @6‘?' Est %Qi@cr?&? %%?e?n FERI co%)tfva\'}n? sr|§ gc:’/:‘t ed

of the 19 amno aci n uence,

FVI 1 proddeq'eteg g 'saﬁr%{?ﬂ%ﬁ‘éa"y f'@%@%]i“'ﬂg ‘ﬂeéfae%ﬂ%ﬁw%ﬁaﬁm'w ramed ofdhecin,

when r ef er @ning atidsignat sereadice therlict aminakeidiohth@BioretddWV |1l produties amataaihed ami no aci d
is designated by its positi on i n the sequence of full-length FVIII. For
exanpl e, the P ein_di e nat ed K1808C because it
changes the Eﬁ@ai‘g R)" °°"tve'}'ﬂ"a odgtl's (Iﬁer{e"%ir‘l”}fa?) iqugﬁgtt%mftg@g amjfioafids in BDD

full -1 engt ﬁv@ekﬁaéw diagineyasidds ﬁ@lgo@yd by WSI]'onméwemeweqfq of dell-lerigtheF Vil fFor

coval ent  bieratipregthe PEGH bl distissed thidaes deshedt@O 18080 te04Us6 it LRPgesamIpHRAk N t he
surface of jthe J%HL:Y&?@B% dud% 1808t 18- IQ‘BE’- &\é%e\{ﬁﬁ sfelle [C E\{l Il activity or

i nvol ved in ot er anisns that stabilize F vivo, such as binding
to VW. Such sites are also best selected fromthose sites known to be
i nvol ved i n necl¥8sd] sthe pradefivad cite el/tdvalent dindie@ oft the adlgkr o best extacted fibihGites

circul ati oRxpoS®d dChd SUa&f ofﬁﬁbﬂ%@p&dtn&@ﬁat'a‘ﬁe At FO8NRGHFVIN 2Bl kyPdrlinvBGd OWother
Preferred %4 ﬁlsﬁ\?%a{‘jggbllég F?Imnn\ﬁvo 9ucl1 as mg réthu%V\)Fn S?J(E)f’t r}teeggre?ag? bgglsgg % in

for (a) |ow densi é n réceptor ated’
sul phat e pfeP&Bse § ahnowodo e I"b‘?}\)’eﬂéh@?"d‘w%"ismp‘fh@t‘é W iy dasetyated OHWQﬁrffO(Td)
factor VI kirdulatiinbi Se@ction ofithibsehsies BiisciBged iR dotail PN, RrefdirguiteginGidecin dMa@Ns a

residue thatig ktiadd fnf dr GesY ‘)Iydllﬁl é&§ Rorl(S) 16w Bén'gﬁv lngr§tla|T'1 ¢ece§UrCJalaIeP%Fote%pYﬁl Lent
attachnment of a In steric

Si t

hi ndrance & f pr}?fen‘ﬁn&ﬁ‘&ﬂyg’i'"t é‘P) Eﬁé’ﬁ"séy 5‘?°P'8tei"s'e%e>?}3é8'fdé°d (@ daqis Vi PRPiRY20 A
of a bi ndi rofibgdiese, Byf ipror ages mppinging i) 8@ins|aresigue thatiscdificienty close to laeinding eitet | on,

t he bi oconpadnitkidt ovRieht\aiEhmest oC@H@&dﬂ@Etlblé p%ty*n@th&ﬂ sitd WodidWRsUitinbricHlandedct or
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I n anot her t@mb@,qéuw;aaomﬁ pB &s@mm D> R YIRE .r«&ngé?yé}la%&drmaéefaﬁaﬁ&ed at
t he predefine t hat

bi mdl ng of "FBEASHEITEy “Pro ke BRGTa Breppar-srurae sl BrHREr At Yliaaosr
pol ypept i déo) iadinpiagsitetids dastor ¥iliinhivitery pyfipedissi dee nipiease mey beaciertedrmi¢inG#RY, and
pr ef er abl y imanomertdidBdiméntafiedictompible pdlyined Reowithyditaarbd at thdredafifea sigualiidd| e
p0| ymer i's ﬂﬁg%ﬂél%zo VIII@BI&p%BmQU(flﬂltthart gﬁder ?B@fdla&ﬁ)dhpoprotem receptor related protein to

the polypeptide is less than to the polypeptide when it is not conjugated, and preferably more than

twofold less. In one embodiment, the biocompatible polymer is covalently attached at the predefined

site on the functional factor VIII polypeptide such that binding of heparin sulphate proteoglycans to the

polypeptide is less than to the polypeptide when it is not conjugated, and preferably is more than

twofold less. 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



site on the functional factor VIII polypeptide such that binding of heparin

sul phate proteoglycans to the polypeptide is |ess than to the pol ypeptide

when it iwonods/edpugat ed, and preferably is nore than prwafsededobess. In a

further enbodi ment, the bioconpatible polynmer is covalently attached at the

predefined site on the functional fact oo VI pol ypepti de such that binding

of factor VIII inhibitory antibodies to the polypeptide is less than to

the pol ypeptide when it is not conjugated, preferably nore than twofold

| ess than Eﬁfé‘%'ihﬁaP'mjpfﬁds Whee itge notrepiugaind. praferably tmorestharp twolnishiessg alh eddothdrn
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bi ndi ng of Ilow genm Béﬂllg@grot e% receptor to the p peptide is €8s wo

2006/ 053298 "BEAFTEIPHEIWILYH 5N 21 rther, SRoqdienty the Fspradstion ofdee pgiepptide by tenot

conj ugat edplasmegirelpass |isymamg teant tyofpld tlege thah dhel degmdatiom otithe pbigeptideibedliitire ndt, t he

bi oconpat i &npofed ashEsasiréd Ungd eIk Yondtidnd G thedbmd ik gerigfef i ned site on the

functional factor VIII pol ypeptide such that a plasna protease degrades

t he pol ypeptide | ess than when the ol ypeptide is not conjugated. In a

further embodi B¥e] RRellle freertait P’oHS’%’r bingieg gEnity e EYIl esaib pe tdaterminddassing

prot ease i surfawy gadrvanedonmice ltethhoigg (Bidtare).t IFer dampe IRl @an 66 cbdi@l prRkypept i de

when it isp@Rky i i r : he r the
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sane tine period. [0085] LRP receptor, o I ] Inity for
BT 1 o B e ARl TRl DO PF RETHITEIO A P CIrAIPAST RLIHE T 3.

( Bi acor e) . 2498rJ- Biehfrpere 27§11 rp. 8¥A-7h eThedatioeof] thel itwacretel givesra measdierogaffidity. Ahr ough
a FVI I anivolad yreferabd fBe-Br1)mere pediéribly @MMIdY &dyevEImé&re Prefdolyadoliei 8ecfasd RP can

be passedelodhPRcGRR whlld e both on-rate and off-rate of the
i nteraction (goelenscﬁer? N. e?ggﬁ%#{{d' 2003, J. Biol. Chem 278(11), pp.

9370-7). The ratio of the two rates gives a neasure of affinity. A
two-fol d, prefdpeds] Yebradatord oflackVilrynie gotefse ARG kan Heatieabdédly AR af ty/BEthddBT €

pr ef er abl ykn3@n lo@hdde gkl Gasd N affinity upon PEGyl ati on woul d be desired.
[ 0086] Degradation of a FVIII by the protease APC can be neasured by any of

the methods known to those of skill in the art. [0087] In one enbodi nent,
t he bi oconpat i HP@7hdi wne rembgdimeny.athe ntidcpmpgtibla cirpiychet s tovalentiyo bjapiedt fodtheat one
or8 mor S of pcwgeptﬁae%@e oMinbrk ofifie MtoaVill(ini?\Q?SaEiB ipgsmnﬁéh,, 6:1@, %717, 347187' 4683 487, 4%6,&26
487, 491, o : : : :
1864, 1503 sfl,%zwi?&51{%}'%%@%%’% hsoéﬂgt@%é%&é%c%d}%%nzto%gﬁg ehd
bi oconpat | B8 [ANgihesembediment heciiacprppatiple pRlvmsniscovalenty ajethesioshe ReyPeRtide Hne or
nore of f agte@r muflelof fagton \ibareice atidyositidns OTYS 3787468, &185044458, 1749 1179650803, 1864,
%793" 179?1%0%,81@30, 15&9&2{03, 1t1)$p%im 23841dhq _(1t1,§|§|%’gndi499831te c}%&g%teﬂ@ﬂw%@:%ﬂy I%Pg?éifj') the
inding o C e.to W densi. i poprotein receptof re €
orotern | sera L IBRE < Brryfat E Bonelor e ERrRiREE aolrERERAD be it F55 e
| ow- densi t §porpielseseriprdtinted meteint B) the kindingeofithp eesiugpta to lpvpHenstydippireteln ragertdr t he
conj ugat e isesh tan the bBtihy of thepmpsnpigatedpdlypERiPd dIthe low-density lipoprotein receptor; or (3)
the binding of the conjugate to both low-density lipoprotein receptor related protein and low-density
lipoprotein receptor is less than the binding of the unconjugated polypeptide to the low-density

lipoprotein receptor related protein and the low-density lipoprotein receptor.

[0088] In a further embodiment, the biocompatible polymer is covalently attached to the
polypeptide at one or more of factor VIIl amino acid positions 377, 378, 468, 491, 504, 556 and 711
and the binding of the conjugate to heparin sulphate proteoglycan is less than the binding of the
unconjugated polypeptide to heparin sulphate proteoglycan. In a further embodiment, the
biocompatible polymer is covalently attached to the polypeptide at one or more of the factor VIIl amino
acid positions 81, 129, 377, 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



is less than the binding of the unconjugated pol ypeptide to the | owdensity
| i poprotein receptor; or (3) the binding of the conjugate to both

| ow densiwg 2begaaproot ei n receptor rel ated protein and | oweaas3005041205

| i poprotein receptor is |l ess than the binding of the unconjugated

pol ypeptide to the lowdensity |ipopr ot’ei n receptor related protein and
the lowdensity |ipoprotein receptor. [0088] In a further embodiment, the
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pol ypeptide. In a further enbodi nent, the bioconpatible polymer is
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More preferred the plasma protease is activated protein C [0089] In a

further enbodinent, the bioconpatible polymer is covalently attached to B-
domain deleted factor VIII at amno acid position 129, 491, 1804, and/or
1808, nore pr ef[eosaploye ai metddites, prefet&iBtone bitwé, oh thetfunetions el VIMpolypeptidaénay
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acid posit] conpri ses polyethylene glycol. Preferab e one
or nore %@Y@“?dﬁ’éﬁ'ggﬁg‘ﬁﬁ%‘j for bioconpatibl e polymer at t achrrent are
controll ed by site specific cysteine nutation. [0090] One or nore sites,

preferably one [6d91f Whe .ncum.snm%ofrmgsttb Qmeihoé @pth@asreaélrét.bn mlexela@watectemarr&mg be
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t he embodiment, the invention provides a method for site-directed PEGylation of a factor VIII mutein
comprising: (a) expressing a site-directed factor VIl mutein 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, and preferably at least 15 minutes, still more
preferably at least 30 minutes after the removal of the reductant, treating the cysteine mutein with
PEG comprising a sulfhydryl coupling moiety under conditions such that PEGylated factor VIIlI mutein
is produced. The sulfhydryl coupling moiety of the PEG is selected from the group consisting of thiol,
triflate, tresylate, aziridine, oxirane, S-pyridyl and maleimide moieties, preferably maleimide.

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



bi oconpati bl e pol yner that has been activated to react with pol ypepti des at
substantially only reduced cysteine residues such that the conjugate is
formed; awd 2pamdsBabng t he conjugate. In another enbodi wemtus2é0a@4iz0yent i on
provi des a method for site-directed PEGylation of a factor VIII mutein
conprising: (a) expressing a site-direc ®d factor VIl nutein wherein the
mutein has a cysteine replacenent for an amno acid residue on the exposed
surface of the factor VIII nmullein and that cysteine is capped; (b)
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syst em re expressi on
cysteine f rrwtgrrrmmarﬁdmraas:e inhibiiesy PWQOQVH@‘dWéd%I@t%WFd%“e" av/ p@wo'mnaxr@qm f i des
to reform ventbtedaret tHerREGMebdentosuppiied By Neéxtas PEOOH aC5kDIeBRIH¥[BAD iifdue Iaparhtgiyer
reagent, SuGhq A e PedSedsEPsiBRlicdi a3VifSr 2068 29k, e LLphiRAIE 1D BL&

as 43 kD and that supplied as 60kD tested as 64kD in our laboratory. To avoid confusion, we use the

molecular weight as tested in our laboratory in the discussion herein, except for the 5 kD PEG, which

we report as 5kD as the manufacturer identified it. ‘

[0094] In addition to cysteine mutations at positions 491 and 1808 of BDD (disclosed above),
positions 487, 496, 504, 468, 1810, 1812, 1813, 1815, 1795, 1796, 1803, and 1804 were mutated to
cysteine to potentially allow blockage of LRP binding upon PEGylation. Also, positions 377, 378, and
556 were mutated to cysteine to allow blockage of both LRP and HSPG binding upon PEGylation.
Positions 81, 129, 422, 523, 570, 1864, 1911, 2091, and 2284 were selected to be equally spaced on
BDD so that site-directed PEGylation with large PEGs (>40 kD) at these positions together with



PEG mal ei m de with PEG sizes such as 5, 22, or 43 kD avail abl e from Nekt ar
Therapeutics of San Carlos, CA under Nektar catal og nunbers 2D2MOHO1

nMPEG MAL wWi/200ddf3629pa, 2132MOPO01 nPEG MAL MW 20 kD, 2D3xOPAk200BB420VAL MV
40 kD, respectively, or 12 or 33 kD avail able from NOF Corporation, Tokyo,
Japan under NOF catal og nunber Sunbri ght9I\/E 120MA and Sunbright Me- 300MVA,
respectively. The PEGyl ated product is purified using ion-exchange

chromat ography to renove unreacted PEG and usi ng size-excl usion

chr omat ogr adpﬁﬁy'a'ﬂ% 3 b Dtives glveqsietion SIBESD41.T2H9s andr8t1Bbendc BRP Ibdings eitkstsbould

i denti fy ardmpetbiecdviemsd suriadei B BODD antyiddatify Aover cilataBed mdcRAnRa b, Wi th FVI | |
such as receptor-nedi ated cl earance, inhibitory antibody binding, and
degradation by proteolytic enzynmes. W noted that the PEG reagent suppl i ed
by Nektar or 093] 18\ ¢he @ehodigents theies!l Gyt mepigm ogonteins \Eysteingscthati ‘ger” e v t he
PEG r eagentcysieippesidds as the imutsitr by 2@ miaD diseifidectdndss I2(Be ksidparbthhatof helpenjugstd, ths 40
kD tested c?éieuﬂﬁnd‘{@l &BQJcEchlﬁttheS'%%hﬁq s%mﬁ@ @Bp&?\ﬁi{headcyﬁénéﬁfrﬁhb the&ilth and

Iaboratorytm;l'(ga a|\éor| S n usion, e ;ﬁlaz ei) t as tested in
our | aborat'f ¥ i TRYHPE CTLPBRAL |rﬂeasﬁsxg'8 grreta9ding Mepypeies-sriAfich  we
report as FRINYSeaop- ﬁﬁﬂ’dﬂ%&'@ﬂdal‘@wnifd@ﬁmﬁfPﬁSé@SHeF'fC @R pf AV melcisoibe msedo
cyst ei ne mib abilobsappsrefi@sarieiobskl ikBdarand 1808 of BDD (di scl osed above),
positions 487, 496, 504, 468, 1810, 1812, 1813, 1815, 1795, 1796, 1803, and
1804 were nmutated to steine to potentially allow bl ockage of LRP binding
upon PEGyl ati onl% ﬁs%xp‘%p&g?tl ons 377, 378, and 556 were mutated to
cysteine to allow bl ockage of both LRP and HSPG bi ndi ng upon PEGyl ati on.

Posi tions 81, 1?&97]4313%(5%&5 A@?‘Q/ﬁvjﬁéi.ﬂmok%illﬂa ANARVdis cﬁﬂﬂ/n??ﬁﬂu éﬂﬁrs%ﬁﬁ)u?ﬁ ed_

to be equall on with | arge

bece. (Sd0 1S VRN AT s rey St e e Sl S SO DB eons. Previots
PCT/ U82005/30@m02%)!9 coyaienhrmpdify thegnto drprevgephprana¢olinetig| ppapertiod hadirgjxedgpsuts Thatl
239, and 231HSjpoiends bddid Heispétifidgly Hiuta®d aBd digh 8 polaruiRERE & ¥/ sieQp&@dfic fapnes Wad ace

of BUD and sugﬁéugl f tirtné}}ﬁﬁ H‘nlaq@u?mm%%%hm&ﬂgm%eﬂégg?ds etalnr(lg %nlﬁ/lty

enbodi nent, ture medi um contal ns Cystei ne

cyst ei ne ré‘éei’etﬁh‘ﬂ’é's'?ﬁna e iR B PRI AYYRATS GeYHoRtes %ﬂ&%mnfﬂ?c tgldition

pr epar at i orendfedgedee addigityj ugat e, the cysteine nutein produced in the

reconmbi nant systemis capped with a cyst eine fromthe nmediumand this cap
is renoved by reductio tha ases the c fore addi ng the
cyst ei ne- speci ﬂdgga] pOICYHEPPoFImEDt ?'“V ?Peﬁp"??é"tsﬁéed‘ggféﬁ‘imaqeﬂesﬂ%@'"gF’EStef"S'r

Si t e- speci fSP%,C'fﬁmaatiﬁ ah af PEG/Mplpimiday Aabsmuthied BB does nalhayipallydvéiablaipysigineht t o
one of ski ltb rdatt with@ PEGEmaldidid&Gh ohi)NyFhuEted Q8 pdSTiGIILT biRhe Aftel b1\HEEYiation.
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er ent tes 1 nv I ol ogl cal reactions.

o evr ous” e Chersyaidines (NPT st 95 ATS 9 A4 4B} e SR etRl PLERD ¢

propert i es shgggstethatall 3rfree ghstaines Fteduried (Stoliova-McPhie et al., 2002, Blood 99, pp. 1215-1223).
Because oxidized cysteines cannot be PEGylated by PEG-maleimides, the 16 cysteines that form
disulfides in BDD cannot be PEGylated without being first reduced. Based on the structural models of
BDD, the 3 free cysteines in BDD may not be PEGylated without first denaturing the protein to expose
these cysteines to the PEG reagent. Thus, it does not appear feasible to achieve specific PEGylation
of BDD by PEGylation at native cysteine residues without dramatically altering the BDD structure,
which will most likely destroy its function.

[0099] The redox state of the 4 cysteines in the B domain of full-length FVIIl is unknown.
PEGylation of the 4 cysteines in the B domain may be possible if they do not form disulfides and are
surface exposed. However, because full-length FVIIl and BDD have a similar pharmacokinetic (PK)
profile and similar half-lives in vivo (Gruppo et al., 2003, Haemophilia 9, pp. 251-260), B domain



t he nol ecul es coul d be specifically nutated and then a polyner added in a
site-specific manner was surprising. Furthernore, the results of inproved
phar macokwoebesmspreoperties and retained activity were Pgrpshensngi28s So,
given the problens with past polyneric %ﬁnj ugat es causi ng nonspecific
addition and reduced activity. [0098] one enbodi nent, the invention
concerns site-directed nutagenesis using cysteine- specific ligands such as
PEG nal ei m de. A non-nutated BDD does not have any avail able cysteines to
react with EOMEESIBPUKl adesul i ippRyedipRemAtieibiTceniess he FERhapreos to alse pmtéct  be
t he site ofnoRB@yginaib regions. More specifically, BDD FVIII has 19 cysteines, 16
of which formdisulfides and t he other 3 of which are free cysteines
(MMillen at al " &?9? Protein Sci. . 740-746). The structural nodel
of BUD suggest &% %ﬁtef’mﬁe théﬁd%f%‘l%‘F ﬁ'é%p‘élfpémﬂﬁ?’?"é'é FYYEeivintoeroVErhi e et
al ., 2002, #pehodntyet wihretainfaaée-VIIDRBIity andBmpravesbarorecattingties| tiyfslloging gadeti@snot be
PEGYI tat ﬁd ga}/e fPEente@ bR MbriEsD F\?Ihawécﬁ'céi&ﬁﬁsts@lbm& thrigétbd tf)@irgbleéibrﬁzglnfa![c%ﬁgtn' n lBDD
cannot be ce structura
rodel s of B RnErE B Bk o Rirgh T PR SHeb « hou
first denatSieiovaMaePhie. $,etale?092(Biood 99(hkep. 1215628 shaws dhestrurtuse ofBDDh EoRE@WIBagent .
Thus, it ddoesrolaad hatififecesingfedtES dah 8e infbodcddiaey spesifasité ftiof nddEHP Bihdirditesaf ABUD by
PEGyl ati on r@&du@?&d@é@g Qﬂﬁa%sﬂﬁeé ﬁﬁh ‘JM%S |nWbéu|Et‘i¥>HToftﬂé tP'E%aa th¥sedhds t%esgg t he
BDDstructUJet%\{q F ‘Fﬁjs q ‘{6 & Iest 0 t1on.

redox stat &GP e "&’\ST 'Bf H¥sad e R e RS 3\'”f’Pﬁ‘Iclmul'aé?{bt'tHS‘i‘i‘i?lqe'e"f"%
unknown. PGP PEYi9ng halblife witheutsigpificanttyiaffecting aetivith tha® REEhean e mbigdubes! gy eesidied| e i f
t hey do not16h8)whicitlis 3tthd justficn ¢ Hd Badomain Sk th@AEdMERGEERE full-lHAYR WBleculdHQ FLIRE

full-Iengt h14amr40 acig e ﬁ%m@ﬁ%ayegzlag{Ap&%ggcoki netic (PK) profile and

simlar half ves in vivo Haenophilia 9, pp.
251-260), B donmi n WD 2006/ 053299 PCT/ US2005/ 041205 20 PEGylation is
unlikely to resid11]i Bpdciiity of/RES yfakiasmam bdadhievddibly enginebdg Singlh eyskiberdsapgens t o

glnsg gg Iot gqﬁto meqaoﬂxsﬂ&nﬁan@usn@%éan\s.nar{t Bﬂeﬂ%taaé?,esi%grnm&%%@@d s ﬁéjé‘Jaethﬂ:ed site
Yy wi |

retain factor V%ﬁ" °?t§8f"99/4:f‘§ﬂ %{?fa"? ‘?‘r%' oc\% e s&?‘?‘fiﬁ%@% '?ﬂ??"té%c(ﬁ agﬁg&ﬂﬂ'ﬁ"%ﬁ ng

gui del i nes Angiher adyastage eiEE Clylating @t 444 5mdF‘W1I 1818 [gttgt thesedwq epitapes Fapreisent we

t ar get ed t aivme threl reor alases ofiinhdidry Mraihénbites iRpetients NMIOIGMB intaxiRCIFaRbS B such

as LRP, HSP roV%P grr uﬁﬁ% H Rhf'e Q’\J rgéﬁétlo‘%% 'gﬂ%@é@eﬂ& t%gﬂorﬂ §3tﬁ R?and A%tL%'P ]PR'E%M: Phi e.

S. at aI , structure o
exanpl e, saequaa P%ﬁ@GM?drto Y'F"F éd' EGﬁ?‘ﬁdg?f%ﬂ“PiEtsSwH bBé°tF%‘f‘?t<5’&9é'é?f"ée‘f‘h'&the
speci fic si18é1-ti18 cagion emy lekdP significintrigps of acthdly simceAfls regiosis deeigvoll8dinF00 and AS

resi dues 1aﬂnhma8é& dlrbaédrp@amdnmmfssém sty 0GR bihdiRs But Hal BiSc RiRY! d
di srupt FVI I! qpl L it Y o kRP and reduce the clearance of FVIII from
CIVIt¥aS is relglo aIBo Il)m toF

circulation I eve that to prolong half-life wthout
significantly affecting activity that a PEG can be introduced at residue
[0102] Additional surface sites can be PEGylated to identify novel clearance mechanism of

FVIll. PEGylation of the A2 domain may offer additional advantage in that the A2 domain dissociates
from FVIII upon activation and is presumably removed from circulation faster than the rest of FVIIi
molecule because of its smaller size. PEGylated A2, on the other hand, may be big enough to
escape kidney clearance and have a comparable plasma half-life to the rest of FVIIl and thus can
reconstitute the activated FVIII in vivo.

[0103] IDENTIFICATION OF PEGylation SITES IN A2 AND A3 REGIONS. Five positions
(Y487, L491, K496, 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



1648, which is at the junction of the B domain and the AS domain in the
full-length nolecule and in the 14-amno acid |iker | the BDD between the
A2 and A3wodaomiio3s299[ 0101] Specificity of PEGyl ati on canpogaesiseyeds by
engi neering single cysteine residues 'qto the A2 or A3 domai ns using
reconbi nant DNA nut agenesi s techni ques ol | owed by site-specific

PEGyl ation of the introduced cysteine with a cysteine-specific PEG reagent
such as PEG nual ei mi de. Anot her advantage of PEGyl ating at 484-509 and
1811- 1818 §28 rePresent thifeeolire region o piohtopaitions @PN8e LAt 1812,381301815.HE95, WT96e18A%j or

cl asses of 180Mberizsdondiyg taIREGGE4AiaCordkirat® putatiyaai3iLBR biding RgideRére Yelecttd b Bl
effect of e>Ja E%ﬁéﬂe Qirécf%H'PééhS\Bn h@éée(kﬁgoﬁ) néQ&i‘acErﬁ‘ij&%H a%d {QMQQQ}?”' ¢

r €sponse, | Q %{ Fponste thgﬁ %Eg la 8 siti ?a be) ill r a t r ald a

di PEGy| at e Progew fe & gate F‘e‘iﬂ’ f??a115 HEEGNAY 8 "\‘Rn'leﬁf‘?? Wity

1811- 1818 P&y Myiatiep gt thaRRE 8 rysitidndii 12 wilkatro abdiststhe blycesyidtion sitg. 4ithough thehi s r egi on
i ﬁ a: 30 ang/;ibdltldnr{KFd1X) wallipredicta@to bSipbifting invar! iBWasRERMEHh LR tHé'isfrJI:}qub 558- 565
shoul d abo , L Vi this region
0 bi nderi e "ﬁ'ﬁ%‘ RO 1PH s A BBl B0 U6 sAE i o sBlol g °0

i dentify ndW&IRYEF BSNMGH EEERrRaTETAYE FinesrhydreriopiF amipgesids2re tyriraf foynd @t the dOITB.I n
may of f er ed@i ¢fipoteid-preteiv mteraatipms. Bechdsathet18¢1-1828 chgiomhas bdersrepateditode from

FVITT uponinafbi m%mnp BRFFIK Sindih e PEERRLY wirRTRY Rep qumugmrpeéslbﬁ}tta R8st er

on the ot HE R peity thve ERTENOT 17238, Bl b R el st B0 have
conpar abl ewﬂPH@P@Ht ﬁ%EIWI‘tU'F PhPé?°Pé°‘f‘ﬁé’"? %?@td'sﬁﬁc'ate\!‘ﬂ’la"%ﬂd bﬁ‘ﬁ'u%W'ﬁ'eﬁ'ffefeﬂb‘?ﬁﬁ]st itute

the activasizd FVIII1 in vivo. [0103] | DENTIFI CATION OF PEGyl ation SITES IN
A2 AND AS REG ONS. Five posi tions (Y487, L491, K496, L504 and Q468

corresponding to PEGL- 5 it ons%1 at or near the putative A2 LRP binding
regi on were sel@¥bdogiee gﬂ-ﬁ"é@d Hpites finutagpquels aPIeTtRS)Y AN B SXEWIP on t he

hi gh sur f atbe PE@XpuidirGE pasitibnat wagederdiedect i on of their Ca to C[i trajectory.
Furthernore, these residues are roughly equi di stant from each other in the

t hree-di nensi o tructur f the _nol ecul e o th et t hey WO
006, 053966 peuPlaEh s b P51 s rSofn pit bep it iipnee i B A Fhe b ks VB e
positions ‘(@8985,'9"&43"1'@‘3" thigregion. 1igstend, P_E?JIS,PE@YD@U- 3789 @nd 568)ympre desigrd in

cor r espondbedgech thePEGRP b HSHG Bifidinge&diont Bthfitah attdcied PES rhdyfhtérferciothg r egi on

were sel ec ,ﬁ,)@sma i's
adj acent t %@%gﬁs i i {&%snélgﬁteﬁcﬁoﬁs gét&&ﬁth%ﬁ\ Rgrﬁ}'olné\tshégrt‘f\aé 5 Fg%gmé%%&g&%gj 1810,

CcOS
PEGy| at | on NSNBEPEPBHD CRATRE PG YiPi oL oL B RS E RS PGPS froane ARG
Mut at i on aidertifymoREBSranos me¢hamisisL BVIR can HelsystgneaticatlhBEGyédtedt leadditiondoBFGa17. on
Isi te. OIAI t P@b‘ﬂ\k’betomlér natfEAPRly R tioh atas,(n&ilaiayl,&hg ,m39,@ﬁ&m1|63 Ediret R diy tH PEB- ng -
nwar | S.Se .N Ca [ e I’
( v181 5) i S a F kse %g\eruw (S)Bm s?or"Es%&on g gce"{l(ety ﬁhon-%clg sunta%(-bg%gseg ur%?% op, and

my be a cPFISWHD alzﬁﬁﬁqsﬁ?fﬂ radys Festhe G a@i“ﬁefe" BRp ftRGiSnansithe fayriskiepsyetiop gtear e
typi cal | y wetandpmti obth éhe BDD model in addition to functional interaction sites for VWF, FIX, FX,

phospholipid, and thrombin.

[0106] PEG21-29 corresponding to Y81, F129, K422, K523, K570, N1864, T1911, Q2091,
and Q2284 were then selected based on their ability to cover nearly the entire remaining BDD surface
with a 20 angstrom radius from each of their CB atoms. These positions were also selected because
they are fully exposed, outwardly pointing, and far away from natural cysteines to minimize possible
incorrect disulfide 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.



center of protein-protein interactions. Because the 1811-1818 regi on has
been reported to be involved in both LRP and FI X bi ndi ng, PEGyl ati on

wi t hin thwe beap3was t hought possibly to result in redpcedsambsiovi2oy. Thus,
PEGL1- PEGL4 (1795, 1796, 1803, 1804) vver? designed to be near the 1811-
1818 | oop but not within the Ioop so th&f one can dissociate LRP and FI X
binding with different PEG sizes. [0104] To bl ock both LRP binding sites
si mul t aneously, doubl e PEGylation at, for exanple, the PE&Q and PEGS

posi tion, can bE§AnREGyaten posians#at ispde enhapred BRBeriEEBUGhEg inIOVEAEK bioBle, shown
to bind to deatehstiBBCoaadthcédd iXmumgersdity €5 bewehiEncdas gy el mltitHEGYateB b®dicegi on.

| nstead, P n r s. ving YHe e he A2
LRP and HORG D o rcarceie. REQaoaRedt End GOt bourd HeiRRe

i nteracti offS"'} ér?ﬁ '"d&}ga ug? d?ﬁ%’é feﬁ?eé "ieP{t EFG Pdrfe0h apaniddise P%'@rﬂ's“ﬁ%&ﬁaﬂ‘%nal
sites that i blostrPraten dipuise#ECAR G199 wauld|ayonn19as forvg PEGYAted. al so be
selected within or near the LRP and HPSG bi ndi ng regl ons To identify

novel cl earance h Vi can, be s i cal

addition to PEG[(HE@7QU*&E;§\I%S% éuLstra es for snte d}fecttﬁd%?s tlon at | G%ybselgfgeéatefﬂarrel Y,
NA1, N239, béil‘?H°‘N2'T%8°‘(§5’f“Fé%‘196ﬁHF%ﬂeF'EPSPEGI':@GVEPP"CJPP ﬁ@tassw%§kqf@n9¢é"ru ng
poi nts for IRESyiteated mntaganagiekitwas yseshomai@ ameftma‘@:amam(qsaaaﬂzne foobsea@romar eas

within a 2Q§tr§ﬂ3§1§f& COMRbrafsl UsSofd, @m ?mogﬁ(bhﬁgé}@neqlre{) Ee(é@’me%g ist e four

gl ycosyl ati 0 |n ditionto

ont
DT oy o8 Rred o phTiBod BRR Bl riies apd Siempatie siss mqo PEINEHG ¢ hr onbi .
[ 0106] PEGM@OE@C'Q@WF@@E@W@M@W the Yepred Matatgn, aRIGINOAtKGERG mermo WKIEB &H nofT1911,
091,  andisREcGde piatess. WEENA QoG B8 WidHe #vVNigeid1Cided ab tembiitel PoiloRMgr nearly

the entire e orBWR: is i : feach of
the entire fufRiidh rahéyg ,BQQSS% RSkt is Wobdloirh BoAUARMEAIL, GflkHS s §ehfam B oy

exposed, ouSHPEAPN oYhﬁt"F‘ﬁ'é Sy"Qﬁﬂzef’ ENALRBGINPY BRIy ﬁl“°t6‘§f§ly@¥eﬂé’§‘efe65

m ni m ze pdisesiatsntal wildiype DNAGt melhyiatddf Thealigksted@NA iofnen Uded tod@nslorgetLridBioer adi us i S
chosen becaus®ecande®h@QRILEG such as a 64 kD branched PEG is expected to
have the potential to cover a sphere with about a 20 angstrom radi us.

PEGyl ation of PEQ21-29 together wth PEQR and PEGS and gl ycosyl ation sites
PEGL8, 19, andl[®09]i dh¢ inptagepesisefisientydcaimesedi. yThe mutagenepis waetorswWamct i onal
surface of peMirnéd in ¥Be2fX}30DBBD A2 6RCIIKIB2BRD/ (Biduke Dosuc2edshiGdulagbndsis@as at i on

posi tions tcb@ﬁmém%me&;amcaﬁaiam&nﬁé Frég‘ﬁ{%né Lbsma.ﬁxﬁg thmpr.gyo%féﬂrm@iréd e,

greater stabilit eni Cl

ener at e
e eyt B Yl SRS TG TR PR P R PRH2SH7 Bor ATeb Gansipi ey e g
PEG31 wer e noldatipipiveerk doginsequendersonfiirheg. EsppdgmdbinsdiESH, 7.18d@ and 10, Mtagendsis\Bas
domai n, 1 esRLih iéQbYor pBRAGIOBDIOE2. 60033 being RGHImEEdTbY EusHRinb Itfe Mitsidtrddnidat, par t ner

gégl for PE(?P{I/F‘%eI wHd su&c'oh d\%tg SSKZP%% T§&§§§éuéﬂ%L Qer%ubax}‘eg]h?ooﬂl’?e to be

pSS207+BDD expression vector. For A3 muteins PEG 11, 12, 13, 14, the mutagenesis was done
directly in the vector pSK207+BDD and sequence-confirmed mutant BDD were then subcloned into
pSS207+BDD. For A2 muteins PEG 1, 2, 3, 4, 5, the mutagenesis was done in the pSK207+ BDD
C2.6vector. The sequence confirmed mutant was subcloned into pSK207+BDD and then to
pSS207+BDD.

THE PRIMERS (SENSE STAND ONLY) USED FOR MUTAGENESIS
ARE LISTED FOR EACH REACTION:

[0110] PEGH1, Y487C: GATGTCCGTCCTTTGTGCTCAAGGAGATTACCA (SEQ ID NO:5)

[0111] PEG2, L491C: TTGTATTCAAGGAGATGCCCAAAAGGTGTAAAAC (SEQ ID NO:6)



[0108] MUTACENESI S. Substrates for site-directed PEGylation of FVIII may be
generated by introducing a cysteine codon at the site chosen for

PEGy| at i owo 20dwsSiopat agene cQui ckChangeTM || site-direetedsnbsageoesi s kit
was used to make all of the PEG mutants_(Stratagene kit 200523 from
Stratagene Corporation, La Jolla, CA). e cQui kChangeT" site-directed

mut agenesi s nethod is perforned using PfuTurbo(r) DNA pol ynerase and a
tenperature cycler. Two conplinentary oligonucleotide priners, containing
the desired nmut E1BnPEGE K49Pen THCCAADAG AR TATGTOA T GAMEBATT TRCSEQIBLNO:7)

di spl ace the prinmers. dsDNA containing the wildtype FVIII gene is used as a
tenpl ate. Fol | oyy t é&lﬂ'%-@a o i gest ed
wi t h Dpnl endonm?:gagéé@'v\ﬁiejc‘:ﬁ /i&ls spe{(-:-lt |c?¥§&%ﬁgﬁ§ﬁ§égﬁ+w&?ﬂ&e& ew y
synt hesi zed DNA, containing the nutation, is not nethylated, whereas the
parental wil d-t{0ed] DRERGS, sQ468ChGATIAGATTTRAGAAT TRCICAA GDABACGATATESE QIHAD:H)0
transform XL-1 Bl ue super-conpetent cells. [0109] The nutagenesis

efficiendy is a t % _ enesis reactions were perfornmed in

ei t her pSK207+BBEP§:2?%96NK%E‘%Zggé&%ﬁﬁ%%&ﬁ@@?@%@é@%@?&%@@%%si S was
confirmed BN:TONA sequenci ng and appropriate fragnents, containing the
mutation, were transferred into the FVIII backbone in the mamali an

expressi on vect §5gc977+ Af I i.QnNs were
agai n sequence- @’é?@i r msd.ﬁ@(q))?c'&éEﬁ{uﬁ%FﬁgééégeﬁAﬁewg%g%}%,'8

mut agenesi NWHE done in the vector pSK207+BDD C2.6. After being confirned
by sequencing, the nutant fragnment, Kpnl/Pne was subcl oned into
pSK207+BDD. The [ _ ' £80D

expressi on ve_ct) éﬁmFﬁﬁﬁBﬂmi%@%E%H?%%?eg , Cﬁ?&ﬂ@%&%enesi S was
done di red\fqv in the vector pSK207+BDD and sequence-confirmed nutant BDD
were then subcloned into pSS207+BDD. For A2 nuteins PEG 1, 2, 3, 4, 5, the
nut agenesi s Wandi%]ePng,tlemﬁ'éZQé‘écﬁﬂ?GA%@mfcﬁfAcfﬁ?@Géﬂw gisonfirned
mut ant wasm%u%il oned into pSK207+BDD and then to pSS207+BDD. THE PRI MERS
(SENSE STAND ONLY) USED FOR MUTAGENESI S ARE LI STED FOR EACH REACTI ON:
[0110] PEGL, Y487C. GATGICCGICCTTTGIGCTCAAGGAGATTACCA (SEQ ID NO'5) [0111]
PEG2, L491C. TT(Gh4g] TRENGCAGASESCTARVMAGCT AAMAACCT BEQGRAGKS EYACEEQ ID

2006/ 053299, L]/ US2005/ 041205 23 [0112] PEG3, K496C:
TTACCAAAAGGTIGTATGCCATTTGAAGGATTTTC (SEQ ID NO'7) [0113] PEG4, L504C
AAGGATTTTCCAATTTGCCCAGGAGAAATATTC (SEQ I D NG 8) [0114] PEGS, Q468C.
GATTATATTTAAGAATUT BT CENGOAGOSTATATC T SEGAG GAANCCEAGAG OCAAGGAREIAGSEQ ID

K1808C: TAGMAMAACTTTGT CTGCCCTAATGAAACCAAAAC( SEQ D

[0121] PEG12, Q1796C: TCTTATGAGGAAGATTGCAGGCAAGGAGCAGAA (SEQ ID
NO:16)

[0122] PEG13, R1803C: CAAGGAGCAGAACCTTGCAAAAACTTTGTCAAGCCT (SEQ ID
NO:17)

[0123] PEG14, K1804C: GGAGCAGAACCTAGATGCAACTTTGTCAAGCCT (SEQ ID
NO:18)

[0124] PEG15, K377C: CGCTCAGTTGCCAAGTGTCATCCTAAAACTTGG (SEQ ID
NO:19)

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



NO! 10)
[0117]
[0118]
[0119]
[ 0120]
[ 0121]
[ 0122]
[ 0123]
[ 0124]

[0116]

PEG7, N1810C: AACTTTGTCAAGCCTTGCGAAACCAAAACTTAC(SEQ D NO 11)

PEGS, T1812C. GICAAGCCTAATGAATGCAAAACTTACTTTTGGA (SEQ ID NO 12)
PEGO,20061838€. CAAGCCTAATGAAACCTGCACTTACTTTTGGAAABCT B 0B041¥03 13)

PEGLO,
PEGL1,
PEG12,
PEGL13,
PEG14,
PEGL5,
PEG 16,

Y1815C. CTAATGAAACCAAAACTTGCTTTTGGAAAGTGCAAC (SEQ ID  NO 14)
D1795C. ATTTCTTATGAGGAAT GAGGCAAGGAGCA (SEQ I D  NQO 15)
QL796C. TCTTATGAGGAAGATTGCAGGCAAGGAGCAGAA (SEQ I D NO 16)
R1803C. CAAGGAGCAGAACCTTGCAAAAACTTTGTCAAGCCT (SEQ ID NO 17)
KE0188) 4REG 1B A ARSI PATATGZTAGT S TG BTG SEAGAT GABHCER I NOIQY)1 8)
K377C. CGCTCAGTTGCCAAGTGICATCCTAAAACTTGG (SEQ I D NO 19)

[ 0125]

2006/ 053299 PCT
cTccTCATCTAE R

%séoo%(%?@%%g ARG L6 Bed ) 20) O

CTGOGAATCTGTAGATCAA (SEQ | D NO 21)

[0127] PEGL8, N41C:

CAAAATCTTTTCCATTCTGCACCTCAGICGIGTAC (SEQ I D NGO 22) [0128] PEG 19, N239C

T AT COT TAT T A G ARG Ak RER TR NG AGrl rlonBE2ea (21 16C
CAGACTTAT g$$ CCACTGGAACCTTA (SEQ I D NO 24) [0130 - Y81C:
ATCCAGGCT TGTGATACAGTGGTCATT (SEQ ID NO 25) [0131] PE&2, F129C

GAAGATGATAAAGT CTGTCCTGGTGGAAGCCAT (SEQ | D NG. 26)

[0129]
NO:24)

[0130]
NO:25)

[0131]

[0132]
NO:27)

[0133]
NO:28)

[0134]
NO:29)

[0135]
NO:30)

[0136]
NO:31)

[0137]
NO:32)

[0138)
NO:33)

PEG20, N2118C: CAGACTTATCGAGGATGTTCCACTGGAACCTTA (SEQ ID

PEG21,Y81C: ATCCAGGCTGAGGTTTGTGATACAGTGGTCATT (SEQ ID

PEG22, F129C: GAAGATGATAAAGTCTGTCCTGGTGGAAGCCAT (SEQ ID NO:26)

PEG23, K422C: CAGCGGATTGGTAGGTGTTACAAAAAAGTCCGA (SEQ ID

PEG24, K623C: GAAGATGGGCCAACTTGCTCAGATCCTCGGTGC (SEQ ID

PEG25, K570C: CAGATAATGTCAGACTGCAGGAATGTCATCCTG (SEQ ID

PEG26, N1864C: CACACTAACACACTGTGTCCTGCTCATGGGAGA (SEQ ID

PEG27, T1911C, CAGATGGAAGATCCCTGCTTTAAAGAGAATTAT (SEQ ID

PEG28, Q2091C: ACCCAGGGTGCCCGTTGCAAGTTCTCCAGCCTC (SEQ ID

PEG29, Q2284C: AAAGTAAAGGTTTTTTGCGGAAATCAAGACTCC (SEQ ID



[0132] PEQR23, K422C. CAGCGCGATTGGTAGGTGTTACAAAAAAGTCCGA (SEQ I D NGO 27)
[0133] PEQ24, K523C. GAAGATGGGCCAACTTGCTCAGATCCTCGGTGC (SEQ I D NO 28)
[0134] PBEGB2004BINC. CAGATAATGTCAGACTGCAGGAATGTCATCCTG fp8E®@skdds/oNR9)

[ 0135] PEQ26, N1864C. CACACTAACACACTGTGI,CCTGCTCATGGGAGA(SEQ D NGO 30) [0136]
PEG27, T1911C, CAGATGGAAGATCCCTGCTTTAAA TTAT(SEQ D NO 31) [0137] PE&2S,
Q091C. ACCCAGGGTGCCCGTTGCAAGTTCTCCAGCCTC (SEQ ID NO 32) [0138] PE®R9,
@284C. AAAGTAAAGGTTTTTTGCGGAAATCAAGACTCC (SEQ I D NO 33) WD 2006/ 053299
PCT/ US2005/ 04128591 75630 £§89A: PEQRACTEBEGAGTTGCTTTGCATGAGGTGGCA (SEQ ID
TTGCAGTTGTERAGAITGCTTTGCATGAGGTGGCA (SEQ ID NO 34) [0140] PEG31, C1899A:
AATATGGAAAGAAACGCTAGGGCTCCCTGCAAT (SEQ ID  NO 35) [0141] MJTEI N EXPRESSI ON.
After insertion in a vector that confers resistance to Hygrorryci n B, the

Egsprg;ghnswm?rﬁbggﬁﬁfgf% %r anstec |onG&§£%€%T§“g?IG IEE? 36 599)

Cat #12347-828%) per the manufacturer's instructions. FVIII expressi on at
t hree days post-transfection was assessed by Coat est chrom)geni c assay

( Chr onpgeni x C()[E,p" %T@ﬁ?éﬁ%ﬁSWAﬁé' Jfgve eqr%nﬁ%gersres anc ?) (Tabl e 1).

The transfected ceI ace der wi th 50
Aglm of HYEVYEA Byt ‘@F’E@W}H‘e'"ﬁﬁﬂiedﬁ'?séeﬁtﬁﬁln@m1éae"N‘{SrPa@% E?§59%efnplwg
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assayed by pig@ag%re@ﬂ@%r%vﬂ-l)exprgsgog QP@éa%?’c?\%%oE’&%ﬂ agég.o P/ Mﬂ&géssing stable
cells were then adapted to a medium containing HPPS supplement. The cells were expanded and
seeded at 1 X 106 cells/ml in shaking flasks with fresh media. Tissue culture fluid (TCF), harvested
after 3 days, was used for purification of FVII| BDD muteins. The FVIII activity of the TCF was
assayed by Coatest (Table 1).



26 Summary of PEG Mutein Titers Titer U nm Mtation Miutein I D Transient
Stable Cells Y487C PEGL 0.07 NN A L491C PE&R 0.60 1.96 K496C PEGS 0. 45
N A L504€0Rb§sAs562988 5. 57 QU68C PEGE 0.69 8.14 K1808CpPEES 265041285 73
N1810C PEG7 0.21 0.5 T1812C PEGS 0. 16 A K1813C PE® 0.35 7.74 Y1815C
PEGLO 0.09 NV A D1795C PEGL1 0.27 N A 796C PEGl12 0.29 NNA R1803C PEG13
0.11 VA K1804C PEGl14 0.18 1.14 L491C/ K1808C PE&R+6 0. 11 2.48

L491C/ K1804C PER2+14 0. 13 7.19 K377C PEGL5 0.11 12.58 H378C PEGL6 0. 15
0.97 K556C PEGL7 0. 0SSummpsy of REG Muter@itets 0. 05 N/ A N239C PEGI9 0.16 N A

N2118C PEG20 0. 13 N AL YSIC PEG21 0 36 N A | F129@er@ii@ip 0 |25 2. 55 K422C

PEG23 0.28 N A K523C|$ "&1@7@**5%7 S@Nﬁlﬁq's A N1864C PEG26
1 Q / A .

0.15 NA TI1911C PER L491Cc > T T PEG2 0.60 1.96
K496C PEG3 0.45 N/A
L504C PEG4 0.38 5.57
Q468C PEGS5 0.69 8.14
K1808C PEG6 0.54 2.73
N1810C PEG7 0.21 0.5
T1812C PEGS8 0.16 N/A
K1813C PEG9 0.35 7.74
Y1815C PEG10 0.09 N/A
D1795C PEG11 0.27 N/A
Q1796C PEG12 0.29 N/A
R1803C PEG13 0.11 N/A
K1804C PEG14 0.18 1.14
L491C/K1808C PEG2+6 0.1 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
K422C 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
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FVITI or BEacifiawkttwithsut REErbrAdn derldMirti¥s4t@Ud? 00-fold excess PEG: protein ratio (data not
shown), confirming the hypothesis based on the BDD structure model that all native cysteines form
disulfides or are buried within FVIll. FVIII cysteine muteins expressed and purified using the standard
protocols listed above could not be PEGylated with a cysteine-specific PEG maleimide reagent,
presumably because the introduced FVIII cysteine is “capped” by reacting with sulfhydryl groups such
as cysteine and B-mecaptoethanol present in the cell growth media. This issue can potentially be
resolved by eliminating cysteines and -mecaptoethanol from the culture media, but this may lead to
lower FVIII production and would not prevent sulfhydryls 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.
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[0147] PEG2 (L491C) PEGylation was shown to be selective for the heavy chain over light
chain and particularly selective for the 484-509 region (Figure 4) while PEG6 (K1808C) was shown to
be selective for the light chain over the heavy chain (Figure 5).

[0148] For the study depicted in figure 4, the PEG2 mutein (lanes 1 and 8) is reduced with
TCEP followed by TCEP removal (lanes 2 and 9) and treatment with 5, 12, 22, 33, 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
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treatment with greater than100-fold molar excess of PEG-maleimide even after the reduction and
reductant removal procedure described above (Figure 6a). The same method was also applied to
PEG4 and PEGS5 (Figure 6a). Compared to PEG2, these muteins were not PEGylated as efficiently,
but they were selective for the heavy chain similar to PEG2 (L491C). PEG6 (K1808C) PEGylation
efficiency is relatively low, perhaps because it is very close to the N-linked glycosylation site at N1810,
which may block PEGylation at position 1808. Thus, we designed PEG7 (N1810C) to remove the
native glycosylation site at 1810. PEG7 shows improved PEGylation efficiency compared to PEG6 in
a head-to-head comparison (Figure 6b). Similarly PEG15 shows slightly better PEGylation efficiency
than PEG2. PEG2+6, a double mutant of BDD, can be PEGylated on both heavy and light chains
since PEG2 is a heavy chain cysteine mutation while PEGS6 is a light chain mutation (Figure 6¢). This
method was also applied to wildtype full-length FVIII (Figure 6d). PEGylation was detected for the
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BLOT. solution (Lee et al, Pharm Dev Technol. 1999 4:269-275). The PEGylated bands matched between
the two stains using the molecular weight marker to line them up, thus confirming FVIIl heavy chain
PEGylation.

[0154] PEGYLATION ANALYSIS BY MALDI-MASS SPEC. To confirm the PEGylation of the
A2 domain in the heavy chain, the rFVIil sample, before and after PEGylation was analyzed by
matrix-assisted laser desorption/ionization (MALDI) mass spectrometry. The samples were mixed
and crystallized on the MALDI target plate with a sinapinic acid matrix in 30 % acetonitrile, 0.1% TFA.
They were then analyzed in a Voyager DE-PRO spectrometer in positive, linear mode. The results,
shown in Figure 10, showed the light chain of PEG2 centered at 83 kD and the heavy chain (HC) at
89 kD. The spectrum acquired for the PEGylated sample showed a drop in the HC peak and a new
peak, centered at 111 kD, to form. This confirms PEGylation of the heavy chain. No PEGylated light
chain (at 105 kD) was observed above detection limit.
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hydrolyzes the chromogenic substrate to yield a chromophore and the color intensity is read
photometrically at 405 nm. Potency of an unknown is calculated and the validity of the assay is
checked with the slope-ratio statistical method. Activity is reported in International Units per mL
(IU/mL).

[0159] The 1811-1818 loop is involved in binding to Fi1X, but the importance of individual
positions within this loop has not been determined. PEG7-10 muteins display nearly identical specific
chromogenic activity relative to native FVIIl (Table 3). Table 3 shows the percent specific activity
(S.A.) of PEG muteins and PEGylated PEG2 or PEGS6 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
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Table 3. Percent specific activity (S.A.) of PEG muteins and PEGylated PEG2 and PEG6
relative to BDD.

[0160] As used in Table 3, “PEG2 red” is PEG2 mutein that has been treated with reductant
followed by the removal of reductant. This reduction procedure did not significantly alter the three
functional activities of FVIIl. PEG2 mutein conjugated to PEGs ranging from 5 kD (PEG2-5kD) to 43
kD (PEG2-43kD) did not lose a significant amount of chromogenic activity, but had greatly lower
coagulation activity as the PEG size increases beyond 5 kD. There may be a modest reduction in
VWF binding for larger size PEGylated PEG2 also.

[0161] TOTAL ANTIGEN ELISA (TAE). FVIil is captured on a microtiter plate that has been
coated with a polyclonal FVIII antibody. The FVIII bound is detected with a biotinylated polyclonal
rFVIII antibody and streptavidin horseradish peroxidase (HRP) conjugate. The peroxidase-
streptavidin complex produces a color reaction upon addition of the tetramethylbenzidine (TMB)
substrate. Sample concentrations are interpolated from a standard curve using four parameter fit
models. FVIil results are reported in pg/mL.

[0162] vWF BINDING ELISA. FVIilis allowed to bind to vWf in Severe Hemophilic Plasma
in solution. The FVIII-vWf complex is then captured on a microtiter plate that has been coated with a
vWi-specific monoclonal antibody. The FVill bound to the vWf is detected with a FVIII polyclonal
antibody and a horseradish peroxidase-anti-rabbit conjugate. The peroxidase-conjugated antibody
complex produces a color reaction upon addition of the substrate. Sample concentrations are
interpolated from a standard curve using four parameter fit model. FVIIi binding results are reported
in ug/mL. There was no significant impact on any of the activities upon PEGylation, which would be
consistent with PEGylation at the B domain.
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bi nding r ewlpmgod@pétameqﬁ)ﬂ%"/eals -Tris gel of load, flow through, and gradient fractions was used to
confirm that the column elution fractions have PEGylated mutein.

[0164] PURIFICATION OF PEGylated FVIil BY SIZE-EXCLUSION CHROMATOGRAPHY.
The anion exchange fractions containing the majority of PEG2 mutein are pooled and concentrated by
ultrafiltration then applied to a size exclusion column. The column is then eluted using the formulation
buffer. Because of the difference in the size and shape of the protein depends on whether PEG is
bound to the protein, this column separates the PEGylated PEG2 mutein from that of any remaining
PEGZ2, which is not PEGylated. The PEGylated mutein FVIII fractions are pooled based on having the
most FVIII activity then frozen for subsequent animal studies and molecular characterization. Flgure
13 compares the elution of non-PEGylated PEG2 mutein versus that of the 43 kD PEGylated PEG2
mutein. The PEGylated PEG2 elutes significantly earlier, which indicates an increase in its size and
shape from the covalently attached PEG.

[0165] With muteins such as PEG6 that show lower efficiencies of PEGylation, i.e. less than
50%, the most effective purification scheme to yield highly pure mono-PEGylated product is to use a
combination of cation exchange chromatography followed by size exclusion chromatography. For
example, with PEGB, the cation exchange chromatography purifies the PEGylated PEG6 (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).
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to yield hi@hldanmtid iBssBPELodZHRANALRA WHeR BEE kizt RcrbfRed!Seford 6 kD. However,
PEGylation within the B domain at a native B-domain cysteine of the full-length FVIIl had no effect on
the coagulation activity. Interestingly, the chromogenic activity is not affected for all PEGylated
constructs. This may be due to assay differences. It is possible that the small chromogenic peptide
substrate has an easier access to a PEGylated FVIII/FIX/FX complex than the larger protein substrate
used in the coagulation assay. Alternatively, PEG may affect activation of the mutein. This would be
more readily detected by the one-stage coagulation assay than the two-stage chromogenic assay.

[0169] To confirm the observation of PEG effects on the coagulation activity of PEG2, 6, and
14, several PEGylated contructs were purified away from excess PEG and unPEGylated. Since PEG
does not have any effect 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.
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(Figure 20).

[0171] MOUSE PK STUDY. As a second species, ICR normal or hemophilic, FVHIi
deficient, mice (Taconic, Hudson, NY) were used in PK studies. Normal mice were used for the
study, 5 mice per group per time point. Test materials were diluted into formulation buffer to a
nominal final concentration of 25 IU/mL. Each mouse can be administered 4 mL/kg (~0.1 mL total
volume) of the dilute test material via tail vein. Blood samples (0.45 or 0.3 mL for normal or
hemophilic mouse study, respectively) are drawn into a 1 mL syringe (charged with 50 or 30 pL of
3.8% Na-Citrate for normal or hemophilic 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
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Table 7. Plasma recovery of PEGylated PEG muteins in hemophilic mice. Fold-improvement in
plasma recovery at 16 hours post-injection compared to the BDD control performed on the same date

is reported.

[0172] HEMOPHILIC MOUSE (BDD) FACTOR VIII 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”



plate to specifically capture the dosed human FVIII. The activity of the
captured FVII1 was determ ned by the chronogenic assay (Figure 17).
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ani mal per sanple asma sanpl es are assayed for FVIII concentration

usi ng the chrormgenl c assay nethod described above. PEGyl ated PEGS shows
great er pl asnma [WDBR GOHNEST32ERATRGN MOBE0.0Ed @kiRiNdif PESylateicoliahyeitsovgear ed t o
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PE®2- 43k D yweuBes . Thelipirieniendredyp wes expeseg andRpulpiether. salinkior Ml weka Inisicted ugM8G5- 33kD
PEG 9.6 Nesngalugdfiable.t TheMESdie-wiskhlettiyCertoled ali@idstire fppldai ot the BERD oflinjoctidor mal

PECL4- 30k D Rets pepniiyd peydbERng M iy it (O il DY olfipd 436
PEG22- 64k Peyvesn N&rf‘ﬁ‘éﬂps Ripngde vpHiGH @xig Usipga E155g3Pet tierdidpgy was cbesacnielyde £v1 | |

showi ng p| deptimef Bimnf T4 insuessa iniforimaligpt of the Igsgignj, kidiney was lightly held in the middle to expose
equal tissue on either side of the forceps. The exposed surface of the kidney was cut to the depth of
the forceps. Blood loss was quantified as described above. Different doses of FVIII were tested on
mice to characterize the dose response relationship of FVIll on kidney bleeding. PEGylated PEG2
shows comparable potency to BDD in reducing blood loss after mouse kidney injury (Figure 25).
Thus, although the coagulation activity of PEGylated PEG2 is lower than that of BDD, this kidney
laceration model shows that the in vivo efficacy of PEGylated PEG2 was not measurably reduced
compared to BDD, consistent with the chromogenic assay data.

[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
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of BDD Fact or tr ous, adm ni stration
in a nouse rmdedoww{;'égpﬁéswlé s%&ﬁﬁﬁﬁé%g?—kﬁ' Pgﬁégﬁnﬁﬁc'%{ﬁﬂmi hour tine
poi nt's wer eariyigpRE@mHtein isunaredigatie; gsrecially sigeathene 's|ned'ﬁafr%rwaw'amqrwtwome wor t hy.
At 16 houBsD. P RkampleBsed yh th@stiuctlre Wd8el ABIY HnedkouliLpedicOthe Pt@laﬁwbl y

PEGyl at ed Fﬂ{ﬁ)gr ot &4\4& ﬁeé’sasrhblﬁzi‘ée ve#ﬁuﬁﬁ %n@ to'irﬁm?'PEES' %‘ﬁmr&' asma

16 hours a adm ni stration as nol ecul e.
[0173] KI DRESVOISRAERATICRPIEIRI POFPUMEI D ATTHUNG 1P thepityAuEs: “sF\‘?I“F‘? P%Peu ns
were ef fi sscshdersowet clerapppmenharsnbyie sydtematicEbeirimp Wil requirera lage numittee ok i dney

| acer at i on R@eto pdasesdp! oyed. Hernophilic mce (C57/BL6 with a disrupted
FVI11 gene) are anesthetized under isofluorane and weighed. The inferior
vena cave was exposed and 100 ul of either saline or FVIII were injected
using a 31 gaul§é7ehekedpridly streen a aeaginembgs of RESG ateins. § novalhighdrfougheit peteeds ur e
appl i ed at hhdteesdglibpedfithat eyneast PEGYIatibrosticRAeyind SRaiomlSctivity opPES/@IRdd phideedi ng.
After two %ﬂ H’Ltﬁ%ntlyttgﬁsféc\éamutelﬂsdﬂ%ﬁsﬁle\’@% 19@%?@915@&9 etb?ésged FkE%IMﬁQms VWHe

forceps al on e vertical axis th was cut
hori zont al |a9,9\(|8 clgomogemc value of as low as 0.1 09IUImL is concentraped by about Sol?olgusn (o]

Amicon-centra Ultra device MWCO 30K so that the concentration of FVIll reaches above 1 nM, near

the affinity range of antibody to FVIil interaction. The concentrated PEG mutein (~300 uL) is
incubated with ~30 uL of C7F7 FVIII antibody resin overnight at 4°C, washed, eluted, dialyzed, and
reduced. The reductant is removed and the reduced PEG muteins is PEGylated and run on a
Western analysis as described above (Figures 29 and 30). Relative PEGylation efficiency of
transiently expressed PEG muteins matches exactly to that of purified PEG muteins.

[0177] Dozens of PEG muteins can be screened by this method in one to two months. For
example, PEG14 (K1804C BDD) had at least about 80% PEGylation of light chain with a 12 kD PEG
and no PEGylation of heavy chain (data not shown), consistent with the K1804C mutation located on
the light chain. The CO to CO distance between K1804 and K1808 (PEG6 position) is only 8.4
angstrom based on the BDD structure, suggesting that the introduction of a 43 kD PEG at this position
will have similar improvement in PK as the 33 kD PEGylated PEGS6, with the advantage of much
higher PEGylation yield. Relative PEGylation yield for all PEG muteins tested are summarized in
Table 8. PEGylation was highly selective for the particular FVIII chain where the cysteine mutation
was introduced, in that every mutein with the cysteine in the heavy chain only gets PEGylated on the
heavy chain while every mutein with the cysteine in the light chain gets PEGylated on the light chain.
Mutein numbers 2 to 31 represent cysteine mutations of BDD replacing 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
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[0178] MASS SPECTROMETRY ANALYSIS OF REDUCED PEG MUTEINS. To determine
the identity of the “cap” that prevents direct PEGylation of PEG muteins or full-length FVIIl, PEG2+14
was reduced with TCEP at concentrations ranging from 67 uM to 670 uM. PEGylation yield increased

in proportion to increasing amounts of TCEP (Figure 31). The same samples were also analyzed by

mass spectrometry prior to PEGylation (Figure 32). In order to have a protein domain that could be

directly studied, the samples were digested with thrombin at a ratio of 20 units/mg FVIII for 30 minutes

at 37 °C. Thrombin cleavage produces an A2 fragment that includes 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
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efficiency was estimated from running the PEGyl ated products on a SIDS
PACGE conparing the intensities of the PEGyl ated band w th unPEGy| at ed
band: +++ - >80% PEGyl ation yield, ++ -30-70%yield, + -10-30%yield, and -
-<10% vyield. PEG Mutein Position Domain H PEG L- PEG



2 491 A2 +++ - 4 504 A2 + - 5 468 A2 + - 6 1808 AS - ++ 7 1810 AS - ++ 8

1812 AS - - 9 1815 AS - - 11 1795 AS - + 12 1796 AS - + 13 1803 AS - ++
14 1804 A3 - +++ 15 377 A2 +++ - 16 378 A2 +++ - 17 556 A2 ++ - 20 2118 AS
-+ 21 81 Al ++ - 22 129 Al ++ - 23 422 A2 - - 25 570 A2 - - 26 1864 AS -
++ 27 1911 AS - +++ 28 2091 O - ++ 2284 C2 - + 30 711 A2 + - 31 1903

AS - ++ 2+6 490/ 1808 A21A3 +++ ++ 2+144490/1804 A2/ A3 +++
- Table 8 PEGyl ation efficiency for various PEGyl ated FVIII.
SPECTROVETRY ANALYSI S OF REDUCED PEG MUTEINS. To determ ne

the "cap" twatClgimgvents direct PEGyl ation of PEG muteins or

+++ KG 2 B +++
[0178] MASS

the identity of

full-length

FVIIl, PEQR+14 was reduced with TCEP at concentrations ranging from67 uM

to 670 uM PEGyl ation yield increased

of TCEP (Fi gure ﬁl):onjﬂ_é]d?e %@mﬁriﬁﬁgpi G8nctfohd ?ajcﬁ)? @ﬂ@lﬁﬁﬁgpﬁ& comprising a

mutated factor VIII amino acid sequence in which the amino acid sequence of SEQ ID
NO:3 or SEQ ID NO:4 is mutated such that a non-cysteine residue at one of the factor
VII amino acid positions 81, 129, 377, 378, 468, 487, 491, 504, 556, 570, 1648, 1795,
1796, 1803, 1804, 1808, 1810, 1864, 1911, 2091, 2118 and 2284 with reference to the
mature, full-length human factor VIII amino acid sequence of SEQ ID NO:4 is replaced
with a cysteine residue such that a mutant cysteine residue exists, wherein the functional
factor VIII polypeptide is covalently attached to a biocompatible polymer at the mutant

cysteine residue.

2. The conjugate of claim 1, wherein the biocompatible polymer comprises
polyethylene glycol.
3. The conjugate of claim 2, wherein the polyethylene glycol comprises

methoxypolyethylene glycol.

4. The conjugate of claim 3, wherein the methoxypolyethylene glycol has a size
range from 5 kD to 64 kD.

5. The conjugate of claim 1, wherein the biocompatible polymer is covalently
attached to the mutant cysteine residue of the polypeptide at one or more of factor VIII
amino acid positions 377, 378, 468, 491, 504, 556, 1795, 1796, 1803, 1804, 1808, 1810,
1864, 1911 and 2284 with reference to the mature, full-length human factor VIII amino
acid sequence of SEQ ID NO:4 and further wherein (1) the binding of the conjugate to
low-density lipoprotein receptor related protein is less than the binding of the
unconjugated polypeptide to the low-density lipoprotein receptor related protein; (2) the
binding of the conjugate to low-density lipoprotein receptor is less than the binding of the
unconjugated polypeptide to the low-density lipoprotein receptor; or (3) the binding of

the conjugate to both low-density lipoprotein receptor related protein and low-density

in proportion to increasing anounts



mass spectronetry prior to PEGylation (Figure 32). In order to have a
protein domain that could be directly studied, the sanples were digested
with thronbin at a ratio of 20 units/ng FVIII for 30 mnutes at 37 C
Thrombi n cl eavage produces an A2 fragnment that includes residues 372 to 740
and no occupied glycosylation sites. The digested sanple was injected onto
a C4 reversed phase liquid chronatograpghy systemand the eluent fromthe
colum was introduced directly into the quadrupole tine-of-flight nass
spectroneter via an electrospray interface. The mass spectrum from under the

orovi de o SParERPRba R SRR IBRL e LDuls B BB s BIpREAIP G AL D D
Prior to rdensityilipoprotelireredéptaiaetated ppbteiRBRR tedowdensity ldpopegsin réwptor.s 118

daltons larger than theoretically predicted. As the TCEP concentration is
i ncreased, a new peak that has the precise predicted mass of A2 domain

appears. Tlﬁe Pr aROTdohRBatef oft E’l'aﬁn MW RE&K the HiGdaatiBR ,SchﬁneTxC%D covalently
concentration i s increased. 118 dalton difference can be accounted for

by cyst ei nyiteshedio tie mutesi @a@n@ysmd@lofvtha pdiysepitide dié oo prraoreoef factoh Vallcyst i ne
(119 Da) and.inst nent al,~ac ra h i Eo hat, t.he PEG _e| ns
are capped 3l/n°aaC(1:J g? etllor{lg 37\?’(}%?1 %Qr/e“\?lh%b% %1% o ! eiré 4 &%Eh"[‘Bi“z‘@fy Y

the referengpth Klirsal fased VB aaiifo adi¢ sé‘t@xé@&}’oﬂSE@lIDN@ﬂ ed etk hiefeirt mel r
entireties, 42 W Caim 1. A conjugate conprising a functiaonal factor VIII
pol ypept i déi ‘@Hiﬁj?f the RRyyBeatsint %Pdoé@nfsa #e prateqelygan poplescihan dhedhiading of thewni ch

the am no zﬁ& %%?ﬁ%ﬁde%%wa%%‘%ﬂm g@ﬁ NG 4 IS mut at eq _such t hat

a non- cystel ne’resi one act’or am no acid positions 81,
129, 377, 378, 468, 487, 491, 504, 556, 570, 1648, 1795 1796, 1803, 1804,

1808, 1810,, 186 1911, 20 2118 d 22 wth re ce to the ture,
ful'l-1engtH- hurjhef‘::?&“@?te\ﬁﬁlf“la ‘?'Q?FIB @8&]8??(5’8’38; g NoraValtyepl aced
with a cystghdhed k& fetHBtamuUGs tema%maumtaetpopy;s&ﬁtmerh@oﬁ@af fiége BXfasios VIMher ei n
the functional factor Vlllég tide is covalently attached to a

bi oconpat i BMNQli§ resitiens &lh 78, 8981487 19 15 8&4, ééé 579, 1G4%e 189hjlidat e of
| 1, h | .
I TS LRI 0 SISy AR DL

met hoxypol )f&iﬂ-llbnlg&ﬂlan@dnyﬁiﬁﬂor WMII abfigo @oid] se@dnee of SEQaIDYNS):4 whe ki donjugete

met hoxypol | en ol
yp [1e>s/s bin mg Eactor V?ﬁ 1r?hlb1tory antibodies than the unconjugated polypeptide.

8. The conjugate of claim 1, wherein the biocompatible polymer is covalently
attached to the mutant cysteine residue of the polypeptide at one or more of factor VIII
amino acid positions 81, 129, 377, 378, 468, 487, 491, 504, 556, 570, 1648, 1795, 1796,
1803, 1804, 1808, 1810, 1864, 1911, 2091, 2118 and 2284 with reference to the mature,
full-length human factor VIII amino acid sequence of SEQ ID NO:4 and the conjugate
has less degradation from a plasma protease capable of factor VIII degradation than does

the unconjugated polypeptide.
9. The conjugate of claim 8, wherein the plasma protease is activated protein C.

10.  The conjugate of claim 1, wherein the functional factor VIII polypeptide is B-
domain deleted factor VIII.



range from5 kD to 64 kD. 5. The conjugate of claim1, wherein the

bi oconpati ble polyner is covalently attached to the nmutant cysteine residue
of the polypeptide at one or nore of factor VIII amno acid positions 377,
378, 468, 491, 504, 556, 1795, 1796, 1803, 1804, 1808, 1810, 1864, 1911 and
2284 with reference to the mature, full-length human factor VIIl amno acid
sequence of SEQ ID NO 4 and further whefdin (1) the binding of the conjugate
to lowdensity lipoprotein receptor related protein is |ess than the

bi ndi ng of the unconjugated pol ypeptide to the | owdensity |ipoprotein
receptor rejlat edher @nfigate 62)lairhelo, b’vmﬁmgh@bldcmp@tﬂné poBineertio dooakxd@nsi ty

| i poprotein receptor 1s | ess than the binding of unconi ugat e

pol ypept i dettipghedra the, FaudrY Systeing irpidiieR e‘?‘lﬁ‘oi"‘é@e‘fﬁl@?d faggor (G ?h%mlﬁ‘ior?ﬁl%g of

t he conj ug t o} e y t r and
o donsi £y A oA e L B B B Ber S gl i
unconj ugat efdctponlbetptnocbeldanUéme bHSEQAPASDHY | i poprotein receptor rel ated
protein and the | owdensity |lipoprotein receptor. 6. The conjugate of claim
1, wherein the bioconpatible polyner is covalently attached to the nutant
cysteine repl duerif cdni@aROby RRRhI e viHerd @h® bid¥BiPatitle ;p@F}InQirr i¥ldovalef§l NoO
acid positions 377, 3'} , 468, 491, 504 and 556 with reference to the mature,
full- | engta’staplmdaw ﬂlacm@tuam\/ws;elmqsmiuacﬂfdh@@qu@mtéieoat faetor MblINanino zasil
further whe t td u r

pr ot eogl yc nO%!tigml 123?451 ‘Pﬁggéfgﬁg g‘% 1%8[}#&& ?‘ﬂ Feng{gcon alSlg%tQ té)gb\lggllh %ﬁlo ac eto
hepar an sul ehadnee pfS)E@d@lw(oarandzomiih&scpolypthga:hegtyﬁ:olcl aim 1, wher e| n t he

bi oconpati bl e polyner is covalently attached to the nutant cysteine residue
of the polypeptide at one or nore of factor VIII amno acid positions 81,
129, 377, S8, ARSoufiitor A% brepaliion BPe o3 0ad GGl FanpikRE. | 1803, 1804,
1808, 1810, 1864, 1911, 209 2118 and 22@4 wth refer ence to the mature,
full-length human f acheating & hudertide segictcessngoding en amhin®EQid oqhidicd seleded he

conjugate 125 1658 B BB SbAESEL T BT St (e

bi oconpati bl e paodigiseifencORlagdhlcysteint banglvadid x@snah@wmraaaamgyammefof esi due
of the polypeptide at one or nore of factor VILI _am p03| tions 81,
129, 377, 378, #ogysteipyresidye atzguno 3gid position 34878, 14ﬁ§549h7%4 33485453, 1804,

1808, 1810, 186 9 1, n 2 t r ure,
full-length hu 4}79§a§03r g\/%l’llgg%ﬁ lﬁég’af(::hl% g%léngér?ggag@ﬁl IE&?%BE%%%&%%’[ he
conjugate has |fatidengighadat faotmrMIHmm?andmsequmcetoéSEQ IDaI}sB@blI e of factor

VI r ion than h ncon
degradation tha ex%?eesssmgtthg rlillu%a(t)cil n%aleotldep sea/u%g et It(c)i 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

purifying the conjugate.

14.  The method of claim 13, wherein the biocompatible polymer comprises

polyethylene glycol.

15.  The method of claim 14, wherein polyethylene glycol is activated by the addition

of a maleimide group that can react specifically to cysteines in proteins.



9. The conjugate of claim8, wherein the plasnma protease is activated
protein C. 10. The conjugate of claim1, wherein the functional factor VIII
pol ypeptide is B- donain deleted factor VIII. 44 11. The conjugate of claim
10, wherein the bioconpatible polyner is covalently attached to the nutant
cysteine residue of B-domain deleted fadbor VIII at am no acid position
129, 491, 1804, and/or 1808 with reference to the mature, full-length human
factor VIIl am no acid sequence of SEQ ID NO 4. 12. The conjugate of claim
11, wherein,ghe bpi ihl.e is. C t 1 . e -1. t ant
cysteine rels(?t’duego? ﬁ%ﬁ‘g@%‘%‘pégﬁ’ﬁ%&%} f?&cﬁ%@@?‘l Ia\égrhrﬁ%%aq%gi go B%%F? i%ﬁ 1804
wi t h ref er ethepéwichliye effadtivieeamduntt |ofl te@ohjupateraif dligt drandl 4 Iphadiaoeutaliyd
sequence of SEQ I D NO 4 and conprises pol yethylene glycol. 13. A nethod for
the prepar atSceRtaRle aH¥Yonj ugate of claim 1 conprising: nutating a

nucl eoti de sequence encoding an am no acid sequence selected fromthe group
consisting of SEQID NO3 and SEQID NGO 4 to substitute a coding sequence
for a non-c¥bt ei Aenethmidrfor prepatinggbé dengugeie dof claimddihegnethellemomising:  a cyst ei ne
resi due at am no aci d(@ osi tion '377a 78 \ﬁﬁ. 4t91’ .504, 2156 1t1795 . 1796,
1803, 1804, 1808, 1818 148R™SY8E 12 SR UMy PHeEAR Rt (i TiRdiM e,

full -1 engt hedibiirRing Qeth9dryVeidup@ MiherirAhe dmaeid URE @t @thteStHa tdDVNDathineadd essi ng
t he nutated nucl eoti de sequence to produce a é:dStel ne enhanced nut ein;

puri fyi ng t SREUeASE SPRPrisiag ehe ping Beidpaquense of $HR TRNG30uoRIAIP BY@4gbatyisrer
t hat has be I i I : i. ah | yq0nl
reduced cysﬁg}aﬁeglcsﬁlg%%ﬁgg Bx‘?—g&s@ﬂﬁ{ f1e\a§1tdh%1 ﬁg&{c%ﬁﬁﬁ%rgg gg?lg&of %thnééf?t%nhghb?rgf f yiyng
t he conj ugaB#l, 318..46887d9 had4.0356¢ 5, 1648,1 795141786, 8DB.el 804 oL&IBp &R 10D I &4p ol yrrer

i | Lycal, 15. The method of claim 14, wher ei
pol yet iyt enbog) g0k 2f Boaridh3ea 8 oGttt mftre, G FLenst AR Vb ¢ nat
can react SpgfioldciBbdodied @ AYSHEINEROIsPlelabld With 4ocysikbhe AsibaistaCcHu 4 cal

conposition for parenteral admnistration conprising a therapeutically
ef fective amvtant cxsteinehresidemexigianed bat mhtantmystemgdesadyshia conadantlyiatiaghed to a

sulthydryl group from the cell culture medium;

(b) contacting the mutein with a reductant under conditions to mildly
reduce the mutein and to release the sulfhydryl group from the mutant cysteine residue;

(c) removing the sulfhydryl group and the reductant from the mutein;
and

(d) at least about 5 minutes after the removal of the reductant, treating
the mutein with PEG comprising a sulthydryl coupling moiety under conditions such that

a PEGylated functional factor VIII polypeptide is produced.
18.  The method of claim 17, wherein in step (c) the sulfthydryl group and the
reductant are removed from the mutein by size-exclusion or ion exchange

chromatography.

19. The method of claim 17, wherein the factor VIII mutein is a mutein of B-domain
deleted factor VIII.

20.  The method of claim 17, wherein the PEG has a size range from 5 kD to 64 kD.



acceptabl e adjuvant. 17. A nethod for preparing the conjugate of claim 2,

the nmethod conprising: (a) expressing a factor VIII nmutein in a cell culture
medi um conprising sul fhydryl groups wherein the nutein has a nutated factor
VIIl amno acid sequence conprising the am no acid sequence of SEQ ID NO 3

or SEQID NO 4 that is nutated such that a non-cystei ne residue at one or
nore of amno acid positions 81, 129, 467 378, 468, 487, 491, 504, 556,
570, 1648, 1795, 1796, 1803, 1804, 1808, 1810, 1864, 1911, 2091, 2118

and/ or 2284 with reference to the mature, full-length human factor VIII

anm no aci d 23equgmne enéhodSEk1hih N dhérsin' @Bl saEReliry bief) 65/ PEE iJ S3dctide such
that a nutant cysteine residue exists and that nmutant cysteine residue is
coval ent | y fenm gechewup soasisting ¢hipanly kriflpte dpesylanazindingepxirangl Swyddpledidunm  (b)
contacting tein.wth a reductant under conditions to mldly reduce

t he nuteinléﬂﬁn@%ngggggée the sul fhydryl group fromthe nutant cysteine
residue; (c) renoving the sul fhydryl group and the reductant fromthe
nmutein; and (d) at |east about 5 minutes after the renoval of the
reductant, treating the nutein with PEG conprising a sulfhydryl coupling
noi ety under conditions such that a PEGyl ated functional factor VIilI

pol ypeptide is produced. 18. The nethod of claim 17, wherein in step (c) the
sul f hydryl group and the reductant are renoved fromthe nutein by

si ze-exclusion or ion exchange chromatography. 19. The net hod of claim 17,
wherein the factor VIII nutein is a nutein of B-domain deleted factor VII|I
20. The nethod of claim 17, wherein the PEG has a size range from5 kD to 64
W 46 21. The nethod of claim 17, wherein the sulfhydryl noiety of the PEG
is selected fromthe group consisting of thiol, triflate, tresylate,
aziridine, oxirane, S-pyridyl and maleimde noieties.





