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the physiological activity of the proteins.
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Advantageous Effects of Invention [3 ' i ¢ i slavéd
physi@bbgi caln tillsa?@{“ic%‘e[%'él%é’bttl%fé“%ﬁé ‘é‘g‘gﬁyér?en_arg?%t%ﬁ E%F%ki\;ﬂé | i nkgd to a

3- ar m non- pg Rk udyatpek yierhiph actody dydinkinpadsnmepeelohibnenf Aciisi%x of the
present invention can nmaintai ' 116 N ea At dratirpeptidtlnmkeactsi ve

pol ypept i ddogaly %C%F’%Wéypﬁﬁlu o’%sfgefcat"ig ‘pl‘jggécjfbci ng Stabl e ?fgi.c? rrnggmtgglf ects.
[33] In addiiddi@nd it KereaePioat Nas l%ﬁéﬁé}ff‘rﬁgldtlr@é %ﬁgf‘gi% IER ASIBSOTT
accordance \wt : - .abhnvention can greatly reduce the anount of
physi ol ogi cbglrf:{/&%lgﬁ%glgg yrgteygti de required by the conventional nethod

usi ng23@] 2-arm non-peptidyl polyner and enjoys, over the conventional

met hc{?g} the adyanhagepRk ib Mhiddudimggiauln apd ¢ physiioeiallY &ii'fiet hods and
significantly“increasing th roduct | i eld:.: i Ydy1 BeFygicsisent
protein cormplegRIGHTE S C%&Vg{n%f)%gos(?p %8%% %gtﬂjfm gg? ?i\]/?kﬂ)oly}/ﬁe yti des .were
preferably c@ﬁ%@bgﬂyqsépfagsdMeliﬂ@nglmdomfpepfﬁ@éé’ﬁ{yfﬁlqai\]?é‘?f?qegﬁafl E%P’%%é? physt:
Description, of awi. ngs . ] HRRReeuah iF¢ éofmagu Hewefera
protein corﬂﬂgé%%sa%‘@egpéﬁ#%ﬁ%{%%%%? wg%},% r h&)\% tbPree St i,onal; ends
(3-arm. [ 3G} chivEnti@rashisperalion Vﬁe%dﬁ?ql%grcé%og?nq?%éa i no_g?dbul I'n' Fc-3

ar m PEG- Cct, ésgg. 1%3%1(1 'N)s%%oﬂﬁ}g%éuhﬁ‘ﬁt? lptise fHMoldel&0B: actimmpeippersidel The! Be- 3 arm
PEG Qct r eot T-de( conpl ex,” Sandost at i n- L@Rz ? %E%ilé‘ifzgusﬁﬁél% ©cafigr mul ation
of oct r eot itejonvEBER2IANERd i SSHRRBICHY YHGE 8 ¥ acy of the | %%%Obm in
Fc- 3 ar m PR ESH(NheGosmmimxcdh:2meste purifisd ogksbubwhatremplight FESH(N)

| ex, HVI2160B: | abyl | iy - JmerBest Mod
o, R AP G SR e s e, 00

the presentrddavant brigeifsmdivite ctned- teptidy RoberaF it CERPERRT] 3P

physi ol ogi cal | y act,ive i dafedth b6t prvetydbw asle. Cotal ent |y
linked to SO@P%/%%‘Pﬁlﬁ“oaﬁ-lﬁ‘g’g*“?{’g%p{‘%’gfﬁgr. 38] . %3@1{ @gﬂuagg g;gﬁc@jlm the term
"protein cotpt ki, ehert gomphesgliebulink Po et e’ 4 st Piict ur e conposed
of at |east ?19/91%f gﬂ}{ﬁ&%&&&éxﬁﬁbé&r a€ tvieM epedaygent inteynceotiubinde iondoBar m

non- peptid pol’ymer and at | east one_ di i LOveWnkhajeFb@fe@onnect i on
via coval eﬁhﬂdﬁdﬁ&lstwé’rﬁw@n?mfé?n‘:ﬁ)??\ VSHHEY to{%g.ﬂdl&#l? %?%ﬁ%?gtee itself froma
"conpl ex”, pidiRet B Myo WOc2EHE6O HEQSBREDEIHRIDFO/200 FE1PPPSIEIEIIIy%t ™ is used
herein to refer to a structure | i ls% RARInb Suhiohdlenphiesiadl odiccal | y
active pol jpepertgs! pqiﬁlge%t&?-r%%ﬁ%ira(f%ag%g?@{lﬁpsr and the di.mer i(fu B{r}g%@w are

i n- t er conpREtedinithe phsoladienty dsgie POlyRERtdPhACHIEIE]n TEATTHERS e
present i nv.en‘ﬁi on ifec%a&rsot ein drug which is nodified to increase the

per si st enc¥by 5?%%? 'nvivo and mninmally reduce thebiol ogical activity

t hereof . Thesqlosesenof imventioon features the use of a 3-arm non-pepti dyl

pol ymer to_connec siologically active polypeptide and a dineric
protein th@ﬁébﬁ?@ﬂt!g}ﬁ'(ﬁgg%i til a protein conplex, thereby allqwing the

2oF S o ot gt v et UGBS
et VDb A LU AR A ecambeynimberso
countered in the prior art, resulted in the finding that the use of 3-arm non—peptlc%yl
polymer as a linker in preparing a protein complex composed of a dimeric prote‘m and

a physiologically active polypeptide prevents the loss of the physiologically active
polypeptide to significantly increase the production yield, allows the coniplex to be
purified with a simple method, and gives structural stability to the protein complex to

extend the serum half life while at the same time maintaining the biological activity

thereof.



{41] " [42] As used herein, the term"dineric protein” neans a protein with
two N-termni. Preferred is an i nmunogl obulin Fc domai pcpkiréévecaiiibe used
as a cal¥q éﬂrl.ﬁmﬁﬂgﬁsi ologically active honodi ners or heterodinmers are al so
included within the scope of the dinmegric protein, [43] [44] An

i mmunogl obulin Pc dopmin is stable enough to be used as a carrier for a
drug becaus@omﬂﬂl’stfhpﬁpmﬁgr adabl e pol ypeptide which is netabolized in

vivo. pn addhtl @RerdDanKsLe: grehasinel inammid ombedubarowisl ghpicx ivhe

i mmunaogt obul 'n Fc_donai n has ,adva.?t a}geqs oyer total %&b%dﬁl mol ecul es
in terms ofwhikk2phyiRlPartBneciya PPRPEI oA “aNE 1'eld o e conpl ex.

Further, begapsepidkeih Srefiinked of2 doablettiands sintiaghtthod farfpepraning it @fieno aci d
sequence from one ant.i.bady. to . . LiaEDbR%ik Bfghgemgenei ty
of tr{élborrplg%‘ aiRger 8‘318‘5}6%&6&{9{%{ {rﬁgéu%(gncttoﬁjgé\?g%hégioen o anti %g,nﬁci ty.

[45] The t eomptsmpupogtinlrehipexrehighreiends the seiygelplhdicd 3, PRYRCI¥I B led t o

i ndi cate heay i, ' ioNh@b{Ei2dal angibedygothai n contant donai n
3 (CHI) V\Ihidgpl%l: é&ﬁ%@@&&%@ﬁﬂ%ﬁ%ﬁﬁa{ﬁgl i,ght chain vafryietgbl e domai ns, heavy

chai n cont aadvantmieous Ifeets GhnYeAONchai n contant domain 1 (CL1) and may
conprise a hinge regj . The. i1 L Rcie bideodndtimpriesent
inve'r[ltsf n ml}ga Iégaaﬁglé;x %hnd\g}gmbc@]%ﬁg%g%%mﬂl?%h fgr@?r%%!r) onpri ses @ part or
total heavyprotbiaiane dihes tanB-AFRATPEPUEEH y‘ﬁ?\“d‘flﬁl‘:owﬁaﬁt Ogﬁsaiﬂ}?pcon ant domai n
1 (Al a”%h@le}(ro%eqimieﬁ@inb&ﬁﬁa AR Ghdihghta WhRbodavhedietidoaBitASCIE | t
guar ant ees an et fect substant.igl% t he CFam&* s%%leo&e@ii[cﬂx%éffé&an that of the
native for PPLYRERISIERAET 0P§ PEHRG ORI SHEI " Wy be a truncated form of
CH2angHjor  CHJ quhiiieh) theambksioa foi gapdringalnt pigsie cONPIRn BUIFESERAER N ani no

acid sequence. To sumup, the i i ' iaNy @kt pfepg@nt

i nvention ﬁﬁﬁelﬁénvffluw&o%‘ﬁ%gnﬁe%gg%gﬂnlg?}rll{{dﬂfgagmg%%g%ggﬂnd %gmi n, 2)
CH | domai reqaired BHhedomaintiond)mahipd Buag PR3- AR TR YOG 1%d6mai n and
S_B donai .n8vc35r%thgco(ﬁ%@dc{ﬁ§lt 1?19{1}_0@ ﬂa)@@@va@a%g@@f entelveing Sn@ndinaple pumﬁlrg?(ulgi_lomjl in
inge regi on"(or a part of hinge) or i mer 0 ig

chai n constefitods eirbdignifiatntey EP‘?’G?ﬁm%WﬁiPﬁo‘@’Gﬂg‘E éﬁlﬁ%ﬁ%ﬁaﬁg 8%/@(2%8

2010/ 01109 ggg;{,l, KRRO09:Q0H diineBic] Aiblsiatogidalist ictine polypeptisieswermpraiésdiliobul i n Pc
domai n", as used h_eé{eﬂen, t'&s igﬁend?gnr}egﬁ&pver not only native amno acid
sequences BisPaEf EFNENCARTEOY AEPIESH T ™S8 A noaci d sequence mutant means an
ani no aci dpyegUOBsE-iptibhesitDiratvingst he native sequence by del etion, '

i nsertion, non-conservative .or .conservatjve su LUt K or nore
am niBdaci d FESi ldab@ysé@Pf%%?HWH%P‘p’BWSO%WéP%H‘r?D 3‘%{ {éé‘g%%?g“ 9%%21}% no acid

residues afs §1iﬁévg@$¢h£éé4uﬁt@n28&ds;(9ﬁrm® 299, 318 to 322, or 327 to 331 of

LSGnggﬂ ¢ mh%%%;sgm{z(vg?%vté gggc'agﬁés gﬂpf'teg&?}é&@gfobﬁﬁﬁ A GTslyrebiididNng, ma

brndi ng S|ée . In a(ggition,
possi bl e afnpla inquists HEMVENT S0RMhimgRUnoRinbuER dRp) & T4 @%WPEQ? te formng a
di sul fide bond ok, sexerall ARL LLmAMd BEffoatldEcRD! hircotiati ve Fc, or have
an additi offarr %tsﬁl onine resjidue at the N term nus,of t £ Fc.
lgé%ﬂ‘f-éw%ﬁgfé&ﬁg

Furtj3éi, ef FES. Grshowinan Vivgsilisagy BellemmURaE i'ng | enent

bi ndi g MOt {eei12 Goa: Rhpdhogobii Fo-2armAECABEB( aenrhipodyH MépE#ent cel |
medi at ed c_ytop- t OXi Ci %&3 nDt'ah{ Fgﬁﬁée&(ﬁ%eg}ay be made to WD 97/ 34631 and WO
96/ 32478 dEWRERIONYLT R ;5"1”@;0{5 Gy f N6 aci d sequence nutants of

i munog! obbdimyieledforeCasrying 4t #re dnventidrsubst it utions which do not

alter the activity of native protei or._hept | . S e, known in
the [37 (H.InNeerdese “RthLa%SP?ﬁf% %%O%tpé‘?sﬁg&k%g%%rh? ‘2“’ ,rtégg"‘saf%l{lew Yor k,

1979) .  Moskyrdoydii§ #higubstyistalégicdly ateapolyeentsierindlagisenc PRI Peet®Asp/ G u,
Thr/ Ser, A ) af Thr, Ser/ |, Ser/dy, Thy/Phe, AlalPro,
Lys/ Arg, Kégpﬂ‘%‘?l{q@e{ﬁ/&l g E(g%})@g([z%ylﬁ{)%éﬁu, and Asp/dy. If necessary, the
am neg@aci ds may undergo a nodification, such as phosphorylation, sulfation,
acr tion,,gl ' hyh admenRx" barnesidsaiiinnndadetrsibateiaon,

am g i on, %?‘é‘%g?%irﬁ eg&gf)g@g-d%:r.lp%ed e irrgat an{@e@h% prieferab! y

f unct i onalstregievareasesl Tat {98 PRI HPAIEF0Y A8 Phus el ng simlar in

bi ol ogi cak_agi ikl feptidyii golyragr dndpr aenemridinericprotdt,widh ISTEBIFFHYR agai nst

Eﬁﬁ;ngngn gOH‘fﬁtiq[’fg %l)%ﬁﬁ[ 20 ng-lgngm.lzlcn &8&315 N BYn D8 AseltdMe tomPleksatakead from



including cows, goats, pigs, mce, rabbits, hanmsters, rats and gui nea pigs,
or may be a reconbinant or a derivative thereof, obtaippgdutfemosiansf or med
ani mal WEI2Y/YL%i cr oorgani sns. I n the forner case, total inmunoglobulinis
isolated from humans or aninmals, follo-owed by protease treatnent. Wen

treated with papain, the total | nmmunogl obul.in.i Vi i _and Pc.
Pepsi n cl edvesugast' as useaigrioy FoBLR tha Ftﬂ‘l HIFE & hé%‘cfg r&%!g%%gdl tE% 3)#15 ?Ee_se
fragments, 1l BV Cpdafpbige SEPatApaddyEpaigmet aml G dlgiOpoEHt Yfdflogr aphy.
Preferred i s a feconbi nant, i ogl obulin Pc dormain derived fromthe human
Pc domai n itﬁﬁc%“éﬁ’t%?”&érﬁoé’ﬁ]ff“%@] [52] The i mmunogl obyl.in Pc gfo%ﬁl n usef ul
i n t heyjpr esemk pratvierbinplexmEyhapvenalyerfam 1§ Raratel 2 Fag s gdLred 8. or

l PURRALEEEAAL Y ' Lif rdbioM@lcal activi
ol B o e e,y 0n, ks i

_ ve sugar ghgi ns. The %gg{é&grﬂe Leduction
or renoval tefeof HEhei prengnoigheionfeptpEs Bisgse LA HIMRM B eved Using a
t ypi ca![. teSMe%ephX?féﬁki@y%cﬁWW@Pﬁﬁegf!fmh qimerica;groemagém%;@uﬁfef@hlni ?ug or
a genetic reconbi‘ndtion technique, using mcr. i wosy| ate
i munog! obdrie Hﬂ'é’teéib%ﬁﬂe%stg%@ n‘?ﬁ]qud%g]eyapp {elcgaﬁ{cog1 iaﬁﬂ%%engi nctiliy ng ‘force of
the conpl egant ko ofme phasolbgitdllyeactive polyaeptidsouy bepeisaeAe€ &l - nedi at ed

cytotoxicity qr conplenent-d IChtWiedandpliyhus i nduces no
unnecessarE?fqt%‘?f@pl%g?fbﬂ%%osﬁ%l%ﬁggmSst&%:%%% ?ﬁ&%egl yco%;j//I ated or

agl yepgyi ated i munogl obulin Fc domains preferentially coincide with the
I nt eﬂ&jd funet| ch?he?eqipdtﬁlgger'ﬁla’rcl'ﬂlﬁﬁspm{eﬁa'] méhs usadtehewih myo Naemhiae.m

"deg osyl i"oT efers to the enzymatic. renoval of a r N fromthe
native Pc. PiEferetios m irorghneebelliadicsomadt Ef?%cli’tcé‘nt éls%({)%seanc(s:agg%f E@gggr chai ns

in the Fe gg gnaaﬁ/é%k&%ﬁ)dirherh 5 RoiOguneds b akucacidedwithindhppasperhiy in E.
coli. [54] {ZE )]’ The 1 mmunogl obul in Pc domain nmay originate from ani mals

i ncl udi ng HOWHASTOBWS, goats, pigs, mice, rabbits, hansters, rats and

gui nga;pigs with a preference for human origin. In addition, the

i mmunogl obul in Fe domain useful. in 9fthe LBMELR!d QRridreyr beéruger i ved

f r om%dfrong ﬁ@@@“ﬁﬁégﬁblﬂ iﬁl‘f %E%Péﬁ\ﬁtégggeg%%i natj ons .t her eolzE g&iﬁ%xbri ds

t her eof . Preehueeabik v biddegiasalde ppiveeptideciirly s Be2PYNEI Whi'¢R Er m)rqtia abundant
than the ot her t f TR egh b bits, Bodnmasglpsemefadimeif hamedé-gG whi ch
is known t@% Perbré\gﬁt%%@ S_S{ear umhaif lite. %f ¥ andf%ierbq&&?atgﬁrno%&gmﬁm[ 56]

Al so, the vanageogieobeikl imommogoRain MeEsruss 1§ He%?lﬁé) orm-of di hers or

mul ti rners, GconbLNALiBRPIA! Fitinmbrogiseliulsifree B Fab ga¢ i hightp dif&arepy 1o

gl ycosyl ateci” 1 nmunogl obul i ns cor i tdheosame i gin. [57]
[58] The taswpe *@dfeAUTALS %ﬂm,WSé“‘br@Ogﬁﬁﬁeaﬁgéﬁh%?ﬁnégﬁ%@ % Rat. pol éﬁé}.}gti des

encodi Ny shéghsity 6@k doinpieunogisotxpkéiad Rerefpeeghe AP PHRUEENE ri gin are
linked to g_single-chain,pal. 6, "0fs &elinbiel eNintedtibgiointicatt deanya di mer
or nidfti ne?I.heTtﬁ Wuléoggﬁ)?r@{%grabggw tSi mgr ma\é be .gr ﬁ@aﬁe\g i?)f'sc i ni ng
two or noraihrcagsentdonmin 26660 2 BeAVARBAR JORENELOTRE G ﬁ‘)s B GG Fe, 1gA
Fe, |gM Fe, géﬁfﬁ 4 @ggc}{ag,{zwﬁpdble[&%ﬁagf[@aemrmi'ﬁmmndﬂomm Iu€ad) &k ei n,
means t hatlight gha(iannc(::o?atan?ggr%glilnnlg(ésf?anod’mg}?rcgmbgge a hinge region. The im- .
munoglobulin Fc domain of the present invention may be an extended Fc domain

which further comprises a part or total heavy chain constant domain 1 (Cyl) and/or
1) and is free of the heavy and light chain variable

light chain contant domain 1 (C
gher than that of the

domains if it guarantees an effect substantially the same as or hi

native form. Alternatively, the Fc domain may be a truncated form of Cy2and/or Ca3

which lacks a significant part of the corresponding amino acid sequence. To sum up,
the immunoglobulin Fc domain of the present invention may be 1) Cyl domain, Cy2
domain, Cp3 domain and Cgd domain, 2) Cul domain and Cyu2 domain, 3) Cyl domain
and Cx3 domain, 4) Cy2 domain and Cy3 domain, 5) a combination of one or more
domains and an immunoglobulin hinge region (or a part of hinge) or 6) a dimer

composed of each light chain constant domain and a light chain constant domain.



munogl obul in Fe fragnents of different origins are pre [

_ in | _ sent in a

si ngl e-chai n i munogl obulin Fe fragment. In the regent

hybrid farmwsoenespossi bl e. For exanple, the Fe dgnaln fgb@%%@509 10¥aghgufo
four different domains selected from( |, Cl2, CH3 and CH4 of 1gG Fe, IgM
Pc, IgA Fc, IgE Fe and 1gD Fe and naysconprlse a h|n e regi.on i61]

1 gG i g6R Iso Thdtihen, dwvmﬂedﬂmnmogbhdﬂsﬁgépﬁﬁgbswﬁﬁeﬁ ggein, Fd@@nd‘g@% and

Ig&4 and their c
i nventi on. y%rfrg)? 8813/@?1?92%“ rac@%gh%e%ﬁt Ney ﬂﬁlu%én@%ﬁbme\% e pmésenid
pr ef er ence sb@ienge givieh rfegks ENAHEO AGHEPHUBE g&@ f&%?’fﬁ?&ﬁé%ﬁ%%g%ﬁOMlm

10 1g4 freg £ éz?rnoﬁléﬁﬁsiekﬁﬂ% stiednsasyadoaptisnamion dé e amino
cytotoxicir %bc ipliggl .
e ik P RGP s o o
human or i giyasitisnATiMABIBEETATSIORYR 3 BH1aB3 281 omBH- thidd vt &G GErVbeR &Fse t he

I
ot T ik 3R bR O PR i hpsodunionn it

of a prot eansdrably kiodiag ditere i %idﬁwg\t gﬁgﬁ?ifh}? ar %V%ggg b@gﬁﬂiftsg aﬁt“cégt\fgg/?rygai%lﬂi% '66]
LO7) L L 5. RESaRL. IRL] Rk Bomai-opil Mykrnbhimin redns! defwotonpat

bl e pol yne WO or
each ot her Fw@T@Véwaﬁﬂéﬁﬁn%wlﬁn%lagfersgﬁ’ﬁﬁtt gégm t: S\tljgglndﬁrha?lgg]l:tkgﬁsgnz ?onal

peptidyl | ppkgd Seisest ﬂuﬂcttdﬂ@nfaysbeenmmaae@by.semepgaedmpherr@ugw ine

f r anmef us f f
o ot 61 nasediohd G ¢ 14 Bk el YADEES (ipQR BBl Blesauaiel 0 1 o Y

| ong as exaﬁ@dlgf;lmmﬁméfh&nmay be maderth WEO PitP468 1 W%W&ﬁ§/§§%@Ct ![ \ﬁg g(r)rgngf

of the present 1nvent J
S St tQueRZYRBiahe cdegmadatibbulin Fai nt ai n
the serum fHI° f'“mll?%gl é)pqﬁ dr ug as Iong&las t hat guar ant eeﬁgv\,hen t he calrr: 2?

remai ns i nt@osins.So long as it acts as nentioned above, that is, is
resi ﬁ% 'ﬁl Wﬂirﬁhggmfi%ﬂsrtﬁﬁt%n@m , At apel heekti iy ofventivs rbi¢ins @Wpﬁﬂ%ent

i nve
userul in ewbelesenkRaRy BT Bh I aNGEeT R ol ﬂ@?’f%%%?&#d%% ERRLY T80
kDa and prgferahky1d00midstteppidd sitisatutitime onon- heeprendyle/

Pe"a: pol ynbh/a. ALoho T PoR LE R e ar s Ay '*“%W?WAW" gagomin
Che  non- pepti/ayh, IpalarerulseiAll/Gln A Ve i ARV L‘I‘}r?]“flﬂ F‘d@SeExa"p' e of
undergo a modification, such as phosphorylation, sulfation, acrylation, glycosylation,
methylation, farnesylation, acetylation, amidation, etc.
(48] The above-described Fe mutants are preferably functional equivalents to their natural

forms, thus being similar in biological activity, with an improvement in structural
stability against heat and pH.

[49]

[50] The Fe domain may be a native form isotated from humans and other animals

including cows, goats, pigs, mice, rabbits, hamsters, rats and guinea pigs, or may be a
recombinant or a derivative thereof, obtained from transformed animal cells or mi-
croorganisms. In the former case, total immunoglobulin is isolated from humans or
animals, followed by protease treatment. When treated with papain, the total im-
munoglobulin is divided into Fab and Fc. Pepsin cleaves total immunoglobulin into
pF'c and F(ab)2. From these fragments, Fc or pFc can be separated using size-
exclusion chromatography. Preferred is a recombinant immunogiobulin Fc domain

derived from the human Fc domain in microorganisms.

[52] The immunoglobulin Fc domain useful in the present invention may have a sugar
chain less than, equal to, or longer in length than the native Fc domain, or may not



bi odegr adabl e pol yners such as pol yet hyl ene gl ycol, polypropyl ene glycol, a
copol ymer of ethylene glycol and propylene glycol, polgeprygidybaiad pol yol,
pol yvi nMO Zi1@dtiels, pol ysacchari de, dextran, polyvinyl ethyl ether,
bi odegr adabl e pol yners such as PLA (polylactic acid) and PLGA
(polylactic-glycolic acid), |ipopolyners, chitjn h |G Al d
combi nat i ortgve berae diginswilhé addifene FedvE R Of E?Pmb’f)‘l (ﬁtpﬁw{ Iglhg(s%%@l&% %Iggg
their derivatives Wi ehad BsikheWhidahtebhaigas tsuoh anhiipmicdiedeiqueddi | y
prepared using a-typical techni lg{ue_fat%.l t\/\jnttjg'&ﬂﬂa&eusa‘ggofgﬁzr@grggrﬁ@nmesent
i nvent i on. gh7dfaliq g AR PEIETUYT " Poryver s ‘used i .t he present
i Rventi on hﬁé@cg)wéd i@iainogladups Ft domhirciy stemeiqaniy RsyEebil 1H P BE domai n and
the protein drug can bind. R0t delllibediaB] [ 74]
In contrastfoxg o Wé%ﬂpﬁm%{%@%%ﬁﬁgg’?ﬁ%ﬁpr otei n CO"%%%‘ne'é?%ﬁ? a
non- pept i dylyipedisttyes: domplangent-viependercy BRAFCBhAd (B AP MY Ror €5 Patent No.
10-0725315) . the Dresent;, iy end:QNicameoyistea o8 aglymyhigpeiptiepglpeliyner .
Different P8 théPconvent I onal non-pepti dyl PRIVEET .MM, £ BahRs, one
functi onal Fendnaing preieirahely qul%ﬁieawﬁlg lﬂjt??ég%u}%él, W@Le’ r]o%- pe%ﬁdyl ol yner
usef é%f n the &][e%grré;n, ifRMeRt I aalveasytiurd ecfeusrotthoeraly ma Hel ey '%ng’v\o
arer onsi ble for the.fo ion_of ¢ " ktBscdcdlbN®I-RE protein
while the @hﬁéﬁl‘%@ﬁi@‘é@o@%\%ﬁ?‘w ﬁ.%ﬁ(%é%h@“ﬁ% yi? %ﬂeo eal Ly acti ve
pol ypept i depaihd 5l the FZ 8bmbin bgcaat dris produtdd inseeanes ap lﬁi%ﬁ%éffg%xﬁoﬁn Pcis
a hono-dimer with two N-termini in close vicinity to each other, respective
linkg5dre formed between the two N-termini of the intn n(\aﬁég‘prki#gn Pc and
the gpposi t THeemmiunbglobulithEc dnaip SR WAINYPo TORRANIES JE VGRS AT RS 2- arm
non- pept i dyl g)olog,!;reh%g§ i LSt fistiiBnc0vat anls shopdmewptgh wither preferensdéitobul i n Pc
domai n, th&PE a’e unct’i onal. ends IEft f:h tcan be; [ g%pegeﬁ@/ith t he
physi ol ogi damby orgini (eadgBioppdsmERNOZIREENR %gorinn a si gn?tfll ant decrease in
pL oduct i on;yi.glich mlig Hié deﬂi\f&t@ tRiy sihohoBiG.dk Ay B TERe ghbIFR BN or to
t he 2-arm non- peptidy] po I i.S.r.eacted.w I 1AL R@@dHadel kore Fc
donai n. HoWsyesyt or Wsttﬁfé‘eﬁ?%f’%& lg% ‘Tfe@?%ﬁ’?@e g}le?/14 g}g@g' (;tLe is teacted in
advance, | gbsdah: tdesionabees opimrmeiasotia, Hrloany Sger t{ f‘a@%‘ﬁaﬁn se to
the |l oss of the physiol qqi ¥ ARV RERid fleieidsn contrast, it is
possible t& W&&toF#gn%-a%rsﬁén%nuo%@ggﬁ?fg%ﬁ%gl g{rﬂwi h {g i m@&g{hﬂ lin Fc
domaisg|bef orgsd, ercitinumaogiobhlin ﬁ@%ﬁ?@i%@bb‘?@aﬁ%? T8¢ V8ol ypept I de because
two of its ctohrb%%]g%HQ j%ﬁﬁ%og%@ﬁn &t e ebasaonsisbigeslforsylwd iNCEEEIORTITE  t he
i rnmunogl BT R BE Whi e the other .functional end thereof can cover the
physi ol ogi cahpasedef fuBaipbPPe st ue e ence, the protein conplex can be
prodgétﬁd in high yield. In practice, the production yield is found to
increase twg - nine times nore 3 apd erdplinpodiygiers are
used[5§177] Tpo&ymTH W%@@Sﬁ%ﬁ‘?ﬁ%%@%ﬁ%@%‘?@ﬁ? of th QQ n-pepti dyl
pol ynmer caghdpi memtusogbbulieifivifragimentsrod dhg SpRer 1SR AT f@‘F%‘) %?m@f}sgel ne
resi dues of the.. n LI+ i RS relemRiginaéngd nithemph ok agdival pya acti ve
pol ypept i dg(')ly]f@?&]dgm’l DOGHLRLEBinRS £
multimer may be prepare
the Fe fragments of TgG Fe, IgA Fe, IgM Fe, IgD Fe and IgE Fe.

The term "hybrid", as used herein, means that sequences encoding fwo O more 1m-

d by combining two or more fragments sejected from among

i munoglobulin Fe fragments of different origins are present in a single-chain im- |
munoglobulin Fc fragment. In the present invention, various hybrid forms are possible.
For example, the Fc domain is composed of one to four different domains selected
from Cyl, Cu2, Ca3 and Cut of 1gG Fe, IgM Fe, IgA Fe, IgE Fe and IgD Fc and may
comprise a hinge region.

[60]

IgG is also further divided into the subclasses of [gG1, IgG2, 1gG3 and IgG4 and

o on. Preferable is an Fc

their combinations or hybrids are permitted in the present inventi

domain of IgG2 or [gG4, with the highest preference being given for an Fc domain of



[80] Preferably, the three term nal functional groups of the non-peptidyl
polynerare sel ected from anmong al dehyde groups, propi gepahgehydesgisoups,
butyl avdempdalt§toups, mal ei mi de groups and succininide derivatives.
Exanpl es of the succinimde derivatiyes useful in the present invention

i ncl ude succini m dyl propionate, hydroxy, succi.ni m.dvl dnidmdyl

car boxynet hyG4 fraelokeffaston FFrcHyRS %’ﬁh%ﬁ%é%enﬁpépg?eﬁgﬁ%zﬁ @%ﬁ%@ﬂg@% %r oups.
V%enlg%esent on the three termni of the non-peptidyl polyner, reactive
al dehyde groups can mnim ze nop-speci.fi t: AP Af BicBff ective in
WO 20430/ 011@%1::@117@133@1@2@6@%%%@?& Orf’%‘Pn‘%Cf%léﬁ'%g%%gﬂsﬁ th bot ht §§

physi ol 0gi gk Yedasti varipoly@Eptibnteinariduntas slgimisraCEAHREOE RVEEIFNer, the
final product forned by re i ydati namdeh imbidedoydeintscifathenor e
stabl e thaﬁm?-é“fﬁlﬁ%"ﬁ%ﬁﬁ%atug% gl%rlréé/tgﬂ\?\#?h am de bogr?ds. General |y, al dehyde
funct i onal pgxiocs cfehdbidiesghgreiceact with amino ends at a | ow pH while

forntér)1 a covalent bond with a lysine residue at high pH, e.g., pH 9.0. The
three“term nal functional groups of the non-peptidyl AR ORY: Big at he
sane[@i di f fTae emselftmfﬁn@%%a%% ?L[’%ﬁﬁe Or}[aé’i?tgﬁ’na’g é%?gg%ce Wth the

pr esent inﬁ\{&%é ﬂyllg(n?mgxonj ugate of the dinmeric protein with the

non;ﬁp% tirlyl 6& ynmer is linked to a physiologically active polypeptide to
for protein conplex. [83] [84] Herein, the termphysigl,oqi y active
pol ypept i ci @ the'ppRtysiiotagbuaht yorapentisy] pplamer feans g%’t"??/‘épf)t?%? géﬂ&%{,ek "active

pol ypeptide” or " el ABANSNiR WRicH REOiniEE 1o aghephdrdés BP0V ot ei n
havi ng son@EHE gé%é)n(%rg?;%%ilﬂ%%ei Sct i Vi ty to a physiol ogical event in vivo
and t hese th@wdnehardlyarbepapsde bt er changeably. [85] [86] The gh_ysi ologically

acti ap0| @89{)&@8&1%@&9&5&&3 h%dtiheh@mmimotcmr@awfthtqvf p‘E(_besent

i nverfi on may be exenplifi or nones . _ Rt ns,

i nt er | euki fnahefgion guiberdram ﬁ’é"‘g%iﬂ%?fﬁ%%e szbﬁﬁf%%agilgg{égzido%%]ﬁ a}g'tp or s

transcri pti,pnsdsas tar @ qublaord Haehon salfJide of hegctiet dUEAuRE 3B %s, 1igand

proteins, receptors, cell surf [ seftieg pRMmgorhtosis and
deri vati ve¥hgyt EHQPTSQEEHPH&%%?SEF%%E?S%]SPOI ltﬁcr et 6. exanpl e5-,0%s I

physi ol 0giegikiayt BELEMeapalegPepio ERIYSERRA ‘hFﬁmi“ﬁ”ehagﬁ E%eoﬁhe I nvent1 on

i ncl ude h”%@%g%@n.@e@%@?ﬂ%ﬁmﬂr@%ﬂnb@ﬁmr&) Iepeasiang dorembigeed gr owt h

hor none r €t g peptides, interferons and interf cephaks (e.g.,

i nt er f er orebeye,-thd inndresiytanisis| iy © RYGEFS APRY ?lg}r;lgﬁﬁj?ggégt %(r_??) ,

col ony- Sti Al {0g(AGKAY S ligkuieagamphitké oo, Tesop@epidy! RUEYS, exendi n-4

pept i des, , BNP, CNP, DNP, G protej wf 86801 ri$0 Kt @kl euki ns

(e.g, interspadii e f}‘%@%‘,m‘@é‘gbg ﬁ‘?}“%?gfn 1{“@&%’0{"-@% 29, - ention which
preferably from 1 to 20 kDa. The non-peptidyl poiymer of the'present inven

is conjugated with an immunoglogutin Fc domain may be a polymer or a combination

of different polymers.
[69]

{704 Examp
biodegradable polymers such as polyethylene glycol, polypropylene glycol, a

copolymer of ethylene glycol and propylene glycol, polyoxyethylated polyol,
polyvinyl alcohol, polysaccharide, dextran, polyvinyl ethyl ether, biodegradable
polymers such as PLA (polylactic acid) and PLGA (polylactic-glycolic acid),

s, hyaluronic acid and cormbinations thereof, with a preference for
hich can be

les of the non-peptidyl polymer useful in the present invention include

lipopolymers, chitin .
polyethylene glycol. Also, their derivatives which are known in the art or w

readily prepared using a typical technique fall within the scope of the present

invention.

[71]

{72] The non-peptidyl poly . .
which the immunoglobulin Fc domain and the protein drug can bind.

mers used in the present invention have functional groups 10



10, -11, -12, -13, -14, -15, -16, -17, -18, -19, -20, -21, -22, -23, -24,
-25, -26, -27, -28, - 29, -30) and interl eukin recept arskR@9/004k1s 1
recept oWO WLV %¥cept or, etc.), enzynmes (e.g., gl ucocerebrosidase,

i duronat e- 2-sul f at ase, a-gal actosi dase-A, a-L-iduronidase,

butyryl chol i nesterase, chitinase, gldtanmate decarboxyl ase, imiglucerase,

| i pag€3] urica.se, platelet-activating factor acetyl hydrol ase, vl

neut lr{e}k ndg%gbhgﬁsﬁ) thByEbopehoX iatasepariag prytein cmn@;i%\zﬁuég f NORRPUAY |
cytol’cine-binding proteins (e.g..,l/Mb- -HidAdNag (PODISIIA), et C. ),
nacr ophage P&&W@g’ﬁﬁlﬁé t‘W%E‘E%glggagﬁ%%sr(gpajhrgggxg;g?E iliéllg%, B-cel | faC{E(%r-S, T-cel |
factors, Praésehrinfentiahleemtpys arihirbinporspidd poliiedr bE e B B

el ns,

i rnnunot oxi ns, | hot 9xi MY 98d Bntaciend mNpEngep PrEssErS,
transf or mi ﬁranﬁ‘Q%Y gﬁhg‘%@@%@éﬁ%@/ Kﬁgu}(;)égf%g OOII%% ?g q%& 18% én%\éql hof ﬁlcf%]e%nct?dnﬁha' 1
Oy CoSy o S U ALORI 8 oping gl i ArSop! 5 USRS i
D O e aohPSEH S USROSkl Bpnhong-fciane Whpeidn, 1 X
an : Sofbrin-bindfng pepti des, uroki nase,
stre§ty kinase. hirudin, Protein C, Greactive protein, renin inhibitor,
col agenase i nhibitar, ..supergxi ' |<septdho-dahatvelietwdsrteveoi gr owt h
fact or¢] epi tthérs4r %ﬁﬁagvﬁéﬁa#sg)é gfﬁmq%%@gfé@%ngfc g{ owt k]ff act %?r? WANGLASEAL T N,
angi Io_t ensi i cltbgﬁm'cig_itp\m éﬂch@dg?_rrésg@@%‘éﬂ léi}tlzﬁr?ﬂ? : g?h’?g B?‘E;?;j imcl;}ng%ggg; n,
Insulin, so Q I C 13z igtoMhaganpgitkly °n,
Oﬁg]ﬁéfsn ?%&119 ’((:)P 181?& Pgl éjatﬁglélﬁ]?:sg?oggéfcg %%\glemtbi oSgH 1R¢td yating factor,
|

cartil age | _
tissue factben gt herynemagricy bpolYRe] it at1ng honnone, | ut gfiéni zi ng
(e.qg.,

hor none, m%%)@iogﬁmggg%rﬁgﬂghm lugaisd hgchionarends lefishats g Povrepiet 3t ihd
nerve gro ractor, cilliary neurg i c. f gnesdodudamt or - 1,
gl ucagon- | Phesigjagedliuadive @alﬁgﬁ u,%e’erféelﬁgﬁgin 4 %g%{f%?gg,é&%?ail n?na?rj uretic
peptide, gljeal. Toesivephprlsgtaliophiic: pelppatidemiqrin &%@%B‘Fﬁ"?eﬂ‘ﬁﬁf bi t or

factor, neurturin, etc.)., SHNQrTOREnaih SlexERr, vieartst iphysio-
somat omedi ROLYMERSYTFR t??ji)wlitglqg%o %ﬁ%ct or, adrenocorti cb?il3 h%&‘(n%ggrcf gl ucagon,
pepti de,

chol ecyst oldpftiatly apiaveppbatpisiepotoppepin d&/angastF Pn "PeErea (_acgul
cortieotropin ref ?’%?i mm% A&t Blhe bhysfahd pajdistulrtingctve priypeptictutrot axi n,

|l actoferrif, 1r"Tyo_s a ign_, ecept or;%re.g. TI}I@?LP@?}H@'WEI PRmbelobblinl
receptor, MEEGESK Boepessible Brewst oot AYEPeRECEpY o et C. rete%}ﬁor.

ant agoni st fic (ngin beldrd dRagoreta Jhe ptekiolapivallicetianpolgeapside beguse @9 S, 3, 4,
5, 7, 11 a, o 18, 19, 20, 21 2 AQni#5f 118 ImrRin6gibbulimioc onal
ant i bodi esits @mﬁ@n@f%ﬁ%ﬂ%?{?&ﬁpé%g"%ﬁfigf Bg(gif fralgﬁnt,s l&e. g.g %eFeVﬁ gab, Fab
F(ab' )2 anghRsihe o fuictiusalded iheexb? vak epYRs el GEIREc IS AgH & RHYRFP f¥ie

physi ol ogi cal | y ,acti vepol L 8¢ ibSodt@b& Gl 1eh f i TapRRgcd) tirepgrogratmn h

hor nones, ﬁﬁ?‘?r?hgrpii?lt-elglcg)ﬁé?&@%{lg??e,ron- betgf g\&gnu ol tngnmggé]&ﬁ,y stimul ating
factor, erykriofmingtiy mcresseidl node GopeTi g7 F 8" 28t I exendin- 4" pepti de
(exendi n-4 ni gal citonin, octreotide (somatostatin agonist), BNP and
Fab' . [89]p%?'§5%\sfz}a%\¥sggéousl y, these protein drugs cannot maintain their

bi ol pgilcal activity in vivo over a long tine because they ar hi}ghly apt to
denat/gz)e or TR BirdcRehiny fie@lioadiegoupst ¢t the oorpRRIEES polpgfe 6 bing e “onpl ex
ofth resent 1 nyention jn.which i G PEah e ihmanshido Pl Aepplidxde are
conj ugat edesigah I1§e -Sﬁjép}f“ig Pe%o )étr?g]_&r&?%fgrﬁeeases bot h the structural
stability @ﬂdh@pﬂlﬁsicﬂbga&laméwp@ﬁpwﬂldﬁhe drug. The reduction of the

bi Ol&% ical activity of the polypeptide because of conjugation with the

di nme protein is very insignificant, conpared to din
convgot i onaPrekaﬁy,dkeﬁll'emQMﬁHPé?tiqnﬁ%g@ngPé °&f “?h@ﬁa’ég@ g%?%%e and the

i mmunog| ot)sgieia{ég@%ﬂ&%ggﬂh%@@%m@@mpmghehm poesebuty] A4 on i s
characterized by having a significant i . Q\.e Loavad thabidcidissideconpar ed
to that ofgr@@ﬁv@ﬁieif@ﬁélgﬂﬂﬂﬂsﬁg%E)‘EOlCHgml r%dgergg{éﬁ%és.ﬂ_x%hﬁ] [ 9‘}1{%e :nn , accor dance
Wi th anot hgr,asReehetthareopresdnngrvpnéstemeltda vBeRTEHCY FUHEHE 1978 fret hod f or
preparing a protein conplex, i Sﬁéﬁh L BEdiSinRa@caibonits. eefjrugateed with a
physi - W\WOUeGHF! liiﬁéﬁﬁfﬁ%%gw 041??4 14 [ ogi caﬁ(lﬁ/ act| lveO@)Fq]JQ\;//ﬂoepti de via
a 3-arm nodehpepgiodys. Vinypresent %ﬁﬁrfh@ﬁﬁamf(nﬁqj%% "Bt P%}fﬁfg Inki hg two arns
of the 3-arm.non | dyloReh YiBfnibOnoppesifierehbtions bnd araleffapifedngr oups of

t he di nerir%acgrggt“"iggﬁ%eloé%oasm a conjugate (2) isolating fromthe reaction

m xture of step (1) the conjugate in which the dinmeric protein is
covalently linked at N-termni thereof with the non-peptidyl polyner and
(3) covalently linking the physiologically activepol ypepticle to one free
arm of the non-peptidyl polyner of the isolated conjugate. [92]



193] 'In a preferred enbodi nent, the dineric protein of step (1) is an

i mmunogl obul'in Pc domain. In another preferred enbodi nppfkrbhiBobhinee arns
of the MEh2PeptPyl pol ynmer of step (1) have respective al dehyde functional
groups at termni thereof. Mre prefqﬁably, t he non-peptidyl polyner is
linked to the N-term nal am no group .0f. the physj ol ogi cal arddcve

pol ypept i defoatingfosdowith bap the,pids 8%1%11,}' afcﬁggglg@é%){g&pa(rﬁgtdé%/%l s reacted at
a nmolar r ﬁ:);}reteﬁi FhARR the ZinhiOprbai: Wrtedttyeredamiveeytileion widh glaehydeihiast ep
(3), the ar ratio of the conjugate. i SRR hidenfdee
physiologidﬁ@ﬁ?gﬁgﬂgybmﬁ%T?B@H?ﬁgggﬁﬁﬁ e?a fﬁg?ﬂ%ges frgh%é; %.5 to 1:0. 05.
[ 95] [96]1$ﬁﬁkmeagbmgnakhnwsyepstWmhaﬁﬁmlﬁgg3@é&@ﬁ&PBWhQ THEee t er ni na
groups of the non- i oyl YR at hich JFEQUW. J 1§14 9.0, TRe neacteainsl may be
conduct ed ﬁﬁvﬂﬁ@nﬁwgggﬁﬁﬁ¥%PQ§£red&biﬁ?Ig e%%}ggreferr% 1%%%%§£§§68E t he
reduci ng adenttionalgdraes of defi - PPYSHIRO BRYART B8 eni4ei ,“'sodi um

bor ohydri dey, di met hyl am ne borate and pyridine borate. [97] [98] The

| i nkage betweeh the irmunogl obulin Pc donain and the physiologically
actiJV@lpol ypeptide is achieved not by fusion based on genetic . .
reconbinat i OR ac@ianét it thOpabentinisoticn, (OGInjugLoo] e SIS AR Y M th a
further aspect thereof, the present i M QR Reltad tide P AOTm a

maceut i cal %%ngpflsgwoégﬁ%rrlggﬁ%g h ?rgoteglqn (Qﬁd’nﬁl eg@g?@t he present

i nvention ansteia colmpieraceuti cal |y acceptabl e vehicle, which shows an
inprgg%nent in the in-vivo sustainability of a physiologically active

poly tide. [101] Via an appropriate route. .theu. : I, conposition
of trﬁ&fl]presé&ﬁremnklblém%@hﬁ%@@g’&éﬁﬁ' ﬁ‘ft?v(?d:l?i@&p?‘#ﬁ 0 fgnr}? {Og%zgaﬂgrdggér’egan of

i nterest. ﬁgﬁéigﬂga@@eiptmﬂg@",dabii%emﬂpbdpdde‘hm‘ peoigiatdedg tiesssie PORASPHSUW e can

be used for adm nistration, of the. i o) Ik that present
i nvent i on. PESIACEX 4 PpPIED htaﬁ’élga?gﬁiie%ngc{](?%%msngg%E%ﬁ?;ara%is%gb%urbtgm\?ii a HP

i ntraperitaneab and tesareanomsy be nseddntpsehanagablsubcut aneous, intrader mal ,
oral, Jlocal, intranasal, intrapul nonary, and intrarectal routes, but is not

Iim'i[%sd thereto. Preferably, the pharmaceutical co sitio f e present
i nvengdjon i%a@@ﬂ@lggieﬂésdaqtiﬁe@ﬁlmﬁpﬂdﬂa\epé’éff@fedﬁgbg%%ﬁ Fﬁéﬁﬁggf g‘g4114 15
jectable fg%gél}tﬁlv%geioﬁ h&y BhaKsmeiEud makoraonpo s tokines iayribedadriini st er ed

of ‘a

\tMaJ; ge: 23 g@rﬂegkin-bindeir\{gl gI%t(;[il’?SI; ough ahi gh Lhe aghhve T &hh@kiplisn BRtdy/ered to

hlood factors, vaccines, stractural proteins, ligand proteins, receptors, cell surface
antigens, receptor antagonists, and derivatives or analogs thereof.

(87]

[88] Concrete examples of the physiologically active polypeptides useful in the present
invention include human growth hormones, growth hormone releasing hormones,
growth hormone refeasing peptides, interferons and interferon receptors (e.g., in-
terferon-a, - and -y, soluble type interferon receptors), colony-stimulating factors,
glucagon-like peptides (GLP-1, etc.), exendin-4 peptides, ANP, BNP, CNP, DNP, G

protein—coupled receptors, interleukins (e.g, interleukin-1, -2, -3,-4,-5,-6,-7,-8, -9,

10, -11,-12, -13, -14, -15, -16, -17, -18, -19, 20, -21,-22,-23,-24,-25,-26, -27, =28, -

29, -30) and interleukin receptors (€.g., IL-1 receptor, IL-4 receptor, efc.), enzymes

(e.g., glucocerebrosidase, iduronate-2-sulfatase, a-galactosidase-A, a-L~iduronidase,

butyrylcholinesterase, chitinase, glutamate decarboxylase, imiglucerase, lipase,

uricase, platelet-activating factor acetylhydrolase, neutralendopeptidase,
myeloperoxidase, etc.), interleukin- and cytokine-binding proteins (e.g., IL-18bp,

TNF-binding protein, etc.), macrophage activating factors, macrophage peptides, B-

cell factors, T-cell factors, Protein A, allergy inhibitors, cell necrosis glycoproteins,

immunotoxins, lymphotoxins, tumor necrosis factor, Wmor suppressors, transforming



{102] [103] The pharnaceutical conposition based on the conplex of the
present invention nmay further conprise a pharmaceuti cajlyxasqepbapl e

vehi cl eWFa100E18%s a pharmaceutically acceptable vehicle 1 n oral dosage
forms, a binder, a lubricant, a disintegrant, an excipient, a solubilizer,
a dispersant, a stabilizer, a suspen g en a col q{ n}dtmﬁ‘@/ &Y. a

f ragment argosxd’l bc@edlph\ﬁﬂewftﬁbpsﬁfhé}we uti® the’ presnt
invention ig, J %H‘IH' %}&&gﬁpa&g%ytm@@wuar@g;@obume}nqmczglme,stémmdm,ve a pain

relievin i zer r e used
al one or gl ﬁgmﬂ FRAERIEN. acfi?f)‘?’m’lgd’(f?ﬁ{]deﬁ g‘F |%C?1Lﬂgl %@gjg&tﬁﬂnﬁgngl@y\ént a

| ubri cant, Bnghdaxpr, 9&@;mwaigbzvectm;omé‘ihnmeldndm@rpeptﬁfé?étIilréhllﬂaﬁ?sé{fepﬁ nase,

Egﬁr{) rﬁgfrghﬁ%{dph a3 IFS;; g? lfn% ot J}Steﬁ Freh rmHMM)‘?' %dl%ﬂb@%niﬁ@it&@ supekaiaed in

y_accept ab into us
dosage f or raismiiase, &pamg:éatf:l@r d@’lVeﬁ(ﬁm\&bJﬁ%}Pé epﬁ‘el@l %ﬁ%ﬁf%?%%fag‘a?nt 0

tablets, t r OCh Sp actSPB.ﬁ%{b?émn %ln%f&'ténsmsb'&ﬁegﬁWﬂﬂﬁcKﬁ yonpstimwitieg grot@e.c.  As
concerns inj 1 ONns

ormof.sin oul es or
mul tiple das@ston@ m@#hnawaﬂaﬁﬁ%n fOGFrF&“q%r{é‘I”%@S%I 1 u%(?%sﬁ E{% sﬁy ons,
pill's, powders, .GapRitBScof Riasusi, a:nrmtmetzmsaca*gaémwact@(&n%lpé@d@f

a
hi cl 5 ent dit uent d
| act 056, dIR4GTEYenn Bt f?oeﬂé% SETiRE Rhhone ulctfioh Tl EHC. %el?lf*?{g” ©

erythritol pofBbid eRbsinghamaine, ma@g@“th facteah (f Braf@ye é’@"‘fﬁ‘ ﬁ@fyum

h hat | | aj hdinst
rrels A e et oo
pr opy! hydr Qeytinzoainepriapids Pﬁm}éﬁ&idbﬁﬁ’%‘fe@eﬁﬁ%oémﬁ #Wepgﬁ”n fuopkilso, a

filler, n o N id hiiohane]axin, becaeyirg nomatgredin,
elrrul Si f i er i%léﬁlg) r%gﬁé1ég§{r€f§t I %%2{%%5%5%&0%0% hgl’?eaaige }F)h%%gﬁm ically

effective amilnthkéﬁl‘q\ﬂ‘téfiﬁt‘éﬁ nvent I on V%I’I es
dependi ng ?Qn&gﬁmﬁbﬂﬁ!}e phdedbaeas efseatsmgmpndeaomotr@m reloafing BAWLARBHGency of

adm ni stration nder i TN Prhe severit
of disease SU%I%% Porgg’ﬂf:h 51? m{ hg‘ﬁg%s?% %pﬁ{:%ggﬁsy@g:t? ﬁpe ti desy
e P

The super i qINHR(PSS), Ime1¢mep1toe,| ‘hEGBmzﬂﬂ@?@rl B\ 2 awxp&org@qegfcgt Bt t¥t er
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better undérs of the present inventi pektharodgh the
fol | owi ng ewimimhrka MVPFW“Q? es‘é’t‘l}?ggf'etdh“f'?)norw&{?l&a?& ﬁ]llgtg?ﬂfcaresnot o be
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activity of the polypeptide because of conjugation with the dimeric protein is very in-

ompared to that generated in conventional complexes. Therefore, the

significant, ¢
nce with the

complex of the polypeptide and the immunoglobulin Fc domain in accorda

present invention is characterized by having a significantly improved bioavailability,

compared to that of conventional polypeptide drug agents.

90] | | |
[91} In accordance with another aspect thereof, the present invention pertains to a method

for preparing a protein complex in which a dimeric protein is conjugated with a physi-
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[120} .. [12 gnkggg‘eb?@é’%r@e(lm&@ob% Heabinhvame)thd gRajolddicllyaaties 20

[ 123 60 A :
NaCl) polypeptide is achieved not by fusion basggi On %exget:{c r]e'gonrr%immﬁ, ARife B A+ 1M

covalent bond,

[991
[160] In accordance with a further aspect thereof, the present invention pertains to a phar-

maceutical composition comprising the protein complex of the present invention and &

pharmaceutically acceptable vehicle, which shows an improvement in the in-vivo sus-

tainability of a physiologically active polypeptide.
propriate route, the pharmaceutical composition of the present invention

[101] Via an ap
red fo the

must be introduced intc a tissue or organ of interest, So long as it is delive

targeted tissue, any route can be used for administration of the pharmaceutical com-

position of the present invention. For example, the administration may be carried out

via intraperitoneal, intravenous, intramuscular, subcutaneous, intradermal, oral, local,

intranasal, intrapulmonary, and intrarectal routes, but is not lirnited thereto. Preferably,

the pharmaceutical composition of the present invention is administered in an in-



*[rl(zjﬁa [ 125] EXAMPLE 3: Conparison of production yield and purification
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EEg 8Ca|t Lf?g&?&%orég%f@%ﬂd the d "g‘%‘;(&%:gfc%’ﬂfh bgﬁdéin@s;tér?hd with the aid
PEC-Cal ¢ e AR R gnd 2, respectively (table
v [eOt i Lle%graﬁggll?&%r@@gm feixh a® aaticometedk! §deliperad iﬁfg@ffé’rcéﬁs'by | i nki ng
( _ citonin as a physiologically acti [
i mrundgtlobulin Pc region via 2 ar o L oL YPeR e o
m PEG ( PE '

gr Ouﬁ$%3]| DB, Th8qltm e ne) cerspesitionriessd Ofé%egp\émma%‘% © glreo-ng?n%%éﬁ%]%ﬁ\gg
o o R LA GG UBICOANEIL el Fix w5 e pmumOgco il i n e
I2010/ g_llogaa@wakmm)wy@%@e[fm’éabiﬁ“}df’a%ﬁ@%%é‘g %@%E&g&? Iffgg éut v\?al

ngredi ent ( AF), FEGubOLE, Riagueintonstibidker, ¢ ARIpehdisE 8Jentrt FUYER g &A/OT

a fragment are selected. When the pharmaceutical composition of the presnt invention

is formulated into injections, a buffer, a preservative, a pain relieving agent, a s0l-

ubilizer, an isotonic, and a stabilizer may be used alone or in combination. For local

application, a base, an excipient, a Jubricant, and a preservative may be used. For

practical use, the pharmaceutical composition of the present invention may be

formulated in combination with the pharmaceutically acceptable vehicle into various

dosage forms. For dosage forms, for example, it can be formulated into tablets, troches,

capsules, elixir, suspensions, Syrups. wafers, etc. As concerns injections, they may be

in the form of single dose ampoules or rﬁultipie doses. Other available forms inciude

solutions, suspensions, pills, powders, capsules, and sustained release agents.

Examples of vehicles, excipients and diluents useful in the formuiation include lactose,

ucrose, sorbitol, mannitol, xylitol, erythritol, maltitol, starch,
calcium phosphate, calcium silicate, cellulose, methyl
methylhydroxybenzoate,

dlactose, dextrose, s

acacia gum, alginate, gelatin,

cellulose, amorphous cellulose, polyvinyl pyrrolidone, water,

propylhydroxybenzoate, talc, magnesium stearate and mineral oil. Also, a filler, an

anti-agglomerating agent, & lubricant, a fragrant, an emulsifier, and a preservative are
useful.

The pharmaceutically effective amount of the protein comp
nd of diseases to be treated, the route and

[104] lex of the present
invention varies depending on the ki
frequency of administration, the age, gender and weight of the patient, and the severity

of disease, as well as the kind of the physiologically active polypeptides. The su-

periority of the protein complex ir: in vivo persistency and titer makes it possible to

reduce the adrninistration dose and {requency of the pharmaceutical composition of the

present invention.

[105]

[106] As disclosed in Korean Patent Nos. 10-0725315 and 10-0775343, a protein complex

is provided in which an immunoglobulin constant domain and a physiologically active
polypeptide are respectively linked to opposite termini of a non-peptidyl polymer. This

protein complex is prepared by linking the non-peptidyl polymer with the physio-

logically active polypeptide 10 form a conjugate and then with the immunogolublin Fe.

The preparation process is disadvantageous in that the physiologically active



2 arm9% 3 arm33% Calcitonin 2 arm18% 3
3% ¢ arm 30% 131 132] T
gr oressg}%%}%@ﬁurl fying the conplex fromthe coupling L@ﬁ/ﬁ%{bﬁli[@/emgﬂ ng wer e
nal yze _ Mflicity and primary colum size and the results are
sumari zed in Table 2, below [133] {6134] Table 2 [Table 2] able

polypeptide is lost in a large quantity during the preparation, In contrast, the use of a
3-arm non-peptidy! polymer in the preparation of a protein complex can exceptionally
reduce the loss of the physiologically active polypeptide. Further, the protein compiex

can be isolated using a simple purification method.

[107]

[108] A better understanding of the present invention may be obtained through the
following examples which are set forth to illustrate, but are not to be construed as
limiting the present invention.
Mode for the Invention

[109] EXAMPLE 1: Preparation of Immunogiobulin Fe-3 arm PEG-Octreotide(N)
Complex

[110]

[111] For pegylation of an immunogiobulin Fc at its N-terminus, 10 mg/ml of im-

munoglobulin Fc was reacted at a molar ratio of 1:2 with 5K PropionALD(3) PEG
(PEG with three propionaldehyde groups, NOF, Japan) at 4°C for 4.5 hrs, The reaction
was conducted in 100 mM potassium phosphate buffer, pH 6.0, in the presence of 20
mM SCB (NaCNBH,) as a reducing agent. Using SOURCE Q (XK 16ml, GE

Healthcare), mono-pegylated immunoglobulin Fc was purified from the reaction

mixture. Then, octreotide was reacted at a molar ratio of 1:2 with the immunoglobulin

Fe-5K PEG conjugate at 4°C for 20 hrs, with total protein concentration set at
25mg/mi. This coupling reaction was carried out in 100mM Potassium phosphate, pH
6.0, in the presence of the reducing agent 20mM SCB. The coupling reaction mixture
was purified through an SP HP purification column, Using a 10 mM sodium phosphate
buffer (pH 5.4)as a binding buffer, the immunoglobulin Fc-5K PEG conjugate which
did not undergo the coupling reaction was not attached 1o an SP HP column (XK 16
ml, GE Healthcare), but was separated by loading through the column, while the im-
munoglobulin-PEG-Octreotide (HM11760B) was attached slightly to the column and

then eluted with a salt gradient of 1M NaClL

[112]
[113} Column: SP HP (XK 16 ml, GE Healthcare)

[1i4] Flow rate: 2.0 ml/min
Gradient: A 0 — 20% 60min B (A: 10mM Na-P pH5.4, B: A+ IM NaCl)

[115]

[116]

(117} EXAMPLE 2: Preparation of Immunoglebulin Fc-3 arm PEG -Calcitonin(N)
Complex

[118]

[119] Immunoglobulin-Fc was reacted at its N-termini with 5K PropionALD(3) PEG in the



APl PEG form Purification Process Size of Primar '
y Columm Cctreotide 2 arm
Source Q -> Source 1SO5 3 armSP HP 1 Calcitonin 2 ap,RQ46R011& Source

| SO 4 3VQRHMOSHEN
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same manner as in Example 1, after which only the mono-pegylated immunoglobulin
Fc was purified and coupled with calcitonin. In this regard, calcitonin was reacted at &
molar ratio of 1:2 with the immunoglobulin Fc-5K PEG conjugate at 4°C for 20 hrs,
with total protein concentration set at 25mg/ml. For use as a medium in this coupling
reaction, 100 mM potassium phosphate buffer, pH 6.0, was supplemented with the
reducing agent 20 mM SCB (NaCNBH,). The coupling reaction mixture was purified
through an SP HP purification column. First, an SP HP column (XK 16ml, GE
Healthcare) was used to remove the immunoglobulin Fe-5K PEG conjugate which
remained uncoupled with calcitonin. Using a 10 mM sodium phosphate buffer (pH 5.4)
as a binding buffer, the immunoglobulin Fe-5K PEG conjugate which did not undergo
the coupling reaction was not attached to an SP HP column (XK 16 ml, GE
Healthcare), but was separated by loading through the column, while the m-
munoglobulin-PEG-calcitonin was attached slightly to the column and then eluted with

a salt gradient of IM NaCl.

[120]
[121] Column: SP HP (XK 16mi, GE Healthcare)

[122) Flow rate: 2.0 ml/min
Gradient: A 0 — 20% 60 min B (A: 10mM Na-P pH5.4, B: A + 1M NaCi)

[123]

[124]

1251 EXAMPLE 3: Comparison of production yield and purification process
simplicity between 3 arm PEG complex (EXAMPLE I and 2} and 2 arm PEG
complex

{126}

[127] Production yield of 3 arm PEG complex and 2 arm PEG complex was compared

“using the immunoglobulin Fe-3 arm PEG-Octreotide(N) complex and the im-
munoglobulin Fe-3 arm PEG-Calcitonin(N) complex prepared by EXAMPLE 1 and 2,
respectively (tabie 1).

[128] 2 arm PEG complex as a control group was prepared by linking Octreotide or
Calcitonin as a physiologicaily active polypeptideto the immunoglobulin Fec region via
2 arm PEG(PEG with two propionaldehyde groups, DB, South Korea) as a linker. Par-
ticularly, a 2-arm PEG was coupled with Octreotide or Calcitoninand then with an im-
munoglobulin Fc domain via a covalent bond (KR10-0725315).

[129]

[130] Table |



‘[135] [136] When using the 2 arm PEG conpl ex, all the i munogl obulin Fc
whi ch remai ned uncoupl ed was attached to the col um sop@spkaessRaiat e

itsel f WORMHYHEH nmunogl obulin Fc-2 arm PEG Cctreotide or the

i mmunogl obulin Fc-2 arm PEG Calcitonipn. lii contrast, when using the 3 arm
PEG conpl ex, separation between the ilﬁwunogl obul i n Fc-5K PEG conj ugate

whi ch remai[fiede bhcoupl ed with the physiol ogically active pol ypeptide and
the i mmnonggrgghi n Fc-3 arm PEG Cctreotide or the i munoglobulin Fc-3 arm
PEG Cal citonin _was achi eved in such-a-menpef—t-hat—the-+rmmunogtobuttn Fc5K
PEG conj ugal §;Wa%.f£evee] bpEGReing t hr ougProdiectiool ek (WRL P&Sivhe im
munogl obul {n Fc¢-3 ”P PEG Cctreotide or thejinmunogl obulinFc-3 arm
PEGCal ci toiﬁﬁeﬁﬁgt@tf’t?ﬂched to_the columm. Thus  notenly was—the
purificati ggct;%ggeess reduced jfrom two steps|9gp one, but also the col ym was
1/5 reduceg’in Size. WO 2010,011096RPCH-KR2009+064114-19—{ 13711 138]
EXAMPLE 4: | Preparation of ljgmmnogl obulin Fc83%r m PEG FSH(N) Conpl ex |[ 139]

[ 140] | mmupeoglebuti-r—e—was—reacted—at—Tts rmni wth 5K Propi onALD( 3)
PEG i n t he/Gési®nitanner as ilA aRanple 1, aftgl;8 Swhich only the

nono- pegyl at eci i nmunogl obulg n Fc was purifiyge, and coupled with FSH. {In
this regard, FSH was react a molar ratio of.-1:15.w-th-the —

i mmunogl obul'in Fc-5K PEG conjugate at 4C for 20 hrs, with total protein
concéhtliation set at 40 ng/nm . For use as a rredipg,lm in this. coupling
reactiny, 108e pMcpotassipunfphoeirarelaruiewihe FIPEDE reazEen E]ﬁ’btﬂfeg\;’n%nt ed with
the reduci ng,agent 5&531%- ' AR S sRPEE iremitvetsumenanmed ur i fi ed

t hr ough tV\f)l%Mﬁ%? (i)rcsa%{?l gér\lﬂco LPr?nEksﬂ&ygl rst, a Blue HP colum (Hitrap 5nl, GE
Heal t hcar eYabag. tded t o renove the i nmunogl obul i n Fc-5K PEG conj ugat e whi ch
rerra'hrg%ﬂ’uuncoupl ed with FSH. Subsequently, nulti-polynmers in which tw or
nor e’ nogl obul i n Fc- 5K PEG conj ugate were coupled with FSH were renoved
t hr oligH] Resd@bleé 1so (1 m, GE Healthcare) on the basis of hydrophobicity.
[141] [142fapfeadjumm: Blue HP (Hitrap 5ml, CGE Healthcare) [143] Flow rate:
3.0 M/mn

[Table |
AP] PEG form Purification Process Size of Primary
Column
Qctreotide 2 arm | .Source Q -> Source ISO 5
3 arm : SP HP 1
Calcitonin 2 arm Souce Q -> Source ISO 4
3 arm SP HP 1

135] | | |
[136] - When using the 2 arm PEG complex, all the immunoglobulin Fc which remained

. : lin
uncoupled was attached to the column so as to separate itself from the immunoglobuli

Fe-2 arm PEG-Octreotide or the immunoglobulin Fc-2 arm PEG-Calcitonin. In
contrast, when using the 3 arm PEG complex, separation between the immunoglobulin
Fe-5K PEG conjugate which remained uncoupled with the physiologically active |
polypeptide and the immunoglobulin Fc-3 arm PEG-Octreotide or the immunoglobulin
Fc-3 arm PEG-Calcitonin was achieved in such a manner that the immunoglobulin Fe-
5K PEG conjugate was removed by loading through the column while the im-
munoglobulin Fe-3 arm PEG-Octrectide or the imnmunoglobulinFe-3 arm PEG-
Calcitonin was attached to the column, Thus, not only was the purification process

reduced from two steps to one, but aiso the column was 1/5 reduced in size.



[144] Gradient: A 0100% 20 min B [145] A 50mM G y-NaOH + 0.2M KCl [ 146] B:

50m M dy-NaCH + 2. 5M KU [147] [148] Columm: Resourc 1$@d
Heal t hc#e301¢/au%e A 0 100% 90min B (A 20nM Tris pH 7eP5d : Oﬁ%ﬂ%M AS)
[ 150] [ 151 EXAMPLES: Preparation of | mrunoglobulin Fc-3 arm PEG | nsulin(N)
Compl ex [152] [153] For pegylation % an i mmunoglobulin Fc at its

Nt ermi3nps, 10 nmg/m of im munogl obulin Fc was reacted at a nolar ratio of

1:2 wi,th 5K i40 Ngﬂr o EA hREGopiobhlit Feeka @V S BH #oups,
NCF, V\Ggg]an) gtﬁ‘@%gﬂ?gr“ g hrgs? The reactgiioonlwas coﬁgg?t ed in aﬁf)glonjrn\llp
pot asldB®im phosphate buffer, pH 6.0, in the presence of 20 M g% B
I(-Ie Nalcr\fﬁho}lsg ﬁﬁn@mrg@mﬁ?-m?g va&g¢¢ﬁctedus}tm§~$m1® i&ﬂ@i@gﬁ? iﬁf e

al thcare), nono-pe te L, 00 - hiet hefvhng
reaction msﬁiﬁlﬁP@_fmgﬁ’ggﬂ} %f(?{%}aliei f m%@%ﬁ%{%lgéﬁﬁ?wgfr%%r rati ggflbl: 4. with
t he i mMmunogicokuslpurifibe afikedRpEdcwH] TYfatle this ragard.o>H §/25 143K I‘g‘g?’ Mol rl%ts a
medi um for this coupling reactionr. 4QPHIM@GEEsS LCihodphat eitbidler, pH
6.0, was sm?%ﬂl%nelﬁ}egwtﬁ‘fhe redycing agent 20 niv i n
reacti on nipxdteingoneestrplinn fof a0 Wﬂgoﬁ@ﬂ@i%éé‘%{%ﬁ@ g%?%%ﬁ%iﬁegggj t h?ough
mel pur I fi ;?16@) (Rl pﬁ%%ﬁlﬁm%hoﬁihh&t%uﬁfar,mw@ wmw&g%g ﬁéie‘f‘ﬁc}ngGEt e

al thcare) was _used _to.renove.the i. : _ugate whic
r emai ned uﬁé@ﬁépé@“\%ﬁéﬁl ”J{hﬁézﬁ}lﬁ%ﬁ“‘.g iiacélgﬁth 9&5%%%1? 9%5&11 M I%EClgiofﬂj ﬁﬁ%o mM Tris
(pH?7.5) al Iml}tmmmh@mwﬁhc@@m%ﬁmé@hj@ﬂééi@élﬂt%r%é"aérl el first
due to relatively weak binding:.f i } by rE@dihened d hixthel uti on
of immnoglf%‘?ﬂei‘ﬁe %@@%@g{]ﬁg iq:r?.ﬁﬁ'grggudgh t fe?k%rbyrgnr r{)? ?%lglt_hgn, :
i Mmunogl ob&SHNSAseHIenPEGnBBRpAae iw@qhéﬁl&\%d?orﬁd?“%ﬂgao-%& %/inegé SG Igf Fc- 5K
PEG and | ngplin dspionat edrabyed theaghdResgurpuisp t@®Bn was -

RSNt ‘sﬁ%@d e ocu
y

t hus condu asi s of difference in nolecular weight between the
conpl ex andfletlfware)op thegssis i DY HOPIPGBhhacryl 5-300 (GE Heal t hcare) col umn.
At tfﬂamsjama time, the i mmunogl obulin PcPEG I nsulin conplex was fornul at ed.

e AL P SR ek ey S o e
conplh exg] [ 158w rate: 3.0 mi/min

[144] Gradient: A 0 — 100% 20 min B

[145] A: 50mM Gly-NaOH + 0.2M KC1

[146] B: 50mM Gly-NaOH + 2.5M KCl

[147]

[148] Cohumn: Resource ISO (1ml, GE Healthecare)
A O — 100% 90min B (A: 20mM Tris pH 7.5, B: A+ 1.3MAS)

[149]

[150] .

[151] EXAMPLE 5; Preparation of Immunoglobulin Fc-3 arm PEG-Insulin(N)
Complex

1152]

[153] For pegylation of an immunoglobulin Fc at its N-terminus, 10 mg/ml of im-
| ulin Fe was reacted at & molar ratio of 1:2 with 5K PEG PropionALD(3)

munogiob
4°C for 4.5 hrs. The

PEG (PEG with three propionaldehyde groups, NOF, Japan) at
reaction was conducted in a 100 mM potassium phosphate buffer, pH 6.0, in the

presence of 20 mM SCB (NaCNBH,) as a reducing agent. Using SOURCE Q (LRC2Z5

85 ml, GE Healthcare), mono-pegylated immunoglobulin Fc was purified from the

reaction mixture. Then, insulin was reacted at a molar ratio of 1:4 with the im-
munoglobulin Fe-5K PEG conjugate at 4°C for 19.5 hrs.For use as a medium for this
coupling reaction, 100 mM potassium phosphate buffer, pH 6.0, was supplemented

with the reducing agent 20 mM SCB. The coupling reaction mixture was purified



[ 155] Colum: Source Q (LRC25 85ml, CE Health
_ _ , care) [156] Flow rate:
8. 0mJ ; '
rnin [157] Gradient: A O -4 25% 100mn B (A1 20mV, g.gﬁzm%()g,m B: A+
A |

1M NaCl WO 2058911096159] Col unm: Sephacryl 5-300 (Hi Prep

Heal t hcar e)

[160] Flow rate: 0.6nUnmin [161] [16 EXAMPLE 6: Conpari son of productlon

yi el d between 3 arm PEG conpl ex (EXA 5
[ 163] Pr ocltucuii e B!hl@fI@flOBC%lPWég@Séﬁ%p@&;tﬂ@ hﬁﬁﬁ{ﬁ@com ex \Arr/glsex

conpar ed USiNgnthe WRURKNRUkARUE ihe iFemi e ob PRGESKPRG cojdaexvhidll t he
Sfjfl n Pc- 3 arm. PEé;TZHI1 Ie;%&n%g)%gggﬁ &4 Mﬁmrlg%tm\,[%\@;ﬁjé} and 5,

i mmunogl obu

respecti velf§fm%1€’§%l—‘%cof§)’

e conventi onal prep rati

processusi %ﬂa%e@ﬂf@ﬂﬁﬁnoglobg;n Ec- ﬁKyﬁ@gonwgwgg g ehied Rust e a&wediés
termni of % bmgi?ﬁ%@&& I?l 5 er v R The géigﬁﬁmfﬁgtﬁtpgrma

as FSH ( Mw

coval ent b@md-istihn. tmougmm@@mﬁmmﬁqr@%%ﬁnﬁn

in vivo.
5\/ Waisy
o5 e o e i e
ecqapy; REISEHER 8P ﬁ’sgofrlr%;%xes Wt ﬁﬁdl meric

i nsulin. [&@@}‘at CUERIE

such

persi stence

physi ol ogi gatd¥m@ch ntecpRl yv[@gm betesemareecqunsée pabiby Dpiﬂ%ﬁb@@ﬁf W8ing
g the 3
arm PEG [ 166] ﬂéjgrﬁo p(reé%%?% a Efcdlﬂmﬁhﬁt B{eos‘lﬁféttﬁrﬁé' td Bl ld"b‘iﬁna}Ftd

| nsul i n acE8rHe

summar i zed pEG-Thatiirec@nplee Weﬂ\iormu@t@b Hgoma
munoglobulin Fe-5K PEG and insulin were first eluted, foliowed by the im-

[154]
[155}
[156]
[157]
[158]
[159]
[160]
[161]
[162]

munoglobulin Fe-PEG-Insulin complex.

Column: Source Q (LRC25 85ml, GE Healthcare)

Flow rate; 8.0ml/min
Gradient: A 0 — 25% 100min B (A: 20mM Tris pH7.5, Br A + IM NaCl)

Column: Sephacryl S-300 (HiPrep 120ml, GE Healthcare)
Flow rate: 0.6ml/min

EXAMPLE 6: Comparison of production yield between 3 arm PEG compiex

(EXAMPLE 4 and 5) and 2 arm PEG complex

[163]

using the 1

Productionyield of 3 arm PEG complex and 2 arm PEG complex was compared
immunoglobulin Fc-3 arm PEG-FSH(N) complex and the immunoglobulin

Fc-3 arrn PEG-Insulin(N) complex prcpared by EXAMPLE 4 and 3, respectively (table

3).

[164]

When using the conventional preparation processusing 2 arm PEG, dimeric physio-

logically active polypeptides, such as FSH (Mw. Ca. 40,000Da) and insulin (Mw.

5.807), oceupied both the termini of the non-peptidyl polymer so that the polymer
could not form a covalent bond with the immunoglobulin Fc domain which provided
persistence in vivo. This phenomenon was more conspicuous with a dimeric physio-

logically activepolypeptide of small molecular weight, such as insulin.

[165]

Accordingly, persistent protein complexes with dimeric physiologically active

polypeptides were preferably prepared using the 3 arm PEG,

[166]
[167]

Differences in the production yield of FSH and Insulin according to preparation

process using 2 arm PEG and 3 arm PEG are summarized in Table 3, beiow.

rocess usin arm
g 0‘@57‘0{5’ 3 a§m PEG are



21 [168] [169] Table 3 [Table 3] Tabl [
_ : e Active Pharmaceutical | [
I(API ) PEG form Production Yield (APl basis) FSH 2 ai mpleg d@fmo/e ng%egizgng 9
nsul i W2 24HHIM8G 3% 3 arm PEG 27% / IR 2%

A
[168]
[169] Table 3
[Table 3]
[Table |

Active Pharmaceutical Ingredient |PEG form Production Yieid (APT

(APT}
FSH

basis)

2 arm PEG 10%
3 arm PEG 32%
2 arm PEG 3%

3 arm PEG 27%

Insulin

[170]
(171}
[172]
[173]

EXAMPLE 7: Preparation of Immunoglobulin Fc-PEG-FacVIia(N) Complex

For pegylation of an immunoglobulin Fe at its N-terminus, 6 mg/ml of im-
molar ratio of 1:2 with 5K PropionALD(3) PEG

munoglobulin Fc was reacted at a
4°C for 4.5 hrs. The reaction

(PEG with three propionaldehyde groups, NOF, Japan) at
was conducted in a 100 mM potassium phosphate buffer, pH 6.0, in the pre
mM SCB (NaCNBHs) as a reducing agent. Using SOURCE Q (LRC25 85 ml, GE
pegylated immunoglobulin Fc was purified from the reaction

sence of 20

Healthcare}, mono-
mixture. Then, FVIIa was reacted at a molar ratio of 1:9 with the immunoglobuli

5K PEG conjugate at 4°C for 18 hrs, with the total protein concentration set at 20 mg/
ml.For use as a medium for this coupling reaction, a 100 mM potassium phosphate
buffer, pH 6.0, was supplemented with the reducing agent 20 mM SCB. The coupling
reaction mixture was purified through two purification columns. First, a SOURCE Q
column (LRC25 85 ml, GE Healthcare) was used to remove the immunoglobulin Fc-

5K PEG conjugate which remained uncoupled with FVIfa. A salt gradient of 1 M NaCl
e eluted

n Fe-

in 20 mM Tris (pH7.5) allowed the immunoglobulin Fe-5K PEG conjugate to b

first due to relatively weak binding force, immediately foilowed by the elution of im-

munoglobulin Fe-3 arm PEG-FVTIa. Thereafter, secondary purification was conducted
to separate immunoglobulin Fe-3 arm PEG-FVIIa from FVIlamuitimer impurities
using a RESOURCE ISO (GE Healthcare) column. The immunoglobulin Fc-3 arm
PEG-FVIIa was first eluted, followed by the FVIIa multimer impurities.

[174]
[175] Column: Source Q (LRC25 85mi, GE Healthcare)

[176] Fiow rate: 4 ml/min
[177] Gradient: A 0 — 7% 1 min B, 704 37% 80 minB (A: 20mM Tris pH7.5, B: A+ M



[170] [271] [272] [173] For pegylation of an irnnmunoglobulin Pc at its
N-term nus, 6 [rril of im nunoglobulin Fc was reactggygkr@o®iar ratio
of 1:2 WQ &K Bopi onALD(3) PEG (PEG with three propional dehyde groups,
NOF, Japan) at 4C for 4.5 hrs. The regction was conducted in a 100 rnM
pot assi um phosghate buffer, pH 6.0, ih the presence of 20 nM SCB ( NaCNBH3)
as a reduci gent. Using SOURCE Q (LRC25 85 m, GE Healthcare),

nono- [QEV‘yI ated i mrunogl obulin Fc was purified fromthe reaction nixture.

Then, lla ywas re i Q.10 the i munogl obul i n
Fc5K [PES cor#\@ ﬁggag’gﬁ%fsqgg LRl Hﬁ 6 éHtQ%l%/Mac%Jé%r otein concentration
set gus@0 noflowlrateol mlsEnas a nedi umfor this coupling reaction, a 100 niM
pot a m p I 20088 BRI ESERL 80+ Wﬁl\/h(?\ﬂh&gsmhum ng
agentsﬁgg rnkﬁ%@%g% %ﬁ%ﬁﬁﬁ“ﬁgﬂ‘gcu on m xture was purified through two
pur| fligdti on colums. First, a SOURCE Q colum (LRC25 85 ml, GE Heal thcare)
tﬁ?ﬂ to f.epoyve the i mrunogl obulin Pc-5K PEG conj ugate V\/m ch remai ned
unco d with FVila. A salt gradient of 1 MNaCl in 20 mM Tris (pH7.5)
al | ovved t héT i@r‘hﬁhogl obul in Fc-5K PEG conjugate to be eluted first due to
rel ativel y ryaak] bi nding force, inmmediatel y followed by the elution of

i munogl obulin.-_E¢c-3-arm PEGH/Har—Thereafter;—seg ary r|'r| tron was
conduct ed &tm%maeumm%m?mlﬁéﬂ@ arm PEGHf\’/? Célof’rd I‘%’% amul|ti mer
inmpurities %?,F\n/g a RESOURCE 1 SO ( Heal t hcare) cq@asign. The i mmunogl obul i n
Fc-3 arm PEG VI i dr—fol -owed—by—t-he—PiH-a—nut-t-mer

i mpuriti es.Fag\’kﬁQ] [ 175] Col umm: MmEEQ (LRC25 B‘B}fﬁ?mp@dl-bal thcare) [176]
Flowrate:] 4 m/mn [177] G adi ent—A Q7% 1T N J/WI%%O mnB (A 20nM
Tris pH7.5, B A+ 1M WD 2010/ 01 1F0yBPEFFKR2009/ 06 ) [178

[179] Col Urm—RESEURCE TS0 (Pre-packed T ml, GE Healthcar e) [180] Fl ow
ratefl18]m /mn [181] Gadient: B 100 0% 60 mn A (A" 20mM Tris pH7.5, B: A
+ 1. FMSﬁ NH4) 2SO4) [182] [183] Table 4 [Table 4] Table ]

[186] EXAMPLE 8: In-vivo Assay of Immunoglobulin Fe-3 arm PEG-Qctreotide(N)

Complex

[187] N
[188] The immunoglobulinFc-3 arm PEG-Octreotide(N) was assayed for ascertaining the

effects on body weight and IGF-1 level in SD rats subcutaneously administered
therewith. Octreotide is a potent inhibitor of growth hormone, and is mainly applied to
the treatment of acromegaly. It is commercially available from Novatis in twoforms:
Sandostatin, a short acting version; and Sandostatin-LAR, a long acting version. Now,
acromegaly is a syndrome that resuits upon the overproduction of human growth
hormone (hGH). In in-vivo tests of octreotide, rats which are subcutaneously ad-
ministered therewith are monitored for body weight and IGF-1 level to examine effects
thereof on the inhibition of GH secretion, Likewise, the immunoglobulin Fc-3 arm
PEG-Octreotide(N) was in vivo assayed for changes of body weight and IGF-1 level in
rats. The immunoglobulin Fc-3 arm PEG-Octreotide{N) was administered in single
doses of 0.5, 1.0, and 2.0 mg/kg while Sandostatin-LAR as a control was administered
in single doses of 1.0 and 2.0 mg/kg, after which the rats were monitored for body
weight and IGF-1 level over two weeks. Both the two test materials were subcu-
taneously administered.

[189] Compared to a vehicle-administered group, the Sandostatin-LAR groups were
observed to decrease in body weight by about 3.7 % when administered with a dosage
of 1.0mg/kg and by about 8.9 % when administered with a dosage of 2.0 mg/kg. On



Active Pharmaceutical Ingredient (API) PEG form Production Yield (API
basis) FacVlla 2 arm PEG Not prepared 3 arm PEG About above 3% {184]
[185] [W6BPIOBXMIPLES: | n-vivo Assay of | nmunogl obul i n PEFASRZPHQO4114

PEG Cctreotide(N) Conplex [187] [188] The inmunogl obulinFc-3 arm

PEG Cctreoti de(N) was assayed for ascértaining the effects on body wei ght
and | CE-1 | eneelthdrmaiD thainsmenigteiuiineod shy BmQuuspedaly) erepedparpased in

Cctreotide | -d-nhj bt f ! ai @lyhoapml i ed
Co the. tr eab b BgR o v O P b Rt | o
i n twof or nemgSaradosniatritinn anddtygbeuiadt i greerd BaKeadngdRg68t at i n- LAR, a

I ong ffgfglj ”?. 95:5 "t@tﬁve i}ﬁwsiseﬁ %}mg@h%gieﬁrfit_h@ymml@éfﬁghk hﬂf[IGFEItSEL{SSA uj]tn.on t he
over production of hunan “gr or e (li . Inin-vivq tes

octreot i de, Crapaedi & Véglé%s ﬁﬁ&’ﬁh"éﬁg’%uggvegg%ﬁ APTErdy Fﬁ%crr%%eg Rg?gtrmem

nmoni t ored f o3y hagySanabgirin a0dnd/Ghand byeatelut 1 beexain melosfafie Ctlsmefkgroadhe on t he
i nhi bition of. retion.~Likew,s he, | o) i - M,

PEG- Cct r eot?%’é%ﬁﬁﬁé&ﬁ’#"@ ilgié'lalgyégéy(g% e inde IR0 Bt IE\%I?? R e
level inr amm-mn@oiimwb@gummrwqddnm@dmﬁmt PraRqul 8¢ 1) Wit dosage

admi ni st er e&p@g@&gtggﬁ@ﬁgﬁ %’Rvi&l-agmsalge%f B0 che?icd aFBhY Ab¥hih @ with a

Sandost at i n- was adm ni stered 1 n single doses of 1.0 and
2.0 g/ kg, dprasrofigd) er/keETGatls were nonitored for body wei ght and | GF-1
level joyer tR MBEKS resBRliddRshstries thasthemBinRinogldbulle Fe-3suhc BEGt@neous | y

gg nmdglsts ;'? |r Eg@g&%gsghgé%%q iz% gcti%ity %mncé ﬁa%&é‘@n?wﬁhﬁ raesgstg{n%l Porrfulion of

octreotide,
[192] _
[193] EXAMPLE 9: In-vivo Assay of Immunoglobulin Fc-3 arm PEG-FSH(N)
Complex

[194]
[195] In-vivo assay of the immunoglobulin Fc-3 arm PEG-FSH(N) was conducted

“according to the Steelman-Pohley method (Endocrinology 53, 504-616). Immature
femalé SD rats (21 days old) were employed for in vivo assay of the im-
munoglobulinFc-3 arm PEG-FSH(N). The immunoglobulin Fe-3 arm PEG-
FSH(N)was administered in single doses of 0.018, 0.075, and (.3 pg/rat while
Follitrope, a commercially available native form of FSH, was used as a control at
dosages of 4, 2 and 1 TU/rat once per day for three days. A vehicle and the test
materials were administered in combination with hCG (human chorionic gonadotropin)
at 13.3 U/rat. Each test material was subcutaneously administered in an amount of 0.23
mi/kg. 72 hours after the first administration of the test materials, the animals were
subjected to euthanasia and had an ovariotomy. The ovaries thus excised were
weighed.

[196] As depicted in FIG. 3, the immunoglobulin Fc-3 arm PEG-FSH(N)ShOW@d in vivo
activity in a dose-dependent manner, with equality to the immunogiobulin Fc-2 arm

PEG-FSH(N).



observed to decrease in body wei ght by about 3.7 To when adm nistered with
a dosage of 1.0rng/lcg and by about 8.9 % when adm nistered wth a dosage
of 2.0 ng/kg. On WD 2010/ 011096PCU CR2009/ 004114 23 the other hand, the

i mmunogl obul i nFc-3 ‘arm PEG Cctreotide(N) groups decreased iyrdio@ty wei ght by
about 44.3 % upon O 5ng/ kg adm nistration, by about 40.1 % upon 1.0 ng/kg
adm ni stration and by about 55.1% upon 240 ny/ kgadm ni stration . [190]
Quantitative analysis for 1G-1 changes in the rats used the rat 1G-1

ELI SA kit. Conpared to the vehicle, the blood IG-1 | evel was observed to
be decreased by about 15% w th Sandostatin 1.0 ng/kg and by about 11% w th
Sandost at i ncé‘.‘%[%/ kg on the basis of AUC of blood I1G--1 level. On the

ot her hand, the i mrunogl obulin Fc-3 arm PEG Cctreotide(N)groups decreased

in blood 1/GFAlLheYetoRYeRRAMARBHANH B ofoflaaP I8 e, d about 18 %
with a dosage. %f 1. Oﬁﬁ@ggg apng gﬁ?@og&%ﬁ%%ﬁ%&@%é’%ﬁ%. )L kg
(FIG 2], Fasmasanonpiphay ©laperpayne S A L T
Fc- 3 ar m REG acthe son-peridy) pelymeppis qovtienily limkegopityd Nrterim oSthedibmenat i n- LAR,
a sust ai negotbinrai tied thirtl fodctioahirepatthateof if dSalentlyIhkkd RAYBLEsiSlogkcBHwi VO
Assay- of Iaﬁgwwgﬂ{ié_n Fc-3 arm PEG FSH(N) Conpl ex [ 194 [195] In-vivo
assay of the i1'mmunoglobulin Fc-3 arm PEG FSH(N) was conducted according to
t he St eel man-Pohl ey net hod (Endocrinol ogy 53, 504-616). Immature fenale SD
rats (21 @ay$hopojeinesmplerpl ol 1f whereim the donerksmptedtd istahdémmunoglobulin

i mmunogl olpylagbmas: 3 ai m PEG FSH(N) . The i mmunogl obul i n Fc-3 arm PEGFSH( N) was
adm nistered in single doses of 0.018, 0.075, and 0.3 pig/rat while
Follitrope, a comercially avail able native formof FSH was used as a
control af. dbuRjeFineomplep ofpigim 2| Wherain thhwempeeglellinfrdamied days. A

vehi cl e aaglytdigtedest materials were adm nistered in conbination wth hCG
(human chorionic gonadotropin) at 13.3 Urat. Each test material was

subcut aneous adm nistered_ in an amount of 0,25 nl/kg 72 hours_after the
first adnfni SiSRPICHHCWRRIERE! ¢laigt 2 Rhfeim 31 wherpindhe fprmynesiopps Kadgmaiz ed to
eut hanasi eomaprisch ank @nfoovdiffcanodymaith eclontat frem CHUSHRXChbaed @t e wei ghed.
[196] As depicted in FIG 3, the i munogl obulin Fc-3 arm PEG FSH( N) showed
in vivo agcti

| munog! obul 11 el il BEt FRREA)S S PR the imuogioBuln e

“domain further comprises a hinge region.

6. The protein complex according.to any one of claims 2 to 5, wherein the
- immunoglobulin Fc domain is-selected from the group consisting of F¢ domains of.
IgG, IgA, IgD, IgE, IgM, and combinations and hybrids thereof.

7. The protein complex of claim 6, wherein the immunoglobulin Fe domain is
selected from the group consisting of Fc domains of IgG1, IgG2, 1gG3, 1gG4, and
combinations and hybrids thereof.

8. The protein complex of claim 6 or claim 7, wherein the immunoglobulin Fo
domain is a dimer or a multimer comprising two or more combinations of
-‘immUnoglbbulin.Fc, wherein gach dimer or multimer comprises glycosylated
-immunoglo'buiins composed of domains of the same origin.

9. The protein complex according to any one of claims 6 to 8, wherein the
immunoglobulin Fc domain is an IgG4 Fc domain.

10. The protein complex of claim 9, wherein the irnmuncglobuﬁn Fc domainisa
human aglycosylated IgG4 Fec domain. ' '



CLAIMS 1. A protein conplex, conprising a physiologically active

pol ypeptide, a dirneric protein and a non-peptidyl polyner having three
functional ends, wherein two functional ends of the non-peptidyl polyner
are covalently linked to two Ntermini of the dineric. proteigcsan& the third
functional end thereof is covalently linked to the physiologically active
pol ypeptide. 2. The protein conplex of 2glaim|, wherein the dineric
protein is an i munogl obulin Fc domain. 3. The protein conplex of claim2,
wherein the.imunogl obulin Fe domain is aglycolated. 4. The protein
conpl ex of claim2 or claim3, wherein the i munoglobulin Fe domain

conpri ses one to four different domains selected fromCH , CH2, CH3 and CH4

5. The prgteim, g,pamt% da%ﬁb:’aﬁ%tb%n%ﬁbHt’éhanﬂ!ﬁ?foelmvm&%mﬂmﬂwm obulin Fe
domai n further onprr

| ex accordin
to any ondeBRAY PR|ymerds ?“cl)e%e‘{ ﬁ}%&rﬁeﬁf R PSS ﬁﬂ%ﬁgﬁ?&%ﬁ IR ﬁ@gngrrar nis ’
sel ect ed fm@mmp}éergrgbmlmm%@feﬁwlﬁ@em wrdl pPPYIgEs 2lve®, 1 gD, | gE
I'gM  and GRNRixhah rfaft-a b1 rp&mwtdsa aldobible @blysaccRaridd) desrant, polyvingt ethylex of
claim 6, wq_gr eti%nd dabf@“‘bgﬁ?:g%rg a{g &flﬂ%%éhd S %@@L‘%ﬁqfﬁ&jﬂﬂaéﬁh& gr oup

consrstrn corbi.pnat jons and
hybri ds t reéyebf aci ) @‘OdFﬁéadﬁ?IStPQ ﬁ‘eég PBS%I%B"FTSC Icg‘l i %Fﬂ??ﬂdMer ein
t he i nmunegibdhations feeredbnain is a diner or a nultlner conprising two or
‘mor e conbi nations of imunoglobulin Fc, wherein each dinme: or nultinmer

conpri ses gl Iated | . obyl 0, t he sane
origin. 1% ﬁ Oﬁ?l&cgfnﬁ Oﬁﬁ%é%qgclgggrgfnn%g?l (%)Sg’ gﬂc}j"q%ggjp{%lmg{‘rm 6 to 8,
wherei n t peletmaregdstoll i n Fe domain is an 1g&4 Fe donain. 10. The

protein conplex of claim?9, mherern t he |nanunoglobulrn Fe domain is a

human 29! 4G0%4L 3156l LG R URRR, bbb dhs 111% 12T e e Omp ex
accordi ng O any one O Q %Q% %E%Pg C%tl ODOI yiner is
Hﬂ# SPPopyl ene

sel ect ed PEBHAYA PEIYHIFD Dabh el
gl ycol , ape@mmay&mydogmaphwu@riel@h yrogroaps npomyd eareu@l andohecinimide
polyoxyethwh g.pol yol, polyvinyl alcohol, polysaccharide, dextran,

pol yvi nyl ethy ether blodegradable polyners such as PLA (polylactlc aci d)
and PLGA (ponIactlchycollc aci d), biodegradabl e folyners |popolyners
chitins, Hyalhe proiten aeiglerd climtPnwhetsinsthe her-eeptidyl polymrR g2 8tei n conpl ex
of cl ai m Klhetwhe tidhyadgronpiaresictaid teRalny BRfedfs a pol yet hyl-ene gl ycol .

13. The protein conprex according to any one of clalns 1 to 12, wherein the
nonpepti dyl polymer has a term.nal functiona elected fr
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MCSLLP 26 activating factors, nmacrophage peptides, B-cell factors, T-cel
factors, Protein A allergy inhibitors, cell necrosis glycoproteins,

i mrunot oxi ns, | ynphot oxins, tunor necrosis factor, tunor suppressors,
transformng growh factor, alpha-1 anti-trypsin, albumn, al@étal.bum n,
apol i poprotein-E, erythropoietin, glycos | at ed erythrop0|et|n

angi opoei ti ns, henogl obi n, thronbin, ?%nbln receptor activating peptides,
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activators, flbrln bi ndi ng pepti des, uroklnase streptoklnase hi rudi n,
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exendi n- %m&tﬂ}ﬂﬂﬂlﬁﬂrﬁ‘m@@%Mkuﬁk@ﬂﬂlnnscﬁnﬁ@ﬂkhﬂgmﬁﬁmaﬁkégﬂmﬁh fz&cdrr eotide , BNP

2 ohyei ol Lg%%@}mi*&ménge el BB R Rl PSR, Bl

pol ymer HalFpHige PiRie, SR TRMAICIEHAE Tacjpn Hlyr?iﬁwa@elﬂém@efrﬁofteheufomm
physi ol oghetafel:jn, actdsueinprloyies! ledeptarttdgoaisti nel suiype abtdgens,tvwirus he
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tcﬁm ug?t g8l Th f&&intcbﬁlpmtxw@mmmombﬂam ﬁxe%ﬁy.ﬂblﬁ {chNy h¢we€pdzﬁglte tﬁ&i(et@” {nh ni
ereof wi non- pept.i n I nki ng e

physi ol oﬁ?lggtf?ﬁti 5&%57 pcco) gqy %Bg{)&@tghoggg thlﬁ}?erge He’nd of the

non- pept it e:pmbytﬁegraeu ocHie qolnsly stimlatingjferen erytlzepmm em%&, of claim 19,

wher ei n theiagdbleatd 9l PeatigFNpiptidataloitgnHing giedatide NBRP fQrMibhfragmdablLP 27 21.
The nethod of claim 19 or 20, wherein the non-peptidyl polymer has three

functi onal aI de groups at respective term there , The net hod
accor di ng T‘Fgg‘ggﬂ-f REFPaEing 2 RECIE Y GOFPIeN °W%‘?ﬂf %Fﬁé’ ¥t ein is
react ed @blyeepmieaa direricoprofend amia dor2papoid ¥t IBJIymbxhhavh@ thone-fprgtonalydndpol ynmer
in step Gl linkdge off bih RS fIQEioREE 'n 'aeevet u@é‘%m&{he%ﬁbﬁ'& ﬂa%nseti%@
wherein the con alté%}ls react ftaﬁléa?#m d rom105to 1:0.05
Wi th thed mgr?ttdY?ig? o Jieggeye e& mg%eg‘?ﬂ? P DY CPIPYSE24. The et hod
accor di nfj) covaianiydiningf twel Rinetong of the nanereptidylinedy merde oppesiieNa bot h
steps (i benanﬁx éllniﬂo)graﬁﬁs &fans seher prﬁeﬁﬂ@ f&meemegm& a reducing agent. 25.
o oo R e SR e AR a8l SE YRR O e
di met hyl erﬁi%wbvewa% &Hakw W@irﬁéﬁwa%f witlpthe RoptpsPYdd @abimssl andonposi ti on,
conpri si (i) ddveleptipliakinsthaphwioloficAlyactne polypedtaicns ofe froe fificantl ept ¢onal |y
a phar na&g%h(ﬁ@#ﬂyég’tg%e&m@ 1¥&94e8|c8n3u%§cz.-. A protein conplex when prepared

by performng-t according to any one of clains 19 to 25.

20. The method of claim 19, wherein the dimeric protein is an immunoglobulin Fe
domain.
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21. The method of claim 19 or 20, wherein the non-peptidyl polymer has three functional

aldehyde groups at respective termini thereof.

22. The method according to any one of claims 19 to 21, wherein the dimeric protein is
reacted at a molar ratio of from 1:2 to 1:5 with the non-peptidy! polymer in step (i).

' 23. The method according to any one of claims 19 to 22, wherein the conjugate is reacted
at 2 molar ratic of from 1:0.5 to 1:0.05 with the physiologically active polypeptide in step

(ii1).
24. The method according to any one of claims 19 to 23, wherein the reactions in both
steps (i} and (iii) are conducted in the presence of a reducing agent.

‘25, The methiod of ¢laim 24, wherein the reducing agent is selected from the group
consisting of sodium cyanoborohydride (NaCNBH;), sodium borohydride, dimethylamine
borate and pyridine borate.

26, A pharmaceutical éompcsitibn, comprising the protein complex of any one of claims
1 to 18 and optionally a pharmaceutically acceptable vehicle. '

27. A protein complex when prepared by performing the method according to any one
of claims 19 to 25.



