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functions by binding to specific receptaor Protelns on
specifically, the invention provides methods for the production of polymer

conjugates of certain receptor-binding proteins with unusually high receptor-
binding activity. The invention also provides conjugates produced by such
methods, compositions comprising such conjugates, kits comprising such
conjugates and compositions and methods of use of the conjugates and
compositions in preventing, diagnosing and treating a variety of medical and

veterinary conditions.

Related Art

[0002] The following description of related art includes interpretations of the
present inventors that are not, themselves, in the prior art. Cytokines are
secreted regulatory proteins that control the survival, growth, differentiation,
and/or effector function of cells in endocrine, paracrine or autocrine fashion
(reviewed in Nicola, N.A. (1994) in: Guidebook to Cytokines and Their
Receptors, Nicola, N.A., ed., pp. 1-7, Oxford University Press, New York).
Chemokines are a family of structurally related glycoproteins with potent
leukocyte activation and/or chemotactic activities (reviewed in Oppenheim,
11, etal, (1997) Clin Cancer Res 3:2682-2686). Like their close relatives,
the polypeptide hormones and growth factors, cyiokines and chemokines
initiate their regulatory functions by binding to specific receptor proteins on



WO 2004/ 060300 PCT/ US2003/041162 -2 the surface of their target cells
(reviewed in Kossiakoff, A A, et al., (1998) Adv Protein Chem 52:67-108;

Onuf{,8he0el068300 € @l ., (2002) Trends Pharmacol Scbcgfiysﬁﬁ%o?ﬁ@ Because of
their potency, specificity, small size and relative ease of production in

reconbi nant organi sns, cytokines, chenokines, growth factors and

pol ypepti de hornones have many pohent lal applications as therapeutic
agents. [0003] Two key factors have hindered the devel opnent of cytokines,
in particular, and reconbi nant proteins, in general, as therapeutic agents
- their C generally short half-lives in the circulation and their potenti al
antigenicity and i mmunogenicity. As used herein and generally in the art,

t he ter nhe $uficegditheir targetr edlle (eeviewetlia Kdmsiakoff, AfA.aerol,ed09®) to bind to

pr eexi S%gﬁ antibhodies, while the term"inmunogeni cit%/‘; refers to the
ability negein hewcld- o7 08: mterahl i ﬁﬁﬂlﬁéZQ@ngﬂy@ Phargiag®, whet her t hat

esponsed BY8kyagT) BRI IRRLLBoGlcsRORIR, ol i DU ghgfpesponse) or e

stinmulation o nmrune res es. Y&ni ni stration of
reconbi rasy oft ﬂ@cﬂmtih%whﬂiiﬂélﬂ%rgdhfsiﬁs?vﬁﬂﬁhés, chém¥kihe igdwihst ration is
often desirable in order to achieve the highest circulating activities and
t o ni ni facterspand| polypeptidei kexmentsabiave tmanih potantigh apntications Hvwever , t he
hal f-1ivyes of .small proteins following i.v. admnistration are usually
extrenel °‘§1?1%"PF3§%‘%§% exanples in Mrdenti, J., et at, (1991) Pharm Res

8. J660B] 1359, Hy\aRer fictofs ha®d hidderdd] #5 HeipniBnRest cHdkihd$6m1469) . Proteins
wi th hydrodynam c radii exceeding that of serum album n, which has a Stokes

radi us wRrticyban agbresombinant protegsu iragengeil gast thefapeutisoagente; 6@fr Dal t ons (66
Da), are geperal tain i.n-the bl stream .heal.t hy ki dneys.
wever £eattaly shor beE B the hentetig Asg b1 REETLA SrteS ety ooyt o
col ony- SinniiHoBédifity. f aAls0hsdd Gefeil dnd IgRAGAILEUK! Bic? atf, | the2tekm
i nterferon-al pha (M1 FN-al pha") and interferon-gamma ("I FN-gamm"), are
cl ear ed “eoipgesioptyl r efars e thie oghdktyr ebim mpleghlenty biind 6| preexdstingn ( Br enner

B.M, %Eltigct)die ,1\%1@ tlfémté]mpmm%og%gj%it;’l’l%gfefé (9 ;thf\:/ ea%lfhatgragth ?hleam MA et at.,
molecule to evoke an immune response in vivo, whether that response involves
the formation of antibodies (a “humoral response”) or the stimulation of
cellular immune responses.
{0004] For the administration of recombinant therapeutic proteins, intravenous
(i.v.) administration is often desirable in order to achieve the highest
circulating activities and to minimize problems of bioavailability and
degradation. However, the half-lives of small proteins following i
C administration are usually extremely short (see examples in Mordenti, J.,
et al., (1991) Pharm Res 8:1351-1359; Kuwabara, T., et al., (1995) Pharm Res
12:1466-1469). Proteins with hydrodynamic radii exceeding that of serum
albumin, which has a Stokes radius of about 36 A and a molecular weight of
about 66,000 Daltons (66 kDa), are generally retained in the bloodstream by
healthy kidneys. However, smaller proteins, including cytokines such as
granulocyte colony-stimulating factor (“G-CSF”), interleukin-2 (“IL-27), .
interferon-alpha (“IFN-alpha”) and interferon-gamma (“IFN-gamma™), are
cleared rapidly- from the bloodstream by glomenilar filtration (Brenner, B.M.,
etal, (1978) Am J Physiol 234:F455-F460; Venkatachalam, M.A. etal,
(1978) Circ Res 43:337-347, Wilson, G., (1979) J Gen Physiol 74:495-509,
Knauf, M.J., et al., (1988) JBiol Chem 263:15064-15070; Kita, Y., et al,



(1978) Circ Res 43:337-347; Wlson, G, (1979) JGen Physiol 74:495-5009;
Knauf, MJ., et at, (1988) JBiol Chem 263: 15064-15070; Kita, Y., et al., WO
2004/M@2H3H6430| US2003/ 041162 -3 (1990) Drug Des DRETASHWOYVB#MING7; Rost ai ng,
L., et al., (1998), JAni Soc Nephrol 9:2344-2348). As a result, the

mai nt enance of therapeutically useful concentrations of small reconbi nant
proteins in the circulation is preBl-ematic followi ng injection. Therefore,
hi gher concentrations of such proteins and nore frequent injections
typically nust be adm nistered. The resulting dose reginens increase the
cost of therapy, decrease the |ikelihood of patient conpliance and increase

the risk S S,. i eact ;0 B cel lul ar and
hunor al i(ﬁé?uﬂﬁgﬁrﬁ[gs%(eﬁgez}vc%rl]ﬁ-ggbcié%‘ét :i‘r’cffltaa{t’irﬁag% ?tdﬂ%éf?fr ations of
i nj ect ed NpRAITI3ARD3NLOL £ AFesul, BB rﬁaﬁh@ﬂandehﬁ(tjmémyeu@i&ﬂw sdgul the

adm ni stration of an effective dose or may lead to treatnent-limting
event s i senestitraipnsod emel accoanhihad paoteias im thet civulation is problensdtici cacy and

anaphyl axi Ragnhammar, P. . et.a 1994) Bl ood. 84.; 4078-4087; Wadhwa, M,
Al A T e A e
(2001) Cly : o 5 ot the s | T (%&@@ od 98: 3241-
3248,; Basngdger: %aﬁ?ﬁ ,‘Bg%:tmzzi‘ﬁ %?ﬁg%%%%tB#o%%ﬂ%s:t%%‘%Q-Tg gor ; c%g% ekens, H.,
(2002) @bgimeéhe inc@dasd 1BO-cbsW 0f .th¢rahy) Siechdade fthe dikielihof of gatiedii nant pr ot ei ns

by the coval ent attachnment of . . po et hyl ene gl ycol "PEG') has been
i nvest i g&f’@@ﬁ%‘ﬂeéﬂ‘gi iperegsefhe gis G (S I L ﬁ?j“'%‘%‘?é EHHOREoni ngs
di scusse ' 3‘“@9‘3 | nﬁﬁﬁxfn . 9 .. Pol y(ethyl ene
gl ycol): e%%g?l%%ég | (ﬁﬂ;gl ca %%q%g c%rférﬁ@cel_g;%r(%@uldﬁﬁﬁ , et al.,
erds., pp cofdentriitéhs ofingedteduectinbivantprofehini to tay exteiifiat mgy prechideC. ; Robert s,
J., et at, (2002). Adv, Drug. Deliv Rev 54:459- 476). The atfachnent of PEG
to prot eiths afgsiEation ofoHh e%@%‘feaﬁ?ﬁei 9% mayelead 19t Eeat@ment-ipitmge t hei r

bi oavai | bl o RO ackABUER Waknck TRIROSAGH ¥ Ly dma( The coval ent

at t achnment a protern or other substrate Is Trererred to herein,
and i s knaughylaxid (Ragahdmmas P.PEQ/), 199 .Blpod B4=A008-HUOBT, Wallnéy,| ati on can

nerease N oy U85 Al Camoor Kos S 58 1 EdBkag, B %t .,
(2001) Ciin Cancer Res 7:1163-1170; Li, I., et al., (2001) Blood 98:3241-
3248; Basser, R.L., et al., (2002) Blood 99:2599-2602; Schellekens, H., (2002)
Clin Ther 24:1720-1740).

{0005] Modification of recombinant proteins by the covalent attachment of
poly(ethylene glycol) (“PEG™) has been investigated extensively as a means of
addressing the shortcomings discussed above (reviewed in Sherman, MR,

C etal., (1997) in: Poly{ethylene glycol): Chemistry and Biological Applica-
tions, Harris, JM., et al., eds., pp. 155-169, American Chemical Society,
Washington, D.C.; Roberts, M.J, ef al., (2002) Adv Drug Deliv Rev 54:459-
476). The attachment of PEG to proteins has been shown to stabilize the
proteins, improve their bioavailability and/or reduce their immunogenicity
in vivo. (The covalent attachment of PEG to a protein or other substrate is
referred to herein, and is known in the art, as “PEGylation.”) In addition,
PEGylation can increase the hydrodynamic radius of proteins significantly.
When a small protein, such as a éytokine, chemokine, growth factor or
polypeptide hormone, is coupled to a single long strand of PEG (e.g. having a
molecular weig,ht of at least about 18 kDa), the resultant conjugate has a

hydrodynamic radius exceeding that of serum albumin and its clearance from



When a small protein, such as a cytokine, chenokine, growh factor or

pol ypepti de hornone, is coupled to a single long strand of PEG (e.g. having
a npioepod/ent3iei ght of at | east about 18 kDa), the REUSHEMMIWENj ugate has a
hydr odynam ¢ radi us exceeding that of serumal bumin and its clearance from
WD 2004/ 060300 PCTI US2003/041162 -4 the circulation via the renal gloneruli
Is retarded dranmatically. The conbftned effects of PEGyl ation - reduced
proteol ysis, reduced i mune recognition and reduced rates of renal

cl earance - confer substantial advantages on PEGyl ated proteins as

t herapeutic agents. 10006] Since the 1970s, attenpts have been nade to use

the Covaﬂﬁ%’imuﬁ%@%r@é‘ﬁ] endl lBﬂieYﬂPfs%ettafHeﬁrm&ﬁé(tfcaﬁgeTﬁ%aSﬁlKln@Ed effl ca;y of

vari ous proteins ceutlca use (see

U.S. Pat efifidctdNof PE@ymz@n 33€c)uce$pm‘:tecdxasmb¢.med iude rédognitiot ahd Ng of PEG or
pol y(eth |.ene, oxi g@%})@ﬁ PEO') to adengsi ne deam nase (EC 3.5.4.4) for use in
the tread eﬁﬁ ragp @eﬂaﬁiﬁnéﬂlphﬁhﬁ@amlaéwﬂégﬂsm f@ vis, S., et

at, (198 46: 649-652; Hershfield, MS., et al., (1987) N
Engl ’\é%te%f%tggéﬁ%@g E&E}o super oxi de di snut ase (EC 1. 15 1.1) for the
tre[euonept of Sinﬁélmemwmey actemflist havs bedRihéde 3 useCthedbovalddtS. Patent Nos.
5, 006, 333 and 5,080,891) and to urate oxidase (EC 1.7.3.3) for the

el i ni nat a6 ntee&m%gnermt@mmvgﬂner%mtmedbfﬁnadyaﬁuarwmeot@m|y, S.J., et

., (20 -1009;, W] | PCT
gubl [ ((:atlﬁ) )pﬁ@ma%%@gie%%g%eizegan 3 ﬁﬁ Uet§ll agssen%, tRBt tS% 235;
Sher man, 4 337t Saine exBiplesHubluids dhid esupig MPIE/ oI ethdlene 100071 PECs and

PEGs are pol yners conposed of coyval entlé | 'nked et hyl ene “oxide units. These

| ymer so¥idee(“PHO”Y tt adspsige gesmmingse €iC dStdd)efor upg in( herpatagnt- R2 where R2
nydr ogenct Seeincapilba BuyRaedboRRRY gt Dol s g PSRN B v ™ 7
nonomet hméyl?ﬁﬁl&mn%@%sgr TRSHHRET], MVl M, kmlgsg)r QUEnge JIMedaS i N iso-
propoxyPEG or t-butoxyPEG The paranmeter n in € gener aI structure of
316:589-596), to superoxide dismutase (EC 1.15.1.1) for the treatment of
inflammatory conditions (Saifer, M., ef al., U.S. Patent Nos. 5,006,333 and
5,080,891) and to urate oxidase (EC 1.7.3.3) for the elimination of excess uric
acid from the blood and urine (Kelly, S.J., et al, (2001) JAm Soc Nephrol
12:1001-1009; Williams, L.D., et al., PCT Publication No. WO 00/07629 A2
and A3 and U.S. Patent No. 6,576,235; Sherman, M.R., etal, PCT
Publication No. WO 01/59078 A2). _
[0007] PEOs and PEGs are polymers composed of covalently linked ethylene
C oxide units. These polymers have the following general structure:
R;-(OCH,CHz)n-Ro
where R; may be a hydroxyl group (or a reactive derivative thereof) and R;
may be hydrogen, as in dihydroxyPEG (“PEG diol™), a methyl group, as in
monomethoxyPEG (“mPEG”), or another lower alkyl group, e.g., as in iso-
propoxyPEG or #-butoxyPEG. The parameter » in the general structure of
PEG indicates the number of ethylene oxide units in the polymer and is
referred to herein and in the art as the “degreg _of polymerization.” Polymers
of the samé general struc%ure, in Which Ry fs a Cy.7 alkyl group, havé also been
referred to as oxirane derivatives (Yasukohchi, T., et al, U.S. Patent No.
6,455,639). PEGs and PEOs can be linear, branched (Fuke, 1, et al., (1994)
J Control Release 30:27-34) or star-shaped (Merrill, E.W., (1993) J Biomater



PEG i ndi cates the nunber of ethylene oxide units in the polyner and is
referred to herein and in the art as the "degree of polynerization."

Pol f the sane general structure, in which ' -7 al kyl group,
hav ¥0§‘80‘§}8%0n referred to as oxirane deri vatives%%ﬁ%éﬁ%mz, T., et al.,
U S. Patent No. 6,455,639). PEGs and PEGCs can be |linear, branched (Puke,
., et at, (1994) JControl Releage 30:27-34) or star-shaped (Merrill, E W,
(1993) JBi omater WO 2004/ 060300 PCT/US2003 /04 1 16 2 -5 Sci Polyin Ed
5:1-11). PEGs and PECs are anphipathic, i.e. they are soluble in water and
in certain organic solvents and they can adhere to |ipid-containing

mat eri al s, including envel oped viruses and the nenbranes of aninmal and

bact er i 8¢i Ry £id Lér1lai REGarmdBEDs dt anlphipatiad, tier theyiargsslalel yners of

et hyl eng oxi de (OCH2CH2) and propyl ene oxide, which has the follow ng

st r uct ulewalgrgndapcertgin ongams eolypnéindithascanpdperg te lipidksontaining | v sinmilar to
those o t hes I S t to Mbe .suitable replacenents
for PE |{r:1éﬁé§lesf Fg‘%l%alngppvfafégp?ov\{h@?{ssae@ ?%e_ %%egt%{ﬁ@ﬁﬁ! ,an . S. Patent No.

4, 609, Sbdeteriudl cElt. fCertaiMandogl ordlack dd. alerrRahe B dégmeéo?%ﬁy&iiz ). The term
"pol yal kyl ene oxides" and the abbreviation " IJ)A " are uSed herein to refer

to sucho¥idptPyRetH,) and nrepylengsoxids, whindshag thefpllewingstmoture:

pol y(oxyet hyl ene- oxynet hyl ene) copol yners (Pitt, C G, et al., U S Patent

No. 5,476,653). As used herein, Chb-CH+GH-; "pol yal kyl ene gl.ycol s" and the

abbrevi ati on "PAGs" are used to rﬁf r generically to polyners suitable for

use in the conjugates of the inveng on, particularly PEGS, nore

particularly PEGS containing a single reactive group ("nonofunctionally
d)\ct i vat bavePpapeities[ MO 3Fe Fafficiamizl sintilanttbathosenf PEGPR@ dheset her

ol yal kyl ene oxi des, to Y.r profjein requires_ th onversi,on of at | east
pneyendgﬁ%"?ﬁﬂBe’rﬁf”Fh@oﬂ%tayﬁ’erbei ﬁi‘@i’l; r i%’g’cnle% ﬁ’ﬁnﬁ?&o!’i’a@%up. This process
i s freqyetchiiodsqbéd £ed fiatas, Hégg.% y%&ﬁm& WG%MV%PtM' s called

"activated PEG' or "acCti vated ene 6xi de. Mononmet'hoXyPEGs, in which
an oxygemlatl).BnBatentdNs 5,283,317). The term “polyalkylene oxides™ and the

abbreviation “PAOs” are used herein to refer to such copolymers, as well as to

PEGs or PBOs and to poly(oxyethylene-oxymethylene) copolymers (Pitt,
CG, etal, US. Patent No. 5476,653). As used herein, the term
“polyalkylene glycols” and the abbreviation “PAGs” are used to refer
generically to polymers suitable for use in the conjugates of the invention,
particularly PEGs, more particularly PEGs containing a single reactive group
(“monofunctionally activated PEGs™).

C [6008] The covalent attachment of PEG or other polyalkylene oxides to a
protein requires the conversion of at least one end group of the polymer into a
reactive functional group. This process is frequently referred to as
“activation” and the product is called “activated PEG” or activated
polyalkylene oxide. MonomethoxyPEGs, in which an oxygen at one end is
capped with an unreactive, chemically stable methyl group (to produce a
“methoxyl group”) and on the other end with a functional group that is
reactive towards amjno groups on a protein molecule, are used most
commonly for sueh approaches. So-called “branched” mPEGs, which contain
two or more methoxyl groups distal to a single activated functional group, are
used less commonly. An example of branched PEG is di-mPEG-lysine, in
which PBG is coupled to both amino groups, and the carboxyl group of lysine



capped with an unreactive, chemcally stable nethyl group (to produce a
"met hoxyl group”) and on the other end with a functional group that is

r eactwgaod4mebunols ani no groups on a protein nol ecul ePCHYS2¥¥A16}pst  conmonl y
for such approaches. So-called "branched" nPEGs, which contain two or nore
met hoxyl groups distal to a single activated functional group, are used

| ess conmmonly. An exanple of branctfed PEGis di-nPEG |ysine, in which PEG
is coupled to both am no groups, and the carboxyl group of |ysine WO

2004/ 060300 PCT/ US2003/ 041162 -6 is nost often activated by esterification
wi th N-hydroxysuccinimde (Martinez, A, et al., US Patent No 5,643, 575;
G eenwal , al Syov R . 19, . l.s.4J. M, et at.]
U S. Pat cejirslt Iﬁ'll\% %R%HSZL%ggﬁd [bBOS ﬁg%a%nl‘@?lpt%eh%)ﬁy\%{ce f)dgl ynmers are
react ed wiMdrtinezhidopertaly €1.S.cRuqud Nvd5,643,57% GreetvesldhRIB.ceffalnirg.onal groups
that serve as t%&ﬁhrrent sites ucl eophilic functional group that is

_ . One n
used conmisien 9,430 Barsd..¢7 ¢l V.S RatentdNes i519898.48-no group of |ysine

resi . Sol v, - [ pha- ami.ng. g , rhoxyl i,e acid groups,
quar 0, o7 ousdhingRE She, Bha g Do Bl Bre kY. i ACHéRUFSN, T B oupe.
oxi di zed @aigoahy diading nuekophiliRs fiddtoriali Wbupsr MEPSerRavl aasBmbRen used as
attachnment sites. [0010] The hydroxyl group of PEG has been activated with

cyanuri c 9i§k.or One nypleopnilicofunctions trewmndhat sougadocemmeniyABsidlionski , A., et
at, (1977 We] em ,252: 3582-3586; Abuchpowski, A etiat, (1981) Cancer
Tr eat Repat?éﬁilg“}?- elb?Bi‘ie.e %"u?’émgfgtpﬁ?s&n@tq'ﬂgareﬁlﬁgésdi sszfi’(/éﬁ‘rtﬂ ages, however,
such as tdteesstbd iafpiayarfino Coraap; IcarboRyIQS el gxad?ér,]tgmaﬂmmosrgﬁﬁip&,i C reactivity

for proteins having functlone}l’ grougs. ot her an am nes, such as
| vent - siddazelen poups; suitably agtivated cabonid greunsdoxidized parbolydigts essential for

nction. . ral vercone. these and er di.sadvant ages, alternative
activat gacrm i %@v%logggoﬁss ﬁ?’n‘{eratgs(ﬁ’t})@gla}m?tfé ﬁ%cg‘%e&gﬁﬁ%% m dyl succinate
der i [oa16]ves of TIREGdro:65-gRiig of PHOMAKEbesskiivatdl withlcyadiurid di&#de Cancer Bi ochem
Bi ophys 7:175-186), succinimdyl carbonate derivatives of PAG ("SC PAG")

(Sai f er, mor tedts gitachmagt & preteins{Abrghowsko de, @38) (187d) APédiGh¢w deri vati ves of
PEG (Royejys,.{3g5:3586; Abuchowski, A., eral., (1981) Cancer Treat Rep 65:1077-
1081). The use of this method has disadvantages, however, such as the

toxicity of cyanuric chioride and its non-specific reactivity for proteins having
functional groups.other than amines, such as solvent-accessible cysteine or
tyrosine residues that may be essential for function. In order to overcome
these and other disadvantages, alternative activated PEGs have been
introduced, such as succinimidyl succinate derivatives of PEG (“SS-PEG”)

C (Abuchowski, A., etal, (1984) Cancer Biochem Biophys 7:175-186),
succinimidyl carbonate derivatives of PAG (“SC-PAG”) (Saifer, M., et al,
1.S. Patent No. 5,006,333) and aldehyde derivatives of PEG (Royer, G.P.,
U.S. Patent No. 4,002,531).

[0011] Commonly, several (e.g., 5 to 10) strands of one or more PAGs, eg.,
one or more PEGs with a molecular weight of about 5 kDa to about 10 kDa,
are coupled to the target protein via primary amino groups (the epsifon amino
groups of lysine residues and, possibly, the alpha amino group of the amino-

‘terminal (“N-terminal™) amino acid). More recently, conjugates have been
i synthesized containing a single strand of mPEG of higher molecular weight,
e.g., 12 kDa, 20kDa or 30 kDa. Direct correlations have been demonstrated

between the plasma half-lives of the conjugates and an increasing molecular



U. S. Patent No. 4 002,53 1). [0011] Commonly, several (e.g., 5 to 10)

stra nore PAGs, e.g., one or nore PE ] , ecul ar wei ght
of aglg)?ﬁoﬂ&o@@ to about 10 kDa are coupled to thﬁ%@%@?ﬁﬁg}g’%ei n via
primary am no groups (the epsilon amno groups of |ysine residues and,
possi bly, the al pha am no group o_f73he amno- termnal ("N-termnal") am no
acid). Mre recently, conjugates have been synthesized containing a single
strand of nPEG of higher nolecular weight, e.g., 12 kDa, 20 kDa or 30 kDa.
Direct correlations have been denonstrated between the plasma half-lives of
t he conjugates and an increasing nol ecul ar WO 2004/ 060300 PCT/ US2003/ 041162
-7 wei ngeig]lrtddmlﬂ’oﬂ mcreaa'a’g nmmhtn‘mémtmﬁ@bf 2RAS caiplREX saupMel, (Knauf, M J.

et al., zra Katre, 90) Jbnnunol.  144:209-213; dark, R, et al |
(1996) Jﬂéﬂ is’émérer??‘E: Méesél Qb# rnnu@ehd‘i‘féﬂwl?’eclﬁk Ri2g@h) Oyt oki ne

16: 106- W er f PEG coupled to
each m)I](e pro?%aazj |25 |n%1r%232%8 (L)grlﬁ§ E%@gd@t '§Fthat an anm no

group lmm els)e)emﬂmleotmmﬂd,ca& th@ﬁu@b@t@s&aﬁwdéfmréeﬁbléd&d and hence the
bi ol ogi cal  function of the protein will be inpaired, particularly if it is

a receptaseh momplvgafpmt@mes ncreaged, sa igjibe thablélithﬂlat ARAMBOrErelin many ani no

gr oups, d for th subgtrate W ecul |ght t he

t r adeof fnﬂgm ggae p‘a’u"?lét | @&?65?0(13@?4 m &ecli’ 8@%’& specific

act i vi tquﬁaibnbﬁ'tﬁ@ﬁ@l@élﬁlmlﬂ,beih}iiﬁﬁed,tpartﬁﬁmﬁﬁ i8aR&depiorbiRiARe i N the

bi ol ogi cal activity of the PEG containing conjugates in vivo. For smaller

pr ot ei nsprotein Fardetgeoprotdias ﬁhmmwnxammmmes,lméﬁ@nwcseceptors such

S cyto or, ept i de nones, however,
relativ Suhﬁgﬁg 5?@’3 '5‘%‘62 efa}@?t ° gm@qﬁ%ﬁ?&)b‘” o decrease the

fUﬂCtlOﬂﬂiratﬁﬁlt(bf\/adtﬂbntaﬁdfd%eﬁﬁd dbe@iﬁc@.e@ﬂtyﬂﬁ y be@ccepiatad)isae iof an ext ended

half-1ife in the bloodstream (G ark, R, et at, supra). [0012] Thus, polymer

conj ugathredides anplelncrasse dp| the Hhiglogweh aetidtyy of dhe comiginig t he bi oactivity
R e T i S X
and U. S. cofitspvfiasd @erehtofh) Pduch N@s cytﬁﬁnhés?, %CHRMdkaRe, growth factors and
polypeptide hormones, however, a relatively high degree of substitution has
been reported to decrease the functional activity to the point of negating the
advantage of an extended half-life in the bloodstream (Clark, R., et al., supra).
[0012] Thus, polymer conjugation is a well-established technology for
prolonging the bioactivity and decreasing the immunoreactivity of therapeutic
proteins such as enzymes (see, e.g., U.S. Provisional Appl. No. 60/436,020,
C filed December 26, 2002, and U.S. Provisional Appl. Nos. 60/479,913 and
60/479,914, both filed on June 20, 2003, the disclosures of which are
ljncorporated herein by reference in their entireties). However, the conjugation
of polymers to receptor-binding proteins that function by binding specifically
to cell-surface receptors usuaily: 1) interferes with such binding; 2) markedly
diminishes the signal transduction potencies of cytokine, chemokine, growth
factor and polypeptide hormone agonists; and 3) markedly diminishes the
competitive potencies of cytokine, chemokine, growth factor and polypeptide
hormone antagonists. Published examples of such coﬁjugates {\rith diminished
receptor-binding activity include polymer conjugates of human growth
hormone (“hGH”) (Clark, R., et al., supra), hGH antagonists (Ross, R.JM,,
et al., (2001) J Clin Endocrinol Metab 86:1716-1723; IFN-alpha (Bailon, P,



60/ 479,914, both filed on June 20, 2003, the disclosures of which are
I ncorporated herein by reference in their entiretl E%W iﬁ@%ﬁ' t he
conj WEa200696030% pol ymers to recept or - bi ndi ng prot eitiia’ ¥ 1%t on by

bi ndi ng specifically to cell-surface receptors usually: 1) interferes with
such binding; 2) markedly dininig?gs t he signal transduction potencies of
cyt oki ne, chenokine, gromh factor and pol ypepti de hornone agonists; and 3)
mar kedl y di mi ni shes the conpetitive potencies of cytokine, chenokine,
grow h factor and pol ypeptide hornone antagoni sts. Published exanpl es of
such conjugates with dimnished receptor-binding activity include polyner
conj ugat esazgf(zmmemogrnmgﬁhe,mqrzrmﬂeoz;"wﬂé)b(@:l ardd., (B01)hapk, supra), hGH
ant agoni st s SR at, (2001) JAin Endocrinol Metab

86: 1716- Rep ¢ ﬁﬁﬂﬂéﬁ%h‘éfﬂp&aﬂ—sﬂﬁt ., (2083 24du Do Bwdiv Rey/ 363963/ 041162 -8 et

Res' 16 1300 PEEPCRETEHERE S, ofpn Jper Blofion o, Wl sBinostiey s ar- s70)

and G CSBo(h)St, |l @999§ftEx§|HemB§F 2Pubbkiqaa) i phodfooth¥le. 9% ha953;  Bowen,
S., et al., (1999) Exp Hemat ol 27:425-432), anong others. In an extrene

case, théxiw%paaqgth@fcopplnmﬁsolmeﬁsnoemtbéw&lmlis‘ 15”) zenvertednverted this

IL2I|k ct into. an in tor el ration (Pettit,

et i T8, B sty 2 Sttt S5 Blolo® BB PHEC G ng to be
bound byDtnlew (b7 EBhART R imzﬁgmwpd%feaﬁ&qn@ﬁ&ﬂgtts vef PEGylation c
may invol ve steric hi'ndrance of receptor 1nteractions by the bul ky PEG

groups, berndby teory,dhe mhms;mcfpr whmndpsmtbb] efféntss of PHEvlationi sts a need for

Goni vga: B8 BBRECHPSy NRE fhredondfidioostan {ik bike Pl pol ymors and

recept orghiup@h %r@ﬁ@mhowdﬂgoﬂpreservat i on of substantial bioactivity
east about 40%, nearly conplete bioactivity (e.g., at |east

abo?ﬂméb% or Tb%éhﬁfﬁeﬁxlls}s 2 owpd rametbpdmfor |W0dqﬁlr(geP§G-CQ1ﬁam1®£st about 90%) .
Such conjuga wi | | he .benefits. row de t he mar conponent  of
i _ncrease_te'fg'm T WO ;@Q'F?Ift?m“?él pom: aées, a??ﬁg‘ﬂ}q%"g/a‘fq ‘? ty in vivo and
Wi Il exhbbiwees Wash aRiteRbdliblk NFoIAAESE CardOt &BFYr-Binding proteins, with

preservation of substantial bioactivity (e.g., at least about 40%), nearly

complete bioactivity (e.g., at least about 80%) or essentially complete
bioactivity (e.g., at least about 90%). Such conjugates will have the benefits
provided by the polymer component of increased solubility, stability, half-life
and bioavailability in vivo and will exhibit substantially increased potency or
utility, compared to conventional polymer conjugates, in an animal into which

C the conjugates have been introduced for prophylactic, therapeutic or diagnostic
purposes.

BRIEF SUMMARY OF THE INVENTION

[0014] The present invention addresses the needs identified above, and
provides methods for the preparation of conjugates of water-soluble polymers,
e.g., poly(ethylene glycol), and derivatives thereof, with bioactive
components, especially receptor-binding proteins, particularly therapeutic or
diagnostic bioactive components such as cyokines, chemokines, polypeptide
hormones and polypeptide growth factors. The invention also provides
conjugates produced by such methods. Compared to the corresponding

unconjugated bioactive components, the conjugates of the invention have



utility, conpared to conventional polyner conjugates, in an animal into

whi CUVO%(B?[O&B&J ugat es have been introduced for prowzﬁ)%%ﬂ&erapeut I c or

di agnostic ~ purposes. BRI EF SUMVARY OF THE | NVE The present
i nvention addresses the needs identified above, and provides nethods for

t he preparation of conjugates of @pter-soluble polymers, e.g.,

pol y(et hyl ene glycol), and derivatives thereof, with bioactive conponents,
especially receptor-binding proteins, particularly therapeutic or

di agnosti c bioactive conponents such as cyoki nes, chenoki nes, polypeptide
hor nrones and pol ypeptide growth factors. The invention also provides

conj ugatiasrepyed ditabilityly. ¢S UelgershélOdife abdipaged chalPlivdacinodvs)esppondi ng

unconj ugat ed bi oactive conponents, the conjugates of the invention have WO
2004/ 06CdBioncrompared 4o gomueates obthe ramedyaertive ompoasat(prepered | onger shel f

life an foli LN, Vi o) I Li.Qn. t 0 conj ugates of
t he sam%@?%g%%?hgghp%ﬁi?# %%8%% Eaandowlfgg Sglv??ﬁ%%(:%gﬁg)ﬁ%?ﬂ%at ~are attached
randonl yaléey el potyiiepBas Slsdin il Sduij@fatesadfOME i RRALBR IhPe Rickdged hai Nns, the

conj ugates of the invention have increased receptor-binding activity, which

can be rfeegplercinding egtivityy swhichn can be oneaswigd drrenplayesdinpdirenasd i n vi vo. The
[ nventiolﬂ al s %vi des ,such L py. ovetg ﬁgnj u}g)at s for use in,industrial cell
cul t ur e. "G e P U HE nvdfit 0O Oﬁr PaBRVESHpTY t]rl%‘?{gv%donpri si ng such
conj ugatdajughiel Sfof i3k &nNindAstHC belC caRidel I Fuptheditite C HEP fivehficiNs and net hods

of use of the conjugates and conpositions in a variety of prophylactic,
di agnostprevidat comppsifiens icompagingesush croagais, | kitsogentaimingdisweint | t he

Cyom ol 50, BSOS irhcin PERRAY B kS BTS20 oy o o
) ot S 1Ot O il pderpEaLOR e VT L0,
pol 9Bt i de Heramsreembodiment, thetnvgaiidsprovides aisthods dprpresenving dhani no- t er ni nal
o0 Sk ARSI HD AR §15BolE € oSSR o £ n0 comi s o

polypeptide hormone, comprising selectively coupling one or more synthetic
water-soluble polymers to the amino-terminal amino acid of the cytokine,
chemokine, growth factor or polypeptide hormone, or an antagonist thereof,
wherein the amino-terminal amino acid is located remotely from one or more
receptor-binding domains of the cytokine, chemokine, growth factor or
polypeptide hormone, or antagonist thereof. In a related embodiment, the
invention provides methods for preserving the receptor-binding potency of a

C cytokine, a chemokine, a growth factor and a polypeptide hormone, or an

antagonist thereof, comprising selectively coupling one or more synthetic

water-soluble polymers at or near one or more glycosylation sites of the

cytokine, chemokine, growth factor or polypeptide hormone, or antagonist

thereof, wherein the one or more glycosylation sites is/are located remotely

from one or more receptor-binding domains of the cytokine, chemokine,
growth factor or polypeptide hormone.

[0016] ' Suitable polymers for use in these methods of the invention include,

* but are not limiteci to, one or ‘more polyalkyleﬁe glycols (including, but not

limited to, one or more poly(ethylene glycols), one or more monomethoxy-

poly(ethylene glycols) and one or more monohydroxypoly(ethylene glycols)),

one or more polyalkylene oxides, one or more polyoxiranes, one or more



pol ypepti de hornone, or antagonist thereof. In a related enbodi nent, the

I nve V|des nmet hods for preserving the rece potency of a
C cdei?“ﬁé’Rg@ chenokine, a growth factor and a pol %e&] 359¢1g%%0ne or an
ant agoni st thereof, conprising selectively coupling one or nore synthetic
wat er - sol ubl e pol ynmers at or near_ne or nore glycosylation sites of the

cyt oki ne, chenokine, growth factor or pol ypepti de hornone, or antagoni st

t hereof, wherein the one or nore glycosylation sites is/are |ocated renotely
fromone or nore receptor-binding domai ns of the cytokine, chenokine,

growm h factor or polypeptide hornone. [00161 Suitable polynmers for use in

t hese nepélydisfinic dlbeholsy\eamnyt paimvmylc:ilmfm,l otrubdr mwee polycirbaxistes,t o, one or nore
pol yal kyl ene gl ycol s (i ncl udi nlqu t not limted to, one or nore

pol y( et h§en¥ ?RE’OIP@sy (vigyipygp ﬁaﬂﬂeé rrﬂ%n’é‘f h@QSF pbY@rasthxlene gl ycol s) and

ot dos, SRR ARIRIKY Gy GO E RIS KR ) o mBRCaddlg- 7 Y7 N

PCT/ US20Aidhhélihés one dOmpee sopobimeds 6f Gllxé:@ﬂ"mbﬁe, anBidgs andosleyotiiore al cohol , one
or nore pol carboxylates one_or nore_ poly(vinylpyrrolidones), one or nore

pol y( oxyaknlene eéx%%toﬁfp@ﬁe@ﬁ?ma'éﬁnéﬂ@rﬁﬂﬁtﬁfemﬂtﬂ yalwioms aifiss) | one or nore
poI yacryi’%ﬁﬂ%ﬁxﬁﬁé e s szﬁleofne%dg &Ofﬁge VEitRon® E}ﬁ’ﬁ@x& gm)r € am des and

one or ene oxil one or nore rans F nore

hyal ur Onrmlebﬁladﬁvelglﬁ@bfmeﬁlabblﬁbﬂ D4 and uWbsuti TOOKIZ,, TRéIGG@G o®f the invention
typically have nolecul ar weights of between about 1 kDa and about 100 kDa,
i ncl usi v@OY%Pm%F@YWW@@WB ofrebeeanaabore] kRe qnd pbeidtdddd about 1 kDa

d abou a 0 kDa,
c:cl usi v;encﬁﬁié?\%}%t# @t\ﬁ?g‘[%t%ﬁﬁeﬂ&u‘?ggﬁip%gl@ ?%g%glg%%& bet ween about
12 kDa amakabauﬂas&ulﬁb&na, iiRbdsivetl b&tween abdut D ¢a dndlabaut 30ad, 20 kDa or
about 30 kDa, 017] A variety of cytokines, chenokines, growh factors and

pol ypept FH’@IS“}%P ut HkdPaa ahaub 48 &Fahﬁ’%3@1@ agoni ze) or antagoni ze

the 9j ogi cal e ki ne, growth
fac L po ypep‘{l?&tf rlc#ribegne lfeﬁio[ arb a@%& &ﬂfﬁd’w&’q@em fic
cell - s ur hembsonies ¢t Miakygs that mimic (i.e., agomze) or antagonize the biological

effects of the cormresponding cyiokine, chemokine, growth factor or

polypeptide hormone that are mediated by their specific cell-surface receptors)
are suitable for use in preparing the presemnt conjugates. These include
cytokines, chemokines, growth factors or polypeptide hormones having a four
helix bundle structure (including but not limited to granulocyte colony-
stimulating factor (G-CSF), macrophage colony-stimulating factor (M-CSF),
C granulocyte-macrophage colony-stimulating factor (GM-CSF), leukemia
inhibitory factor (LIF), erythropoietin (Epo), thrombopoietin (Tpo), stem cell
factor (SCF), Fit3 ligand, oncostatin M (OSM), interleukin-2 (1L-2), IL-3,
-4, IL-5, IL-6, IL-7, IL-9, U.-10, 1L-11, IL-12 (p35 subunit), IL-13, II-15,
[1.-17, interferon alpha (IFN-¢t), interferon beta (IFN-f) (including IFN-B-1b),
consensus interferon, prolactin and growth hormone, and muteins, variants,
analogs and derivatives thereof); cyiokines, chemokines, growth factors or
polypeptide hormones having a p-sheet or f-barrel structure (_including but not
limited t6 tumor necrosis factor-alpha (TNF-o), IL-1a, IL-1B, 11.-12 (p40
subunit), IL-16, epidermal growth factor (EGF), insulin-like growth factor 1
(IGF-1), basic fibroblast growth factor (bFGF), acidic FGF, FGF-4 and
keratinécyte growth factor (KGF; FGF-7), and muteins, variants, analogs and



are suitable for use in preparing the present conjugates. These include

cyt oki nes, chenokines, growth factors or pol ypeptide hornones having a four
hel i _ tructure (including but not limted t e e col ony-
sti rrﬁ/log#pﬂgﬁ%?o}ct or (G CSF), nmacrophage col ony-sti w‘%ﬁ%g&{ogg%%r (MCSF), C
gr anul ocyt e- macr ophage col ony-stimulating factor (GW CSF), |eukem a

i nhibitory factor (LIF), eryt hrop_olile_ti n (Epo), thronbopoietin (Tpo), stem
cell factor (SCF), FIt3 |igand, oncostatin M (0OSM, interleukin-2 (IL 2),
lL-3, 1L-4, IL-5, IL-6, IL-7, IL-9, EL-10, LL-11, IL-12 (p35 subunit),
IL-13, IL-15, 1L-17, interferon alpha (IFN-a), interferon beta (IFN-(3)
(including |FN-R-1b), consensus interferon, prolactin and growh hornone,
and nut ederivatives therev§; andaeyddldnes, eiminalendsy gtowtk factdre nepdlypeptidt oki nes,

chenoki nes, growth factor r ol ypept j.de, hor npnes having a (3-sheet or

]£3- :)ar r eﬁo@%"i%ﬁ%'ﬁ“ﬂ’r”ég ¢ F‘H’é‘?‘?ﬁ‘HB ﬁﬁu&}{e @mifudms hﬁ'tt‘@éln?%tcfl Hhﬁ?“‘rﬁétlklrl OiiGS y I
actor-a . =8 &; - 1= S ; -16, epiderma

growt h f%@%ﬁgg@@ 2| L%ﬁ*?%’%%@%?g\ﬁeﬂagdagﬁgb%lf WG?:&%)IL' asi ¢ fibrobl ast

growt h f aehedytd Rhebatiragtetti protéii-1 EEEPLIRNMCPKEr RICIMYC ¥itgxif oW h fact or

(K(3F; FG--7), and nuteins, variants, analogs and WO 2004/ 060300
PCT/ US20e@8axia-21 6eotaxini3, d BANEES v anyeloidr @odgenitem dnbipitori factor-thenoki nes,

wth f I tid h hayi. ] t t
i et uci APRD, seRiie Bhecionedt FBsion UBReR AT D 82 e 2)
stromal eﬂd/nﬁ&hbmg%gw{ SiimubitdrRictitHiy ( GRO-uMGSAYNARY hftdenoat t ract ant
protein-i (MCP-1), -2, MCP-3, eotaxin-1, eotaxin-2, eotaxin-3, RANTES,

myel oi d PRyt redegs and darivetiyestthereof)- Polynwptide hyrmones suitablstfon, nacr ophage
i gratiop i.nhibitory.fact.or. nd nena,.growt h stinul atory
CoPt v ¢y eedBdhpilat imvagliah i) pi ity p6f HioflBa BRERM ARl Vi v
t her eof ) anafsdsyapuiiftec Bﬂraﬁtﬁgﬁfizé ithé BRISEAr effectsS 8f idulifehAAresent i nvention
o

i nclude, but are not limte , insulin and insulin analogs that mmc or
ant agoni mediated i bisalin sedeplors; avelgctyt and praliting analogs that migde ared by insulin

: | agti d | act i ] i i h
bi o oo caraBiPieaft fomRitaP et bf pufhdinc iy it ey byllfh N9 woent or s
and gr owtddeptofsiiang drowl hetthéid (paticialy0 hoihh Hew i Aémdey and

analogs thereof that mimic or antagonize the biological effects of growth

hormone that are mediated by growth hormone receptors.

[0018] Particularly preferred cytokines, chemokines, growth factors and
polypeptide hormones suitable for use in accordance with the present
invention inchude IL-2; IL-10; IFN-o;; IFN-B (including IFN-B-1b); TNF-
alpha; IGF-1; EGF; bFGF; hGH; prolactin; and msulin. Also particularly

C suitable for use are competitive antagonists of the foregoing cytokines,
chemokines, growth factors and polypeptide hormones, e.g., antagonists of
TNF-alpha, hGH or prolactin, as well as muteins, variants and derivatives of
these cytokines, chemokines, growth factors and polypeptide hormones.

[0019] In certain embodiments, the one or more polymers is/are covalently
coupled (particularly via a secondary amine linkage) to the alpha amino group
of the amino-terminal amine acid on the cytokine, chemokine, growth factor
or polypeptide hormone. In other embodiments, the one or more polymers
is/are éow}z;ieﬁtly coupled to' a chemically reactive side chain group (e.g., a
hydroxyl group, a sulfhydryl group, a guanidino group, an imidazole group, an
amino group, a carboxyl group or an aldehyde derivative) of the amino-
terminal amino acid on the cytokine, chemokine, growth factor or polypeptide



anal ogs thereof that m m c or antagonize the biological effects of growh
hornone that are nedi ated by growt h hornone receptors.'c# 0018] Particularly
pr ef WO 20406088k nes, chenoki nes, growth factors andCH Wﬂf{l}%e hor nones
suitable for use in accordance with the present invention include IL-2;
IL-10; IFN-a.; IFN- (including IFN,R-I1Db); TNF- al pha; 1G~-1; EGF, bFG hGH
prolactin; and insulin. Also particularly C suitable for use are conpetitive
ant agoni sts of the foregoing cytokines, chenokines, growh factors and

pol ypepti de hornones, e.g., antagonists of TNF-al pha, hGH or prolactin, as
wel | as muteins, variants and derivatives of these cytokines, chenokines,
growt h f aewne. ahd a@ditiymmmlﬂﬂhﬁaﬂme&oubﬁﬁ%laf the) pelideitd thgbodi ments, the
one or nore polyners is/are covalently coupled (particularly via a

secondar §ytakinge chamnkinge)growth frstes] gheolypaptide dogupne af thehamingr no- t er ni nal

am no acj cyt: oki ki ne rowh.factor or. pepti de ’
hor none. {CP?\]EH(%I‘ %’E‘?mgixr}ﬁggf ﬁgﬂr[ lg‘%?to %%H@rggg’ﬁ%sryéa%’gli’ltﬁ%%m%gﬁgr e covalently
coupl ed benefivial REBLS A |glydossidn/6f Gk dgtokiR] hahslie, (@Powth fadtor hydr oxyl group,
a sul fhydryl group, a guanidino group, an imdazole group, an amino group,
a car box9t pejyprntide hoamong. dahgldisd ¢mbdimentse thesoupling efitha polymer mi nal am no

i d h ki Ki wth fact | tide WD 2004/ 060300
pCT/ US2ob RS VS SR e eltiar epBRemtisiosBPnd ATE 2 coupl i ng of
the pol ygRe of fotdIBtycesilatiohiRes 6 ¥ S1Sne, TheMbitiné AabWHh RkioP@kyPEpPti de

e
hornmone at the antfo- terminal amng acid or at or near one or nore
gl ycosy| pelypeptisiet msmonerinmymicshthe Heaefafialcifiictsedff pesglydosylationof| at i on of the

t oki ne, _chenpki n rom h factqr or_po eptide haornone. .In rel ated
é‘oodi neﬂ}es?ﬁgﬁ e’cgﬁeﬂq‘?%e’ogmfvﬂé% ccﬁ?ryﬂ’érp(’i%gptf‘#eg‘é?’m‘l?i Pfa’,eredﬂerm_ki ne, growth
act or orhpRkgiPeRyiaden’ hRIdIARE thé cValdheaftachRiefit Of sifilCoBbothpiey | ation sites on
t he cytokine, chenokine, gromh factor or polypeptide hornone mmcs the

benef i ci edtbeltydsate snai¢tias i addjtign tsthosstpressnion the mdiveptraddiige, chenoki ne, growt h
fac r pol ypeptide harmone., wher.ein "hypergl ycosyl ati on, indicates the
covL@ZRf att a%ﬁﬁg%mﬁ?n %F%Bfoé’idﬁf CQIBW%S)PIO @%%%ﬁ@’aﬁﬂt«g@?es I n addition
to thoseiegenNt ConjhpReNIFI Me inbéntich Usnprise a selected cytokine, a

selected chemokine, a selected growth factor, a selected polypeptide hormone

or a selected antagonist thereof (such as those described above) coupled to one
or more synthetic water-soluble polymers (such as those described above),
wherein the one or more polymers is/are coupled to the amino-terminal amino
acid of the cytokine, chemokine, growth factor or polypeptide hormone, and
wherein the amino-terminal amino acid is located remotely from one or more
C receptor-binding domains of the selected cytokine, chemokine, growth factor
or polypeptide hormone. Additionally, conjugates of the invention comprise a
selected cytokine, a selected chemokine, a selected growth factor or a selected
polypeptide hormone, or a selected antagonist thereof (such as those described
above), coupled to one or more synthetic water-soluble polymers (such as
those described above), wherein the one or more polymers is/are coupled to
one or more glycosylation sites of the selected cytokine, chemokine, growth
factor or polypeptide hormone, or antagonist thereof, and wherein the one or
inoré glycosylation sites is/are located remotely from one or more receptor-
binding domains of the cytokine, chemokine, growth factor or polypeptide
hormone, or antagonist thereof. For polymer conjugates of agonists of the

invention, it is preferable that the site(s) of polymer attachment be remote



100201 The invention al so provides conjugates produced by the nethods of the

I nvent i on. | ugates of the invention conprise a ki ne, a

sel eﬁ%%’%’ﬂéﬁgii ne, a selected growth factor, a seﬁgéﬁ‘g%f%g%q%ﬁfgptide hor none
or a selected antagoni st thereof (such as those described above) coupled to
one or nore synthetic water-solub pol ymers (such as those descri bed
above), wherein the one or nore polyners is/are coupled to the

am no-termnal amno acid of the cytokine, chenokine, growh factor or

pol ypepti de hornone, and wherein the amno-termnal amno acid is | ocated
renotely fromone or nore C receptor-binding domains of the sel ected

cyt oki ne froahaliok itteereceptonbifding Goftains0 P olysdit dofifughrt P Rertainddi t i onal |y,
conjugates of the invention conprise a selected cytokine, a selected

chenoki nantagonigs of theinyenfiam it may be nsefegpblecthatctheitesdlof pelymete hor none, or a

sel ected a | I ch e SCE I above coupl ed to one
or nore g@%‘?‘%@ Piéé\%\%'ﬁ(ggﬁg’g[{ ﬁ%@gl ’68%5%’%&2‘3'(%3@?3%%5%%8”8% ri bed above),
wher ei n faeb@dingOto 8VuE, Pl YoTBlicBedsBART fonfodd! Moft aliOof MaereCéptsDr €

gl ycosylation sites of the selected cytokine, chenmokine, growh factor or

pol ypept Palingodomaias thnt ass essgutial Sor sigoalcipansduntionineaginists. hdhone or  nore

gl ycosyl at | Sit I s/ ar.e located .r.enptely.from one or noJre.receptor-

bi ndi ng oﬁgﬁ% or 1 hé’rgvﬁ i (YROPRHE RNk n%%uﬂi’l%r\i& h ﬁ‘é’é‘%‘?ﬂlﬁ?alppl ypepti de

hor none, c@!hp@d’i@i@%?ﬂdnﬁbriéiﬂ%bﬁ@f)r mbfd ok )aBfugaied bi gRtifveron a8@ni sts of the

i nvention, It is preferable that the S|te(s§ of polymer attachnment be renote

WO 2004/ 089 30nEeRddirnakeagnponsnts, such 4 omg af masé phmnacewtinallyr - bi ndi ng

[ . | yaer .- f . t-ai Iy i sts.pf .the i ti , it
Gy e prbbihfy dinss SRARRlsr Bmif e meo R ki BT erot e trom
certain ce@pntiag- Wnedidig ©enmi 66 iHeat confubaRss efdhpdsitidn@’ dadli ng to occur,

but not necessari Ig renote fromall of the receptor- binding donains that
are esseRhamaceyicakeqyppasitions aEgdnvestioby agoni sts. The invention al so

pr oy conpagsi.t. . P Lcul.arl [ MRC i : Qsitions, conprising
one\(%drﬁiore of £ hlég%:%ﬁnu%é‘% ggwé t%g&?%gﬁtpﬁ%nﬁﬁ% dlgg%r?%g%g, for e addi ti onal
conponent@atirg phesicAl disodderin a0 mﬂﬁn@cﬁeyi infaddrhyl sucRGS i di | uents,

n.a

excipients_or carriers. The invention also provides kits
suffering from or predisposed to the physical disorder. Such methods may

comprise, for example, administering to the animal an effective amount of one
or more of the conjugates, compositions or pharmaceutical compositions of
the present invention. Physical disorders suitably treated or prevented
according to such methods of the invention include, but are not limited to,
cancers (e.g., a breast cancer, a uterine cancer, an ovarian cancer, a prostate

C cancer, a testicular cancer, a lung cancer, a leukemia, a lymphoma, a colon
cancer, a gastrointestinal cancer, a pancreatic cancer, a bladder cancer, a
kidney cancer, a bone cancer, a neurological cancer, a head and neck cancer, a
skin cancer, a sarcoma, an adenoma, a carcinoma and a myeloma); infectious
diseases (e.g, bacterial diseases, fungal diseases, parasitic diseases and viral
diseases (such as a viral hepatitis, a disease caused by a cardiotropic virus;
HIV/AIDS; and the like)); and genetic disorders (e.g., anemia, neutropenia,
thrombocytopenia, hemophilia, dwarfism and severe combined
immunodeficiency disease (“SCID”); autoimmune disorders (e.g., psoriasis,
systemic lupus erythematosus and rheumatoid arthritis) and neurodegenerative
disorders (e.g., various forms and stages of multiple sclerosis, Creutzfeldt-
Jakob Disease, Alzheimer’s Disease, and the like).



conprising one or nore of the conjugates, conpositions and/or
phar maceuti cal conpositions of the invention. [00211 The invention also

provi"HR BN s of preventing, diagnosing, or tredtHPOPMNE cal di sorder
in an animal (e.g., a mammal such as a human) suffering from or predi sposed

to the physical disorder. Such net gods may conprise, for exanple,

adm nistering to the animal an effléctive amount of one or nore of the
conj ugat es, conpositions or pharnaceutical conpositions of the present

i nvention. Physical disorders suitably treated or prevented according to
such nethods of the invention include, but are not limted to, cancers

(e. g0022p br eaG]thaii?Péfafed énbidiheme of GRqREsenBiventisn will b&asREsnta prostate
cancer, a testicular cancer, a Iungf cancer, a |eukem a, a |ynphoma, a col on
f

cancer, ¥ opesoh ordinesskilan lighiefethe Tollopingrdrawings ead descriptioniofdder cancer, a
ki dney canc a_bone.canger. a neurol ogi cal cancer, a head and neck cancer,
@i ivantion, 48 of i Vidiny ;

a skin canc " adenoma, a carcinonma and a nyel oma);

i nfectious diseases (e.g, bacterial diseases, fungal diseases, parasitic

di seases and viral diseases (such as a viral hepatitis, a disease caused by
a cardiotropic virus; HNAIDS;, and the like)); and genetic disorders (e.qg.,

anem a, neutropeni Rm&ﬁ%ﬁmﬁ i %Hgﬁmwl , dwarfism and severe

conmbi ned i mmnode]a? cl ency di sease Efg‘ ' D"); aut t03?'nunune di sorders (e.qg.,

psoriasis, system c |upus erythematosus and rheunatoid arthritis) and

neu ener afy p sorder i f a of multiple

scl L@é??s crﬂﬁ@?*eﬁ °?‘g§i§k‘§%’ﬁ%‘g“e”aeg'gl,g{{lhgéuﬁéP%&%%“%%%}kg%%%nd the like).

& 2004/ @RAIR Ofabiord tiBaRA 31 IRAGRIol - oWl 9 38dy1€)X ReA., i el e(1®F)enbodi nent s of
e present invention will be apparent to one of ordinary skill in light of

the fol | 8usndy Binchamnigs 2GAH-dédchased perystallogriphicrdatat Eegh ofthe of the clai ns.
R EF DESORETE R Eenl G PRAUNGS 002 PSS b gH Bl 8 1 511 2

nol ecul ar no vari ous cytokines an ctors created with
RasMol sgdsidoag of (paaicutyr iMerdst, vitickilare sf@P “ball-add-etieks firmatiem Sci

20 3T 3 Worvmats a1t oprivns seleciel wting RasMol software, ‘The dark parts of
the ribbons represent domains of the cytokines and growth factors that are
reported to be involved in binding to their receptors. For each structure, the
accession code in the Protein Data Bank (“PDB”) 1s indicated (see Laskowski,
R.A., (2001) Nucleic Acids Res 29:221-222; Peitsch, M.C., (2002)
Bioinformatics 18:934-938; Schein, C.H., (2002) Cwrr Pharm Des 8:2113-
2129).

C [0024] Figure 1a shows a model of interferon-alpha-2a (SEQ ID NO:1), in
which the four lysine residues (Lys 31, Lys 121, Lys 131 and Lys 134) that are
reported to be the primary sites of PEGylation in Roche’s PEG-interferon
product, PEGASYS®, are shown in “ball-and-stick” format (based on data of
Bailon, P., etal., supra). The regions involved in binding to its receptors
(“Binding Sites 1 and 27) are identified. All four of the lysine residues that are
reported to be PEGylated in PEGASYS are in the region of Binding Site 1.
(PDB code 11TF)

[0025] Figure 1b shows a rodel of interferon-alpha-2b (SEQ ID NO:2), in
which the residues that are reported to be the major sites of PEGylation in

Schering-Plough’s PEG-INTRON® (His 34, Lys31, Lys 121, Tyr 129 and



nodel s is represented in "ribbon" or "cartoon" fornat except for certain
resi dues of partlcul ar interest, which are shown in | - and-stick"” format.
Thes®Q #O48¢089% ¢ opt i ons sel ected using RasMbl sof"tq;&éﬁJ D03{4L164ar k parts of
the ri bbons represent domains of the cytokines and growh factors that are
reported to be involved in bindi nr911 o their receptors. For each structure,
the accession code in the Protei ta Bank ("PDB") is indicated (see
Laskowski, R A, (2001) Nucleic Acids Res 29:221-222; Peitsch, MC. , (2002)
Bi oi nformatics 18:934-938; Schein, CH., (2002) Curr Pharm Des 8:2113-
2129). [0024] Figure la shows a nodel of interferon-alpha-2a (SEQID NO 1),
in whi chy$ b#l)faoei shdwisinTéatlemdestier” foriat Bhsed yibdat2 bf Wylke, I8¢, and Lys 134)

that are reported to be the primary sites of PE%I ation in Roche's

PEG i nt ePAdy Siprap, begs @Imm&%( quys argri therfegian phBiging Sitnb- sti ck” f or mat
(basgpepn dat upra) The ons. I nvol ved in

bi nxl ngPt ol tglér?lrgeg'?%é’rvgpaﬁ gé@r?lig&fagﬁd 5“05 i fied. Al four
of the | yginhfl costéide essiddeat ﬁe” , hCBfpet 0 PEGyRSioREaYdraing ol the PEGASYS are in
t he regi on of BI?ﬁdl ng Site E@! PDB code IITlgl&é[ 00251 {Igl%gure | b shows a
nmodel of ptemrérmmﬂn,as@htawnbn(‘ dastm@"iyz;matn yofliis mernote framsi dues that are

reported miljfr sites of PEGylation in Schering-Plough's
PEG- | NT g?‘l—ﬁss Lys 31, Lys 121, Tyr 129 and WD 2004/ 060300

PCT{6632003/ 04 frisfiide 1d kRowy thelsdk médRl ahﬁﬂ&féran-awlzbeh@dhaitsh&&n format (based
on data of Wlie, D.C., et al., supra). These am no acid residues are in

the regi mflﬁflreﬂcn&n whicksia single strg &20- gBE@ has beerositachedraldbe of

terfer J a o te I stei ne residue ("Cys 1"),
t ar get @Fé?d%%pegﬁ%%dc iat) ?"g% ﬁt"ﬂ%ﬁﬁ%‘?{ teﬁ?s shown in
"bal | -andsm £} fatishtof @z‘j:r&gl‘aﬁl &&Ejﬁbéﬂ byaae, B diend,,J(i®®)1 and 2. [00271
Figure I d shows e sane nodel I nterferon- afpha 2b as thag shown in

Figure | EIOCPW“W@W d 0SA7R ) snddi readerod tx the PE®: sadle e thet ached at the
C Nter "HB% _cystel ne residue ("Cys 1"). The structure of PEG was generated

[0028] Figare 2 shows a molecular model of human interferon-beta-1a
(SEQ ID NO:3), m which several lysine residues that are within or adjacent to
the receptor-ﬁinding domains are indicated (Lys 19, Lys 33, Lys99 and
Lys 134). In addition, the glycosylation site (Asn 80) and the N-terminal
methionine residue (“Met 17”) are shown in “ball-and-stick” format (based on
data of Karpusas, M., et al., (1997) Proc Natl Acad Sci USA 94:11813-
11818; Karpusas, M., et al., (1998) Cell Mol Life Sci 54:1203-1216; Runkel,

C, Li., et al., (2000) Biochemistry 39:2538-2551). Met 1 is remote from Binding
Sites 1 and 2, whereas several lysine residues are located within the receptor-
binding domains. (PDB code 1AUI) The strucfure of interferon-beta-1b
differs from that of interferon-beta-1a in lacking the N-terminal methionine
residue and carbohydrate moiety, as well as having a serine residue substituted
for the unpaired cysteine residue (Cys 17).

[0029] Figure 3 shows a molecular model of human granulocyte-macrophage
colony-stimulating factor (“GM-CSF;” SEQ ID NO:5) in which three lysine
residues (Lys 72; Lys 107 and Lys 111) that are within the reeeptor-binding
domains, as well as the first amino acid residue near the amino terminus that is
visualized in the crystal structure (“Arg4”), are shown in “ball-and-stick”
format (based on data of Rozwarski, D.A., et al., (1996) Proteins 26:304-313).



usi ng an adapt ation of the program described by Lee, L.S., et al., ((1999)

Bi ocan 10:973-981) and is rendered to the Is the
pr ot @’(*1%1"86';@1 Figure 2 shows a nol ecul ar nodel owl‘ﬁggﬁ?feron- beta-1a
(SEQ ID NO 3), in which several |lysine residues that are within or adjacent

to the receptor-binding domains gre indicated (Lys 19, Lys 33, Lys 99 and
Lys 134). In addition, the glyco§3 ation site (Asn 80) and the N-term nal

met hi oni ne residue ("Met 1") are shown in "ball-and-stick™ format (based on
data of Karpusas, M, et al., (1997) Proc Nat! Acad Sci USA 94:11813-

11818; Karpusas, M, et at, (1998) Cell Ml Life Sci 54:1203-1216; Runkel, C
L, et atThd 20D0jtehinahegiontof\GMILAbRGeRbl1rom BihdihgiSstes e @, f r om Bi ndi ng
Sites | and 2, whereas several |lysine residues are |ocated within the
receptcwCEQﬁ odsdOMENai ns. (PDB code 1AUI) The structure of

| RO86Y O Dok SbGLS! Rl B LA OF LT BELANGRSS Ryl 3in 1 acki ng ¢ he

rm naI f esl’ due an as having a

serl ne r&EQdDeéﬁ leﬁrhichlth@dmlﬁd)ﬁmd RRiduep at e eysitad Pdebe ﬂ%l%'@ (Q/s 17).
[ 00291 Figure 3 shows a nol ecul ar nodel of human granul oc'}%e macr ophage

col ony- sWithwgad efithree seqepiorg (alpracdpa andpaymm) MG eprersent@muc allhr ee |ysine

resi dues Sy 107 _and t, .are t he .receptor-binding
domai ns, mgiL Wie( %irgta ’taﬁégef fervg{al Zﬁ%gegéyﬁr}ﬁ%tsqr%l\yw%%a%e o no termnus
that is regebcbinding ddniiie CTNG cRIsest!dminbUickt resi 40 )the Akfinghown in

"bal | -and-sti ck" ormat (based on data of Rozwarski, D. A, et at, (1996)

Pr ot ei nstepginggthag 1gYis e(m@@np@urwzssnm 6413@%5”), - wigcirhe

no-te | ite and 2. (PDB
@mde 2ev%%%§rrzﬁfﬁﬁﬁ€ae%sp*%ﬁ§¥ o R hfisld SuHaMafakbl, | o 2L O

"1 L-2;"P., 2R, (DVBY), Stienmb 2683987 ; aemaqaa:claaremﬁuysamatcoaée reported to
be |nvoI ved vmth each of three receptors (al pha, beta and ganmm) are

represen?®K) n "bal | - and-stick" format, as are several |ysine residues that
ar egiai 1 O pfh 888 dGwd Rnotbit&hSNe) B RAY FRABREA o licrElopsest amino acid

(“EGF;” SEQ ID NO:7) in “cartoon” format, except for the residues that are
implicated in receptor binding and the two lysine residues (Lys 28 and Lys 48)
that are adjacent to receptor-binding regions. The intra-chain disuifide bonds
are shown as dashed lines. The closest amino acid residue to the amino
terminus that is visualized in the crystal structure on which this model is based
is cysteine 6 (“Cys 67} (based on data of Carpenter, G., ef al., (1990) J Biol
Chem 265:7709-7712; Lu, H.-S., etal, (2001) JBiol Chem 276:34913-

C 34917). The flexible portion of the amino terminus of EGF (tesidues 1-5) that
is not visualized in the crystal structure does not appear to be in a receptor-
binding region. (PDB code 1JL9)

[0032] Figure 6 shows a molecular model of basic fibroblast growth factor
(“bFGF;” SEQ ID NO:8) in “cartoon” format in which the residues involved
in binding to the receptors and to heparin are identified by presentation in
“ball-and-stick” format (based on data of Schlessinger, J., et al., (2000) Mol
Cell 6:743-750). The first 12 amino acid residues from the amino terminus
‘have not been impﬁcated in receptor binding. (PDB code 1FQ9)

[0033] Figure 7 shows a molecular model of insulin-like growth factor-1
(“IGF-1;” SEQ ID NO:Q) in “cartoon” format, except for the residues involved
in receptor binding (23-25 and 28-37), and glutamic acid residue 3 (“Glu 3”),



termnus that is visualized in the crystal structure is serine 6 ("Ser 6"),
which is renote fromthe receptor-binding donai ns ta of

Banb S/ HYA0603® ~ o 51 | (1994) Structure 2:839- 851‘@&{2@“3@ '%? . et at,
supra). (PDB code 31NK) [0031] Figure 5 shows a nol ecul ar nodel of human
epi dermal growh factor ("EGF IEQID NG 7) in "cartoon" format, except
for the residues that are inplicated in receptor binding and the two |ysine
residues (Lys 28 and Lys 48) that are adjacent to receptor-binding regions.
The intra-chain disulfide bonds are shown as dashed |lines. The cl osest
amno acid residue to the amno termnus that is visualized in the crystal
structurwhiahiwdhiecctoswianﬁmmntéﬂrésﬁmasﬂﬁanimoteymilmlslﬂmt(ﬁs tisdlised") (based on

data of Carpente , et al %90) JBiol _Chem 265:7709-7712; Lu, H S.,
et al. ’(ﬂﬂg E‘)ystiigﬁtﬂfﬁt‘iﬁefrwoﬁéh% g Tesidugs wye ideriidied) eng ofivehighyr t i on of t he

] t th t al
o0t ot ur I 2181 e Fafidr-bindlnd dibain, b U ot BPLRERTS | M LI CTNS0

1JL9) [ Ofkitke Ebguher&epthﬂbﬁudmgﬁﬂmuﬁsedmdﬁta of Bhasowskij AMpl ast growt h
factor (" bFGF SEQ ) in "cartoon" format .in which the residues

i nvol vede? 4l n(%ﬁ%@#@c’?@l%’ﬂ’e" SIS dhe amng dgsevnys of KGH-Hdht i fied by

pr esent data of Schl essinger, J.,
et at, ?%%3 Eﬁgxlthp%e?tﬁgglﬁyg%&g&@ #Qﬁ?q%m no acid residues from
t he[0@s#o t er Figawe8 hbyws nat rheleculirmpmbdelt @d ian rieeiodrgdamadi ng. (PDB code

1FQ) [0033] Fi gur e 7.shows a nol ecul ar nodel _of insulin-Ilike growh
f act or - 1("HNgapuma, ™ SH 10D N@ydy) which isap thespeditmer: nelfo clagifeghe f or t he

C5 e AN o SRR, i e dBe oo R TG '

cI osest gifhain AY) id shéwh g Eriblon”ormatiand the billen('ChiaineB™)iis shdwnial i zed in the
crystal structure. Two of the lysine residues are identified one of which

(Lys 27) 1y Sbagkpenednformat. ¢ H@’%E"ﬁi"é‘ﬁs Kehoamin dightihell #pd 6K ot her of whi ch

TR DR R R R e R S L B

I GF 1 vaolved in the interface between the monomers or are adjacent to amino acid

residues that are involved in receptor binding. The amino-terminal region of
IFN-gamma is remote from the dimerization interface, but glutamine 1 (Gln 1)
has been implicated in receptor binding. (Thiel, D.J., et al., (2000) Structure
8:927-936; PDB code 1FG9)

[0035] Figure 9 shows the fractionation of unPEGylated interferon-alpha-2b

(“IFN™), monoPEGylated interferon-alpha-2b (“PEG;-IFN”) and diPEGylated

C interferon alpha-2b (“PEG;-IFN”) by cation-exchange chromatography of a
reaction mixture containing IFN, 20-kDa mPEG-aldehyde and a reducing
agent.

[0036] Figure 10 shows size-exclusion chromatographic analysis of the
reaction mixture fractionated as shown in Figure 9 and of selected fractions
collected from the ion-exchange column for which results are shown in
Figure 9.

[0037] Figure 11 shows the fractionation by cation-exchange chromatography

" of a Teaction mixture containing bumen 1.-2, 20-kDa mPEG-aldehyde and a
reducing agent. Under the indicated elution conditions, the residual
unPEGylated IL-2 was not cluted from the column, unlike the results for
interferon-alpha-2b shown in Figure 9.



renote fromthe receptor-binding domains. (PDB ¢ode | GZR) [0034] Figure 8
shows ec nodel of an interferon-gamm "I . EQ I D NG 4),
whi ch"‘?%"“ﬂ“‘f%‘ﬁ’om mer. To clarify the interacti ons ﬁ%ﬁ4 6§

pol ypepti de chains, one of the nononers ~/ ("Chain A") is shovvn |n "ri bbon"
format and the other ("Chain B") RE shown in " backbone" format. Lysine
resi dues (shown in light "ball an stick"” format) occur along the

pol ypeptide chain, including the regions that are involved in the interface
bet ween the nononers or are adjacent to amino acid residues that are

i nvol ved in receptor binding. The am no-termnal region of |FN gamma is

r ent038f r om t Kigude ﬂrsihnwsia)rsizjemxehﬁsmechrbmbtogi-aph&n‘um;&ls ©Fthel) -has been
inmplicated in recept bi ndi ng., (Thij el et (2000) Structure

5! 527 03BHBIDURE (EBGPIELBSHIOT BLFEUS Lindndof FisctadhBesionac | on. of

unPEGy| afed 1 £ | pha-2b (" 9FN' ), nonoPEGyl ated interferon-al pha-2b
(" PEG h-%? d) anc}{agfs(g lated interferon al pha-2b ("PEQ-I1FN') by

cat [(039p X chanBiguea 13 nshb® g dlgtiophbretic ane@@&si e aNtestiivee nfigfk@iofii Ng | FN, 20- kDa
nPEG- al dehéde and a_reduci nlgsﬁé%ent [0036] Figure 10 shows.size-exclusion

chr omat oBEGylaed itenlepking? (f -¢'daand; oh anfraationefrpma thei oafiomed as shown in
Fi 9 t f h |
For whi cRthdng colin 8-Sl B chRiRuodim GBI 1T, 01 Shone The

fractionation by cation-exchange chromatography of a reaction mxture

cont ai ni ng human |L-2, 20-kDa nPEG al dehyde and a reducing agent. Under the

i ndicated elution conditions, the residual unPEGylated IL2 was not el uted

@fomthe colum, unlike the results for interferon-al pha-2b shown in Figure
WD 2004/ 060300 PCT/ US2003/ 041162 -18 [0038] Figure 12 shows a

si ze- excl usi on chromat ographi ¢ anal ysis of the reaction mxture

" fractionated as SDETAILED DERSCRIPHIONUF QUEBICENEIDNr actions eluted from
t hat col unm.

{0040} Unless defined otherwise, all technical and scientific terms used herein
have the same meanings as commonly understood by one of ordinary skill in
the art to which this invention belongs. Although any methods and materials
similar or equivalent to those described herein can be used in the practice or
testing of the present invention, the preferred methods and materials arc

described hereinafier.

Definitions

C' [0041] About: As used herein when referring to any numerical value, the
term “about” means a value of £10% of the stated value {e.g., “about 50°C”
encompasses a range of temperatures from 45°C to 55°C, inclusive; similarly,
“about 100 mM” encompasses a range of concentrations from 90 mM to
110 mM, inclusive).

[0042] Amino Acid Residue: As used herein, the term “amino acid residue”
refers to a specific amino acid, usually dehydrated as a result of its
involvement in two peptide bonds, in a polypeptide backbone or side chain,
but also when the amino acid is involved in one peptide bond, as occurs at
each end of a linear polypeptide chain. The amino acid residues are referred

to by the three-letter codes or single-letter codes that are common in the art.



[ 0039] Figure 13 shows el ectrophoretic anal yses of a reaction m xture of
PEGyl ated interleukin-2 ("PEGIL-2") and of a fraction fromthe cation-
exchaH204/86039 for which the chromatogramis show?GIFVRMGRLI®E1. C DETAI LED
DESCRI PTI ON OF THE | NVENTI ON [ 0040] Unl ess defined" otherw se, all technical
and scientific terns used herein 1Bave t he sanme neani ngs as comonly
under st ood by one of ordinary skifl'"in the art to which this invention

bel ongs. Al though any nethods and materials simlar or equivalent to those
descri bed herein can be used in the practice or testing of the present

i nvention, the preferred nethods and materials are described hereinafter. C

Def {0043) ons 1AA&bonRbOUAs ASedu hiefeid)emhel fbnﬁh%m@hﬁt’f irBférd Qo agy nuneri cal
value, the term"about" nmeans a value of 10% of the stated value (e.g.,

"about S@Enporadcealsaulscmorty eirgmplex thetrsduces.ciubstantialinredges or 55C, i ncl usi ve;
simlarl "abhout, ..1.00 . encompasses.a range, of.concentr.ati ons from90 mm
to 110 W plleﬁ& Hg\ﬂi’/‘% ?h%iﬁcaifﬁuﬁ%r@y&o&g&abfgect{ﬁso 8cVftrein, the term
"am no aghekihe Thewskine, §bRtSfab@r 8r SR§Sdplile harfidne oGl L, HsHabt y dehydrated as

a result of its involvenment in two peptide bonds, in a polypeptide backbone
or side etganism thatitaresimediattd: throwgh 8 reseptoisdfarsthe ngivé egitokinepne pepti de

bond, . t h-end of a.li t.i.d hain. Th ' i d
P oet duascr s Bl ok G poBinettin thebul PANRE e gy Bk gul et t e codes
that ar eqeaBmBLsi aldaficRTdr wiil ARRALROABAG: REFRVE2AS34GkE M - 19 [0043]

Ant agoni st: As used heréin, the term™antagonist" refersto a conpound,
mol ecul ethenagionisy farr binding | s#x(s) leatreccptiuck on theilosl antface; ligteragtiog es or

T oL ot SR P B 63 B BB SRS S BHRE L 1 ® 9122t
eron R 1 Tt S s hs Lttt o U1 0,0, 1o
a conformational change in cell surface receptors such that the receptors
assume a structure to which the agonist can no longer bind (or can bind only
with reduced or substantially reduced affinity and/or efficiency); inducing a
~ physiological change (e.g., increase in intracellular signaling complexes;
increase in transcriptional inhibitors; reduction in cell surface ligand receptor
expression; etc.) in cells, tissues or organisms such that the binding of the
agonist, or the physiological signal induced by the agonist upon binding to the
cell, is reduced, substantially reduced or completely inhibited; and other
mechanisms by which antagonisis may carry out their activities, that will be
C familiar to the ordinarily skilled artisan. As the ordinarity skilled artisan will
understand, an antagonist may have a similar structure to the ligand that it
antagonizes (e.g., the antagonist may be a mutein, variani, fragment or
derivative of the agonist), or may have a wholly unrelated structure.

[0044] Bioactive Component: As used herein, the term “bioactive
component” refers to a compound, molecule, moiety or complex that has a
particular biological activity in vivo, in vitro or ex vivo upon a cell, tissue,
organ or orgamism, and that is capable of being bound to one or more
polyalkylene glycols to form the conjugates of the invention. Preferréd
bioactive components include, but are not limited to, proteins and polypeptides

such as those that are described herein.



such effects in a variety of ways, including but not limted to conpeting
with the agonist for binding site(s) or receptor(s) on the cell surface;

i Nt eMaE2G0HG60300 t h t he agonist in such a way as to rREUEROXE2ant al |y
reduce or inhibit the ability of the agonist to bind to cell surface
receptors; binding to and inducing a conformational change in cell surface
receptors such that the receptors20assume a structure to which the agoni st
can no longer bind (or can bind only wth reduced or substantially reduced
affinity and/or efficiency); inducing a physiological change (e.g.,
increase in intracellular signaling conplexes; increase in transcriptiona
I nhidagkprs; r 1 On i el l...sur Ie of t . sion; etc.) in
celpgkgfissueggggabrggnﬁgﬂshéﬁ@ht%%ggnéhgg |nd?%§go Pﬁgﬁﬁégbnist, or the
physi ol ogftachinest ¢hmtl may chec eovaisnt! b, abpritkmicshenchiphdiN@r tont he cell, is
reduced, substantially reduced or completely inhibited; and other '
mechani sfRYaRAL e ¢ oG dnfgiaatienss hydipphehic ynistactionse hvdeagen bondses, that will be

famliar _to [.ar ' rij , t diparily skilled
artisan 5\#1 Idoqglﬁg{e@sr{agﬁér,k X%ﬁfgg%#agrg%%ieé{eﬁ%erﬁé@og{)ﬁocg{eﬁﬁ tF’é’FStggr ucture to the
l'i gand t fidéethdr, veatba@pninzidé, air, ,peptide,aithMeO hydfazomy BRIrsidgjt ei n, variant,
fragnment or derivative of the agonist), or nmay have a wholly unrel ated

st ruct ur earbppediyr bpussc cathengh tyst bonds, Landdtheefibe.n, Theretexrer m " bi oact i ve
conponenty. 5 0 n | ecul i et r.compl ex,.t hat has a
pa??i cul al?o'%lsof%%ﬁocgﬁrqg%} %‘f#ﬁ?ﬂ‘ldﬁggei@g%uﬁ a?/i{; Y eéil? e‘??"gfg\?{féupon a CZ| l

tissue, amd Gdtackyd.’organism and that is capable of being bound to one or

re gol yal kél ene glycols to formthe conj ugat es of the invention.
etOpkd” bi aemargefmm:s Asnuseddlereiny {'conjegatest rafemitodliet o, proteins

by Doz SRR oA AR R s bR Gl BERLIE0, BieiBacifl 00 r ot or s
to bindi &gnpdnenﬁté.gngTPfﬁ einhal gliRypleit oV aaijhgatony. refdy t6 i cal |y

t
coupling, or non- coval ent, géﬁ%@’gi lonic interactions, hydrophobic

i nt er act fesmation pf aggaipagisnass dn e PEIVERHS SsBisiee- c Amybaethpdr exanpl e,

ester  hBaaPOBSPROSRIET sl BTt of WoRBRIR of HBiAAE 1o 2T de. ar ne.

pepti de, ydr-azone,
biologically active materials can be used in the present invention.

[0047) Coupled: The term “coupled”, as used herein, refers to attachment by
covalent bonds or by strong non-covalent interactions, typically and preferably
to attachment by covalent bonds. Any method normally used by those skilled
in the art for the coupling of biologically active materials can be used in the
present invention.

C [0048] Cytokine/Chemokine: As used herein, the term “cytokine” is defined
as .a secreted regulatory protein that confrols the survival, growth,
differentiation, and/or effector function of cells, in endocrine, paracrine or
autocrine fashion (reviewed in Nicola, N.A., supra; Kossiakoff, A A., et al.,
supra). Analogously, as used herein, the term “chemokine” is defined as a
member of a family of structurally related glycoproteins with potent leukocyte
activation and/or chemotactic activities (reviewed in Oppenheim, JJ., et al,
supra). According to these definitions, cytokines and chemokines include
interleukins, colony-stimulating factors, growth factors, and othef peptide
factors produced by a variety of cells, including but not limited to those
specifically disclosed or exemplified herein. Like their close relatives, the

polypeptide hormones and growth factors, cytokines and chemokines initiate



car bon-sul fur bonds, carbon-phosphorus bonds, and the like. The term
"bound” is broader than and includes terns such as "coupl ed,” "conjugated"
and 'vadtealedod [ 0046] Conj ugat e/ conj ugation: As us®dl/He083P#1162c4n; ygat e
refers to the product of covalent attachment of a polyner, e.g., PEG or
PEO, to a bioactive conponent, ﬁé&q a protein or glycoprotein.
"Conjugation"” refers to the for ilon of a conjugate as defined in the
previ ous sentence. Any nethod normally used by those skilled in the art of
conjugation of polyners to biologically active materials can be used in the
present invention. [0047] Coupled: The term "coupled", as used herein,
refers t et tedaliR0Ot fubdtio I 0 7 | ent

i nteracti ons,@?yp[ 2al I?/(tl éﬁ%{éﬂ%ﬁ%ﬁ?‘%ﬁe@'ﬁc gﬁ?&c&”@%ﬁ@ﬁyofg%g ent bonds. Any
met hod newrfiase lof thegrdargbicellsose skilled in the art for the coupling of

bi olggi.cal |y active materials can be us in the present jnvention. (0048]
Oyt k)@ﬁhgl Cherr&'%f’ﬂ‘e: 's,&gs‘ffséﬁ“ﬂ‘&“@i {38 quieﬁ*%tnﬁﬁrg’ﬁi qi9°ased OBef i ned as a
secr et ed«g;egubt QN @Y | r SK Miavah . h,
differ entilg‘?ﬂidon,&aégdt?o%g?qbgg%g%or@unct%% 0 ce?lﬁréi,“yr?dl}l %ﬁg@c i ne, paracrine
or aut obumars, faehi, alle(gies, i addirtion,naomehanity). ibfectismppaisortigs o akof f, A A, et
at, supra).. Anal ggously, as used. herei.n, the term"chenpkine" is defined as
a nenbef™ ‘“%e"ltaﬁgPme%‘%@LR?t%@aﬂY cHan. ot eondiliqnso 85 ¥eedilgEein t h pot ent
| eukocyt i ' ng hEJFo. | t Lyl ELes  ( j e in Oppenhei m
30l SRRl A R o TARE K ) B A, TR ot
chenoki nesampie) dettlity ¢ er phydidiogic stateobut siot nail diddasey o adiseder. gr owt h

ctors, ,and ot her (?fe%ide factors l@rogquced by.a variety of cells,
el udi n&%HiPPS 8BS | 9imthS OV ERtRo SHitalle, o {17 iPEEYIERYNG)| RIEEHEEY BY exenplified
herein. i bt | , WReRt | and grow h
Fact or s, tor bRy RIS TR dctotbed 89 RSB D58 T0BREY, Ds2005 1041162
-21 thei (fertdiy), dtbngt 4 reattriennef gdisoirded iondiseases pdthicf condit@mptror pr ot ei ns on
the surfage of their target cells. [0049] D sease, disorder, condition: As
used her perstbaby Do oF e anc gl 3 bt

[0050] Effective Amount: As used herein, the term “effective amount” refers

to an amount of a given conjugate or composition that is necessary or
sufficient to realize a desired biologic effect. An effective amount of a given
conjugate or composition of the present invention would be the amount that
achieves this selected result, and such an amount can be determined as a
matter of routine by a person skilled in the art, using assays that are known in
the art and/or that are described herein, without the need for undue
C expe_arimentation. For example, an effective amount for treating an immune
system deficiency could be that amount necessary to cause activation of the
immune system, resulting in the development of an antigen-specific immune
response upon exposure to an antigen. The term is also synonymous with
“sufficient amount.” The effective amount for any particular application can
vary depending on such factors as the disease or condition being treated, the
particular composition being administered, the route of administration, the size
of the subject, and/or the severity of the disease or condition. One of ordinary
skill in the art can determine empirically the effective amount ofa parﬁéular
conjugate or composition of the present invention without necessitating undue

experimentation.



"disorder" refer to any adverse condition of a human or aninmal including
tunors, cancer, allergies, addiction, autoimunity, infection, poisoning or

[ m%@g@g@?@h%opti mal nmental or bodily function. " %Mo?/ﬁ'—ﬁ'.iszas used herein

i nc ses and disorders but also refers to physiologic states. For
exanple, fertility is a physiologic state but not a disease or disorder. C
Conpositions of the invention suijable for preventing pregnancy by
decreasing fertility would therefdte be described as a treatnent of a
condition (fertility), but not a treatnent of a disorder or disease. O her
conditions are understood by those of ordinary skill in the art. [00501

Ef fective Anount: As used herein, the term"effective anount” refers to an

anfoost) of a @négn, 6ORARUIWhEN BHe REAPOSHA? 04" lohahn? Gren@eaSAany or sufficient
to realize a desired biologic effect. An effective anount of a given

conj ugagisclesureo sy sineam fabieashengt es sione jarvaants, bunlgss lathdswisehe anount t hat
achi eveﬁ}dﬁh}) selected result, and such an anount can be determ ned as a
matter ¥t i ne by a person skilled in the art, using assays that are

kngsz] Nt hprE: tAAREE Bereil) APE Sind88& AIPFS yherCifbthyikdd\@tille,t he need for

undue ~experinentation. For exanple, an effeéective anount for treating an
i mrune whgther indaf ioci lranshedoot dnudti-arined @b wvhiethee caslsaapped wrcause acti vation

of the i e system, IR ,n the deve] opnent of,apn antigen-specific
i mune hygg%ﬁg‘@}iﬁ?%@ éﬁs%é’r‘}gﬁ){hﬁ* Y‘F’G’é’ﬁl‘m‘?ﬁ% Qi e arts o synonymous
W th "guffhic Y ' 0, rd.i cul ar

appl i cat&‘iy O&él&eﬁﬂﬁz@%@g&nﬁ}%ﬁ%&gﬁlﬁﬂ?&%&olgs&t ﬁ{ew%?ge(gse or condition
bei ng t pely{atiiylertieh e glypal)-omoheethyd o ntiesj t atoximilyigthotmeni glyeslgd, t he route of
dm nistration, the sjize the suybject, and/or t everily of the disease
r condP?@_&Fﬁl?Yq O’Sfi‘%of)’d ipllfﬁ'y“'_“?m%d‘ﬁl‘&f’ﬁ’é@("&’%’aﬂgﬁgﬁéﬁhﬂ_he enpirically
the effgfd hy¥oBPRM AmBhe BHRATAMEIHAE areGRBYH 1 498 Par® o gtstdgon of the
present 1 nvention wthout necessitating I ndue experinentation. WO

2004/ 06eth@nePeYidelS2003/ 041162 -22 100511 One, a, or an: Wien the termns

Rl % B et it i Mo st AL 1k Toa, ot | east one’
“PEGylation” refers to any process for the covalent coupling of PEG to a
biocactive target molecule, especially a receptor-binding protein. The
conjugate produced thereby is referred to as being “PEGylated.” As used
herein, “Mock PEGylated” refers to the portion of the protein or other
bioactive component in a PEGylation reaction mixture to which no PEG has
become covalently attached. Nevertheless, the Mock PEGylated product may
have been altered during the reaction or subsequent purification steps, e.g., as

C a consequence of exposure to a reducing agent during PEGylation by

reductive alkylation and/or by having one or more inhibitory agents,
compounds, etc., removed during the processing and/or purification steps.

[0054} Polypeptide: As used herein, the term “polypeptide” refers to a

molecule composed of monomers (amino acids) linearly linked by amide
bonds (also known as peptide bonds). It indicates a molecular chain of amino
acids and does not refer to a specific length of the product. Thus, peptides,
dipeptides, tripeptides, oligopeptides and proteins are incl_uded within the
definition of polypeptide. Thls term 1s aiso intended to refer to the products of
post-expression modifications of the polypeptide, for example, glycosylation,
hyperglycosylation, acetylation, phosphorylation and the like. A polypeptide

may be derived from a natural biological source or produced by recombinant



I ndi cated. 100521 PEG’ As used herein, "PEG' includes all polyners of

et hyl ene oxi de, whether linear or branched or nulti-arnmed and whet her

end- ¥¢@PIdO61300 hydr oxyl termi nated. "PEG includes RGBERPUIIEr s that are
known in the art as poly(ethylene glycol), nethoxypoly(ethylene glycol) or
nPEG or pol y(et hyl ene glycol)- rmrh%geét hyl ether, al koxypol y(ethyl ene
glycol), C poly(ethylene oxide) or @)

a- met hyl - w- hydr oxy- pol y(oxy-1, 2-ethanediyl) and pol yoxi rane, anong ot her
nanes that are used in the art for polymers of ethyl ene oxide. [0053]

PEGyl ati on, PEGyl ated and Mock PEGyl ated: As used herein, "PEGylation"
refers taechivlogy, bieds nbohiedebariboahsitd Gouphi di@ighhte®HacleR acidbi oactive
target nolecule, especially a receptor-binding protein. The conjugate

pr oducedseeneshy i smaether genprated a8 mwmaE@pb@ﬂm. by agheoded  herein, "Mock
PEGyI at e?" tfr%ees‘fsers to the portion of the protein or other bioactive
conponen n é'PEGyI ation reaction m xture to which no PEG has becone
covpless) | vy at Ppeicand\Blyespratdifs As vsOEhdYbinkthBE pofsh RIFGdsh My have been
altered during the reacti on or subsequent purification steps, e.g., as C a
consequepebpeptideasogrally of a sizerafhbovaraboaity d6 tor dnore, 2P BEGteaRbon by reductive

al kyl ation a or b ving o or nore inhibito agent s onpounds, etc.,
r enoved W‘F’_gg/qr%(’%’rﬂf@s@g%qﬁ?\m H}O%Mﬂfeﬁrf? Osqrdpare, E@8§4] Pol ypept i de:
As used BeyRid), ot 1100 8F liﬂdir@%hﬁﬂ&l ; Iaéiugle'h%t%fng:ﬁ%gg@ug halD 'agfcgéﬂn%acorrposed of

nononers (am no aci ds) |inear I nked by a onds so known as
pepti de Hueddimensionalndirecires aithomghe thdyado chati neabsaaity fave asmics and does not

fer to a specific |ength of e pr t. Thus, peptides, | pepti des,
¢ei pept i ﬁ'ﬁ‘é" i ?ﬁ‘i)ﬁéepf)ﬁg%&éﬁﬂa BPO’“Ee&?fge%ma% 9PResedqledPHtidss ﬁ“ghe definition
of pol ypgakbeiftided Nihide dRehs d8! &t hﬂg&s"c&dead Jeﬁné@ﬁﬁ{eekﬁm@ﬁk‘% oducts of

post - expression nodifications of t pol ypepti de, for exanple,
gl ycosyl striciure, bitypthenéancalopt aldrgenumbet ofl different cquiiarsptionsylaadi on and t he

R BB B P b SRR

dimensional structure. As used herein, the term glycoprotein refers to a

protein coupled to at least one carbohydrate moiety that is attached to the
protein vig an oxygen-containing or a nitrogen-containing side chain of an
amino acid residue, e.g., a serine residue or an asparagine residue.

[0056] Remote: As used herein, the term “remote” (as in “remote N-terminal
amino acid” or “remote glycosylation site”) refers to a structure in which the
location of one or more attachment sites for one or more polymers on a protein

C is/are distal to or spatially removed from one or more receptor-binding regions
or domains of the protein, as assessed by molecular modeling. Conjugation of
a polymer at such a remote attachment site (usually the N-terminal amino acid
(for receptor-binding proteins that are therefore referred to as “remote
N-terminal” or “RN” receptor-binding proteins) or one or more carbohydrate
moieties or glycosylation sites on a glycoprotein (for receptor-binding proteins
that are therefore referred to as “remote glycosylation” or “RG” receptor-
binding proteins)) does not cause substantial steric hindrance of the binding of
the protein to its receptor(s). Hence, an amino-terminal amino acid or a
glycosylation site on a cytokine, chemokine, growth factor or polypeptide
hormone is said to be “located remotely from one or more receptor-binding

domains” of the i:ytokinc, chemokine, growth factor or polypeptide hormone



technol ogy, but is not necessarily translated froma designated nucleic acid
sequence. It nay be generated in any manner, including by chem cal
syntWé%?"’Q“”‘[oé‘USS] Protein and gl ycoprotein: As use;qﬁv@ﬁww@ term protein
refers to a polypeptide generally of a size of above about 10 or nore, 20
or nore, 25 or nore, 50 or nore, .75 or nore, 100 or nore, 200 or nore, 500
or nore, 1,000 or nore, or 2, 00028r nore am no acids. Proteins generally
have a defined three-di nensional structure, although they do not
necessarily have such C structure, and are often referred to as fol ded, as
opposed to peptides and polypeptides, which often do not possess a defined
t hr ee- di we@béodfalation (4 ¢ CédvaRnt Medchinahf) OF 2 GaiferadRible poliA&as the!mber of
different conformations, and are referred to as unfolded. Peptides may,
however , amingdenmival amite janidd or hglgeosylation nsiteo resspestivelyt does nds used her ein,

the t f. | ed
car bohy AP BN i i B BF The ok T sRembBps gt

oxygen- Cﬁ%@bﬁbﬂ@p@éucﬁ ﬁBﬁrfoﬁgff@beoaitﬂé&g ke ‘&H&hﬁr gftoaafzg amino acid
residue, e.g., a’serine residue or an asparagl n reS| 056] Renpte: As

used hersirface triecept@s.m 'It asoteedgrizad, i of ‘Cowsgt ¢thal-4 egivémnaytokmej no aci d" or

"renote C | ation site"”) refers to a structure in ich the |ocation of

one or n%ﬁeéwgﬁé S‘T‘W‘P@E °§9rtCEsP°¥36’FP Woﬁﬁf@yﬁﬁf‘%ﬁ”@r 05‘? otein is/are

distal t I \V; | ng regions or
; 13?6{:&%6 i o? bingdodhateC "RVGED Eﬁﬂ@o%} Hthé’mﬁEﬁ

domai ns el n, as assesse ecul ar e |n njugation of a
pol yner glycasyhation sitensit e czgftdlmmd;rmmmokmbe g(mhaifabtyor tdnepdtypeptlm nal am' no acid
or recgeptor- bi n% qg@groteln that are th refore referred, to as "renote
t er mi NAQTNOFE C o tegpotely rﬁé’“BrSH?lé pRpInGor HeME Bere I car bohydr at e
oI €1 | S0, of M GHARL! 43 <hl R %oRldEkel by GOPIOBAEA Rerddily R G OF - bi ndli ng
pr ot ei ns at are therefore referred to as ‘renpte glycosy ation" "RG'
recept orer hlomjrengpqor-bimlmg)i))mdm,é’ stolongaas eoyupmioanefi tie anmot ¢ hi ndrance of

t he bindjn the |nt jts.r t or. n ami no-term nal
am no acﬁEngé‘?I %lm“QI%‘P 3?‘?58 tigp site Heé)t“‘ﬁt}é‘@b?‘??eg“g P?E]R' 1 growth factor
or ol VPR birlfine BAERIGIS, ShbIR, Bowih Bibies flehdoa one or nore
recepto ngggﬂg ngt% he cgf)okl ne, gbfyg@ﬁ grow h factor or

pol ypept iodm tecaphm (s via one or more of the receptor-bmdmg domains. Whether or

not the conjugation interferes substantially with the abitity of a protein to bind
to its receptor(s) can be readily determined using art-known assays of ligand-
receptor binding that will be familiar to the ordinarily skitled artisan.

[0057] Methods of assessing ligand-receptor binding include, without
limitation, competitive binding assays, radioreceptor binding assays, cell-

C based assays, surface plasmon resonance measurements, dynamic light
scattering and ultracentrifugation.

{0058] As shown in Figure 1d of this specification, PEG is a highly extended
and flexible polymer that occupies a large volume in solution relative to a
protein of similar molecular weight. Although the amino acid residue to
which the PEG is attached may be remote from one or more receptor-binding
sites, portions of the polymer could, nevertheless, interfere, to some extent,
with receptor binding. The probability of such interference increases with the
molecular Weight and hence the volume occupied by the polymér in solution.
Finally, PEGylation that is remote from the receptor-binding regions will
interfere less with receptor binding than random PEGylation.



WO 2004/ 060300 PCT/ US20031041162 -24 when conjugation (e.g., covalent
attachnent) of a water-soluble polyner to the amno-terminal amno acid or
gl ycoaybmubemosi t e, respectively, does not interf @/ UMEZal 1y with the
ability of the cytokine, chenokine, growh factor or polypeptide hornone to
bind to its receptor(s), particulghly to cell- surface receptors. It is
recogni zed, of course, that a giveén cytol dne, chenokine, growh factor or
pol ypepti de hornone nay contain nore than one receptor-binding donmain. In
such situations, an am no-termnal amno acid or glycosylation site of a
cyt oki ne, chenokine, growmh factor or polypeptide hornone can be |ocated

rempoosy fronSebstantialy, depsantiar Ak uesd Heeia, édi@ligau@ﬂ@fﬁfpr&éiﬁhs donai ns, and
still be considered to be "l ocated rem)tely rom one nor e

r ecept or 3 Aok tﬂgﬂﬁﬁﬁlﬁl“mbﬂanﬁéﬂy Wish dlse dohiyunfdbs protei ta bmdamtmo- t erm nal

am no acid I at| n site d i.nterfere substaptially with the
bi ndi ng fﬁcelfqﬂ'g% %ﬁ%kﬁli ﬂ%%&%e%?@%ﬂfﬁa%g nigie V‘p&p‘fl de hornone to
i tS T eceRi@tbels bt s iHin AbodT08, Bboht 0% S RRL 86% aﬁaﬂt Bshsdgydat ns. Wet her or
not the conjugation interferes substantially wth the ability of a protein

to bind 76%, ahaut 76%e phant @Y., abeoutiSS %, caddint %%,eaimutrﬂt%dahcmt B2%ar t - known assays

ar i san. Spesb S5 Rt abohu 3% abhy 965 st eloBoatsmt BRRRIGt ncl utte,

Wi t hout 94, abdudNi 0099 "BREbtd, VEF mbrﬁhaﬁﬁnaﬁ@ﬁwof adiRLEGERhOT bi ndi ng

assays, cell- based assays, surface n resonance neasurenents, dynamc
li ght scat%pmldmg apidkine] lchemtukme,fgrgw’th dactor] GO p&llypémideHmmmone Fi gure | d of

lis spe ﬁcatl PEG i 42 hi ghly extended and fl exible polyner that
cupi es %?r’!?é GBS %sol ution relative to a protein of simlar

0l gRUSORT Vi Jéatnihi:NA4GRCE RereRTIHRO tddfis “trbRRd et “frfat,"Meafgt he PEG is

attached may be rempte fromone or nore receptor-binding sites, portions of
t he pol yne?‘tr&wﬂg’arefmqnolbtedlmsand/mﬁwfawe When ssedewitix taspect towi t h recept or
bi ndi ng. The Eroba ility-.of such i erference ncreases th the nol ecul ar

wei ght af® RS fiscasey fiteeXomple, tﬁ?‘ltrﬁ@’ o R r? PRORYY "’ﬁf‘?on Finally,
PEGY| at i @Ratideaf thhSinér8iss ﬁlefr@agﬂaﬁ&beofrae&@j&pfo iRfeRHb R Githe%afidge | |

or, in other words, decreases the likelihood that the subject will become
infected with the pathogen or will show signs of illness attributable to the
infection, as well as a treatment after the subject has become infe(;ted in order
to fight the infection, e.g., to reduce or eliminate the infection or to prevent it

from becoming worse.

C Overview

[6061} The present invention provides methods for the synthesis of polymer
conjugates of receptor-binding proteins that retain unexpectedly high receptor-
binding activity relative to polymer conjugates of the same receptor-binding
protein in which one or more polymers is/are attached randomly. Through the

use of x-ray crystallographic and nuclear magnetic resonance-based structural
analyses, mutational anaiysis and molecular modeling software, the present
inventors have identified target sites for PEGylation of cytokines, chemokines,

~ growth factors and polypeptide hormones that are involved or are not involved

in binding to their receptors. As a class of proteins, these cytokines,
chemokines, growth factors and polypeptide hormone agonists and antagonists

are referred to herein as receptor-binding proteins. By selection of a synthetic



interfere less with receptor binding than random PEGyl ati on. WD 2004/ 060300
PCTI 162 -25 [00591 Substantially, subst =1 ed herein,
conj#é%%%g‘ﬁ) a proteinis said not to interfereﬁ}tsrh%é?ogﬁ'?lllgfl y" with the
ability of the protein to bind to its receptor(s) if the rate and/ or anpunt
of binding of a conjugated proteig to a receptor is not |ess than about
40% about 50% about 60% about ~ g% about 70% about 75% about 80%
about 85% about 90% about 91% about 92% about 93% about 94% about
95% about 96% about 97% about 98% about 99% or about 100% or nore, of
the binding rate and/or anmount of the correspondi ng cytoki ne, chenokine,
growt h fstrategy that tprgeisppalyimee attechmenicto theatgibag) oo redeppbimaijgigat ed. [ 0060]
Treatnent: As used herein, the terns "treatnent," "treat," "treated" or

"treati mgotelnsribat are pebKplved I Eseptor ntractigng, centain undesirabie h respect to
i nf ' e for. | . hyl act i
FF eat rotorfBipth8aS dre aBbiatd AR, e rkftabbOLERY coBnBhust ekl PO Fh &

pat hogenmusiallyi Higo hbiehcVOTHSse reeptRdstfing PPtdihddhi ReRtniddghol he subject will
become infected wth the pathogen or w show signs of illness

at t ri buttensunal residye thatnis cemiobn fromsongepr mose #f ttheinrensptor-gindéng t he subj ect has
becone inf.ected in _order fiqht .t he jnfecti e.q,, ta.reduce or

el i m nat'&&PHe Fn Oé%?fl%rfu _r‘i"'%&e‘?)&wé%t”i t'e f%???ﬂf’&%‘ﬁ?nafwme: Overvi ew
[00611 Thgeprirdfifdihg i profirs; QRep ifiladée 8ll 'Bidlaeks, cRémbhiges Yatbwasi s of pol ymer

conj ugat es of receptor-binding proteins that retain unexpectedly high
r ecept orfactprsrpaid wglypeptide hgrmosesien andagovisisdheraef thaidave geitsmning- t he sane

ceptor,-bi.ndi n pratein in l,ch _ong or re.pel rs iLs/are attached
¢:ndom Jorm g‘o"&‘&ﬁ“t"ﬁl 10@25& 5@%191?'53?“& §F°§P%5‘3’P§@‘P§/%‘ AR ear magneti c
resonanqRe pavtéifl. structural anal yses, nutational analysis and nol ecul ar
model i ng software, the present inventors have identified target sites for
PEAPPGAli on oflncsmathernembodimentlof ibe inventions komiugaten greappdpotd/pepti de
hor nmones_t hat. are invol ved or .are,not involved _in bindi to their
Fecept orgmiRsing Gne, SRgy el Biiors (EEC oS br pisde BoBtiRRAd
glycols)) covalently coupled to cytokines, chemokines, growth factors and

polypeptide hormones that have natural glycosylation sites that are remote
from one or more of their receptor-binding regions or domains. According to
this aspect of the invention, the bioactive components (e.g., proteins) of the
conjugates will display well-preserved receptor-binding activities when
synthetic polymers are coupled in the region of the glycosylation site(s). This
subset of receptor-binding proteins is referred to herein as “RG” receptor-
C binding proteins. When a hydrophilic or amphipathic polymer 1s selectively
coupled at or near such a “remote glycosylation” site, especially when the
target protein is a non-glycosylated form of a protein that is naturally
glycosylated, the polymer can mimic the favorable effects of the naturally
occuiting carbohydrate, e.g., on aggregation, stability and/or solubility, and
hence its attachment is referred to herein as “pseudoglycosylation.” Hence,
the present invention provides methods for the synthesis of conjugates in
which the site-selective coupling of a synthetic polymer effectively ;eplgcgs
the naturally occﬁrring carbohydraté moietiés. | The resultant pseudo-
glycosylation contributes to improved solubility, decreased aggregation and
retarded clearance from the bloodstream, compared to other nonglycosylated
forms of the protein. This approach therefore is particularly advantageous for



chenoki nes, growh factors and pol ypepti de hornone agoni sts and ant agoni sts
are referred to herein as receptor-binding proteins. By selection of a

synt NEQ 2A040¢938004/ 060300 PCT/ US2003/ 041162 - 26 st r%‘%’éé?“&’ﬂ%‘l%rgets

pol ymer attachnent to the region(s) of receptor-binding proteins that are
not involved in receptor interactigns, certain undesirable steric

hi ndrances are avoi ded and the resiitant pol ymer conjugates retain
unusual | y high potency. Those receptor-binding proteins that have an am no-
termnal residue that is renote fromone or nore of their receptor-binding
regions or donmains are defined herein as "renote N-terminal"™ or "RN'
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gl ycosyl g?ggos@é[?cfj"les%gﬁ yé‘rr%a{% ﬁfgg%er%?%dﬂg&ghgr a%?ﬂzfgﬁe)% *elgc gﬁ%ﬁﬁt he naturally
occur r i ngulcaydiehiyet atls (ecg.gin yesstsaphinegells amd asitrabictlld fineladingr sol ubility,
and hence its, att aé:h_rrent ig referred to herein as "pseudogl ycosyl ation."
Hence, THEMEGeARd | HYSht 7elsh pflBcs Fakaryeiif oRf&2nigns  srnesllyt Hesi s of
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occurring glycosylation signals or glycosylation signals infroduced by
recombinant DNA technology. Such pseudoglycosylated and pseudohyper-
glycosylated RG receptor-binding proteins are within the scope of the present
invention.
[0063] The invention thus also encompasses polymer conjugates of “RN”
receptor-binding proteins that retain substantial, nearly complete or essentially
C complete receptor-binding activity and psendoglycosylated or pseudo-
hyperglycosylated “RG” receptor-binding proteins that retain substantial,
nearly complete or essentially complete receptor-binding activity. As used
herein, a cytokine, chemokine, growth factor or polypeptide hormone is said to
“retain substantial, nearly complete or essentially complete receptor-binding
activity” when conjugated with one or more water-soluble polymers according
to the present invention, if the conjugation of the cytokine, chemokine, growth
factor or polypeptide hormone does not interfere substantially with the ability
of the protein to bind to its receptor(s), i.e., if the rate and/or ambunt of
binding of the conjugated protein to its corresponding receptor(s) is not less
than about 40%, about 50%, about 60%, about 65%, about 70%, about 75%,
about 80%, about 85%, about 90%, about 91%, about 92%, about 93%, about



the naturally occurring carbohydrate noieties. The resultant pseudo-

gl ycosyl ation contributes to inproved solubility, decreased aggregati on and
retarded cl earance fromthe bl oodstream conpared gcq Rhi@lsiRpal ycosyl at ed

f or WO WP ot ein. This approach therefore is par tllgfzul arly advant ageous
for WD 2004/ 060300 PCT/ US2003/041162 -27 preparing conjugates and

conposi tions of proteins that arggproduced by reconbinant DNA techniques in
prokaryotic host cells (e.g., bacteria such as Escherichia coli), since
prokaryotic organi snms generally do not glycosylate proteins that they
express. Anal ogously, selective PEGyl ation of the carbohydrate noiety of a
gl ycoprotein can result in "pseudohyper- glycosylation" of the glycoprotein.
Thi s priddesatbonh§ste sbeutb¥ads, almt OSnpabent 98%, @GbowBds air abon{ in PCT
Publ i cati.on No. WD.96/.4073 1, the disclosure of which_is ipcorporated
ner e1 n 109%F eBpie, 0L e bindide e gy onpco iR amhEatd ot of o | &

par ti cub@ichitedtampasierits Ao RAARM RANEL HUSBHE HfARE ositions of
proteins th.asta@gre %?%guced by reconbi nant DISIA tgchni qu srglﬁﬂp eukaryotic host
cel | s (isveptipniane pekystes copjugates of tiose aemtptonibimling etdiaing that latedi ng  manmal i an

and insect..cell Ilnce eukaryotic organi sns generally do glycosylate
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gl ycosy, | ' : . td.on: S Lot rod r econbi nant
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recept dL-di nding proteins are within the scope of the present invention.

[ The inveption thuys al so epnconpasses pal yner conjugates of "RN'

rgggéhor - bi ABi #diYnat é}"'i?gd'ln?ﬁ‘fs’ rtg? ayenlign Jraidésamethods 1oy, thenpl et e or

ssenti : ggﬁ,},ﬁ,}e o] plal "'?défg. | L an gl ycosyl at ed or
QSeudo sﬁ?%%sfl%%/fg syl at e%{nﬁ%&tsré%g%dt% {rd?%l n |%éjr%t¥gl?eﬁlﬁg%tgﬁgf retain

subst antuezpectedhe highyrecpiqritihding actedtyerelatiak Ity polymer ebsjugateepf or - bi ndi ng

activity. As used he,rgj n, a cyt_okiﬁe chenoki ne, ?rovvt h, Jactor or
pol ypephy Fams rehepier-budng; profei in rwhigh pne ks imase | ATYMEE 4 conpl et e or

essent | MakledSBHIEL THE3A Mo MR YD e Gl priliBa BYRipat od wi th one or

nmore wat er - so ymers accor
methods, and compositions comprising one or more of these conjugates of the

invention that may further comprise one or more additional components or
reagents, such as one or more buffer salts, one or more carbohydrate
excipients, one or more catrier proteins, one or More eNzZymes, one Or Mmore
detergents, one or more nucleic acid molecules, one or more polymers such as
unconjugated PEG or polyalkylene glycol, and the like. The invention also
provides kits comprising the conjugates and/or compositions of the invention.
C, [6065]) The invention also provides pharmaceutical or veterinary compositions
comprising the conjugates of the invention and at least one excipient or carrier
that is acceptable for pharmaceutical or veterinary. use. The invention also
provides methods of treating or preventing a variety of physical disorders
using such compositions, comprising administering an effective amount of one
or more of the conjugates or compositions of the present invention to an
animal suffering from or predisposed to a physical disorder or condition.
[0066} Further, the invention provides stabilized receptor-binding proteins and
methods for their production for use in industrial cell culture, whereby
unexpectedly high potencies are obtained as a resuit of the combined effects of
substantial retention of bioactivity and increased duration of action in

industrial use. The unusually high potencies of the conjugates of the present



to the present invention, if the conjugation of .the cytokine, chenokine,
gro or pol ypepti de hornone does not int ntially with
thevggizloﬁﬁbﬂgf the protein to bind to its recept o?{%ﬁi‘?%}los’g&?%ﬁ the rate
and/ or anmount of binding of the conjugated protein to its correspondi ng
receptor(s) is not less than aboyt 40% about 50% about 60% about 65%
about 70% about 75% about 80% “about 85% about 90% about 91% about
92% about 93% about WO 2004/ 060300 PCT/ US2003/041162 -28 94% about 95%
about 96% about 97% about 98% about 99% or about 100% or nore, of the
bi ndi ng rate and/or anmount of an unconjugated formof the corresponding

pr ot ei n.inv&ntion inmey! brel exflentet Hin imuballydagle bodmdsk rghetantunusumllent i on are

pol ynmer ,cqnj u at%s of those receptor-binding proteins that are classified
as bot h hig\jevels of cxpression ahregpm ﬁ'ﬁﬂ‘i P@t%ﬁsoﬁl%i ofher MyEOVSMEHH s of the latter

pr ot ei NgRd; (ﬁ&t&fbﬁ‘ﬁﬁ‘g%%ﬁ'a (particularly interferon-beta-1b) and |L-2.

[0064] In a tiona ments, the invention provides nethods for the C
synt hesi s of polymer conjugates of receptor-binding proteins that retain
unexpectedly high receptor-binding activity relative to pol yner conjugates
of the Methpds eceptor-binding protein in which one or nore polyners is/are

at tpebAd T andgleel LNl O Alvareatl B A8 £ ORI IRALE S0 Bleoduced by such

met and ‘corposit1ions conprising one o €5e conjugates of the

i nvent i eimihdWiemimey dmind eld oppr R esrpr-billit peitihi @@l tieonponent's or
reagents, such_as one or nore buffer salts, one or nore car bohydr at e
exci pi erfidnity,abthsrelygnselation sitepl pr OREI Feceptmdingingprotein ass)irass,  one or nore

@eterge%&%@g@ég%am cﬂg(?'aﬁ{,%ité%ﬁqiap &Q'ﬁ? oRE'5r é)_ré*g;ﬁwpo' yners such as

unconj ugat e r polyallcylene glycol, a e invention al so

provi desedeptos-bémding repiotg drhilonebn) ofght potandiherebe amipdsizinkgGegicof t he
I nventiqn. C [0065] The i.nvention_ al so provides Ehar maceutj cal or veterinary

conposi thifgiancec ghpferentory inteeactiony dyatlss a¥pchede pplysnt Melecalédt at | east one
1P e BRI gk AL IGTRAGH, il vt ot e
vari ety paésepieyshic adbnjdgampdaotins according to the methods of the present
invention than would occur if the polymer were attached within or proximal fo
a portion of the molecule that is involved in binding to its receptor(s). This
principle, which can result in unexpectedly high retention of receptor binding
activity, can be demonstrated for receptor-binding proteins that are selected
from among basic fibroblast growth factor (“bFGF” or “FGF-2"), epidermal
growth factor (“EGF”), insulin-like growth factor-1 (“IGE-17), interferon-
C . alpha (“IFN-alpha™), interferon-beta (“IFN-beta” (including IFN-beta-1b)),
granulocyte-macrophage-colony stimulating factor (“GM-CSF”), monocyte
colony stimulating factor (“M-CSF”), Fit3 ligand, stem cell factor (“SCF”),
interleukins 2, 3, 4, 6, 10, 12, 13 and 135, tumor necrosis factor-alpha (“TNF-
alpha’™), tumor necrosis factor-beta (“TNF-beta’™), transforming growth factor-
alpha {"“TGF¥-alpha™), transforming growth factor-beta (“TGF-beta”),
keratinocyte growth factor (“KGF”), human growth hormone (“hGH”),
prolactin, placental lactogenic hormone, ciliaty neurotrophic factor (“CNTF”),
leptin and étructural analogs of ﬁwe réceptor—bindmg—proteins that mimic the
actions of these proteins or that are receptor-binding antagomsts thereof. In

contrast, the selective attachment of a large polymer to the amino terminus of

IFN-gamma is not predicted to preserve most of the activity of this cyiokine,



usi ng such conpositions, conprising adm nistering an effective anount of one
or nore of the conjugates or conpositions of the present invention to an
ani N0 W04/0&@Bdng from or predi sposed to a physi cal RETEER28Y045102 condi ti on.

[ 0066] Further, the invention provides stabilized receptor-binding proteins
and nethods for their production for use in industrial cell culture,

wher eby unexpectedly high potenci3(9§ are obtained as a result of the

conbi ned effects of substantial retention of bioactivity and increased
duration of action in industrial use. The unusually high potencies of the
conj ugates of the present WO 2004/ 060300 PCT/ US2003/041162 -29 invention
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| evel s of expression of reconbi nant proteins and ot her | nprovenents in
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di scovere hat targetin f polymers to the amino-ternminal anmino acid of
an "RN' ?‘g]ctlﬂgtpﬁaﬁd’lln #otein or to the vicinity of the glycosylation
sit an "R -Bindi ' lymer is
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attached at a site that is renote
regi ons the dmnm-esmié! trhddyr af einnteirtsh of abgepborrbinding ngroteimr ket  hi ndr ance of
receptor interactions, by the atta%hed pol ymer . Igcules. Consequently, a

hi gher plinglieR ayeompetityg aplagansts of flenatwal pretein, by Yinding tBeonegF eser ved by

conj ugat iidfe Bf ik ke rgeyeﬁ@:;@wggagt@%%gigmﬂﬁlm&d&chsnpmﬁpief . nvention than

woul d occur t he po thin or proxinma a portion of
t he nol emelpdiyhat confugatey of we dGH aktaguaisn dhat @onthihs teepgihOmGsion Thi s

¢ ingiCin:Sl Gyt Sty o ctrdmih ) 2 Gl PLIRLGE SERRY ARG %1 of o1 hs. 1 hat
[ . 1 1 n G:ll n FG:' 2" ,
api dor maiaghis AHOREY (R Sofiahs P R mApi BRI o T i1y,

i nterferemd, (1998 JMakidaay) [{Hakd BiolWexplaeiod:BET;aClién, MYbee=dl, (1 ncl udi ng
| FN- bet a- | . granul gcyte-nmacro e-col on i.mul ating factor ("Gw CSF"),
nmonocyt e(19§éi G'Hgg(;quﬁ{, &t 1At ag?ﬁgﬂ’l\}&fﬁ?ﬁﬁ\“ﬁga@?‘g RdWQtem cel | factor

(" SCF") , 99/58142 Al). Other antagonists of receptor-binding proteins can be

produced by selective point mutations, truncations or deletions (see e.g.,
Tchelet, A., et al., (1997) Mol Cell Endocrinol 130:141-152; Peterson, F.C.,
(1998) UIdentification of Motifs Associated with the Lactogenic and
Somatotropic Actions of Human Growth Hormone, Ph.D. Dissertation, Ohio

State University, UMI # 9822357).
[0069] In another embodiment of the invention, for “RG” receptor-binding
C proteins, the methods of the present invention result in the attachment of one
or more synthetic polymers in proximity to the natural site of attachment of
carbohydrate moieties of those receptor-binding proteins that are
glycoproteins. This results in “pseudoglycosylation” of these receptor-binding
proteins (for example, when they have been expressed by recombinant DNA
techniques in E. coli or other prokaryotic cells that do not perform post-
translational glycosylation) or results in “pseudohyperglycosylation” of their
glycoprotein forms_ (for example, for naturally produced glycoproteix_ls or for
glycoproteins produced by eukaryotic host cells (e.g., 'yeasts, plant cells and
animal cells (including mammalian and insect cells), that do perform post-
translational glycosylation). Examples are polymer conjugates of interferons
alpha and beta, as well as of erythropoietin (“Epo”) and interleukin-2. The



interleukins 2, 3, 4, 6, 10, 12, 13 and 15, tunor necrosis factor-al pha
("TNE-_ al ha'a, tunor necrosis factor-beta ("TNF-beta"% transform ng growh
f act SO 209F80300 - TGF_ 2l pha”), transforming growth fRGGYSBEVUIGITGE pet a"),
keratinocyte growth factor C KG"), human growt h hornone ("hGH"),

prol actin, placental |actogenic hgrrmne, ciliary neurotrophic factor
("CNTF"), leptin and structural ~ Aal ogs of these receptor-binding-proteins
that mmc the actions of these proteins or that are receptor-binding
antagoni sts thereof. In contrast, the selective attachnent of a |arge
polymer to the amno termnus of |IFN-ganma is not predicted to preserve

most of ithehmed of dyitefic pbiybery okl Rr MRRAQARAARACD ReTakiSi003/ 041162 - 30

since such coupling is expected to interfere with binding of the active
di mer tocan bg pedferpedh by qnyamethod nthataisakndwivdntthe arfyliRtlndiag the, (1995) Nature

376: 230-235.. and_Thi el et al ., a). 06 I ated such
enbodi nelHPa&Pné]HEetpﬁ‘g%ﬁ%o#doﬁﬁ?lyﬁ)ﬁls @:égbl:éf?ﬁ‘%‘gﬂogg’ 8&42'% no-t er ni nal

resi due @fd MutRithsd 8f RIS OGR! 2/ N2001 PERIcEHAS @;@g; 12:B6118640N as
conpetitive antagoni sts of the natural "protein’ by inding td one or nore of
t he sanewhishapvalvéssprimi extidationi ofi the aarbobydiaten dhe tiselosutas bf dese Exanpl es  are

pol ymer canjugates of an ant agqni st that contains the.point nutation C
GL20R (S& Fﬁelmqm%fﬁteggéf%ﬁgbgs%fﬁs‘?edp Ftetes32197-32203) and an

ant st of _BeiidA té;@;, ' L trall Of R (Goffin, V.,
et g??w (1997ﬁﬁh}}amryl ang@gﬁ%ﬁgﬂé@% %ﬁ%ﬁ%ﬁY , et at,
¢1999) Qrevio@sly dege, Res THix 8,88 BB §1 983h o Proveiy . CheCT-9P1I0B).c ot on No. WO

9/ 58142 Al her .ant I St - bi ndi tej. b
Fodice deyAe GG EH JBHECHR G BREI Fibsi SROT EablPone. (see e g.
Tchel et cohain Bholins deHiRTheMekioRoll whpGHIdARL: &Rk p1L54a PeL e son. F.C.,

(1998) ldentification of Mdtifs Associated wth the Lact’ogeni ¢ and
Somat ot rdBP8) Rberne des off5: HAZek$2@, dot impiHoventheesoliili®. oDilesproted i on, Ohi o

ot Ukitiokd Yy MRSt o COASh y srpter snpodnent of the
i nventi ogy RS Wikterinindl NEnAbt gflpERE t8f infif8ve the homogeneity of the
resulting conjugates (KinStler, 0., etal., European Patent Publication No.
EP 0 822 199 A2; Kinstler, O., et al., (2002) Adv Drug Deliv Rev 54:477-485),
among others. An alternative method for coupling polymers to the alpha
amino group of an N-terminal cysteine or histidine residue, by an adaptation
of a procedure known in the art as “native chemical ligation,” has been
disclosed (Roberts, M.J., et al., PCT Publication No. WO 03/031581 A2 and
C U.S. Patent Application Publication No. 2003/0105224). However, the
existence of the “RN” and “RG” subclasses of receptor-binding proteins,
generally applicable methods for selecting members of those classes, and the
prepartation and use of polymer conjugates of such receptor-binding proteins
as a way to preserve unexpectedly high functional activity of “RN” receptor-
binding proteins, have not been recognized or described previously.
[0071] Hence, there is an advantage to determining whether or not a given
cytokine, chemokine, growth factor or polypeptide hormone has an
N-terminus and/or glycosylation site(s) that is/are ‘remote from the ;'ecéptop
binding site(s) of the ligand. The ability to predict whether a given cytokine,
chemokine, growth factor or polypeptide is an “RN” or an “RG” ligand, prior

to conjugation of the ligand with a polymer, substantially decreases the



or nore synthetic polynmers in proximty to the natural site of attachnment of
car bohydrate noieties of those receptor-binding proteins that are

gly tej This results in "' pseudoglycosylatl

recgﬁ?éﬁyﬁkﬁgrng proteins (for exanple, when they é@%m%ggzﬁgxpressed by
reconmbi nant DNA techniques in E. coli or other prokaryotic cells that do
not perform post- translational glycosylation) or results in
"pseudohyper gl ycosyl ati on" of their glycoprotein fornms (for exanple, for
natural ly produced gl ycoproteins or for glycoproteins produced by
eukaryotic host cells (e.g., yeasts, plant cells and animal cells
(including manmmal i an and insect cells), that do perform post- translational
gl ycosypmeﬂmﬁ}ltat@%aﬁﬂlvé@darﬁe ptﬂd}lﬁ@rp@lmﬁbams avhjugatesr legons - al pha and
beta, a | | t hr etin nd interl eukin-2. The WD
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near t hmeﬁsomsnﬁfgateatvu #ol?ﬂn%ﬁ:o% L, AR in SHicH thePRftioBhiERY aly any method that
is known in the art, including t nmut ati onal nethod of” R J. Goodson et at,

((1990) lIBmutl‘mﬁhn?@iWogym 8¢ 3- camﬁi)gateandsthedumdhonblaﬁvel? & ltheson et al.
((2001)
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certain proteins has been disclosed previously (see g. Dixon, H B.F.
(1984) Yerconpigatediigand: 99- 108) For C exanple, N-terninal modi fi cation of

s has ,bee orte abi e cert rotei.ns agai nst the action
of ma?ﬁrb opept r‘*&&%‘g?gf %Pdt‘ “emgpodipnerts, (@@98 cs@if o IRERHAN 15 1802 1827)
G O i Mpr gRided enBodd foktiﬁeﬂif?'ﬁﬂggaﬂd Odefichin (ﬂéﬁ@&aubﬂﬁimg e%ro?émr (2000)

Bi oconj ug Chem 11:195-201 ecrease t e charge he N-term nal am no
group, Ygands (egpreekingse ¢ |grwﬂ1ffat:hm, prob@eptudmgomqemgat es (Kinstler,

0., et aI Euro Publ i t|on Kinstler, O.,
et al. %@ﬁﬁf??g)t % P@VGR@b FIREYS ﬂ%g?r glygqﬁgﬁagm&sﬁgéi An al ternative
met hod ﬁﬁf af@wihdt@qrcnﬂltumpro%idaﬁlgahmaaof mer;ﬂ@tear ﬁgihd@f(z@” N-term nal
cysteine or histidine resid by an adaptatron procedure known in the

art as methody dorcidentifyg md@abptmg for AR b éRG” protemS) In certain

such embodiments of the invention, the optimum location for conjugation of

one or more polymers (e.g., one or more PEGs) can be determined using
molecular modeling, e.g., by viewing the 3-dimensional structure of the
protein (cytokine, chemokine, growth factor, polypeptide hormone or
antagonist thereof) using molecular modeling software to predict the
location(s) at which one or more polymers can be attached to the protein
C without a substantial loss in biological or receptor-binding activity of the
protein (see also Schein, C.H., supra). An analogous approach has been
demonstrated, for example, for conjugation of PEG to G-CSF in an attempt to
improve its resistance to proteolytic digestion (see published U.S. Application
No. 2001/0016191 Al of T.D. Osslund, the disclosure of which is incor-
porated by reference herein in its entirety). Suitable molecular modeling
software for use in the present invention, such as RASMOL (Sayle, R.A,,
etal, supra) and other programs used in generating the database of
macromolecular structures deposited at the Protein Data Bank (PDB; see
Laskowski, R.A., supra), is well-known in the art and will be familiar to those
of ordinary skill in the art. Using such molecular modeling software, the
three-dimensional structure of a polypeptide, e.g., a cytokine, chemokine,



di scl osed (Roberts, MJ., et at, PCT Publication No. WD 03/031581 A2 and C
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exi stence of the "RN' and "RG' subcl asses of receptor-binding proteins,

general |y applicable methods for selecting nenbers of those cl asses, and t he
preparation and use of pol yner cqﬂLugates of such receptor-binding proteins
as a way to preserve unexpectedl y"high functional activity of "RN' receptor-
bi ndi ng proteins, have not been recogni zed or described previously. [0071]
Hence, there is an advantage to determ ning whether or not a given
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pol yner <chm gezniil-y detejmigatvetic diggnds amy tRNP nes RGhdipkidneasat geowt h factors,

pol ypepti d nones or antagonists thereof conjugated with polyners, e.g.,
PEGs) ﬁ“\’éﬁﬁ ‘&ﬁ’fﬂlﬁ“elf‘aﬁ?ﬁ‘i’r Wéﬂﬂ}/thﬁﬂ?ﬁsem%‘(ﬁﬂ%’ém city of the conjugate is

re Mﬁg rela t |e§%]ft t el STRVAS unconj ugat ed

[ San (jl whi | teII a&tﬂze dgéapan i i hgllé’car{{eeam ng gblﬁgtg%rp%{yr egﬂXdl ng and
phyS| ol eguylnlg zawhtev-sdilubls pOfymdrhe tieeosip g ah i grbgaaﬂthe[Nl@&&ﬁna‘hccor dingly, in
addi ti onal. enhqdi nents, the present |nyention V|des met hods for

Qdent i fm'go arid regdue of ﬁg)r?ts@ewtlwr rqﬁluﬁé:‘fen@kﬂ%? iffnkases(e. g

yt oki n e and' ant agoni sts
Fher cof LOTREL P ooy Yelthe'a A Gcn %ﬁﬁ&,’fgt f'%ﬁf Py, that are
renot e fGBan_hﬁ (UES cpitent- m.nqoa'gssi); bat mft dshﬂamfedtw IW.igands (i.e.,
nmet hods fo ntlfyl and cting for, "RN' or "RG' proteins). In certain
such erﬂ%(# nﬂggs Fsent |$>3§?i ‘§ S‘Itcﬁethﬁplﬁﬂ?ﬁ,um"le%teﬁt F@an%‘ﬂyconj ugation of

. one or gﬂiﬁ%@'d\éﬂ‘éﬁt&eﬁ%%th s With ”R{dﬁhgﬁgcﬁbﬂg h’lvljﬂl?h d&L Grdesned using

nmol ecul eling, e.g by vi ew ng st onal structure of the
linking agents and are therefore ili-suited to the synthesis of long-acting

receptor-binding proteins that retain substantial receptor-binding activity.
[0074] Directing the reductive alkylation of Schiff’s bases of PEG-
monoaldehydes toward the alpha amino group of the N-terminal amino acid of
a receptor-binding protein and away from the epsilon amino groups of its
lysine residues can be accomplished by a variety of methods, based on the
. disclosures in J.T. Edsall in Chapters 4 and 5 of Proteins Amino Acids and
<-'r Peptides as Ions and Dipolar Ions ((1943), pp. 75-115 and pp. 116-139,
Reinhold Publishing Corporation, New York), the disclosure of which is

incorporated herein by reference in its entirety. The acidic dissociation
constant (“pKy”) of an alpha amino group of an N-terminal amino acid of a

polypeptide is expected to be below 7.6, whereas the pKa values of the epsilon
amino groups of lysine residues in polypeptides are expected to be
approximately 9.5. Edsall (1943, supra) clearly stated that aldehydes will
combine with thé amino group of an amino acid “only on the alkaline side of
its isoelectric point.”

[0075] Hence, based on the present disclosure and information that is readily
available in the art, the ordinarily skilled artisan will recognize that (1) the



protein (cytokine, chenokine, growh factor, polypeptide hornone or

ant a i eof ) using nol ecul ar nodeling software to predict the
Iocag?gr%?(go%{abt%mm ch one or nore polynmers can be at F&E’ éﬁ‘ﬁ’tyg'”t‘ﬁe protein

wi t hout a substantial [oss in biological or receptor-binding activity of the
protein (see also Schein, CH., s#gfr a). An anal ogous approach has been
denonstrated, for exanple, for conjugation of PEGto GCSF in an attenpt to
i mprove its resistance to proteol ytic digestion (see published U. S.
Application No. 2001/0016191 Al of T.D. Gsslund, the disclosure of which is
i ncor- porated by reference hereinin its entirety). Suitable nolecul ar

nmodel i ngselatiVt yaakgord 6f ald@@dbmmﬂldli{ﬁﬁzﬁﬂhiﬂo?teﬁ}i bOApro®ais Wilkse RASMOL ( Sayl e,
LA., et al., supra) and other prograns used in generating the database of
macr onol fagodedrbis b rraggeuc pHdbpo i below 2.5 t(bprBxiniatély thapK, Bartke (PDB; see
Laskowski, LA., supra), is well-known in the art and will be famliar to
those ofpsdpdipminoysrerpd in theprotain)a (2) thesite of waetioraf] aldahydes witkiel i ng sof t war e,

th th -di S| I t t . I tid . Q. t okKi ,

chemoki e B BessBh SEheAtRShe AR ORREAS aitre il * porypept i de
h , Q0N , i ct texyiped with a high
ormone. 78 afb AR v D1 8Pl APA BB B R frondB piyThE L0 M L0 2 1 91
their reg@pbpfeactid) of RldehpRY wiltheUlpRY Aoy ¥robfiwilll deepddsé gR6li |y determ ne

which ligands are "RN' or" "RG' ligands that are suitable for use in
accor dan®en fial pf thaeppitonssrino gropenas te refotion pH Tdowerad tavered 719 pr esent

Lhvention conveni.e oute .for cov t .coupl j a .wat er - sol ubl e
¢ol ymer ?%1 Ggﬁléc %ﬁlﬁg{lt&ﬁ% egﬁgmno?ic?hgfd_g&d@hﬂtﬁ%?epdgﬁgm%i d residue of a
protein pgupywill @Bufidpkord ablislvabd BNloeringhhd bH BRarsS6.6f @nRdnw th pol yners
bearing a single al dehyde group, e.g. as clainmed by G P. Royer (U S. Patent

No. 4, O0Rite3idlue buspppetiimate]ly bae pHAmiybeloW thépkniof thebhlpah .amifd). S. Pat ent No.
5,252,714), since the latter inventors claimonly polynmers derivatized at
bot h endgrowp t dindakinted \plik wpite udow vihe pard the ogsilon iankihaggragent s and are
therefore ill-suited to the synthesis of long-actin recept or - bi ndi ng

pr ot ei nseporekimagely i h%safithe alpfie aminagrepporndnppmigaight §-1 V4 9f the

epsilon amino groups will be in their reactive, unprotonated state. Thus at

pH 6.6, the fraction of unprotonated a/pha amino groups is 100-fold higher
than the fraction of unprotonated epsilon amino groups. Therefore, very little
increase in selectivity will be obtained by lowering the pH of the reaction
further, e.g., to 5.6, where, theofetically, 1% of the alpha amino groups and
0.01% of the epsilon amino groups would be in their reactive, unprotonated
(: state. Thus, in certain embodiments of the invention, protein ligands
(particularly “RN” or “RG" ligands, including cytokines, chemokines, growth
factors, polypeptide hormones and antagonists thereof) are conjugated with
one or more polymers by forming a mixture between the ligand(s) and the one
or more polymers at a pH of about 5.6 to about 7.6; at a pH of about 5.6 to
about 7.0; at a pH of about 6.0 to about 7.0; at a pH of about 6.5 to about 7.0,
at a pH of about 6.6 to about 7.6; at a pH of about 6.6 to about 7.0; or at a pH
of about 6.6. The present methods thus differ significantly from those known
in the art, in which coupling of polymers to alpha amino groups on the
N-terminal amino acid residues of ligands is carried out at a pH of about 5
(Kinstler, O., et al., (2002) Adv Drug Deliv Rev 54:477-485; European Patent
Publication No. EP 0 822 199 A2; U.S. Patent Nos. 5,824,784 and 5,985,265;



[00741 Directing the reductive al kylation of Schiff's bases of PEG

nonoal dehydes toward the al pha am no group of the N-term nal am no acid of
a re?@p’l”ﬁ%‘ﬂ?“ﬂdi ng protein and away fromthe epsil| dif AP Y Bdps of its

| ysi ne resi dues can be acconplished by a variety of methods, based on the
di sclosures in J.T. Edsall in Chapters 4 and 5 of Proteins Am no Acids and
Peptides as lons and Dipol ar 1ons3§¢1943), pp. 75-115 and pp. 116-139,

Rei nhol d Publ i shing Corporation, New York), the disclosure of which is

i ncorporated herein by reference in its entirety. The acidic dissociation
constant ("pKa") of an al pha am no group of an NNterm nal amno acid of a
pol ypepty kS p d . VA e S e . es of the

epsi |l on R%ﬁ%’ohgjr{bseggﬁ’oqugzsr@%fce)}gic%gos’ % %?yplg'gf i%ggméfr?tgeﬁjexpect ed to be
appr oxi rinblibatioh. No. F0620127044 B, vahiler ejuptihg af ipolphers ad dpleddén al dehydes wil |
conbine wiith the am no group of an _amino acid "only on_the al kaline side of
i ts i socMHBe grquppef hysime negidues| inithe ligandpelgerpide baekbene iresatrie] scl osure and

i nf or matj ' ' vai | a IRt e fnarily skilled

art i san By A 2L o R PRttt OB AS RO RS By o BENGS 062 - 54

sel ect i Vig824¢784t 5985 2bSieh ¥l else wirhé wdye ti) pReert Mhethody Slo® agf a protein will

be favored_ by a range of pH that is below 9.5 (apgroxi mately the pKa of the
e

g p .
epsi | on sighifeantly odastingt nfrope epzygpatin ymethods that hayeebemm msedctfoon of al dehydes

i th ' L0, L) | i f H. of .t .eact | i
over ed btk Ay AR Gty of BSRERTEN 'tl0f, B el POGREC 000" of ¢ he
r ot ei n)usingIransBiatantindse, whichaaehirizd cikt afh @BNYLIES (BhiohH!, hgoed)pha ami no group

wi || decrease less than that of the epsilon am no groups as the reaction pH
Vs | owerddy rugdPelivRey 54:481P04)) the selectivity for the reaction of an

al e Wt . ) ] IR - SO at by | owering
t héﬁmt owar Qzégﬂguﬁispﬁgﬁ%‘l&nf %{C@ﬁs\ya éusegﬁg “gqg‘[p?%‘ﬁ‘fgm t%}yg’one pH unit

bel ow t hwaclp kesodiurh bparabplvhydiddsr pygidingboring (Cabsangdd, 1.8 ahel ow t he pKa of
t he epsi | on _am noB?r Qups,. . approxi mately 10% of the al pha am no groups and
appr oxi rld¥®)ydnal Bigekem; §é4-2&474i7 b ntosms nepcopdsgy samping | besdsj that heir reacti ve,

unpr ot Ortﬂés%gves iRt ﬁositmuéhaﬂée of the N-terminal alpha amino group of the
protein at physiological pH. Such bonds that retain the same charge as the

native protein are more likely to preserve its biological activity than
alternative linkage chemistries that neutralize the charge, e.g., by the
formation of amide bonds (Burg, J., ef al., PCT Publication No. WO 02/49673
A2; Kinstler, O., ef al., European Patent Application No. EP 0822 199 A2;
Kinstler, O.B., et al., (1996) Pharm Res, 13:996-1002; Kita, Y., et al., supra)
or urethane bonds (Gilbert, CW ., et al., U.S. Patent No. 6,042,822; Grace, M.,
et al., (2001) J Interferon Cytokine Res 21:1103-1115; Youngstet, S., etal,
(2002) Curr Pharm Des 8:2139-2157).

[0077] Alternative approaches to selective coupling of polymers to N-terminal

O

amino acid residues are known to those skilled in the art. Included are
methods for coupling hydrazide, hydrazine, semicarbazide or other amine-
containing polymers to N-terminal serine or threonine residues that have been
oxidatively cleaved to aldehydes with periodate (Dixon, HB.F., supra;
Geoghegan, K.F., U.S. Patent No. 5,362,852; Gaertner, HE., etal., (1996)
Bioconjug Chem 7:38-44; Drummond, R.J,, et al,, U.S. Patent No. 6,423,685).



pH 6.6, the fraction of unprotonated al pha am no groups is 100-fold higher
than the fraction of unprotonated epsilon am no groups. Therefore, very

i ttd,@moi“m?(f}rgfxse in selectivity will be obtained bﬁ.bgg\@%@gl%zhhe pH of the

reaction her, e.g., to 5.6, where, theoretica e al pha am no
groups and 0.01% of the epsilon am no groups would be in their reactive,
unprotonated \.. state. Thus, in rtain enbodi nents of the invention,
protein ligands (particularly "RN'" or "RG' |igands, including cytokines,
chenoki nes, growmth factors, polypeptide hornones and antagoni sts thereof)
are conjugated with one or nore polyners by formng a m xture between the

| i gand(s) and the one or nore polyners at a pH of about 5.6 to about 7.6;

at a pHSwmtabkbPelymers6 to about 7.0; at a pH of about 6.0 to about 7.0; at a
pH of about 6.5 to abouf 7.0;  at, a pH of ~about 6.6 to about 7.6; at a pH of

ab®8¥8k. 6 t olnessidin embedigentsiof thejpventionath és desisatde tormanimizesthet net hods t hus

11 Rl ikl S8 AN By gl g cOUP! 1 0 _of

pol ymers to0 al pha am no groups on erm resi dues of

| i gandsad BEGaduringtthe wéactibn dn pitlich the polimer is ciipled tethe Hoacti®t al ., (2002) Adv
Drug Deliv Rev 54:477-485; European Patent  Publication No. EP 0 822 199 A2;
U.S. PaftQngongstk to SPE’LiE?e?Ghe raupateg50Hdhe yEntop4/ CBUSCBNPbE/ US2003/ 041162

- b . i : : d . U S i [
bl 1 catseoneiehey Bingbuhatink R aeda B Ao 5pt Sttt o epirion
am no gh&dipsasoimdnofinttionsl sitRated PR dri ‘wﬁﬁmﬁuﬁmégtdcﬁeamckbone i's

carried out at a pHof 8.0 (Kinstler, 0., et al., EP 0 822 199 A2; U S
at ent Ri&is”) er golympes prepagatinggn, whish the perchrtagnof bifapstianaldy pr esent net hods

| so arg... Si.q.fd | i stingt. fr nzysati ¢. net t hat have been used
for coﬁ%ﬁvﬁiﬁgqg‘{filgﬁad;%ﬁééﬁﬁé‘%ﬁe\?ﬁ%ns ?%@S %%@S(%%Wﬁ%g%fi%soﬁ) to certain
pr ot ei ner @uksifictiohalls abtinaied gg@merswm tdds i thar abditeIDoQUbr Mor@ PH of 7.5

(Sato, H., (2002), Adv Dru I'i v Rev 54:487-504). [0076} Reduction of the
r esul t apfefesetly fl¢ss shagpahout WP¥hommpsi prefgrabbnlgsatiantabout aéw/ws sodi um

B ochem 124 3T, FePikkd helSma 30E, WHE BRHARCHn Ry ditindth (1909 A0l
monofunctional can minimize the formation of all of the following:
intramolecular cross links within individual protein molecules, “dumbbell”
structures, in which one strand of polymer connects two protein molecules,
and larger aggregates or gels.

[0079] Activated forms of polymers that are suitable for use in the methods
and compositions of this invention can inclade any linear or branched,

- monofunctionally activated forms of polymers that are known in the art. For
(" example, included are those with molecular weights (excluding the mass of the
activating group) in the range of about 1kDa to about 100kDa. Suitable

ranges of molecular weights include but are not limited to about 5 kDa to

about 30 kDa; about 10 kDa to about 20 kDa; about 18 kDa to about 60 kDa;

about 12 kDa to about 30 kDa, about 5 kDa, about 10 kDa, about 20 kDa or

about 30 kDa. In the case of linear PEGs, moiecular weights of about 10 kDa,

about 20 kDa or about 30 kDa correspond to degrees of polymerization (n) of

about 230, about 450 or about 630 monomeric units of ethylene oxide,
respectiﬁe}y. | For .use in vitro, suitable- fanges of molecular weights of

activated polymers include about 1 kDa to about 5kDa. It should be noted

that long before the existence of the “RN” and “RG” classes of receptor-

binding proteins was recognized, the advantages of coupling therapeutic



preserve the positive charge of the N-term nal al pha am no group of the

pr ot Qighedtedataes! ol ogi cal pH  Such bonds that retai @Ctrnfszﬁﬂm%lgyarge as the
a

native protein are nore likely to preserve its biological activity than
alternative |linkage chem stries that neutralize the charge, e.g., by the
formati on of am de bonds (Burg, J3 et at, PCT Publication No. WD 02/ 49673
A2; Kinstler, 0., et at, European Eatent Application No. EP 0O 822 199 A2
Kinstler, OB., et al., (1996) Pharm Res, 13:996-1002; Kita, Y., et at,
supra) ~ or urethane bonds (G lbert, CW, et at, U S. Patent No. 6,042, 822;
Grace, M, et at, (2001) Jlinterferon Cytokine Res 21:1103-1115; Youngster,

S., et Jiroteins(tBQ8bymé ritavitipardiatively KpR Indledilar/weighf30F é], gdier nati ve
approaches to sel ective cougl ing of polyners to N-term nal amno acid

resi duedhaty auh 00k a) nesse fissk pbsesvedi (RaifereMay ¢t al.) RET Rublicagiicd et hods f or

ol yrrer SN B For KT BitiBed T A5R7 G B nRbOS e bl “boen
oxi dat i 8l refepdRa Ve Hs glgira{ygl_ehydes with periodate (Dixon, H B.F., supra;.

Geoghe an, K.F., US. Patent No. 5,362,852, Gaertner, HF., et at, (1996)
Bi d80¥0lug Chdmothagmhedimenigabibd invention, conjugates of Sceptar-bindingo. 6, 423, 685) .

WO 2004/ 060300, PCT/ US2003/.041162 - 36- Suit abl.e, Pol rs 078] In certain
enbodi n@%&tguﬁf "’f‘ﬁl“’i“fﬂ‘}g‘%fi% X Jefeentagef, © rr_ %’I"éedt B’O %fl 'fg‘g'ﬂ]ﬁe formati on of
i nt r anolpepdred f@nﬁeliﬁwﬁm.%piﬂ 31l GUlRES By EdupliRy nslofiiRtisnAlyCh as PEG
during the reaction in which the polyner is coupled to the bioactive

conponerictivaed pelymses efaboud hjkinga alent @tkDiaay abaviehkDanaccotding toan be

cconpl i,ghed by, usi,ng. pal yners that.ar.e activated at. . only one end (referred
¢o her etﬁg me%h&éﬁr?igflg H:E"te?%%l F S SHE f"\)g{ggap Qnso}ﬁis \SHBEATES i onal |y
act i vat e mdlAsdan)waghtd tlayRipréfeRBAr ati ons in which the percentage of

bi f unct i onal Lép_act Ivated (referred to in the case of |inear PEGs as
" hil808Mt i vat doptrmally dligedr pobymendanibaye adeidivalgrgupat ongagnsdorpol ymers is | ess
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or near |thiseifivédt@dhy it can be desirable to use the N-hydroxysuccinimidyl ester of
the monopropionic acid derivative of PEG, as disclosed in .M. Harris et al.,
U.S. Patent No. 5,672,662, which is incorporated herein fully by reference, or
other N-hydroxysuccinimide-activated PEG-monocarboxylic acids. In certain
other embodiments, it can be desirable to use either the monosuccinimidyl
carbonate derivatives of PEG (“SC-PEG™), as described in M. Saifer et al,
| U.S. Patent Nos. 5,006,333; 5,080,891; 5,283,317 and 5,468,478, or the mono-
- p-nitrophenyl carbonate derivative of PEG, as disclosed in S.J. Kelly et al,
supra; in L.D. Williams ef al. PCT Publication No. WO 00/07629 A2 and A3;
L.D. Williams et af., U.S. Patent No. 6,576,235 and in M.R. Sherman et al,
PCT Publication No. WO 01/59078 A2. Moreover, other types of reactive
groups can be used to synthesize polymer conjugates of proteins. These
derivatives include, but are not limited to, monoaldehyde derivatives of PEGs
(Royer, G.P., U.S. Patent No. 4,002,531; Harris, J.M. ef al., U.S. Patent No.
5,252,714), monoamine, mono-tribromophenyl carbonate, monocarbonyl-
imidazole, mono-trichlorophenyl carbonate, mono-trifluorophenyl carbonate,
monohydrazide, monosemicarbazide, monocarbazate, monothiosemicarbazide,

monoiodoacetamide, monomaleimide, mono-orthopyridyl disulfide, mono-

oxime, mono-phenylglyoxal, mono-thiazolidine-2-thione, monothioester,



nmonof unctional can mnimze the formation of all of the followng: intrari
ol eowlapoMdedsd | i nks within individual protein nol geghRssesnsuppbel 1"
structures, in which one strand of polynmer connects two proteln nol ecul es,
and | arger aggregates or gels. [0079] Activated forns of polyners that are
suitable for use in the methods _apd conpositions of this invention can

I ncl ude any |inear or branched, honofunctionally activated forns of
polynmers that are known in the art. For ~ exanple, included are those with
nol ecul ar wei ghts (excluding the mass of the activating group) in the range
of about 1 kDa to about 100 kDa. Suitable ranges of nol ecul ar weights

i ncl ude monothipk monottiazme add t mondauylswWionBaderivatiedsoof PHIGKDdn about 10 kDa to
about 20 - abagut..18 kDa t.a aboyt GQ kDa; bout 12 kDa to about 30 kDa,
about Sa@@’h g@?"%"%‘?}a‘fﬁ% ¢ CSp ET0 torsp PR ePtM% the case of .

i near  phondoind GHlaabniE LS G FRRQMIeA? Qe or about 30

k Da correspgtrl]d to dé1 rréles of polyneri ngﬁo%gﬁgng@%’g@gﬁ@rs%, about 450 or

about 68@saribed niar cammoilys oemedt bhydpemding A Se, Patene sApglicatien Wo.For use in

vitro, suitab [ anges of | ecul.ar wei ghts of activated pol ynmers include

about 1 lb@tgﬁa% ciosﬂﬁa&l)‘i"ﬁwﬁ H%mcarps%tﬁﬁwam ByhEpferERs gt or e t he

exi stencgsiythe "RN and "RG' classes of receptor- binding proteins was

recogni zed, ‘the advantages of coupling therapeutic W 2004/ 060300

PCT/ US20031041162 -37 proteins to polynmers having relatively high nol ecul ar

wei ght s ;] !_E-EI t han about 20-30 kDa) were first observed (Saifer,

M, et a]#’ C&Ej{gﬂ%lhglgﬁion No. WO 89/01033 A, published Feb. 9, 1989,
i[0682]s | NncAPayted ssbvictheicBnjuBites of Bk aivedition cbprisbnd BAB)or [ 00801 I n ot her

enbodi nents of the invention, cortlﬂ aat es of receptor-binding proteins with
unusual BAG 4d preticedastyepesstend of PG cavalem bicatiaghed tocene gfemorgr epared for use

in vitrg,._ e.. | el | r l.] tiqpnally activated
pol yrer (S?n%a?tlg%g?}#ﬂqn%glﬂé’ﬁgﬁ%ﬁg %3%&%;%546%8? gﬁ%‘ﬁﬁ’&%ﬁ@ﬁaﬁs ng to the
net hods (of stidids therve) thaghaverbeensaovhlently Witdohed apptdfeséd ®Bereinhi s | ower range

of nol ecular weights may be preferred. )
variously and equivaleritly as “conjugated bioactive components” or “modified

bioactive components.” These terms are to be distinguished herein from
“unconjugated bioactive components,” “initial bioactive components” or
“unmodified bioactive components,” all of which terms refer to bioactive
components that have not had polymers covalently attached thereto. It is to be
understood, however, that an “unconjugated,” “unmodified” or “initial”

bicactive component may contain other, non-polymer conjugations or

O

modifications when compared to a wild-type or native molecule, and would
still be considered to be “unconjugated,” “unmodified” or “imitial” in
accordance with the present invention, since the bioactive component would
be “unconjugated,” “unmodified” or “initial” with respect to the attachment of
polymers, as is the case for bioactive components that are referred to herein as
“Mock PEGylated.”

[0083] The term “stabilizing” a bioactive component (or “methods of
stabilizatidn” or “stabilized bioactive component”) indicates that a bioactive
component has been stabilized accordjﬂg to the methods of this invention (i.e.,
a bioactive component to which a polymer has been covalently attached
according to the methods of the invenmtion). Such stabilized bioactive
components will exhibit certain altered biochemical and biophysical



[0081] Optionally, a linear polymer can have a reactive group at one end or
bot hwenosestoer eby creating a "reactive polyner." porgesdgsvdiie@nbodi nents of
this invention, it can be desirable to use the N hydroxysuccinimdyl ester
of the nonopropionic acid derivative of PEG as disclosed in J.M Harris et
at, U S. Patent No. 5,672,662, wegch is incorporated herein fully by
reference, or other N hydroxysuccini m de-activated PEG nonocarboxylic
acids. In certain other enbodinents, it can be desirable to use either the
nonosucci ni m dyl carbonate derivatives of PEG ("SC-PEG'), as described in
M Saifer et at, U S. Patent Nos. 5,006,333; 5,080,891, 5,283,317 and

5, 468, 4 Tharagleristins Yherocompared te phlingdtive snopwoners thet hasanotveeenf PEG  as

di scl in S .J. Kekly et al. din LD WI t al. PCT
Publ 1 CabPBHIAES. (e 5o Sumpant o Wil pobmdr s Ben” U S pat en
No. 6, SegvaléntiyaNdltathed)! R Inol@EABAMSAg dbuch altérdd Phflchéiffchorhnblo. WO 01/59078

A2. MNoreover, other types of reactive groups can be used to synthesize
pol yner biephiysigalt parawgteps, qrastiowdarlyT fier's eeceptor-binding v protding | male bebut  are not

limted o noal de e derivatives of PEGs Royer., .G.P.,. U S. Patent No.
4,002, 5&?‘1‘3 risgs,ceﬁt%ﬂtyeto aPr,O?eﬂl.l@C dgBtafy %as‘d 5;%5‘?@1% t,hermn_oam' ne,
moNo- 1 1 iyhgi RS DA the ACHARALE a @@@&%iﬁaﬂglpmeﬁm frcubdtiaf- t 11 chl or ophenyl

carbonat e, nono-trifluorophenyl carbonate; = nonohydrazi de,
monos emuadeb egrtaie harshnowamcbaeatab or nexpetitnémsie norctitidnsz i de certainnoi odoacet ani de,

nmonomnal ei m de, nQ- Qrt hopyridy], disulfi,de, nono- oximoe, nono-phenyl gl yoxal,
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C 38 monqiahinRliors HRAOENAE] B cAMHIEDRONERYLAHaIfINE 6 e YRkiaRa of PEGS. In
addi tional enbodi nents, cytokines, chenokines, growth factors, polypeptide

hor noneg# aivd, mnteaspdriervailatibiye ufcrenaed duratiaugl astion ¢ vire, and ther e pol yners as
describ I n commonly owned, co-pending U S. Patent Application No.
10/ 669, 58F%; the disclosure of which is i ncorporated herein by reference in

it qoosMtiret yAnﬂee@;g&ﬂabiﬁdiﬁgg&ﬁ&ﬁ%ﬁ&ﬂ%%ﬁ&@@&&ﬂoﬁm\gﬁowﬁlhe conj ugat es of
the invention conprise one PAG or

factor or polypeptide hormone) having biological (i.e., physiological,

biochemical or phammaceutical) activity associated with portions of the

molecule that are remote from its amino terminus or from a naturally

occurring or mutationally-introduced glycosylation site can be suitably used as

an initial component in the present invention. Such bioactive components

include, but are not limited to, peptides, polypeptides, proteins and the like.

Bioactive components also include fragments, muteins and derivatives of such

O

peptides, polypeptides, proteins and the like, particularly such fragments,
muteins and derivatives having biological (i.e., physiological, biochemical or
pharmaceutical) activity.

[0085] Suitable peptides, polypeptides and proteins, glycoproteins and the like
that are useful as bioactive components in the present invention include any
peptide, polypeptide or protein, etc., having one or more than one available
amino group, thiol group or other group that is remote from the receptor-
binding region or regions of the bioactive component and to which polymers
Ean bé sélectively attached.  Such peptides, polypeptides, proteins,
glycoproteins and the like include cytokines, chemokines, growth factors and
polypeptide hormones, which may have any of a variety of structures (Nicola,
N.A., supra; Schein, C.H., supra).



PAQO, and particularly one strand of PEG covalently attached to one or nore
bi oactive conponents. Bioactive conponents to which one or nore polyners
(or v camsden3other eof ) has/ have been coval ently att RS 2erred to
herein variously and equival ently as "conjugated bioactive conponents” or
"nmodi fied bioactive conponents."” These terns are to be distinguished herein
from "unconjugated bi oactive codfenents,"” "initial bioactive conponents" or
"unnodi fied bioactive conponents,” all of which terns refer to bioactive
conponents that have not had polynmers covalently attached thereto. It is to
under st ood, however, that an "unconjugated,” "unnodified" or "initial"

be

bi i ve C o) . t.al t - . conj.ugat L ons or |
o001, 2t on el RiGRE RpRA, bRipedis BB MRS SRS €~ and woul o
still beckudesbokeard nbp lingitedu e alg Wit est, cytokasP Halfingdstntureé Ni tial ™ in
accordance wWth the present invention, since the bioactive conponent woul d
be "uncepprsige ofour " grhabighlk | lumdlesr (bothi dong-chaii t and eshpetechaim t he att achment

of pol s,.as. 1s the casg.for bjoactive conponents that are referred to
herein é’ggfas%cﬁobﬁeé}?“é’tg& §°f{eﬂ’®§2ﬁ{"ﬂ‘fg"‘%ergﬂ“ ehh 0 iSE?lhg‘mra bi oacti ve
CoMpONeRYchAunIEBRA £E sulbdbIr el 88 prélent haid, BRfludhgact | ve
corrponentl"c) i?r?c!i[gélgt es thatS a bi odgcllté?v%%cpggn%gtngﬁt@ﬁhdgé ee‘ﬁﬁgt abilized

accor di b rtop lintitedniotintedsuldhs, teag. s Ti-2yHn8j Hrd( IL-8, [L-6albi7pHcHO| ve conponent to

the. 1 nvarrodEsT, BEl Wi aiiaL A upy aat b fad T g oo ARG i b ¢ cer t i n
al t er edrbiopcbamakopige boRRNARGRNYRAANNLOERIUL BCRLISAR03 031162 -39

»characteristics when conpared to a b cofrpon t has not been
‘-st abi | i mactophage. colonywstonelating facop GVWHCSFp Rdzwarsks, PoAyn@ilhas not been

coval e byobt ached) ol ke among Sugh al g el blognencal and
i nt onred 48 i IR SRR Rihlory HERbA I BBy g™ nCubat i on
under c@po®i thrdsiopbictil (THeY) Mespakdrydyt€ Kivavth XBAdalcl6mnaittfagios. | n certain

(MGD¥); stem cell factor (SCF), also, known in the art as Steel Factor

(Morrissey, P.1., etal., (1994) Cell Immunol 157:118-131; McNiece, LK.,

et al., (1995) J Leukoc Biol 58:14-22); oncostatin M (OSM); phospholipase-

activating protein (PLAP); neurotrophic factors; and peptide mimetics thereof.

Although prolactin and growth hormone are classical hormones, which

circulate widely in the body, unlike the cytokines, which are usually produced

near their target cells, prolactin and growth hormone belong:' to the same

structural class as the cytokines with four a-helical bundles (Nicola, N.A.,

O

supra; Goffin, V., et al., supra) and they are similarly suitable targets for
polymer coupling and for production of the presént conjugates in accordance
with the present invention. Analogues, muteins, antagonists, variants and
derivatives of these peptides, polypeptides and proteins are also suitable for
use in, and are therefore encompassed by, the present invention.
[0087} Receptor-binding proteins of the long chain (-sheet or B-barrel
_ structural classes (for review, see Schein, C.H., supra) are also suitable for use
in preparing the conjugates and compositions of the present invention. These
include, but are not limited to: the tumor necrosis factor family of cytokines,
e.g., TNF-o, TNF-P and Fas ligands, which display B-jelly roll structures; the
TL-1 (including TL-10. and IL-1B) and FGF (including basic fibroblast growth



enbodi nents of the invention, the altered biochem cal and bi ophysi cal
paraneters may include, for exanple, an increased half-life in the

ci r cQYQRGOHA6030 vi vo, increased bioavail ability, i RGREESEB/EU6ALI on of
action in vitro, and the |like. [00841 Any receptor-binding protein
(typically a cytokine, chenokine, gromh factor or pol ypeptide hornone)
havi ng bi ol ogical (i.e., physioledileal, biochenical or pharmaceutical)
activity associated with portions of the nplecule that are renote fromits
amno termnus or froma naturally occurring or nutationally-introduced

gl ycosylation site can be suitably used as an initial conponent in the

Co.  popt PAEE CEEF), A0 RGEORAE AL BRRRER:, Wit Yo OB Omponent s

to, pepti proteins an I've conponents

al so i ncFGHe)f fangiliey) whichdlod! 2 $eanskfel ToMaSt&s, OH. e, Fpaept i des,
pol ypeptides, proteins and the like, particularly such tragnents, nuteins

and der i Yellespingery dviehgl biugreyyiledR; Uir.lg; epigerynal growthcfactor KEGEhen cal or

D ot o meLy i Gt Pt R wrldl: Benited BRo AR aR G nct s ve
conponenfransfdtmdife g@émemctdrg\(ﬁﬁld@ﬁgniﬁ%ﬁbfdﬁﬁm@ngmﬂﬁpﬁabﬁ@a Rl ypeptide or
protein, etc., having one or nore than one avall able am no group, thiol

group or trensfeming gropth fastorifc(TGEBY)and mervet grewthefaetorso whidh addphg regi on or
regions of .th | oactive c onent and.to i ch.pol ynmer can be selectively
attached?ysgﬂ?:'_ﬁ“%epf‘?ﬁ“ Fs. p%rﬁ@%‘fﬁqi o‘@gg‘lﬁro f‘%’%‘,‘&s’g?(’% Tof®¥ ns and the Iike
i ncl ude gativaliveesT thésb PERtKdeR SfolythaWs inki Frbteing afslso ARtVREBE ifle hor mones,
mhi ch may have any of a vari etz of structures (Nicola, N A, supra; Schein,

. H., sulk add arpthezefony eneompaps UsPwes:pomyvestion. - 40 [ 0086] For exanpl e,
sui ept i,des ..pol ] t e f int t. include, but
oo IUBRF 25t S RSB S P b RSB G fE o0 b
a- hel i cajp Hién\EU'ﬂﬁi\ﬁgafeb%ﬂ édﬂgﬂmﬁm& pfanel psdrent nfMich isSthclasaes) (for review,

see Schein, ., supra). variety of such four-' helical bundle proteins

are sui t dishifidesich mexednaith eviokinssnchamaldnasi end grawthudioters (for
review, see Schein, C.H., supra), including but not limited to: the EGF family,
which has a beta-meander structure; IL-8; RANTES; neutrophil activating
peptide-2 (NAP-2); siromal cell-derived factor-la (SDF-1a); the monocyte
chemoatiractant proteins (MCP-1, MCP-2 and MCP-3); the eotaxins (e.g.,
eotaxin-1, eotaxin-2 and eotaxin-3); myeloid progenitor inhibitory factor-1
(MPIF-1); neurotactin, macrophage migration inhibitory factor (MIF); growth-
related oncogene/melanoma growth stimulatory activity (GRO-0/MGSA);
somatomedins; and insulin and the insulin-like growth factors (e.g., IGF-1 and
IGF-2). A related structural class of proteins of use in the conjugates and

O

compositions of the present invention is cytokines with mosaic structures,
which includes growth factors such as IL-12 and hepatocyte growth factor
(Nicola, N.A., supra). Analogues, muteins, antagonists, variants and
derivatives of these peptides, polypeptides and proteins are also suitable for us
in, and are therefore encompassed by, the present invention.

[6089] Other proteins of interest include, but are not limited to: growth
hormones (particularly hﬁman growth hoﬁnonc (hGH; see Tchelet, A, etal.,
supra) and antagonists thereof (see, e.g., Sundswdm, M., etal, supra),
prolactin and antagonists thereof, chorionic gonadotropin, follicle-stimulating

hormone, thyroid-stimulating hormone, pigmentary hormones, keratinocyte



but not limted to interleukins, e.g., IL-2, IL-3, IL-4, IL-5, IL-6, IL-7,
IL-9 IL 10, IL-11, IL12(p353ubun|t) IL-13, IL, 15 and IL-17;

col omp AEA3GH | ng factors, e.g., macrophage col orRQTé'ﬁffzﬁWo&HGﬁg f act or

(M CSF) and granul ocyt e- macr ophage col ony-stinulating factor (Gw CSF;
Rozwarski, D.A., et at, (1996) Proteins 26:304-313); interferons, e.g.,

| FN-a, IFN-(3 (including IFN (3-M8) and consensus |FN; |eukemia inhibitory
factor (LIF); erythropoietin (Epo); thronbopoietin (Tpo); negakaryocyte
growt h and devel opnment factor (MZDF); stemcell factor (SCF), also, known
in the art as Steel Factor (Mrrissey, P.7., et aI , (1994) Cell | nmunol
157:118- c 5 14-22); '
oncost at ;é%%;\t/lh (I\t"ﬁC)&gbl\/l;a H%pk?(lt)%dgﬁglcl g%%%i-n at(‘:atélﬂo\?gt %Iﬁ‘éd prot e| n Jt)@LAP neur ot r ophi ¢
factors; reacpio:phapdmﬁemﬂagmists:sftcbrmkﬂmﬁ chehhd]dnmsg@rqmblfadbrsnmahd growt h

hor none ar.e cI i cal hor which circul ate w del y in the body, unlike
t he cyt OR?IM%*%P Ogﬁo%?seog[)@ﬂa?f {henpbayg ceimctugalagseni Many gash cel | s

prol acti ru class as the
cyt oki ne@' %%@Wb% P(Bbungﬁies&zklwE W&Nﬁﬁ& fsfhéjrrngJl Goffin, V., et
al ., supglgtosyiuted foewis aiasy mmﬂt framl thieis prddablien tuﬂﬁgﬁﬁcsmbﬁmnt bilay mer coulol i ng

and for %Coductlon of the present conjugates in accordance wth the present
i nvent i o¥echmpaugsdy prokaryotgsar isingoh F@@@i‘ﬁ%‘(‘@mv@ﬂhm%g@ﬁﬁﬁylwl vatives of

Lnese DRl oxd APl 55 0H RIS B ofd S hERbe 0T use in. and

v
are ther ore encorrpa rresent I nvention eRecept or - bi nd| ng

pr ot ei nsc@ﬁpdda&tslmgaermsmt(ﬂwﬁlhtﬁmt FindlB; bhowdh sehé Uatibodies cl asses (for
c;ew ew, see Schein, C H., supra) are also suitable for use in preparing the
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antigen recognition.

[0690] Of particular use as bioactive components for use in preparing the
polymer conjugates of the present invention are interferon-alpha, interferon-
beta (including IFN-beta-1b), IL-2, L4, IL-10, TNF-alpha, hGH, prolactin,
insulin, IGF-1, EGF, bFGF and erythropoietin (Epo). Also of particular use

are muteins and fragments of such bioactive components, particularly those

O

capable of binding to the receptors for the corresponding wild-type or intact
polypeptide, whether or not this binding induces a biological or physiological
effect. In certain such embodiments, muteins and fragments of the bioactive
components can act as antagonists for the corresponding ligands, which
reduce, substantially reduce or completely inhibit the binding of ligands to
their receptors and/or the activity of the ligands on their target cells, tissues
and/or organisms. Other-antagonists, which may or may not be structural
analogues muteins, Vanants or derivatives of the ligands of interest, are also
suitable for preparation of the conjugates in accordance with the present
invention. As a practical matter, whether or not a given mutem, fragment,
variant, derivative or antagonist antagonizes the biological and/or

physiological effecis of a given ligand can be determined, without undue



Lu, H S., et al., supra); and the platelet-derived growth factors (PDG-s),
transformng gromh factors (including transform ng gromh factor-a and

t r an@fPiogk/p@say omt h factor-n (TG--f3)) and nerve gnewhd@d%ifks: Which adopt
cystine-knot structures. Anal ogues, nuteins, antagonists, variants and
derivatives of these peptides, polypeptides and proteins are also suitable
for us in, and are therefore encggpassed by, the present invention. 100881
An additional structural class of proteins that are advantageously used in
t he .conj ugates and conpositions of the present invention is that of the
disulfide-rich mxed a/(i cytokines, chenokines and gromh factors (for
review, see Schein, C H, supra), including but not limted to: the EGF
fam |y, CXRRIBPDAGREN, Hshig assuysafoddhe b'tquBittalt’ngSlegisal ¢tiodest theeut r ophi |
activatin R i de- 2 -2). stromal cell-derived factor-l.a (SDF-1a); the
nonocyt élg%%éﬁgli’t?W&E?t&#ﬁp‘ﬁ&%{]@ﬁyeg%@@wﬂmr\’&@? ﬂ%@rl\%ﬁ“@e‘i t he eot axins
(e.g., mwadigxin-1, eotaxin-2 and eotaxin-3); nyeloid progenitor inhibitory
factor-1 (MPIF-1); neurotactin, macrophage mgration inhibitory factor

( M{8991]gr owt Hiher stirudhards dpomgen esccmidany etignoand, wheneuapplioabje,activity

(GRO a/ MSSA) ;  .sopmat dins; and insulin.,and the insuljn-like gromh factors

(e.q., I‘@é%"‘aé)’})d H‘? nese aﬂdréﬂ%%ﬁred’og‘tpreﬁ &5r A apigeest oh‘abrﬁ‘l"ei ns of use in

the conjuQatiesecin PRSbidafSw hESStid N oks CYtOKines with

nosai c str uct%eroes?uss\ﬁi ch i ngﬁudegﬁéﬁegﬁf% ?ac?‘g} élrasfﬁg;ﬁng@mﬁ- 12 and

hepat ocyihahgard andh wil dedamiliaNite oha pf didiary skifiy particiady agview, ofiut ei ns,

ant agoni sts, variants.a derivatives_of these, peptides, polypeptides and

r ot ei ndhg siucttes Pg?lYlfl%‘Eﬂ%mFb?ﬂ%gl the yefeseniges, pited E@%@P &i\édb%@onpassed by, the
ér esent hpotaieBherdi? BP Pkethtieih tReiLERirdfsOf | nterest include, but are not

imted to: growh hornones (particularly human growth hornmone (hGH, see

Tchelet, A, et at., supra) and antagonists thereof (see, e.g., Sundstrom

M, et . SlfIEFSI’ a), prolactin and antagonists thereof, chorionic

gonadot roB#¥E ol | i cl e-stinul ating hornmone, thyroid-stinulating hornone,

Pi qoBedIary horymnessenk ShRbARnC Wrévidl 2004 OGRARNAIECTH URRAQR/041162 - 42

growm h factor, hypothalam c rel'easing factors, antidiuretic hornones and

components, particularly of cytokines, chemokines, growth factors, and

polypeptide hormones, for use in a variety of applications. Such conjugates of

the invention have a number of advantages over those previously known in the

art, as shown by the following non-limiting and exemplary comparisons of art-
known conjugates:

[0093] H. Hiratani (European Patent No. EP 0 098 110 and U.S. Patent No.

4,609,546) discloses conjupates of copolymers of ethylene oxide and

C propylene oxide (“PEG-PPG,” a member of the general class of PAGs) with

proteins, including interferons and interfeukins, wherein no preference for

avoiding regions of the proteins involved in receptor binding is disclosed. In

these references, interferons alpha, beta and gamma were considered to be

equivalent targets for coupling of PAG, unlike in the present invention

wherein interferon-gamma is not considered to be a suitable target for

N-terminal coupling because the amino terminus is within the receptor-

binding region of this cytokine. In addition, Hiratani discloses conjugates

synfhesized only with PAGs of 1 kDa to ldicDa, Whéreas the methods of the

present invention prefer the coupling of water-soluble, synthetic polymers

with molecular weights exceeding 10kDa for therapeutic applications.

Analogously, N.V. Katre ((1990) JImmunol 144:209-213) discloses that



recept or - bi ndi ng ant agoni sts of cytoki nes, chenokines, growh factors and

pol yRePlobéigose’ ones of all of the above structurall,cth%g&?ﬁmll}@ny such
e

proteins exist in both glycosylated and non-gl ycosyl at ornms. The non-

gl ycosylated fornms may result fromtheir production using reconbi nant DNA
techni ques in prokaryotes or usingschem cal synthesis. Such non-glycosyl ated
products are anong the peptides and proteins that are suitable bioactive
conponents of the present invention. Finally, although some antibodies C
function as receptor-binding agonists or antagonists (see, e.g., Mrris,
J.C., et al., (2000) Ann Rheum Dis 59 (Suppl J):i109-i114), such :

i mrunog|<§BRinen larges manthsts of iranss f ke daRES thdrumant rcainhivanbol yner coupl i ng

ithin t. .of thi i ti i ) t RN t or - bi ndi
oo ol ndAEURARRS, irea Tné EHM of e rralBRY (SRRERRE B B and heavy
chai ns asddsebdad 6f rafte 280 TAHING, TRWRVE ilﬁbef%r@Q&gch nbf dRAbLd Gu! ar use as

bi oactive conponents for use in preparing the polyner conjugates of the
pr esent Ieepgnizeithe advantiget eff éapling & srhaller imuirdef of dongebatrands of| udi ng

| FN- bet g; L-2,. 1L-4,. IL-1 TNF- al. pha, hGH, prolactin, insulin, |G-1,
EGF, bF%ﬁ‘cgh‘aoxje‘?Dme%ﬁﬁlﬂg?isha? oh gjoldsufi wsaght PEG toheaminon o mut o) ns and
fr agmentigmiihussoial-2 a8 fdvided AP PrReak SaveR@G.! Cul arly those capabl e of

binding to the receptors for "the corresponding wld-type or intact
poI[?&‘ﬁt i de, GWwh&himer (BS. atertthNe. b1,9(Hi,.584 iandUP€T Rubdicatiogi Nal or

physi ol qgi-C ffect.. Iln certain_.such enbadi nent.s, nuteins and fragnents of
t he bi ogg |@4058§3rf§5 %Seﬁgﬁh‘géf f%én‘gm%%ﬁ?rg@tlf’%?%@eewfe;ppndi ng
Q' 9ands, anyii-fdactiveEpbigmersPtdREdIRY, éplaGifly ©F dBletif® TRlif! liuéd?hi i t the

inding of ligands'tdo their receptors and/or the activity of the ligands on
t hei r t dngla tacgst|psotein, sspeewlly dipdy, 6-C8F gad iBrds . Howrewer, antikgthwi st s, whi ch may

i gands eirecpbdfe Pienr, FEGnAEE Bess Breocs, dp apL it Behe con) ugates i n
accor dangfinddabtivd ol rehdI AN ABamie iA thE rEdtGRbeiPother . Whet her or
not a given mutein, fragment, variant, derivativeé or antagoni st antagoni zes
t he bi olthyi halepsifaly aminopgrgepsodioysine residues ctlearlyf distingisbing thgsnd can be
determ ncﬁ&:losvu\@e% %ltjl} th‘é%%'é‘s%m""ﬁ?vgn%ﬁ.’ 060300 PCT/ US2003/ 041162
(0095] D.E. Nitecki et al,, (U.S. Patent No. 4,902,502) disclose multiply
PEGylated IL-2 conjugates that were prepared from various chloroformate
derivatives of PEG that were intended to react with the epsilon amino groups
of lysine residues. In contrast to the present methods, however, this reference
discloses no method to avoid PEGylation of lysine residues in regions of the
C IL-2 protein that are involved in receptor binding, nor any awareness that
avoidance of such sites is advantageous,
10096] N. Katre et al., (U.S. Patent No. 5,206,344) disclose PEG-IL-2 conju-
gates in which PEG is coupled to the epsilon amino groups of lysine residues,
to the unpaired sulfhydryl group of the naturally occurring cysteine residue at
position 125 (counting from the amino terminus) or to the sulthydryl group of
a cysteine residue that has been mutationally introduced between the first and
twentieth residues from the amino terminus of IL-2. Included among the
muteins that are disclosed in the 344 patenf is “des-ala-1” IL-2, i.e, a fnutein
in which the amino-terminal alanine is deleted and not PEGylated. In contrast
to the present disclosure, however, the 344 patent does not disciose any

method for avoiding coupling PEG to amino acid residues that are involved in



-43 experinentation, using assays for the biological/physiological effects
of the ligand itself, a variety of which are well-known in the art and/or
descWihwd+04980tei n. 10091] The structures (primary, PCEASALIHOIOL or t i ary and,
where applicable, quaternary) for these and ot her pol ypeptides of interest
that are advantageously used in ggcordance with the present invention are
well -known in the art and will be&’famliar to one of ordinary skill,
particularly in view of the structures provided herein and in the
references cited herein, which are incorporated herein by reference in
their entireties. Conjugates 10092] The present invention' provides stable

conj ugatisigdiag tbi dr¥,enorCAITPRBE R fon Risdt tsubh lag! dpprédich Cvb@lires, chenoki nes,
grow h factors, an pol ypeptide hornones, for use in a variety of
appl i catadyastagoyeh Consistaphrvath diis notien, andein icontrdshe the puesentr of advant ages

h jousl v k in th h he fol | ow
non 11 i B Pl (SR IAAER LS o atbisnl Broposei o e B5hpHEH: o [0003] H
Hi r at ani ddegliﬁ)?&%'g@stl?ﬂﬁt%ﬁpﬁi% PEG 18 RS @mink tefithubloP 1L 22460 fio- 4, 609, 546)

di scl oses cqn{ugates of copol ymers of ethylene oxide and propyl ene oxide
(" PEG Prapecigllynasypatageshis.t he general class of PAGs) with proteins, including

nlOB Bt of ms v OfrTner e APUS SrdlaPioghee 4 Aicusmg BP; heoe 1o "
ref er encinkdrtl €f &7 Q9972 Parrish 91, %Qz.gaai@mpwﬁg&hﬂa@sggsmd to be

equi val ent targets for coupling of PAG unlike t'he présent invention
wher ei n Chengstierasd- Gadogicadl sAppdicatonss i pe 263216, Henericani Chdrhiealt ar get f or

t ] | . [ b 1 ' t ' ' it hj { tor-
Qi i g Sosist BN st BT oiss ol Bratiind et i alirainit s e bon] ugat es
Synt hesi &ed. @R ot e BASBu0lcibatsPRELOY I s Becuti i dif et hods of the

present invention prefer the coupling of water-solubl'e synthetic pol ymers
wi t h nol Baltdngr preduges seleyanc eptisitipnal isDmerfsoroft heomqRi-interfgrph, cat i ons.

Anal Ogou(?olr%kpol}ll'd}{ig tgakhé gle‘(fénllgygg rgsli uesnu?lint% éﬁ%—%?ﬁh%gg. ﬁioﬁé)_ses that
interferon in which the PEG is coupled to the alpha amino group at the amino
terminus of the interferon was reported. The eleven positional isomers
reported in these references displayed antiviral activities in cell cultures that
ranged from 6% to 40% of that of the unmodified interferon and
antiproliferative activities in cell cultures that ranged from 9% to 29% of that
of the unmodified interferon. Such results clearly demonstrate that the random
PEGylation of lysine residues practiced by these investigators interfered with

C the functions of interferon-alpha-2a mediated by its receptors, in contrast to
conjugates prepared by the methods of the present invention. In addition,
unlike the conjugates of the present invention, there was no N-terminaily
PEGylated interferon in the conjugates reported in these references.

[0098] O. Nishimura et al., (U.S. Patent Statutory Invention Registration No.
H1662) disclose conjugates of interferon-alpha, interferon-gamma and IL-2
that are prepared by reductive alkylation of activated “polyethylene glycol
methyl ether aldehydes” with sodium cyanoborohydride at pH 7.0 (for the
‘interferon conjugates) or pH 7.15 (for the IL-2 conjugates). The conjugates
prepared by such methods, however, were reported to have lost up to 95% of
the bioactivity of the unmodified proteins, apparently due to the presence of
multiple sites of polymer attachment, all of which were reported to be on the



WO 2004/ 060300 PCT/ US2003/ 041162 -44 coupling | arger nunbers of strands of
5-kDa nmPEG to -human reconbinant interleukin-2 increases the life-tines of
t he WebWD4/8¥800conj ugates in the bl oodstreans of nPEA/AE3MN304M62Lts. However,
this reference did not disclose or recognize the advantage of coupling a
smal | er nunber of |onger strands of PEG or of coupling a single strand of
hi gh nol ecul ar wei ght PEG to the-4fi-no terninus of IL-2, as provi ded by the
present invention. [0094] G Shaw (U. S. Patent No. 4,904,584 and PCT
Publication No. WD 89/05824 A2) discloses nethods for inducing
site-selective attachment of C am ne-reactive polyners by introducing,

oL ci ngpettn ARk ERNpk KR RSIGHCRA TigulS | 3089 o R Rty eoPECT o Ty EpO,

G CSF a I L-2. However ke t sure of t esent invention,
these relhecrémés do not d| scI ose that am ne-reactive polyners can react

fbg thet otein other fhan the epsi]on am no groups of
I ysitd eS| d tétaﬁtla §‘f*| S§ Pohgnerrenmgatgs ef indel; @él Y om t he present
|nvent| 9 [ 502) di scl ose
mul ti pl y g[%hg? F{!_g egg%}iad‘ﬂgéo tlﬂ(t{d \?%fglgﬁéesgs“arrgg 0rtgom arious

chl or of obmmmwmomnﬂg&ﬁdaﬂy mﬁrﬁsulmm@ting polyaggé W th the
epsilon a H . ysine residues. In contrast_ to the present
net hods, OhEW@\?e‘ieSI peq @ F%l‘é'}seﬂf:éhe arateinothats areo inyelved ding E?CQWGI d PEGyl ation of

lysine rg it geﬁut'ﬁ' als6 ¥hBRed Yhta g&ﬁs&r%l%zfﬂ%ogs 3m! h'ffi ftlogy©! ved in

recept OI’ nor any awar eness ance SUC Sites is

advant agamcide [tﬂe&%]ecﬁlve Kaitiitio tof @induﬁgJoﬁlL-E’&tteﬁﬁxefo seﬁerZDSelB44) di scl ose
EG IL-2 conju- gates in which PEGis coupled to the epsilon am no groups of
si ne rdstagg ée&eptOstcam 3 ppnspquUsHCS of pwymey ronjygation @nd dhat speht ural | y

occurri S o) couUn e amnm no

term nus§ or to eﬁogui)ﬂﬁ (cjig& “gr%ﬁ'@t&? b}lgd?ncé?sglﬂl %éelpgg‘gelrrgénéﬁ%hat has been
mut at i oriablogwahteffeciuoi‘etheqﬁbwnen Byhevdidingt therguplingesf pelymei£sd dues from the
am no tern,nus of | L-2. Il nc).uded am)nq% the nuteins that are disclosed in
the ' 344p9sHeRsnet he receplordinding profain that age invalveditsitierastionyih t he

am Nno- t e Nalepfir@the GrdsentiflGitdd ABfsNRls [Tt BleSnsbdhichONbf st
polymer coupling.

[00100] ¥. Hakimi et al., (U.S. Patent Nos. 5,792,834 and 5,834,594) disclose
urethane-linked PEG conjugaies of proteins, including interferon-alpha, 1L-2,
interleukin-1 (“IL-1”) and an antagonist of the IL-1-receptor, which were
reportediy prepared in order to decrease the immunogenicity, increase the

solubility and increase the biological half-life of the respective proteins. In

O

these references, PEG was coupled to “various free amino groups,” with no
reference to N-terminal PEGylation and no disclosure that the N-terminal
alpha amino groups could or should be PEGylated. These patents also state
that the conjugate disclosed therein “has at least a portion” of the original
biological activity of the starting protein, thus indicating possible loss of
substantial bioactivity. This result would be consistent with the use of the
untargeted PEGylation methods disclosed therein. In contrast to the present
invention, these patents do not disclose any attempt to improve the retention of
bioactivity of their conjugateé by alteﬁng the selectiv;ity of the PEGylatioﬁ
processes disclosed therein.

[00101] OB. Kinstler eral, (Buropean Patent Publication No.
EP 0 822 199 A2) disclose a process for reacting poly(ethylene glycol) with



to the present disclosure, however, the '344 patent does not disclose any
nmet hod for avoiding coupling PEGto amno acid residues that are involved in
WO 22209686880 PCT/ US2003/ 041162 - 45 binding to r SEEHYBPEMME any
recognition that such an- approach woul d be advantageous. Consistent with
this notion, and in contrast to the present invention, the broad range of
poi nts of attachnent proposed in e ' 344 patent does not suggest that
coupling PEGto the amino termnus of IL-2 would be especially

advant ageous. 100971 S.P. Monkarsh et al., (1997) Anal Bi ochem 247:434-440
and S.P. Mnkarsh et al., (1997) in Harris, J.M, et al., eds.,

Pol y(eth I ; EIYBRL ¥ ' ' : bhip@t | , pp. 207-216,
Aner i canmgﬁg%hga?(ﬁ%{&s coiu tgt,qnt@é\as ﬁl@g?agﬁl %Eq%é ?&lld"lnsc ose %h%?areacti ng
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i nterfereqn: S2a BE {Fat + r ' ' ks oupled to the
%Saﬂ@ma@mlt e ama%ﬁ'hﬁgﬁ%ﬁ%ﬂgﬂ%c@%?ﬁ@y E‘ggghé%\t/gs reported. The

al pha am no ‘group

el even pds biphidaimine @rop? is hapoedsay featutdef ther dikdosedqeecads.sthayed anti viral
activities in cell cultures that ranged, from6%to 40% of that of the

unnodi f i €nirast &y the gresent dnveaien iy hasibeen dispoueredcthat dopieang the PRI | cul tures
that ran 9 29%-Qf. . T e ' rgeron. Such
results g?%ﬁ%{egrihgré%éﬁgﬁ)gtézgﬁﬁﬁa(?%{.%uggr“g%g%@@%dae?%gﬁrﬁcl) ‘{hgsi ne residues
practi cedighy dchieerowy gSinogateactivel wher fteis @ prdtbnatéd) €. ef, winat pns  of
»nt er f er on- al pha-2a nedi ated by its recgptors, in contrast to conjugates
(ot epar od 2bgva Kt Phet HUWS. B Rreenhiveaiors fiRd dbatinnpH i “selicisnd.  uni i ke t he
conj ugat es; g - i L&l » ] y PEGyI ated
interferg‘r%]ldl&];]t‘% %geg%n?ﬁ%g?%%gﬁg%gﬁhgd |n0t ﬁ%@g Pde%f %%%2%8%098] 0.
Ni shi mur aytekineh of thelpr&entHatanionStThe ekplagations efitieqH Regindéncatafon No. H1662)
di scl ose conjugates of interferon-al pha, interferaqn-ga d 1L-2 that are
pr epar ed%’%&Gﬁﬁqf\;&‘twlé’{ﬂ’@rﬁn&m&HWQ‘E‘%EM%B’%?%%W;‘HEMS | ycol met hyl

ether al Galupigsrolishil g R B AL RIS BISnak ot DadiL o)t he

are more compatible with the experience of the present inventors.

Furthermore, Kinstler efal. report the use of N-terminal PEGylation of

polypeptides for increased homogeneity of the resulting conjugates and
protection of the amino terminus from degradation by proteinases, but do not
disclose that N-terminal PEGylation can preserve a greater fraction of the
receptor-binding activity of certain receptor-binding proteins (see, e.g., PCT
Publication No. WO 96/11953; European Patent No. EP 0 733 067, and U.S.
Patent Nos. 5,770,577, 5,824,784 and 5,985,265, all of Kinstler, O.B., et al.).
[00102] The European application of Kinstler et al, (EP 0822 199 A2) also
generalizes the benefits of N-terminal PEGylation to all polypeptides, which

O

has not been the experience of the present inventors. Specifically, since the
amino termini of antibody molecules occur proximal to the antigen-combining
region of the antibody proteins (Chapman, A.P. (2002) ddv Drug Deliv Rev
54:531-545), N-terminal PEGylation of antibodies is ugexpectedly deleterious
to bioactivity, compared o random PEGylatic;n of lysine residues, as disclosed
by Larsen, R.S,, et al., supra. Similarly, N-terminal PEGylation of receptor-
binding proteins that are not “RN” receptor-binding proteins, e.g., interferon-
gamma (see Figure 8), is expected to be more inhibitory of interactions with



I nterferon conjugates) or pH 7.15 (for the IL-2 conjugates). The conjugates
prepared by such net hods, however, were reported t p to 95% of
the BiHHLH Q”??Oy of the unnodified proteins, appar e?ﬁ%ﬁ%@@’)l#he presence
of nultiple sites of polynmer attachnment, all of which were reported to be
on the WO 2004/ 060300 PCT/ US2003/ 041162 -46 epsilon am no groups of |ysine
residues (cf., Figures 1 and-4 of the present invention). 100991 D. K
Pettit et al., supra, disclose polyner conjugates of interleukin-15
("IL-15"). The conjugated IL-15 reported in this reference, however, not
only lost its E-2-1ike growth-pronoting capacity as a result of coupling
pol ymer srecemiotsythiamn eaidosi PBEEHylation' eibeniysiak residudsr of Qich febgitoar e i nvol ved in
receptor . hjnding, but it also showed antagoni smrather than agonism These
aut hor s PIBGWEIPEIEMENat sel ective inhibition of binding of IL-15 to one of

sev cel | rf.a e or, seguence of. pol ymer conjugation
andﬁ{ogg%] suchﬁu?sghésbﬁﬁegngbc;%g%’ rﬁ%ﬁ %@dggﬁgs@&rﬁgéﬁpﬂm& I ng, but can
reverse gisenguidhel deint Moseidiseiosedby Kifstier @k 81 Tn tRYpubliehGbddcilehe coupl ing of
polyners to, portions of the receptor-binding prolieln that are involved in

i nt er act hasgi@, vint that dtheeiconjugateptadr the presensr invemtion avee préparedabyi ds t hi s
desi f | | i ng. 01001 J. im et al.,
(Us paparfediRiE S0 O org otk Soeniihuls) Biveh Mo wotipdilie. | ke PG
conj ugat Benfned 0@t Ritdponists et Nflati AeidlGan ad K arecdptordbindin@t er | euki n- 1

("IL-1") and an antagonist of the IL-1-receptor, which were "reportedly
pr epar edPiofeids ydth pae dwciners polymers biynfmonesisc miyturg hetvweegaethehe sol ubility

~and i ncr L ol ogi cal - f t ctiv oteins. In these
(‘ref er encgga,§1 %@g&\}\gge J&“ouﬁl%%fe[bgh Var F‘oﬁghforfga%oéﬁiﬁ 0649%‘%32({"&‘\3\& th no

r ef er encpHtof d¥otesi6i toadboEDY] af 4 pH eNsbow® b & hivsgd 17€0; tdhat plf g N-t er mi nal

al pha am no groups could or should be PEGyl ated. These patents al so state

t hat t heakashPddiatabout 50 YaceH of ebat §.6 insabout 7160 aka PH ffabprioh® of t he

ori gi nal i ] | VIt | r i hus i ndi cating
possi bl etol %ggjt 29 ’ S@t}g}t%}r)\ﬁba t@l%'o;[;(;??@%3?§%#%F@0§§e§$ﬁm§\%rﬁ§51‘be consi st ent
Wi t h t herelss 6n @bnjuPstion of ligands at a pH below 5.5, which pH range the present

inventors have found to be suboptimal or inferior for preparing preparations of

ligands selectively conjugated with polymers at remote N-terminal amino
acids and/or at remote glycosylation sites.

[00104] R.B. Pepinsky et al., (PCT Publication No. WO 00/23114 and U.S.
Patent Application Publication No. 2003/0021765 Al) disclose polymer

conjugates of glycosylated " interferon-beta-la that are more active than

O

nonglycosylated interferon-beta-1b in an antiviral assay. This reference also
discloses that polyalkylene glycol can be coupled to the interferon-beta-1a via
a variety of coupling groups at various sites, including the amino terminus, the
carboxyl terminus and the carbohydrate moiety of the glycosylated protein. It
is not disclosed in this publication, however, that the methods described can be
generalized to other proteins: “[t]hese studies indicate that, despite the
conservation in sequence between interferon-beta-1a and interferon-befa-1b,
they are distinct biochemical entities and therefore much of what is kmown
about interferon-beta-1b cannot be aﬁplied to interferon—betd-la, and vice
versa.” In contrast, the present invention discloses the common features
embodied in “RN” and “RG” receptor-binding proteins, as defined herein.

According to the present invention, both interferon-bera-1a and interferon-



unt arget ed PEGyl ati on met hods di sclosed therein. In contrast to the present

I nvention, these patents do not disclose any atte Wa(ols t he

r et WO By oact i vi ty of their conjugates by gﬁ%ﬁ"&ﬁ@%ﬁ@@el ectivity of
t he PEGyl ati on processes disclosed therein. [001011 OB. Kinstler et al.,
(Eur opean Patent Publication No. EP 0 822 199 A2) disclose a process for
reacti ng pol yethyl ene glycol) w t'ﬁ WO 2004/ 060300 PCT/ US2003/ 041162 -47 the
al pha am no group of the amino acid at the amno term nus of a polypeptide,
especially consensus interferon and G CSF, which are two of the proteins
manuf actured by Amngen, Inc., the assignee of this patent application. This
publ i catbesr1b arh “RITCeRceftol-bindinghprotefnsi ¢h additivn, datetfefontbergdbecti vel y activate
the al pha am no group" is a necessary feature of the disclosed process. In
cont r astan &Gt%eﬁﬂbg@ﬁtngim%Mi%WF inglysinnoagrasiite thg/med@ds pht | owering the

pH decr f I 1.0 . w th | dehydes and that the
al pha amﬁﬁzﬁg/rz %ﬂ%‘ iﬂgeaﬁrrlt%{rh\eédér ég@{ei @g%e%éxﬁfegﬁ&fgrenﬁeﬁﬁﬁg{ @?fg& > i.e., at a pH
above i t st bioabtivisconjibidd 0 H61h intePRIN Burs-1b landl idterPéronPefatiad s "sufficiently
acidic to selectively activate the al pha am no group” of agy of the RN

cyt BR10Hs of £h&Veir edniUishvRBatenioNo. Th8783adisclose smethodhdopH dependence of
th t Vit f N 1 nal al ph ' Lth al [ by I.T.
cdsal & (S vaerplble b8meRt Btbedily Peth 3505 Yot uibal Wiher 15 s61. 860)
are nor ecHRIPAbMIIfa M@epﬁme@&ﬁmy%%@meﬁ?ﬁ wHeRsift e dniEat Or S.

Furthernore, Kinstler et at report the use of" ' N-term nal PEGylation of
pol ypept thd gdpfaoearberc p teeli-taunivgl aminoy acid is Higstrteansaminatedcionjrugat es and

t ti -of h ] t ] f ti tei , but d t
T oot oe P bk T b R it oAk L ARG BEG deBtValits B T30t on of “Tho
r ecept or ginedrNOhRithdont bvn@f Sifidet @b migcﬁfse@fogrecmmr Bes PERfeRtS (see, e.g.,

PCT Publication No. WO 96/11953; EuroFean atent No. EP O 733 067, and U S
Pat ent Nu8s tosdepplppsymethoddhat, ward dndipplicabl: weproteiny inogenkrabsnd er, O.B., et

I.). 1001021 Th lication of Kinstler .
21 s gerdnaprega WA, AP -ERBl o rrctetbaainf ool *orypept 1 des.

whi ch  can result from the choice of the amino terminus as the site of PEGylation of

certain receptor-binding proteins. Thus, in contrast to the disclosure of Wei

et al., the present invention does not require the removal of the N-terminal

alpha amino group, but, in contrast, can preserve the charge of the N-terminal

alpha amino group at neutral pH through the formation of a secondary amine
linkage between the protein and the polymer.

[00106] C.W. Gilbert er al, (U.S. Patent No. 6,042,822; Buropean Patent No.

C EP 1039 922) disclose the desirability of a mixture of positional isomers of

PEG-interferon-alpha-2b wherein an especially desirable isomer has PEG

coupled to a histidine residue of interferon-alpha-2b, especially histidine-34,

and demonstrate that the PEG linkage to histidine-34 is unstable. Since

histidine-34 lies on the surface of interferon-alpha-2b in a region that must

come into intimate contact with an interferon receptor in order to trigger signal

transduction (see Figure 1b of the present specification), the instability of the

linkage between PEG and histidine-34 disclosed in these references appears fo

be critical to the function of the PEG-interferon conjugate disclosed therein.

Substantially pure histidine-linked protein polymer conjugates were described

by S. Lee et al., U.S. Patent No. 5,985,263. In contrast, the present invention

demonstrates that one preferred conjugate is a PEG-interferon conjugate



has not been the experience of the present inventors. Specifically, since
the amno termni of antibody nol ecul es occur pro>i,j((@'iljl h@m&pﬁz
ant i WOn208469493Mi ng regi on of the antibody proteins Sﬁ n, A'P. (2002) Adv
Drug Deliv Rev 54:531-545), N-termnal PEGylation of antibodies is
unexpectedly deleterious to bioacfyvity, conpared to random PEGyl ation of

| ysi ne residues, as disclosed by Larsen, RS., et al., supra. Simlarly,
N-term nal PEGyl ation of receptor- binding proteins that are not "RN'
receptor-binding proteins, e.g., interferon- ganuna (see Figure 8), is

expected to be nmore inhibitory of interactions with WO 2004/060300
PCT/ US208B¢reia the PEG 48 stablyclinksrdsattshsite thahsorerprGibar thonesptarhe | ysi ne
resi dues, .of.. s;éch recs&eor- i ndin rofeins. [001031 Thus, as noted above,
the met h OERERS § erie Bt e  distingui shed fromthose disclased
{ﬁom ! er ep. Bhilor @:&zhe((mglmaéd@? Chbh 1933 (2h NdistiBsd fiat the conj ugat es
he present invention are prepare conjugating one or nore cytokines,
c hem)kl nms\:rfegmea@haﬂadhaj s PEQylayguiowith dne miotecuisnd 40D aaditaBBG st s t her eof

that are sel ected as eceptor-binding proteins with one or nore pol yners

by for mi HEPS P f"é‘f é\é’é‘ﬁ% 100 1y coRpted) © grfﬂ“‘t H@J‘Hnﬁoséﬁo re polyners at

a pH of T#aeh t 7.0; at a pH
Rghsk %Ea?ﬁg%‘?mé?&g tg%—tl I%far 1y 'a'gQicftﬁé) to about ;

of about 6.0 to out 6 ; at a pH of
about 6. #intde bustto7lySinesn1a1pH 031 aboldd, Gath of evhadioist withily onr at a pH of
about 6.6,. In contrast he,.met.hods of_ . Ki stler et on conjugation

rel
of |iga #tiacent toythsueesploshmnding damaing °[§FP‘F FgR-cinhe- %é@%@ﬂes 2gnvent ors have
found t03?%&“?23ﬁ4d’@cc&ﬁnﬁ“i@@a‘%ﬂé¥alP%@P%g&gwrtﬁ‘pﬁﬁ repp of |igands

| ectively conjugafed Wt polynmers at renote N-termnal amno acids
and/ or aspecé‘mhm)gl Ntmyxhai iREGdatias w:{sOﬁﬂtOxrbpochbyPBmilom kyalet al ., (PCT
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I nterferon-beta In an antiviral assay. This reference also discloses
t hat pol kidh&y Icelie inglvitem |wasarepheed doidec @t of thue dfntherinepwyngided a-1a vi a

interferon-alpha-2a that was tested. The substantial loss of bioactivity that

was observed for these PEG-interferon conjugates that do not include

N-terminally PEGylated interferon thus clearly distinguishes the conjugates of
Bailon et al. from those of the present invention.

[00108] R.B. Pepinsky ef al., ((2001) J Pharmacol Exp Ther 297:1059-1066),

disclose synthesis of a conjugate from (1) glycosylated interferon-beta-1a

(: having an N-terminal methionine residue and (2) a 20-kDa PEG-aldehyde.

The conjugate, which is referred to in the reference as being monoPEGylated

at the N-terminal methionine, is said to retain full bioactivity in an antiviral

assay, whereas the coupling of PEG of higher molecular weight decreased or

eliminated the antiviral activity. While these authors disclose that their choice

of the N-terminal site for PEGylation of giycosylated interferon-beta-1a was

dictated by the availability of site-selective PEGylation reagents and

molecular modeling, they acknowledge that “some effects are product

specific.” Moreover, and in contrést to the present invention, the observations

reported therein were not generalized to include the class of receptor-binding

proteins that are defined herein as “RN” receptor-binding proteins.



a variety of coupling groups at various sites, including the am no term nus,

t he w%o@ﬁ?%knot erm nus and the carbohydrate noi etypﬁ%%&@?ghﬁﬁgsyl at ed

pr ot ein. I's not disclosed in this publication, t the nethods
descri bed can be generalized to other proteins: "[t}here studies indicate
that, despite the conservation j$l§equence between interferon-beta-la and
interferon-beta-1b, they are distinct biochemcal entities and therefore
much of what is known about interferon-beta-lb cannot be applied to
interferon-beta-la, and vice versa."” In contrast, the present invention

di scl oses the commpn features enbodied in "RN' and "RG' receptor-binding

pr d0@i09, as Jd&urgetialhoPEThPubliteton Moo GVO00 1/02015r ARedisclosevibat i on, bot h
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that is then reacted with _a PEG derivative to forman oxine or a hydrazone
_?Tgnd. sieribroppistia; et |te sB@id gpedibing lysing esidyest iy apgians \Rhstheo devel op a

- thod t . l.ca tQ.pr ks ' GRES .. consi deration
("was gi veégﬁ%lg\ﬁ?ﬁéqp@%?\%%@o%%f #gcggéegpglﬁi% i%g agﬁ%n(llsl Pgnq'hat can result

f r om t hergthrpotiafredeporaani no termnus as the site of PEGyl ation of certain
receptor-binding proteins., Thus, .in_contrast to the disclosure of Wei et

a: .[?1 lclt%_ pr ede Mg ﬁ(/%lnt@)&f{ Hepdication Noe(}ﬁpr%z"f'?@?’r@?o%?b%’fmﬁhef N- Ler m nal
al pha a%ﬁle%f gﬁﬂttenﬁhallj'r Infd0iHkad PEGE j%&%?ﬁ‘ﬁﬁ%ﬁfﬂﬂé ﬁ’xﬁ%&ﬁ of the

N-term a amno group at neutra t hrou rmati on of a
secondareyythrapoietinl glpdopgeeihe byeeprotdss thatodneploysasedectivelypdéayale. [ 00106] C. W

G | bert ]E—tterg:lliﬁdl p(e;L)Jiit% E)I(Dtg[ls?OnIES tll\llgt' arg’c?ga%’eg %)%foreE %%(%Py?gn%npgdegﬁerm'
reversible citraconylation of all epsilon amino groups of the lysine residues of
the glycoprotein. The disclosed rationale for the multi-step process in this
reference was to make the PEGylation process selective for the free alpha
amino group of the N-terminal amino acid in order to produce homogeneous
monoPEGylated conjugates, thereby avoiding the need to separate
monoPEGylated conjugates from multiply PEGylated derivatives. This

O

method differs from that of the present invention in a number of important
respects, including but not limited to: (1) the approach of Burg et al. is limited
to erythropoietin glycoproteins to which alkoxyPEG is linked via amide
bonds, while the present invention is applicable to a variety of bioactive
components conjugated using a variety of synthetic polymers; (2) the present
invention applies to both glycosylated and nonglycosylated “RN” and “RG”
~ receptor-binding proteins, whereas Burg et al. disclose only the conjugation of
glycoproteins; (3) the present invention encompasses both alkoxyPEGs, such
as mPEG, and monofunctionally-activated hydroxyPEGs, whereas Burg et al.
disclose only the use of alkoxyPEGs; and (4)in the present invention,
secondary amine linkages between the polymer and the protein are preferred



EP 1 039 922) disclose the desirability of a m xture of positional isoners
of ﬁﬁ?ubg.;@g(foeron-al pha-2b wherein an especially ggﬂlfﬁ&bﬁdlﬁ mer has PEG
coupled to a histidine residue of interferon-al pha-2b, especially

hi stidi ne-34, and denonstrate that the PEG |inkage to histidine-34 is
unstable. Since histidine-34 |iegon the surface of interferon-alpha-2b in
a region that nust cone into intinmate contact with an interferon receptor
in order to trigger signal transduction (see Figure |b of the present
specification), the instability of the |I|inkage between PEG and hi sti di ne-34
disclosed in these references appears to be critical to the function of the
PEG i nt &Veletheramide Jinkaeee ushdshy Buigce whe pinca the fouben arnmaxe istablsur e

hi sti di nesl.inked protein polynmer., conjugat es re,descrihe by S. Lee et
o 1O B R R Bl ARkl SRNMPRLGE. BB Kot frapen o o
dermonst fiad @amg?{)&g,nﬁ BuRS eF d/e A EONPHGAE No. S6, M0 H42)| dib@bdecliRn conj ugate WO

2004/ 060300 P 0031041162 -50 wherein the_lb!EG is stably linked at a
site tharodustiormof eanfidedinket coniugatesr of benythroppictoneglpeopodteinhe i nt er f er on

t.. [.0010 P. i | 00 ' ' Chen: 12:195-202),
glogglogggvl}eﬁé{l ong Q thrge 5 dsgfr’]% & g%&%"ﬂ? I Ofoggjéggwet ?efﬂﬂ}‘?e nol ecul e) of
40- kDa_QiroiBREGE tileYftofifh. PAh CBALES b othe prbdP V6, FowBR thed of four nwj or

positional ~ isoners. This reference di'scl oses that nearl y all of the PEG was
at t achedefeyencamepeets rorptsferenct fer the a1/t arhing, gro @l o thel¥4eromaglh of which is
within or . ao;jc cent to.the rec or - bi ndi n .dor@iﬁns of interferon-al pha-2a

I

(resi dudfuBYs L2195 34340 ZIRYDs dhat Arepplyin i atg myolvedsie Fi gure |a of

("‘l‘he Pr eshRfactiodPORth fdosmbison) . N-term nal PEGyl ation was not reported by
“Bailon et al. Antiviral activity of the isolated m xture of positional

i sdA®td] of PEG Délgader éfar.ofUag diatest Noe 6i384)195) discloset corijegatésrefs i nf ecti on of
Madi n- Dar by .bovi ne kj dney.cells in.vitr S reported, ta be 7% of that of

t he ynccﬁﬁfﬁﬁ%ﬁ’%ﬁma‘ﬁ?ﬁéﬁge X ?P—yéﬁwé}% f"‘ﬁ’g’lr safFé’é?Hé"a‘?d T#BE fubst antial | oss
of bi oas&ac\ﬁwtaypdlﬁa&r A SisORPRIMAE fRT trbdi? SofdiethotyPHE A &ONj ugat es t hat
do not include term naIPIé%/:' PEGyl at ed i'nt.erferon thus clearly distinguishes
t he conjreigmeddo dfereidas [“ONMPHG.A| This refemeneroindicetes thas wheasBAPEGnvent i on.

is contacted with recombinant human GM-CSF, “ftlhe modified material

contains species with no activity and with higher activity than unmodified
material.” As one of ordinary skill will readily recognize, species with no
activity are undesirable in a mixture of polymer-bioactive component
conjugates, particularly in compositions for therapeutic use that comprise such
conjugates, since they can contribute to the risks of administering the
conjugate to a patient in need of such administration without contributing to

O

the beneficial effects. As noted herein, the present invention overcomes this
limitation in the art at least in part by avoiding modification of GM-CSF and
other receptor-binding proteins at sites on the proteins that are involved in its
receptor-binding activity, thereby reducing or eliminating the synthesis of
species with no activity. The present invention also provides methods for the
fractionation and purification of conjugates that have different sizes, different
charges and/or different extents of shielding of charges on the protein by the
poiymér (see Figuxes 9-12). |

[00112] It is noteworthy that U.S. Patent No. 6,384,195 does not mention the
N-terminal PEGylation of GM-CSF and therefore does not recognize the
advantages of the methods of the present invention. Finally, U.S. Patent No.



[00108] R B. Pepinsky et at, ((2001) J Pharmacol Exp Ther 297:1059-1066),

di sc esis of a conjugate from (1) glycosyl | ron-beta-1la
havi{r?gﬁ%?lﬁiy\?-a%dgrm nal nethi onine residue and (2) a %&E%ébﬁéglgfdehyde. The
conjugate, which is referred to in the reference as- being nonoPEGyl ated at
the N-terminal nethionine, is saighto retain full bioactivity in an
antiviral assay, whereas the coupling of PEG of higher nol ecul ar wei ght
decreased or elimnated the antiviral activity. Wile these authors

di sclose that their choice of the Ntermnal site for PEGyl ati on of
glycosylated interferon-beta-la was, dictated by the availability of

si t e- selt@¥4, 185 indicples & ipseferenes) faitooniugates irpwhichl mererthaie P BEGt hey acknowl edge

that "sope effects are.produ cific." Mreover,. and in contrast to the
present ﬁ?/‘é‘ﬂ?cfg’n‘?acﬁ %Olgcﬁ‘iee?ﬁgw“g% , W_f‘tg?)'ngd’oPﬂé?r@Pﬁ" \(ﬁg?’v@eﬁot general i zed
to incl ugehé BMOSISRoRbule WRR PG RPoRdiiRY arelitQbRid\BtHeh Blanempdef i ned herein
as "RN' receptor-binding gr oteins. WD 2004/ 060300 PCT/ US2003/041162 -51

(00109] dupled e lysineaesiduespCBy Btating eqreforentip forwoniaee &vith wite di scl ose t he
producti on al koxyPEG ] tes eryt.hropqi eti n gl ycoproteins, wherein
e to 9 BB Poliles aer SN ertoreicd i e leiRhER 101 ¢y y)
groups t&ﬁ#ug‘&{éé(i‘n il PRCEAhi S B KBkhed E;Vaﬂr%hgilbleflyéiﬁ@ r&idieRsi | on am no

groups of Tysine residues on the surface of "the glycoprotein. In contrast to
the pr dbemby ensneing ithat PR{Owadll dre, attatlied in giositions thatl stesicaltyt higiderc| ose any

tt t I Gto the f | ph ' ft N-t i nal '
Sci o of I BRIBEE LS Pt B i St TSPRE e R PR | o v egions of
Che C erﬁf&&éﬁ?QB&&E&%OE}.YCB?B%%SF, SM@t rét GRS &MHonindi@fies! MeST actions with

rythropoi etin receptors. J. Burg et al., (PCT Publication No. WO
02/ 4967 ndedirability lof seupling PEGtoHesins restdukk,t excaptrishény thoee digsine nked PEG

conj ugat es ,of natural .and. nufein t hr opoi etin gl ycopr.oteins by a process
that engf§ucsaLe EEE]?‘%%&O?‘ meeiﬂ%‘?se&rtﬁf {% Oﬁ'gfndﬂk%??l%éﬁeé'?g}?% 8ffsi ons that are
cl eaved QedndiaPiordétagibm with thetdeb&tors RN B foR scgﬁfar aem¥avé@din on of all
epsilon am no groups of the lysine residues of the glycoprotein. The

di scl oseldn thetcaseneflagonisis) etHia onderttd cempelitivelyciabibit sienahirgnsduction
(in the case of antagonists).
[00113] T. Nakamura et al., (PCT Publication No. WO 02/32957 Al) discloses

that increasing the molecular weight of PEG that is coupled to the epsilon

amino group of the lysine residue at position 52 of erythropoietin glycoprotein
increases the erythropoietic effect of the conjugate in vivo while decreasing
the affinity of the conjugate for erythropoietin receptors. In contrast to the
C present invention, however, this reference does not disclose the coupling of
PEG at the amino terminus or near a glycosylation site, nor does it recognize
any advantage to doing so.
[00114] Hence, the present invention provides conjugates and methods for the
synthesis of conjugates of bioactive components coupled to synthetic
polymers that have distinct structural and functional advantages over those

that have been previously disclosed.

Compositioné
[00115] The invention provides conjugates or complexes comprising one or
more bioactive components, suitably one or more cyiokines, chemokines,

growth factors or polypeptide hormones, coupled to one or more stabilizing



reference was to nmake the PEGyl ati on process selective for the free al pha
am nQ _qr of the NNtermnal am no acid in order nogeneous P
nono @ﬁﬂ‘%@@oconj ugat es, thereby avoiding the neeé’%gﬁysgﬁejdé@rgg{ag

nmonoPEGy| at ed conjugates fromnultiply PEGyl ated derivatives. This nethod
differs fromthat of the present _isguention in a nunber of inportant
respects, including but not limted to: (1) the approach of Burg et al. is
limted to erythropoietin glycoproteins to which al koxyPEGis linked via
am de bonds, while the present invention is applicable to a variety of

bi oactive £ conponents conjugated using a variety of synthetic polyners; (2)

t he preskHymerssyehis Gis apperedEGso Hpidelly spel soningates arharasveed ycosyl ated " RN
and "RG' - bi.ndi n £ QL ej.ns reas .Burg et at .disclose only the
conj ugat?Yoﬁggﬁ%ﬁsf?%?wgﬁ“ﬁ&“?@ n{l#émr?%ﬂgt%%l, C%Y/eé’ﬁ{’i%wug%%rrpasses bot h

al koxy PE{ings Whlictus BiFQctivitibsBikef URah | 8o |désdiblel v Abem Rydr oxy PEGs,
whereas Burg et al. disclose only the use of al koxyPEGs; and (4) in the
present ¢amsidaredogquivaiest ohthey yare prosliced hi dyeprebenttyieethodshengpary ner and t he

protein are.preferred 2004/ 060300 .PCT/.US2003/ 041162 -52 over the am de
Iinkages'%ﬁrs?g eb‘?PCBH'PﬁSS\é\‘{P@[, i TR0} Rvealpre aﬂa@t APoLEa e and conserve

the posi fuv¥ftion AR Pided &ﬁ%ﬁdﬁﬁl&hs%ﬁlﬁgsing Bn@ﬂﬂin%@ﬁﬁh%ﬁjﬁgité@m the same
group, J. Burg et al., (U S Patent . b, 340, 742) discl'oSe the production

of am deell ¢oviyalaxesonComposionst aceoyding &p thisaspecydf) tepinvemtionswill wherei n one to
three strands of al kox%PEG is/ 3{ve ink?d to one to h}%ﬁe am no groups of
the pr ot SIPTISEPNE OF fo1e {€.8-¢ 0fg, WP, Leey four, five, fon, frc- i 8H0Vet hi s~ ref erence

Ggports AR nfpitats R cohipfexb B thePily itiol! GHReRhin! féh Msgegtsm nal  ami no
idor for amno groups that are not in regions that are involved in
i nt er act therromposifionemaytcompris¢ 004 01 o adbitional components, (suktBas Pat ent  No.
6, 384, 195) di scl os onj ygat es of ranul ocyt e- macr gphage _col ony-sti mul ati ng
factor t Oérrg‘)tﬁrg'b@?relﬁﬂ%si%a o n}(g c 39%01%&%”&5, tOEf‘ét&i gmfeepre_sent ed as
tresyl ngagEBith BntRIEMEB Protdins (EEE althih Or bAbendrddn yEGne This reference
i ndi cates that when TMPEG is contacted with reconbi nant human GW CSF,
"[t] he nedimpretnbmmndfodymers, one or more osmotically active agents and the

like. The compositions of this aspect of the invention may be in any form,

including solid (e.g., dry powder) or solution (particularly in the form of a
physiologically compatible buffered sait solution comprising one or more of

the conjugates of the invention).

A.  Pharmaceutical Compositions

C [00116] Certain compositions of the invention are particularly formulated for
use as pharmaceutical compositions for use in prophylactic, diagnostic or
therapeutic applications. Such compositions will typically comprise one or
more of the conjugates, complexes or compositions of the invention and one
or more pharmaceutically acceptable carriers or excipients. The {erm
“pharmaceutically acceptable carrier or excipient,” as used herein, refers to a
non-toxic solid, semisolid or liquid filler, diluent, encapsulating material or
formulation auxiliary of any type that is capable of being tolerated by a

' recipient animal, including a human or other mammal, into which the
pharmaceutical composition is introduced, without adverse effects resulting

from its addition.



contains species with no activity and with higher activity than unnodified

mat ewigdoosodiSeeone of ordinary skill will readily reeeaRb@Sn4RRECI €S W th no
activity are undesirable in a m xture of pol yner-bioactive conponent

conjugates, particularly in conpositions for therapeutic use that conprise
such conjugates, since they can_géntribute to the risks of adm nistering
the conjugate to a patient in need of such adm nistration w thout
contributing to the beneficial effects. As noted herein, the present

i nvention overcones this Ilimtation in the art at least in part by avoiding
modi fication of GW CSF and other receptor-binding proteins at sites on the
pr dP@IVS t hatTher epharmadeutienli reompssitione epf othehi ingtentipracmiayi the, t her eby

duci . el i nd nating.the synthesis of ' i t h tivity. Th
br esent acuterd 824 edfhicnd G deY RSt o PF B Tfiton SibFon and |
puri fi cajriipy @Etanp,n?ma&@mﬁ hifitras &ﬁie@ﬂ?,f %gﬁﬂﬁl]y?iiﬁﬁ%er%ﬁetaﬂ{r ent charges

and/or different extents of shielding of chargés on the pro ‘ein by the

pol yrer topiealy(ag by powders2 pintth@og, k2dps| ar transdaymaipaith)y budvatly,hsS. Pat ent No.
6, 384, 195 dolgs notl manti(raﬁn l'tgg?ﬁ .N-ter m nal,, PE Ialt,i on o({1 GVt CSF and

t her ef or'® YBe¥ H5Y SPEYYny philgiion. o Lbe, ermy daregtergls @s wsed\BHEINGf ¢ he present
| nvent i QaferFiteahbdes o SmPaktRRbn NRat YRIAROASORAR, RGFLLTIAP3/ 041162 - 53
6,384, 195 indicates a preference for conjugates in which nore than one PEG
i s couplindamuscybichintrapendoneal, dhtr@istGal, svbhaitrpadusaamd mimasirii@dat i on of where

on the G\/}CiSF :;{'ﬁll'g_ﬁéj e those PEG nol ecul es are attached (other than being
coupl ed NSRS Hues) . By stating a preference for conjugates with up

Qo [001 28] PEG rmagfateRcdl Honfphhitiohs p}chﬁ‘dédegﬁ«‘ rtﬁé‘%?es&ﬁ!”ﬁlvﬁﬁﬁ’éne?ora preference for

onj ugates in which PEG m ght be attached to all possible lysine residues,
t her eby parenigrizlnigjechen cEGmyrise phermuceutidalyt accepiebde stevlesaqubats sterical ly

Fi gure $drreReRes soilaf dBeRiR: StPaonscyy BN = PR $r ccent | nventi on
When o R B e oy O et ™ P
r ecept orprisitielnsey Frampdésrofisuiteble rgueoys sethnonaquéas darriess, aliluemas with the
recept or g Ane NURIGShoriidNaer, AR PoloN such as glycerol and the
like, propylene glycol, poly(ethylene glycol)), carboxymethylcellulose and
suitable mixiures thereof, vegetable oils (such as olive oil), and injectable
organic esters such as ethyl oleate. Proper fluidity can be maintained, for
example, by the use of coating materials such as lecithun, by the maintenance
of the ‘required particle size in the case of dispersions, and by the use of
C surfactants.
[00119] Such pharmaceutical compositions of the present inventioﬁ may also
contain adjuvants such as preservatives, wetting agents, emulsifying agents
and dispersing agents. Prevention of the action of microorganisms may be
ensured by the inclusion of various antibacterial and antifungal agents, for
example, paraben, benzyl alcohol, chlorcbutanol, phenol, sorbic acid, and the
like. It may also be desirable to include osmotic agents such as sugars, sodium
chloride and the like. Prolonged absorption of the injectable pharmaceutical
form niay be brbught about by the inclusion of agents that delay absbrption,
such as aluminum monostearate, hydrogels and gelatin.
[00120] In some cases, in order to prolong the effect of the drugs, it is desirable

to slow the absorption from subcutaneous or intramuscular injection. This



(in the case of agonists) or in order to conpetitively inhibit signal

tra 1 (in the case of antagonists). [00113] T. Nakanura et al., (PCT
Publlcg@$gﬁ£ﬂ%. WO 02/ 32957 Al) discloses that inJFgHEPWBmeéznnlecular

wei ght of PEG that is coupled to the epsilon am no group of the |lysine
residue at position 52 of erythrog letin glycoprotein increases the
erythropoietic effect of the conj géte in vivo while decreasing the
affinity of the conjugate for erythropoietin receptors. In contrast to the C
present invention, however, this reference does not disclose the coupling of
PEG at the amino term nus or near a glycosylation site, nor does it _
recogni zeay hayacemhuplishad eyt thedasengf aoliqid Ghidpkhsidansfecryttabinpr@sent i nventi on
provi des conjugates_ and nethods for the synthesis of conjugates of

bi oact i & meaterial v tippeny soBibiliy dp agweous bedy ferds. (Fhetratenfe di stinct

structur, r@'ﬂ: | r . {: ve been previously
di scl os gg%o np%@?gp%)'%gﬁ&t g%’%?@% %ﬁ‘ztsﬁ-ﬁt\%gﬁd%‘?\ﬁ%?%mggﬁ%@ﬁ?’ugat es or

conpl exesaycdepend Sipog iRNshysical fefe Altomatively €DayRdubBHtiosdf kabl y one or nore
cyt oki nes, chenoki nes, rowth factors or polypeptide hornones, coupled to
one or mt%@lbbadmﬂgesmrmdmm@@ secymplisted 30 diss@ping-84 pol yners such
as one B | cal L. . such conjugates are produced by the nethods
of the preéesen git%\%g%%@@g%%ﬂgéd her ei n; however, conjugates having

st ogx2f es anpjecableVidepats fothdicard madilet BYS GorRSE Mltesknbasselatedar €  consi dered
equi valent if they are produced bg the present nmethods, and are therefore

enconpaduatdcasy of hthepdargerin  bidegrmdable palymetsasech ssppelylactidhe i nvention

| so prqQvi 1L | Sl e or npre such conjugates or
ol ox B2 EEEBIET BREASHE oERTRE B YRR L olBe piV B SRNET on i
conpri s afi€obthe Pafteuld clrrier POBmer \eMpldyed SiBe ritd df dnig iéRasd @, etc.) of the
above- described conjugates or conplexes of the invention. In certain such

aspect s be natrelidoosi Exasplesagf cathr ibiedegrrslable molwmergdinclusieal conponent s,
such as ; QRfpRlibi p6lyRitioBiteif! &t pBRRary B CHAPLE ORjeGraBRENt S, One or

nor e

formulations are also prepared by entrapping the drug in liposomes or
microemulsions that are compatible with body tissues.

[00122]) The injectable formulations can be sterilized, for example, by filtration
through a bacteria-retaining filter, or by incorporating sterilizing agents in the
form of sterile solid compositions that can be dissolved or dispersed in sterile
water or other sterile injectable medium prior to use.

[00123] Solid dosage forms for oral administration include capsules, tablets,

| C pills, powders and granules. In such solid dosage forms, the active

compounds are mixed with at least one pharmaceutically acceptable excipient
or carrier such as sodium citrate or dicalcium phosphate and/or a) fillers or
extenders such as starches, lactose, sucrose, glucose, mannitol, and silicic acid,

b) binders such as, for example, carboxymethylcellulose, alginates, gelatin,

polyvinylpyrrolidone, sucrose, and gum acacia, c)humectants such as

glycerol, d} disintegrating agents such as agar-agar, calcium carbonate, potato
or tapioca starch, alginic acid, certain silicates, and sodium carbonate,
¢€) sotution retarding agents such as paraffin, f) acceleratofs of absorption, such
as quaternary ammonium compounds, g} wetting agents such as, for example,
cetyl alcohol and glycerol monostearate, h) adsorbents such as kaolin and

bentonite clay, and i) lubricants such as talc, calcium stearate, magnesiurh



detergents, one or nore proteins (e.g., albumn or one or nore enzynes), one

or nore unbound pol yners, one or nore osnotically active agents and the
| i kYO 3WABPhosi ti ons of this aspect of the i nverﬁqgﬂswgb’ézi n any form

including solid (e.g., dry powder) or solution (particularly in the form of
a physiologically conpatible buﬂgered salt solution conprising one or nore
of the conjugates of the invenfigﬁ). A. Pharmaceutical Conpositions [001161
Certain conpositions of the invention are particularly fornulated for ,
use as pharmaceutical compositions for use in prophylactic, diagnostic or

t herapeutic applications. Such conpositions will typically conprise one or

nor e of sitdratec ooljdUPRGS Sodpi ey ealfste, ainpbdires Hefeo®l T R daByention and one
or nore pharnaceutically acceptable carriers or excipients. The term

" phar naelketapselgs| tablgtscanst pibls othe Losager fosm wRY iafsb eqomprise duffedng herein, refers
to a n%}: &Soxi c solid, semsolid or liquid filler, diluent, encapsulating
mat eri al®Qr" formul ation auxili ary of any type that is capable of being

tofgmnadied bySatid Eipdbitedts ofAisiRilar tigChiy hRE b chpIFFad 8% filéSaf Mmammal , into
whi ch the pharmaceutical conposition is introduced, w thout adverse effects
resul ti saft- andobarifiled dzelatinoeapsyles noiog/s0ei0 svdpipMT/ 4592¢1087 Ol 62 -55 [ 00117]

The pharnmaceutical ,c 0$i tions. e inyention may be admnistered to a
reci pi etit® |%%%M%%f%%gglﬁPw&ﬁ%1 on, such as orally,
refjoatsly. ParTROsAIPHdsHge fd?ﬁl%@l/a%lé?ﬂuﬁa?eéé{ capslbs NGkl ¥nd pREGIRPET | toneal ly,

topically (as by powders, ointnents, drops or transdermal patch), buccally,
as an eandbe prepargd avithsgnabingoandoshells hradhaasi eptericrehtamomodplatingit er al " as used

Gt o afdeighind SR pFindt Rl Robvh o Bsuimoptabical fortiatingal nal
subcut aw&auﬁla?n@bﬂdﬂhnﬁ- dhfalif Hbﬁﬁf)dﬂg”ﬁ%‘ﬁisi okt 3af aisBTBéSbOuch[ $0118]

Phar maceut’i cal conpositions provided by the present invention for
par ent eeethpostifjaacthiichey ealease thsractive Mﬁoﬂ&ﬂrlwe&méﬁlﬁm e sterile

agueous, of, NOARAUF S SRl MRS nESBRISHA) m 2 YRRST R0 eTUl Si ons.  as
Examples of embedding compositions that can be used include polymeric
substances and waxes. The active compounds can also be in
microencapsulated form, if appropriate, with one or more of the above-
mentioned excipients.

[00126] Liquid dosage forms for oral administration can include
pharmaceutically acceptable emulsions, solutions, suspensions, syrups and
elixirs. In addition to the active compounds, the liquid dosage forms may

C contaim inert diluents commonly used m the art such as, for example, water or
other solvents, solubilizing agents and emulsifiers such as ethyl aicohol,
isopropyl alcohol, ethyl carbonate, ethyl acetate, benzyl alcohol, benzyl
benzoate, propylene glycol, 1,3-butylene glycol, dimethyl formamide, oils (in
particular, cottonseed, groundnut, corn, germ, olive, castor, and sesame oils),
glycerol, tetrahydrofurfuryl alcohol, poly(ethylene glycols) and fatty acid
esters of sorbitan, and mixtures thereof.

[00127] In addition to inert diluents, the oral compositions can also include
adjuvants such as wetting égenté, emulsifying and ,suspendihg agents,
sweetening, flavoring and perfuming agents.

[00128] Suspensions, in addition to the active compounds, may contain

suspending agents as, for example, ethoxylated isostearyl alcohols,



sterile powders for reconstitution into sterile injectable solutions or

di sp | nsfv)d’i or to use. Exanples of suitable aqq,%ﬁ{,ﬁs 955?‘1‘ aqueous
carriwe(?%ofa?@? uents, solvents or vehicles include wa er,2 e 42%('%' , pol yols

(such as glycerol and the |ike, propylene glycol, poly(ethylene glycol)),
carboxynet hyl cel | ul ose and suitalke m xtures thereof, vegetable oils (such
as olive oil), and injectable organic esters such as ethyl oleate. Proper
fluidity can be nmintained, for exanple, by the use of coating naterials
such as lecithin, by the maintenance of the 'required particle size in the
case of dispersions, and by the use of surfactants. [00119] Such

phar mac epalyoxpethytenso sotbitohsndf serhitarpresteent miicroenystaimenagildosep cont ai n

adj uvant s _such as eservatives,, wetting agents, emul sifying agents and

di sper of HYTIGER RelBpdOLes Bnighite agar gt tasaointly aef JRISURE may be
ensured Pyrdope i nclusion of various antibacterial and antifungal agents, for
exanpl e, paraben, benzyl al cohol, chlorobutanol, phenol, sorbic acid, and

t he[002%]e. | t Topyaladdennistrattbmsincmdéscadnminisirationl & tengkin or ameodas such as
sugars, sodium chlorid nd .the |ike. Prolonged .absorption of the

i nj ect abi&udmg g6si @41 ther Jupg napd l?é(e-brogﬁﬂ'%oﬂBB%ﬁ {BE topeeal nel usi on of

agents t . rengl > - al um r hydr ogel s and
gel at i n_%&%@&?ﬁ,ﬂﬂ%@i@%g{s&g&ﬁf%&r gi?(, lt]ojptr}'g}lo?fg gige:ﬁigyct of the drugs,

it i s depewddrl whichanay dw frésudbsiosphompprebswized.u lnuhanpessiriged | nt r anuscul ar
i njection. This WO 2004/ 060300 PCT/ US2003/.041162 = -56 may be acconplished by
the use B?W‘lﬂmoamoam@a% nerye gty | Apely diyided forme maYsbérat erial with

oor sol yhiyl:i [ ' : Lon of the dru
Chen aopiih atmbRuB IAEY Bl Sk ycpoeian] Bldepfible AT SEREL 08 C1 L1E €100
I ts physcanapridfing partiblet daviag ia\sitey fordsxhmpkg ofilxp a6 100 amcoimeters far ent eral | y

rug i o ST \HpBicaner SUTPELNHEVEBt SIAsRcST Fd S¥EoSade by for i g
1 OSnPOSHaR AlPnd Sl o bt el T 5 et o
pol yner ameffedtize particle size in the range of 0.01 to 10 micrometer.
{00130} Alternatively, the pharmaceutical composition may be pressurized and
contain a compressed gas, such as nitrogen or a liquefied gas propellant. The
liquefied propellant medium and indeed the total composition may be
preferably such that the active ingredients do not dissolve therein to any
substantial extent. The pressurized composition may also contain a surface-
active agent. The surface-active agent may be a liquid or solid non-ionic
C surface-active agent or may be a solid anionic surface-active agent. It is
preferable to use the solid amionic surface-active agent in the form of a
sodium salt. _
[00131} A further form of topical administration is to the eye. In this mode of
administration, the conjugates or compositions of the invention are delivered
in a pharmaceutically acceptable ophthalmic vehicle, such that the active
compounds are maintained in contact with the ocular surface for a sufficient
time period to allow the compounds to penetrate the conjunctiva or the corneal
and internal regions of the eye, as for example the anterior chamber, posf.erior

chamber, vitreous body, aqueous humor, vitreous humor, cornea, iris/ciliary,

lens, choroid/retina and sclera. The pharmaceutically acceptable ophthalmic



nature of the particular carrier polymer enployed, the rate of drug rel ease
can Lol | ed. Exanpl es of other bi odegradabl 2r s i ncl ude
biocgﬁggﬁgﬁﬁgﬂtoly(orthoesters) and poly(anhydride3$ﬁﬂkégﬁgﬁ1ﬁ?ectable
formul ations are al so prepared by entrapping the drug in |iposones or

m croemul sions that are conpatiblg wi th body tissues. [00122] The injectable
formul ati ons can be sterilized, T ?'exanple, by filtration through a
bacteria-retaining filter, or by incorporating sterilizing agents in the
formof sterile solid conpositions that can be dissolved or dispersed in
sterile water or other sterile injectable nmediumprior to use. [001231

Sol i d dosehisde iy TEorfertmpleabe ad Wintinght, arts%étﬁblé il ot0sn eRApsillding t abl ets, C
pills, powders and granules. In such solid dosage forns, the active
conpound@mﬁﬂ@-nixed with at | east one pharnmaceutically acceptabl e excipient

' h s 0odi ' . dicgl ci.um ph h / fill
S e R R R R i L

silicic appssitoridy tHat BAEHS pfeptled 35 mixPig M OR[uBates BF RERYHREGHL cel | ul ose,
al gi nates, gelatin, Fol yvi nyl pyrrol i done, sucrose, and gum acacia, c)

humect anefstheuiaiention with cuitable nop-ititating expipientsgomgariess agbhasas agar - agar,
cal ci um car bgnat e otato or, tapioca.starch,.,alginic acid, certain
silicat e?coﬁﬁﬁego%ﬁﬁrﬂr@ﬁﬂm‘ﬁétp ‘Bmé)“?lgfsjtf ﬁeiS(?Hdraé?%?Weé@m s such as
par af f i Nputf Nquit aebedRicRipradire aaThBefRE meHU D thelfecAMALEVAGRYT anmDni um
conpounds, g) wetting agents such as, for exanple, cetyl alcohol and

gl ycer ol caviiicad eehease the dmgsadsor bents such as kaolin and bentonite clay, and
) j.cant sy,such as talc, calci.um stearate, nmagnesi ym WD 2004/ 060300
CoLrB G/ o Tk phaiasbicht, saRositBhs YSREE g AT BTy f ac e, and
M Xt ur esmbihBaLHhy alsh behantdsitredqh trfopM! FlipokaiRbet As fhofid S, the dosage
formmay al so conprise buffer]&n _ggents. 001241 Solid conpositions of a
ngamv

si mi | ar ity pet, ppsehesoalgeganersil franp |pbpsphiotipids ofrt othemdpidar d-fi | | ed
gelatin capsul es,using such excipients as lLacto 1L sugar) as well as
g o) SERReS LS R s of By oieifc hiraia HHE0L L2 or s o
tabl ets, cifstalgeamt £8PAhE&Sed Ahl b8 AfoSd aREdi®M. Any non-toxic,

physiologically acceptable and metabolizable lipid capable of forming

liposomes can be used. In addition to one or more of the comjugates or
compositions of the invention, the present pharmaceutical compositions in
liposome form can also contain one or more stabilizers, preservatives,
excipients, and the like. The preferred lipids are the phospholipids and the
phosphatidyl cholines (lecithins), both natural and synthetic. Methods to form

C liposomes are known in the art (see, e.g., Zalipsky, S., ef al., U.S. Patent No.
5,395,619). Liposomes that comprise phospholipids that are conjugated to
PEG, most commonly phosphatidyl ethanolamine coupled to monomethoxy-
PEG, have advantageous prbperties, including prolonged lifetimes in the blood
circulation of mammats (Fisher, D., U.S. Patent No. 6,132,763).

B. Uses
[00134] As noted elsewhere herein, the methods, conjugates and compositions
of the present invéntion are advantageously used in methods for maintainiﬁg
the bioactivity of the biological components without interfering with the
ability of the biological components to bind to their receptors. Certain such

methods of the invention may entail delivering one or more of the conjugates



can be prepared with coatings and shells such as enteric or chrononodul ati ng
C coatings and other coatings well known in the pharmaceutical formulating
art. 8(?7‘ optionally contain opacifying agent s PLAYSEUROMNIEH pe of such a
conposition that they release the active ingredient(s) only, or
preferentially, in a certain parg of the gastrointestinal tract,

optionally, in a delayed manner. QEXarrpI es of enbeddi ng conpositions that
can be used include polyneric substances and waxes. The active conpounds
can also be in mcroencapsulated form if appropriate, with one or nore of
t he above- nentioned excipients. [00126] Liquid dosage fornms for oral

admi ni standtdompositiond e celthe tispiesy oB@as or cafinisas Cc dptbliilemtesi ons,

sol utions, suspensions, syrups. and elixirs. In addition to the active
conpound@Venfigi PIQVEls $ORBR eRsohtlly onggwiaens Gorwonents Pt s comonl y used
in the ‘s I t her | vent,s,  ,sol ubilizing
agent s 3:% pg#m Sﬁﬁfﬁgglgﬁéﬁgé’%’;@#&% gd(’g %‘1%, Qr P rsglgy?hea?bgohol, et hyl

car bonatpeeviding the aseetvaitiethehability toakeg@lirR! tendRialYy and epacpaliye thepr opyl ene
glycol, 1,3-butylene glycol, dinmethyl formanide, oils (in particular,
cottons@w}*ntg%armﬁmugard‘@mnong@trw 15l Joleased: fort antivityiron Heseells, oi | s)

gl ycerol,, t , yl al cohol, poly(ethylene glycols) and fatty acid
esters é*sséeg’r rgﬁé%%% m xtures thereof. [00127] In addition to inert

di {08853, t hén OgeRbrat ONRAS hiekivds SR e likwentits | We6lve aghd\bRNhSreSUCh as wetting
agents, enulsifying and suspendi ng agents, sweetening, flavoring and

per f unm i§tialent stor] examme, gne puishi mathodi af dbeliinyentionocamprissst i ve conpounds,

tay dj f | e, ethoxyl ated isost |
G onol 8 e SHRaaRchE by hiiedt or ot Monk o M BoR e sorbi tol and
sor bi t arleaie® tereif ﬁmdnc(by@dnvdcltihﬁemfeebf Uh&@ecells?| tiskied U Brgamik adty dr oxi de,

bentonite, agar-agar, tragacant and m xtures thereof [00129] Topi cal
adni ni stOrEANSH Wil thequie of deTA Comivgetehar eomperitions; wadsr comd@éens, i ncl udi ng

surf acesfawoofrintgr}ﬁe 'bﬂ{}ﬂngﬂﬂf' Y Sne SPHRRE 'cshﬁlg of O c%%ioglﬁlons of the

invention to the cells, tissues, organs or organisms. Once the bioactive

components of the conjugates and/or compositions of the invention have been
bound by (or, in some cases, internalized by) the cells, tissues, organs or
organisms, -the components proceed to carry out their. intended biological
functions. For example, peptide components may bind to receptors or other
components on or within the cells, tissues, organs or organisms; to participate
in metabolic reactions within the cells, tissues, organs or organisms; to carry.
C out, upregulate or activate, or downregulate or inhibit, one or more enzymatic
| activities within the cells, tissues, organs or organisms; t¢ provide a missing
structural component to the cells, tissues, organs or organisms; to provide one
or more nutritional needs to the cells, tissues, organs or organisms; to inhibit,
treat, reverse or otherwise ameliorate one or more processes or symptoms of a

disease or physical disorder; and the like.

[00136] In additional embodiments, the conjugates and compositions of the
invention can be used in industrial cell culture, due to the unexpectedly high
potencies of the bioactive componeﬁts of the conjugates that are obtained as a
result of the combined effects of substantial retention of their bioactivity and
increased duration of action even under the harsh conditions of industrial use.

These unexpectedly high potencies of the present conjugates can lead to



adm ni stration, including those for inhalation, may be prepared as a dry
powder which may be pressurized or non-pressurized. In non-pressurized
powd¥0 208498340 | ons, the active ingredients in find@GI/ER200384H620r m may be C
used in adm xture with a | arger-sized pharnaceutically acceptable inert
carrier conprising particles having a size, for exanple, of up to 100
micrometers in diameter. Suitabl@limert carriers include sugars such as
| act ose and sucrose. Desirably, at |east 95% by wei ght of the particles of
the active ingredient have an effective particle size in the range of 0.01
to 10 mcroneter. [00130] Alternatively, the pharmaceutical conposition may
be pressuiisagty Al biohlkfipfodiciOPIRESEAN Bigh lefle B 3gpRbdisPen Or a
| i quefied gas propellant. The |iquefied propellant medium and indeed the
total corepombinanh projeins andef ethebl ymproyhmentat inheefficiensies i ofr edi ents do not
di ssolve therein to any substantial extent. The pressurized conposition may
al so cont'SPIPeESSU f ace- active agent. The surface-active agent nmay be a
liquid or solid non-ionic C surface-active agent or may be a solid anionic
surface-active agent. It is preferable to use the solid anionic
surf ace- act i v€. agePpsd Regitnens orm of a sodiumsalt. [00131] A further form
of Lcal adm nistration is.to the eye.. In this npode,of adm nistration,
© el gt o Lhe) coBBRES  CoPEALEtes or QQGIROHERY b ihea PRI G B8 i 1
phar mac ejdhinak, t ghl: hthalai | ?fsm% active
conpounds are t‘lr%(ii ﬁztc‘giﬁﬁ’e%%ﬁo @g‘ﬁ:vg%ttm\?\natﬁr’/\ t ugé’g%%ﬁig?pg{% acer&?or a sufficient
time perddivet theadtd one vhmoobipaniivd sompopatediegoae bhmorooytoldngs, va or t he
orneal .and.internal, regions of the eye, as for exanple the anterior
hanber , Clisgakies o growih faniors ,OI\HOIWQBW WPG%%%W“MWWS} treous hunor,
cornea, phb of Ghdih@%Y%kill Walg reagfc%gléffécw@mﬁaﬁl@stsgvenmﬁv@har maceutical | y
accept abl e ophthal mc WO 20%‘21/ 060300 PCT1082003/0411 -59 vehicle may, for
exanpl e, cisepamdocon)weate, complet arixiomposition camhe defeapined ampinigaliyat eri al .
[ 00132] Copmpositions for .rectal ox vaginal admnistration are preferably
SuUpposi tﬁ‘?‘{mégax R cTReYsd B S 9By O VBRI 15}‘."31 cféﬁﬁjge&qsé’s Br conpositions

pharmaceutically acceptable formulation or prodrug form. The compounds,

conjugates, complexes or compositions of the imvention may be administered
to an animal (inchuding a mamimnal, such as a human) patient in need thereof as
veterinary or pharmaceutical compositions in combination with one or more
pharmaceutically acceptable excipients. The therapeutically effective dose
ievel for any particular patient will depend upon a variety of factors including
the type and degree of the cellular response to be achieved; the identity and/or
C activity of the specific compound(s), conjugate(s), complex(es) or
composition(s) employed; the age, body weight or surface area, general health,
gender and diet of the patient; the time of administration, route of
administration, and rate of excretion of the active compound(s); the duration
of the treatment; other drugs used in combination or coincidental with the
specific compound(s), conjugate(s), complex(es) or composition(s); and like
factors that are well known to those of ordinary skill in the pharmaceutical and
medical arts. For example, it is well within the skill of the art to start doses of
a given compbund, conjugate, complex or composition of the invention at
levels lower than those required to achieve the desired therapeutic effect and

to gradually increase the dosages until the desired effect is achieved.



of the invention with suitable non-imtating excipients or carriers such as
cocog hutter =PEG or a suppository wax, which are solid at roomtenperature
but 1V ﬁ?(ﬁmﬁ?mf’)ody t enper ature and therefore melt i RCTAVS200884M6R or vagi nal
cavity and rel ease the drugs. [00133] The pharnaceutical conpositions used
in the present therapeutic nethogs may al so be adm nistered in the form of
| i posones. As is known in the ar | i posones are generally derived from
phosphol i pids or other lipid subst ances. Li posones are formed by nono- or
mul ti-lamellar hydrated liquid crystals that are dispersed in an aqueous
medi um Any non-toxic, physiologically acceptable and netabolizable Iipid
cade38] of fd)fm mgglmem)mrﬁm beuarrhkgedsiada patienédpiécifiomahnerofpe or nore of the
conj ugat es 05|t| ns of the ipvention, the present pharnmaceuti cal

CoNpOSi tpf%‘ﬂgr PrPre CORfeRiralan of acgiemhadlive eerapepndni st abi | i zers,
pr eser vaidodess det@ffﬁin&i sgtt%ggﬁ@ l@pdeﬁkaﬁd rmﬁte%%gﬁaggg' kipkds are the

phosphol 1 pi ds and I nes (lecrt oth natural and
synt het |eﬁc1uwbn honis-dxoha{nge morl |rpma'smlelshaaeehi’ngV\pcrlf6nﬁahee alliquidsee, e.g.,

Zal i psky, S., et .at . Pat ent .. 9,395,619). Liposones that conprise
phos phoichisitogeaplyy (J@L&}” IE}%"'F%Y:F QLOIMIPRRGAS TRy S Q’Hﬁﬂﬂl%‘t gefssphat i dyl

et hanol NIt %F@l SpgPropert | es,

i ncl udi %%r%gﬁp%hglgg s’fgﬁmas &%gﬂ 50d ¢ rcﬂl?'i |§%‘%2 Farmmal s (Flsher
D., U Smdﬁaureﬂhﬁ)yl‘lﬁ’L@ ot 3Rmifidassays, atdveding A0 hthoddshatodire dowtikewher e her ei n,
the netho at es _ang conpgsitions _of the present invention are
advant a@@giélpﬁ‘ $ﬁ°m%%¥%%@%ﬁnﬁmﬁ@%@ﬁw% ty of the
Qi ol ogi ﬁ%m?aQHB {fs. Wi thout interfering with the ability of the

i ol og| nents to bind to their receptors. Certain such nethods of
the invention may entail delivering one or nore of the conjugates WO

2004/ 060300 CT/ US2003/ 04grd[6ﬁ - 60 .and conpositions to cells, -tissues,
organs or ni s AagnoRie, aRgitic {3888 | nvention provides controlled

delfpordy of tiagRRiRus s8I § cGATPAPSRE, Aol mAATBE Ricliny°OPOS! t ons 10

cel'l ssues, Organs or org there
cells or tissues having unusually high binding capacity for the cytokine,

chemoking, growth factor or polypeptide hormone, e.g., a cancer, within the
body of an animal, especially a human, by administration of a conjugate or
composition of the invention, in which the conjugate (or one or more
components, i.e., the bioactive component and/or the synthetic polymer) is
labeled or comprises one or more detectable labels so as to enable detection,
e.g., by optical, radiometric, fluorescent or resonant detection according to art-
C known methods. For example, the majority of non-small cell lung cancers-
express unusually high concentration of recepiors for epidermal growth factor
(Bunn, P.A., et al, (2002) Semin Oncol 29 (Suppl 14):38-44). Hence, in
another aspect of the invention, the conjugates and cormpositions of the
invention may be used in diagnostic or therapeutic methods, for example in
diagnosing, treating or preventing a variety of physical disorders in an animal,
particularly a mammal such as a human, predisposed to or suffering from such
a disorder. In such approaches, the goal of the therapy is to delay or prevent
the development of the disorder, and/or to cure, induce a remission or maintain
a remission of the disorder, and/or to decrease or minimize the side effects.of

other therapeutic regimens.



providing the user with the ability to regulate, tenporally and spacially,
the anmount of a particular conponent that is released for activity on the
cel | | , organs or organisns. [00135] In general, such nethods of

t he i%‘rfl(\)/éérldfiogdr?ﬁ?nvol ve one or more activities. For BSHHYMIO4HE such met hod
of the invention conprises: (a) preparing one or nore conjugates or
conpositions of the invention as_ggetailed herein; and (b) contacting one or
nore cells, tissues, organs or organisns wWth the one or nore conjugates or
conpositions, under conditions favoring the binding of the one or nore
conjugates or conpositions of the invention to the cells, tissues, organs
or organi sns.__Once the bhioactive conponents of the conjugates and/or
corfB®40); ons Hance,the; perdvgatesn craplexpeand dsowpnsitioys e6the ipreseime cases,

I nt er nal:j Y. ell.s, tissues, organs or.___organi.sns,. the conponents
proceed ' %&ggg ya%gg ‘%%ﬁ% if?f. plio#tcﬁ%l’e%’pmegfi% i°¢ &Team?‘%'ﬁ&f ipgg{glpalFor exanpl e,
pept i de disyisiefich ARY¥nfBétishst G AREARS. O PhedlerR PSDecGONMPHARNGS on or within
the cells, tissues, organs or organisns, to participate 1in nmetabolic

react i orphysiralndisordpie ag dised hersin stneempansgm firevantiondisupprsssiand carry out,
upregul at e .Qr._act i yat. or..dgwnregul ate or. .inhibit, one or nore enzymatic
acti vi ti%él 1 ﬁ‘i“?? t heﬁ epRton tmg‘glg%gs&'ecﬁdﬁﬂ?fgtrﬁ’rono?fg%ﬁla X % provide a

M ssi NY cofifpositibh oflthe RRBMIANSridr Qo theind8btict oft the Aj8ake R'ghFHEal0r OF gani sms; to
provide one or nore nutritional needs to the cells, ti'sSues, organs or

or gani srélisordes, while Guppressioninvolves dghe edmomistratien of the @mplgateratt e one or nore

syt f ' hysi di.sorder; and the |ike.

P00130] PRPRAALEI BHAT @bt FHIAEA, eiraret; o dies dRHICS MG ¢ i ons of i he

¢nvent | OPrRAIGE dhdeTuppiedsivitof h pBYsict lsofddt @Picﬁlly dicurderthift unexpect edly
(0]

igh potencies of the bioactive conponents of the conjugates that are
obt ai nednay animai daflig prodispdsed toerrusesgitibiefte tteglisvider g tthattis ot r et enti on of

et DRl R SRR 3! Sl SRS Bptter L1, P oh
present ifedlieidadfiisiAtioh @0hé ddedB YoRRGAECorPlepdarida3sOhk162 - 61
unusual Iy hi gh bionmass production, unusually highlevels of expression of
invention after the appearance of the disease. It will be understood that in
human and veterinary medicine, it is not always possible to distinguish
between “preventing” and “s'uppressing” a physical disorder. In many cases,
the ultimate inductive event or events may be unknown or latent, and neither
the patient nor the physician may be aware of the inductive event until weli
after its occurrence. Therefore, it is common to use the term “prophylaxis,” as
distinct from “treatment,” to encompass both “preventing” and “suppressing”
C as defined herein. The term “protection,” used in accordance with the
methods of the present invention, therefore is meant to include “prophylaxis.”
Methods according to this aspect of the invention may comprise one or more
steps that aillow the clinician to achieve the above-described therapeutic goals.
One such method of the invention may comprise, for example: (a) identifying
an animal (preferably a mammal, such as a human) suffering from or
predisposed to a physical disorder; and (b) administering to the animal an
effective amount of one or more of the conjugates, complexes or compositions
of the present invention as described herein, such that the administration of the
conjugate, complex or composition prevents, delays or diagnoses the
development of, or cures, induces a remission or maintains a remission of, the

physical disorder in the animal.



reconbi nant proteins, and other inprovenents in efficiencies of

bi oprocessi ng. C. Dose Regi nens (00137] The conjugates, conpl exes or

conpWe WDEH9308f t he i nvention can be admi ni st er ed FCA/UAZRBE4EX vivo or in
vivo to cells, tissues, organs or organisns to deliver thereto one or nore
bi oacti ve conponents (i.e., one Ofc ,TOT € cyt oki nes, C chenoki nes, growh
factors or pol ypepti de hornones ép ant agoni sts thereof). One of ordinary
skill will appreciate that effective anbunts of a given active conpound,
conj ugate, conplex or conposition can be determned enpirically and nay be
enployed in pure formor, where such forns exist, in pharmaceutically

acci@pidt]l e f oAsubel ieoeinOan pinat tgt fsofpredisiiged aTpoptndical diserder'gat es,
conpl exes or, conpositions of the invention may be adm nistered to an ani mal
(i ncl udi ¥ehingd #han, anifpak that deey, gpiapxhipitia phwality ofcavgrt plosiset as  veterinary

or pharnﬁﬁﬁﬂ' UIR |t I ' Lon W ih . one or nore

phar maceut| c%ljpg?)k }ih%cepgg%lﬂél?@?(aé i‘%ﬁ%%ﬂ&.‘%ﬁ?@%‘%&ﬁ‘&@&b?ﬁ 8@“‘93@& fective dose

llevel fodt rivkyfopadvelopiigihe Ridordd! Tithd prS&R IRkbtheRNHR MaftiRhoPf factors

including the type and degree of the cellular response to be achieved; the
als

i dentityo bt as\4 mgmptal,tipdudipg eilfurmng b sumedisposet mptigat e( s) ,
conpl ex( or composi tion(s) enployed:..the age,, bod 1 ght or surface
ar ea, geﬁ%‘a 19> Re Aytieping 68Wdérg}%eﬁgﬁyféfipg*sof(ﬁ’é n%é’w"éﬁ?‘?v‘mfvﬁléﬂﬁ nme of

adm ni st4cabidaily tosCintiSrdQrt-kisWii McthbAthaPWill B FhniiRirQo e S¥RfEA[LY on of the
active conpound(s); the duration of the treatnent; other drugs used in

[y

conbi nat§ clinipianc ingdyding, fNirt example, mdindogical assaysobinghemicakbonj ugat e(s),
S0mpl ex( of . cO |t S)....and_|likke. factors that are well known to
Cﬁos e of aesg%yé i {%ﬁ‘ y g%%?ﬁ IO% ﬂﬁé t%lgt%% i?vﬁgsc 8t tq%éﬁu?‘g ntFP rﬁﬁ%sd ISt s For

exanpl e, eledtrol@es)Rdrt., M bhiatpld@bsldeti| fréth 4 @nigdal), b@rgfdabmietiiizes of a given

compound, conjugate, conplex or conposition of the invention at |evels

| ower t hgametinosteaningui fasaly ohigiony,c plysipdl elpatien patholgsiaal i er effect and to
gl MG 8 35 SR bR %, ST Ry B s, VO
ar r angedsaniplét draineant) mBRRAEbbERaIBREDR| eic), testing of bodily fluids (e.g.,
blood, serum, plasma, cerebrospinal fluid, urine, saliva, semen and the like),
imaging, (e.g., radiologic, fluorescent, optical, resonant (e.g., using nuclear
magnetic resonance (“NMR”) or electron spin resonance (“ESR”)), etc. Once
an animal has been identified by one or more such methods, the animal may
be aggressively and/or proactively treated to prevent, suppress, delay or cure
the physical disorder.
C [00142] Physical disorders that can be prevented, diagnosed or treated with the
conjugates, complexes, compositions and methods of the present invention
include any physical disorders for which the bioactive component (typically,
the cytokine, growth factor, chemokine or polypeptide hormone component or
antagonist thereof) of the conjugates or compositions may be used in the
prevention, diagnosis or treatment. Such disorders include, but are not limited
to, a variety of cancers (e.g., breast cancers, uterine cancers, ovarian cancers,
prostate cancers, testicular cancers, leukemias; lymphomas, lung cancers,
" ‘neurological cancers, skin cancers, head and neck cancers, bone cai]cers, 061011
and other gastrointestinal cancers, pancreatic cancers, bladder cancers, kidney
cancers and other carcinomas, sarcomas, adenomas and myelomas); iatrogenic

diseases; infectious diseases {e.g., bacterial diseases, fungal diseases, viral



provi de a predeterm ned concentration of a given active conpound in the

bl 0Ggg 28¢4,036der M ned by techni ques accepted and rnghﬂgﬂJQ“hmﬁ art, e.g.

si ze- exc{u5|on, i on- exchange or reversed-phase hig perPornance l'iquid
chromat ography ("HPLC'), bioassays or imrunoassays. Thus, patient dose

regi mens may be adjusted to achi.gge rel atively constant bl ood | evels, as
nmeasured by HPLC or inmunoassays, according to nethods that are routine and
famliar to those of ordinary skill in the nedical, pharmaceutical and/or C
phar macol ogi cal arts. D. Diagnostic and Therapeutic Uses [00139] A

di agnosti c use, of copjugate of the invention night be for locating cells
or tiss @mﬁ%vﬁﬂﬁwﬁﬁﬁsﬁﬁﬂgyﬁhﬁ&ﬁmﬁ?n&ﬂﬁ&icha@FﬂV%PBW V@Sy t oki ne,

chenoki W:P f . yPeRt J.d , e s ancer, within the
body of ﬁgw ani m (,“%g?olg%)l’ gf’ﬁ"‘%ﬂg dgiﬁgr‘&aérsi’ %%a%g@&ﬁi %?nregf) idé%r‘g‘?rs a conjugate or
conposi {d@n oybtid Mibrodiy,eainiyotophid) 1weiat Nsdldiesis, 0 Museidhe dytopie or nore
conponents, i.e., the bioactive conponent and/or the synthetic polymer) is

| abel edUanchspspdisense, Bampes disgasedsevsea sombinedpunmunededsionoy enabl e

detecti g . Icak. Lomnet ri fl.uopescent .or resonant detection
accor di ﬁlgortdgfa%qrﬁg%o\%nﬁ)& rrﬂg Ak, a’é)‘(%‘#BP%’,lgt ﬁgorﬂ’ﬁ?%??ﬂeipabf non-smal | cel |
| ung cah&réphili€ und esthet bisuda iiswrdets) meueiReaick RiveOdiseidefse ¢epL or s for

epi dermal grow h factor Bunn, P. A, et al., (2092) Sem n Oncol 29 (Suppl
14) : 38- ywltipig¢splgrosisi Ereta%ld&éak@sl@@@@seomzhwmmérsan and Hhe conj ugat es and

conposi §:4.an hes. | e} be used i.n,diagnostic t herapeutic
nmet hods%‘k@brﬁ xélttrrlgl%lsérﬁgrgg%%g 8‘2?*56,11%?7 gﬁ?efﬂgl%tﬂ%%'%ﬁﬁl%ea vari ety of
hysi calike) sdisdi@dts ofh uaterriti R multifoéd] | eidiayy Ye.2., "Gid@BYastylah as a hunan,
redi spgsed to or suffering fromsuch a disorder. In such approaches, the

goal of disepses perprsion; inflangaatexy baweh disgasetand;the likely eriepmmune of t he di sorder,
and/ or 'r!g,!#@ . 1S54 i | 1 sskon of the disorder,
and/ or {hgmglecsr E'g's’e orﬁ]rlr?%l{p%pf %@atcgglu gﬁl g%gg&a%?ﬁt?ggp %%}as Sherapeut iC

regi menand WO (26 4h iR isdeders O Bibdi Al inkpottanc® thdt Gl 4stlrenginge, t he

conj ugat es,. conpl exes and conpositions of the present
familiar to the ordinarily slalled artisan. The conjugates, complexes,

compositions and methods of the present invention may also be used in the
prevention of disease progression, such as in chemoprevention of the
progression of a premalignant lesion to a malignant lesion.

[00143] The therapeutic methods of the invention thus use one or more
conjugates, complexes or compositions of the invention, or one or more of the
pharmaceutical compositions of the invention, that may be administered to an

C animal in need thereof by a variety of routes of administration, including

orally, rectally, parenterally (including intravenously, intra-arterially,

intramuscularly, intraperitoneally, intracisternally, subcutaneously and intra-
articular injection and infusion), intrasystemically, vaginally, intraperitoneally,
topically (as by powders, ointments, drops or transdermal patch), buccally, as
an oral or nasal spray or by inhalation. By the invention, an effective amount
of the conjugates, complexes or compositions can be administered in vitro, ex

vivo or invive to cells or to animals suffering from or predisposed to a

particular disorder, thereby preventing, delaymg, diagnosing or treating the

disorder in the animal. As used herein, “an effective amount of a conjugate

(or complex or composition)” refers to an amount such that the conjugate (or

complex or composition) carries out the biclogical activity of the bioactive



I nvention may be used for protection, suppression or treatnent of physical
di sopdeiosendysn as infections or diseases. The te”ﬁdiﬂ?ﬁb@sﬁmﬂ@" froma
physi cal disorder, as used herein, enconpasses "prevention,"  “suppression”
and "treatnent."” "Prevention" involves the adm nistration of a conplex or
conposition of the invention prioggto the induction of the disease or
physi cal disorder, while "suppression"” involves the admnistration of the
conjugate or conposition prior to the clinical appearance of the disease;
hence, C "prevention” and "suppression' 'of a physical disorder typically
are undertaken  in an animal that is predi sposed to or susceptible to the
di sor dercomgepentLe., &’@ ctokiney ghenagking, lgquﬂtfﬁéﬁ%i’ﬁwpﬂd?r@&?ﬂ%t " of a
physi cal ,,d] , Qltgy)\gv I AV: S DI L on..af her apeuti c
conj ugatf’elr %@Q%?rgptoﬂsll | ngf:)]mef ﬁgﬂjgk‘"}rﬁ’eﬁ | r?ga(?riéeoﬁﬁéqr%{ehoa 6%%&3%% of the

di sease.preventing) ddigying)ddingiosing, tleging or clditiphtheqiidisical isordar th medi ci ne, | tis
not al ways possible to distinguish between "preventing" and "suppressing" a
physi calthgjagigpal de Which therspniugates comples af qommpgsidion pddbe inventéarent or event s

b ar , it h .+ he. i er .physi ci b
v o of He R it oA AR sih P ol ple 300 HBERD i c 7o e, i

I's comMuiindubtsGRthé bénjhLites, cHMPRRYY ddofnpositidns Of Mk iMehtién O bd reat ment, * to
enconpass both "preventing” and "su%;;;esm ng" C as defined herein. The term

" pr ot ectdelprminedcmpirienllye aseating o siitdard methodeweldwown te thespeesent i nventi on,

t her ef or e 4 . ' S prophyl axis. . Met ho c ing to this
aspect o‘ﬁdlnﬁgl?ﬁ@té?\iﬂ?%%%g%gﬁ% r#@eﬂ{%(ﬁgaoarﬂshﬁefee e'g‘s"(tj%?? > ﬁ\ﬁﬁj’ all ow t he

QI i ni Ci agr all. PedsC{190YEMERR Mbae of PRghblied ThesHm) ¢ M (diti@aMerck One such net hod

f the invention may conprise, for exanple: (a) identifying an aninal

(pr ef er aBidy Cq.. nRafivgdy, NljcHagdmag, Htﬁﬁrﬂfaéuﬁﬂ%r(ﬁgl} aedman grddi sposed to a
physi cal ~gj sor. ; , } 1S i t Ll ffective anount
of one o(r;g}r’rz%&égqg%ﬁ &9%‘(6’2‘%%%‘2?%‘{5}{5 @%@fe@csb?&g%ﬁ{)@i M%g;ﬁ%&' of the present
i nvent i oHilbMediealcrublisiing Bivision, New Y drkaSpeighe, BND) dtiad | et (1997pf the
conj ugate, conplex or con;)ositiqr_\ prevents, del ays or_ diagnoses the
devel oprdvery 8f Drugr Ireqrwsnt, i Hiueditory, Adis dnipmational. nduklaadn ey r eni ssi on of ,

the  physiGals; KabRhges.d.Nedildf B0 Hasic W CRALAPRIN L) 3RP03/ 041162

edition, Lange Medical Books/McGraw-Hill, New York; which references and

references cited therein are incorporated entirely herein by reference.

[00144] It will be understood that, when administered to a human patient, the
total daily, weekly or monthly dosage of the conjugates, complexes and
compositions of the present invention will be decided by the attending

C physician within the scope of sound medical judgment. For example,
satisfactory results are obtained by administration of certain of the conjugates,
complexes or compositions of the invention at appropriate dosages depending
on the specific bioactive compound used, which dosages will be readily
familiar to the ordinarily skilled artisan or which may be readily determined
empirically using only routine experimentation. According to this aspect of
the invention, the conjugates, complexes or compositions can be administered
once or, in divided doses, e.g., once or twice per day, or once or twice per
‘week, or once or twice per month, etc. 'Appropﬁatc dose regimens for various
modes of administration (e.g., parenteral, subcutaneous, intramuscular, intra-
ocular, intranasal, etc.) can also be readily determined empirically, using only

routine experimentation, or will be readily apparent to the ordinarily skifled



-64 [001411 As used herein, an animal that is "predi sposed to" a physical
di sorder is defined as an aninal that does not exhibit a plurality of overt
. phy sWek2004/86038% ons of the disorder but that is gen®GTEER4HY S| o ogi cal |y
or otherwise at risk for developing the disorder. In the present nethods,

the identification of an aninmal (such as a mammal, including a human) that
I's predisposed to, at risk for, "of 'suffering froma given physical disorder
may be acconplished according to standard art-known nethods that will be

famliar to the ordinarily skilled clinician, including, for exanple,
radi ol ogi cal assays, biochem cal C assays (e.g., assays of the relative
| evel s ofirtipa, t depehding napthel d8entity AifeihRSbicatveCbépotleds (181 Ghe i N a sanple
obtai ned froman ani mal), surgical nmethods, genetic screening, famly
hi st or y, cyiekiae.c ghemekint gwmth phctes pglypeptidsr homaneobb gintagonisest s (e. g. ,
m cr oscog] v Lon of tissue or bodily fluid sanples or snears,
I mmunol og’l“’geé’?’ OZflStE%ogu’jug@?ecS@p@égfﬁr&p%sﬂt}%di ly fluids (e.g., blood, serum
pl aggva4sKer ebipaditisdal dpplicslions! I8 Qonjagates] IomPRAB ardtdnigdBitiohke) . 1 magi ng,
(e.g., radiologic, fluorescent, optical, resonant (e.g., using nuclear
magnet i coF Ggdnantien mayNR Ysed to spesificaliy targetrn disgnstieoe therdg@mig ), etc. Once
an ani mal h?g b% ibdentified b onerlgar(i nore such mﬁ'{rl}od -} he ani mal may
be aggr e8&TV el § 4 ot}s&le’ﬁf@gc‘fri PRSI A CBREEYS BrBORRHYT, 196 ess, delay or
cure t hﬁlc@?bﬁdt@@br QURARTEE "oan[ AR 4] Fhbiddeale Compbaldt Sikhake can be

I ag

prevented, diagnosed or treated with the _conj ugates, conpl exes,
conposi t Py$ekingnghemeking s groth hiactore pelypeptidec hoinmone oncintagenishy physi cal

osli sorderg for ich the bioactive conpanent, ically, the cytokine,
Growt h fﬁ'@f%’ ,%Eﬁ?}ﬂ?g?ée’&?mﬁ@ﬁxyoﬁé’ﬁﬂgg? Aty M hﬁﬁ(ﬁ&?&%%@ﬁtm H]‘S ant agoni st
t her eof ) agpkct dTRhE BivehtitH By 66mPRSD Bt dx@ple, BoiadiPgURESELLL, Riskee  preventi on,
di agnosi s or treatnment. Such disorders include, biut are not [imted to, a

vari ety ©fgaBgneeganismevith ongpianete eorvgaies, complaxener earmsitionsofari an cancers,
prost at e, cancer testhcular cancers, .leukem as; |ynphomas, |ung cancers,
neur ol ogwgap%gﬁ%%rgﬁcl’kﬂ(ﬁég?@ r SOTRUSY Ogﬁdoﬁé{?%ecgﬁgg? 'C Bbne cancers,
col on  affrelns agas Eibnthesthe TahjugABC&Spled aNedRsitionCia bogfi®, bl adder

cancers, kidney cancers and other carcinonmas, sarconms, adenonmas and
myel omas§e of @@(p@gl@rhyethe cell, tissue, organ or organism, thereby delivering the

diagnostic or therapeutic agent to the cell, tissue, organ or organism. The

diagnostic or therapeutic agent used in accordance with this aspect of the
invention may be, but is not limited to, at least one agent selected from a
nucleic acid, an organic compound, a protein or peptide, an anttbody, an
enzyme, a glycoprotein, a lipoprotein, an element, a lipid, a saccharide, an
C isotope, a carbohydrate, an imaging agent, a detectable probe, or any
combination thereof, which may be detectably labeled as described herein. A
therapeutic agent used in this aspect of the present invention may have a
therapeutic effect on the target cell (or tissue, organ or organism), the effect
being selected from, but not limited to, correcting a defective gene or protein,
a drug action, a toxic effect, a growth stimulating effect, a growth inhibiting
effect, a metabolic effect, a catabolic affect, an anabolic effect, an antiviral
effect, an antifungal effect, an antibacterial effect, a hormonal effect, a
neurohumoral effect, a cell differentiation éﬁmulatory effect, a cell
differentiation inhibitory effect, a neuromodulatory effect, an anti-neoplastic
effect, an anti-tumor effect, an insulin stimulating or inhibiting effect, a bone

marrow stimulating effect, a pluripotent stem cell stimulating effect, an



di seases; infectious diseases (e.g., bacterial diseases, fungal diseases,

Vi ra{vovygoggﬁggdooaosoo PCT/ US2003/ 041162 -65 di seas%ﬁlﬁﬁﬂ?}eﬁﬂl{ggehepat Itis,

di seases caused by cardiotropic viruses, H V/AIDS, ), parasitic
di seases, and the like); genetic disorders (e.g., cystic fibrosis,
amyotrophic lateral sclerosis, nmuggul ar dystrophy, Gaucher's disease,
Ponpe' s di sease, severe conbi ned i mmunodeficiency disorder, dwarfism and
the like), anem a, neutropenia, thronbocytopenia, henophilia and other

bl ood di sorders; neurodegenerative disorders (e.g., nultiple sclerosis,
Creutzfel dt-Jakob Disease, Al zheiner’'s disease, and the |ike); enzymatic

di sor deri@munegystegstimulatingaffect, ayd ans pibeilsrosmdherapauticaifect that | i ke) -

di sord ' ' Ll . Oy dj |
i sonse. g e PRERIBY BBl A4 KEhA Gl TP mBRB ¥y 2t of mrune
di sor dergrgdrisil) vics slélivepy lsyfierd Stcotdiggab ohits aspeleBfBhO ipflesdhd hriti s,

psoriasis, and the like) and other disorders of nedical inportance that
will belpeadiony faniliar to the ordinarily skilled artisan. The conjugates,

co S, 0S4l Ons.. an thods of the present inyention may al so be
us@bfn t he C%Irc ya@rq{qog %‘?rag?ﬂgg:ai%’n%rlga}’i’gﬁgﬁtﬁg[?ﬁ tﬁ‘\:,f af‘?‘l“%%errpprevent i on
of the |RHRGT RSRAGWI &d RewPEsHFdUNas aftd codrfgdsRidnk hetudify aiibadtics) esi on. [00143]
The therapeutic nmethods of the invention thus use one or nore conjugates,

conpl exederoidscetploxictagents, visoativei divgs tantibodies andnesherr tharapeutist t he

phar maceut i cal,.conpesi tions of the.inventiaon, that. may be adm nistered to an

B RS NORIRENE Bmpeef iy BBt sRfiadRrdloB8 on, i ncludi ng
Qrally, drigd alskd , inP &iee EcAAddtY of | Bueterdl Ndhotlt ERHENOUStMtamidih a- arterial ly,

ntramuscularly, intraperitoneally, intracisternally, subcutaneously and

intra- debragyiciay npfejlling parentard cepifalesperins, efaxt adaenad werticosietojds vagi nal | vy,

I ntraperjtoneal | y toplcal | owder. oint t.s, .drops or
t ransderaﬁlgl arbag?%; hsh,emggc%:%cﬁl %é/ dég‘%n%asgjpﬁl %fgaﬁeag()ﬁ r‘%@‘flgry "BP“)By i nhal ati on.
By the idavesattyoehdotkiet hewhttne &P Rich 8F ad Wphe allet@aiceRceptorTpl exes or

conpositions can be adm nistered In vitro, ex vivo or in vivo to cells or
t o ani meNecking peant fgg PBeRAKYLPIZABNRY.08 dear aslrenergia redepior #gowbsor der, t her eby

prevent i(g.%,_, igo%lr&&ieﬂgl), a%'d%ﬂ%ﬁhﬁg or treating the

[00147] The conjugates, complexes and compositions of the invention may also

be used for diagnosis of disease and to monitor therapeutic response. In

certain such methods, the conjugates, complexes or compositions of the

invention may comprise one or more detectable labels (such as those described

elsewhere herein). In specific such methods, these detectably labeled

C conjugates, complexes or compositions of the invention may be used to detect
cells, tissues, organs or organisms expressing receptors for, or otherwise

taking up, the bioactive component (i.e., cytokine, chemokine, growth factor

or polypeptide hormone or antagonist thereof) of the conjugates, complexes or
compositions. In one example of such a method, the cell, tissue, organ or

organism is contacted with one or more of the conjugates, complexes or
compositions of the invention under conditions that favor the binding or

uptake of the conjugate by the celi, tissue or organism (e.g., by binding of the

conjugate to a celi-surface Teceptor or by pinocylosis or diffusion of the

conjugate into the cell), and then detecting the conjugate bound to or
incorporated into the cell using detection means specific to the label used (e.g.,

fluorescence detection for fluorescently labeled conjugates; magnetic



di sorder in the animal. As used herein, "an effective anmount of a conjugate
(or conplex or conposition)" refers to an anount such that the conjugate (or

co r osition) carries out the biological _ t he bi oactive
o0 BEE A Bls BB R Leohos, batie2 s 66 conponent (.?@F’bk%"h§’“483‘{zoki ne,
chenoki ne, growth factor, polypeptide hornone or antagonist thereof) of the
conj ugate, conplex or conp03|t|oqg thereby preventing, delaying,

di agnosi ng, treating or curing the physi cal disorder in the aninmal to which
t he conjugate, conplex or conposition of the invention has been
adm ni stered. One of ordinary skill will appreciate that effective anounts
of the conjugates, conplexes or conpositions of the invention can be

det er ni HESPNEMASi IMagang fOT awgoetiialy la led emunlgdteﬁret&d@tdslaﬁmgl fdrnown to those of

ord| nar e N t he rmaceu and al, ar e.g., Beers,
Claiiapeied cepniialgS fof, L i ofruelioeliesly Hogledn, 17ch

edltlon,co glss A& ifflude. RRAVEAM lrﬁggqﬂgrm H; @ssuect or€ds. (2001)

Goodman a%%g Gl n%sﬁls l'1'h6e Phar rra(%?ogl cal Bas’cles ofsu'lgheorrg%)nel?trl cs, 10th

edi ti onorgan@naver Hiel intdvhali siaictlmbllfl ahanignabi(rickiding  aNewman)y by Spe| ght, T.M,

et al ds 1997 Drug. Ty eat t, 4th edition, Adis

| nt er nataﬁﬂlﬂftg @%gﬁ@ctl ‘Zﬁé\%a%[i’ga]ﬁg‘%n%é’% oge@r m%'&l ¢fothe( 2000) Basi ¢ and
d i ni calcpﬁ’ﬁgateaaspdhe%n&&anﬁﬁ?éshﬁﬁ g dbBEtale %ﬁiﬁ & Wi aw Hi 11, - New
Yor k; which references and erences cited er e| n are 1 ncorpor at ed
entirel yhmwlblhﬁsmyor&ﬁ@retgamsn{ (kIDMIlal)tNhlhddSMdawdmn§VMSt hat, when

adm ni stered .t atien the al da weekly o m)nthl y dosage
of the &G &J&?‘é@s Ve’%f@ssma Bﬁﬂﬂg qrﬂ’r?é' i6 ﬁ@gﬁf%g’éht i nvention wll

CFe deci qtﬂdwhxcn{a%r@h&ﬂ@@mmdaﬁﬂwaﬁu%&s&ﬁueﬂ dRheIREiRf sound nedi cal
ment. For exanple, satisfactory results are obtai ned by adninistration

of I hi n ofhltamaﬂwbnmg%{tthssconjuga’q:ﬂ axbsomposcimqso@' thednwentibnt he i nventi on at
appropriate dosages di n the specific Q ve canmpound used,

whi ch dd3 Slees S\‘Rﬁﬁ? &‘ B% @‘latf:  FIgP OPI’?EaBtFVd%n";r"‘i W"lgﬁl |led artisan or
whi ch nMaycepfor foRdie %Yoa@ﬁ@édﬂxﬁ&x@nt SRk ungagdw oﬁ%@ﬂzr%é ¥ aQeRi ne
experinentation. Accordi-ng to this aspect of he invention, the conjugates,

conpl exdkatorxpeesmgsosichi amecepton. bBy dttmedulating? dhie actmty of a given

receptor is meant that the conjugate, upon binding to the receptor, either

activates or inhibits the physiclogical activity (e.g., the intracellular signaling
cascade) mediated through that receptor. While not tntending to be bound by
any particular mechanistic explanation for the regulatory activity of the
conjugates of the present invention, such conjugates can antagonize the
physiological activity of a celtular receptor by binding to the receptor via the
C bioactive component of the conjugate, thereby blocking the binding of the
natural agonist (e.g., the unconjugated bicactive component) and preventing
activation of the receptor by the natural agonist, while not inducing a
substantial activation of the physiological activity of the receptor itself.
Methods according to this aspect of the invention may COmprise one or more
steps, for example contacting the cell (which may be done in vitro, ex vive or
in vivo) with one or more of the conjugates of the invention, under conditions
- such that the conjugate (i.e., the bioactive component portion of the conjugate)
binds to a receptor for the bioactive componeht on the cell surface but does not
substantially activate the receptor. Such methods will be useful in a variety of
diagnostic, and therapeutic applications, as the ordinatily skilled artisan will
readily appreciate.



once or, in divided doses, e.g., once or twice per day, or once or tw ce per

\/veekw(p%mg),@&,guopr tw ce per nonth, etc. Appropri ate%&szﬁf&ﬂi-l?% s for various

nodes of admnistration (e.g., parenteral, subcutaneous, scul ar,
intra- oeular, intranasal, etc.) can also be readily determ ned enpirically,
using only routine experinmentatigp,. or will be readily apparent to the
ordinarily skilled WD 2004/ 060300 PCT/ US20031041162 -67 artisan, depending
on the identity of the bioactive conponent (i.e., the cytokine, chenokine,
grow h factor, polypeptide hornone or antagoni st thereof) of the conjugate,
conpl ex or conposition. [00145] In additional applications, the conjugates,
conpl exes and conpositions of the invention may be used to specifically’
target g j agnostic or therapeutic agent to a cell, tissue, organ or
organi smithat expresses a receptor for, binds, incorporates or otherw se

carjoondop up, Theeinvemps alke srovidendits dompRisingt iR coijhgdsnand/&henoki ne, growt h
factor, polypeptide hornone or antagonist C thereof) of the conjugate,
conpl ex @mpagtpasef the nventiom o duchkitotyitically cempiisesa carsipe suchods t he i nventi on

may CONprise, [ I n iR h ell tissue. Qrgan or organism
W th ogga i(ﬁ)g r?oaitgn’c@ﬁ?{}gatﬁeeéﬁtg’c O%Eﬁ%%gg io&? c§gﬁ$dg§n{ i%%ﬁgmo?ne he i nventi on,
whi ch adflbreicofidideys, 6a¢HOhd Sidls Abes) aniiil&s, BbMes AFtihgestind thbdikapeut i ¢ agents,

such that the conjugate, conplex or conposition iS bound to or taken up by
t he cel IWhergis sy dirstopeppingr comtgian ang or moresf thel candegates amibor di agnostic or

t her apeuti c n h ell. .tissde,..organ or ism_Th di agnostic or
t her agek’imd"’g‘g% oﬁt@ggreﬁﬁlﬁé%%dgpal&niﬁe \Wt?ﬁ °H1P§SS§§ E’ggﬁs 8spfh i nvegti on may
Qe, but thé pretenti fHivestord Omapt flrgRSt comRisagont - o€l @6t chdliitoanie nucl ei c aci d,

n organi c conpound, a protein or peptide, an antibody, an enzynme, a
gl ycopr ceeipgnenss (4. Hopragens and sempoundahnecessary for darrying guberg ¢1de, an i sot ope,

a carbo ate. i W] . C e _praobe r_.an conbi nati on
t her eof ']}{91-" ip(%ﬁicmufﬂy ahém%'[el? ‘gsc(?%gg%owgﬁée{%te%&acs %k@g@lro %%&%é’feesle t. A therapeutic
agent USfivenition,! dtich ag A€ 6f mofe ddMghoRERS @Béful foy B dilghddRy rbamenta  t herapeutic

effect on the target cell (or tissue, organ or organism, the effect being
sel ect ecPrirevertipy of goparticuin digease or phyvieddispgder (&f.censi Yemgkne or protein,

additional therapeutic compounds or compositions, one or more diagnostic
reagents, one or more camriers or excipients, and the like), one or more

additional conjugates or compositions of the invention, and the like.

[00150] It will be readily apparent to one of ordinary skill in the relevant arts

that other suitable modifications and adaptations to the methods and

C applications described herein may be made without departing from the scope
of the invention or any embodiment thereof. Having now described the

present invention in detail, the same will be more clearly understood by

reference to the following examples, which are inclnded herewith for purposes

of illustration only and are not intended to be limiting of the invention.

EXAMPLES
Example 1: PEG-Interferon-alpha Conjugates : ,
[00151] Interferon-alpha is a commercially important medicinal protein with a

world market in the year 2001 exceeding U.S. $2 billion, primarily for the
treatment of patients with hepatitis C virus (“HCV”) infections. In the United



a drug action, a toxic effect, a growh stinulating effect, a growth
inhibiting effect, a netabolic effect, a catabolic affect, an anabolic

ef f . iviral effect, an antifungal effect | erial effect,
a hg‘r%n)gg‘g%ﬁg@?ect, a neurohunoral effect, a cell 5??@3%&??‘2& on
stinmulatory effect, a cell differentiation inhibitory effect, a

neuronodul atory effect, an anti-pegpplastic effect, an anti-tunor effect, an
insulin stinulating or inhibiting effect, a bone marrow stinmulating effect,
a pluripotent stemcell stinulating effect, an WO 2004/ 060300

PCT/ US2003/ 041162 -68 i mune system stinul ating effect, and any ot her known
therapet%i c effect that ma¥ be provided by a therapeutic agent delivered to
a cel | (ates, ketyeen Hpgepngr tous mallien Heopleatts wéctede wWiths ghoaie according to

this as Lof ~t S ' ,on.; [,L0014 c Li]pnal therapeutic
hent o AEpAgR' ¢ o BES°RRb00 HEAPRUMER acaROBc B Vel MBS o v
conpounds., anél.,QQOPn)SHEpMGleg) 36t 310539480t b birifing toSin@sr6veélthe CYt Ot OXi C

agents, vasoactive drugs, antibodies and other therapeutic agents.
Non- | i miusehidpeescalibiNegiphe, bath 9f thyetompanies (thed areprimayilytresponsihlé ot her  drugs

nar ci 11100 i e GRRRM oL pREFA TR i iood Gl SR F PRGN o/ o7 s nd
anal 0gs T RSeTAG)MVY d8sclBguPAIRI aRRCallfidibeiRiRobfigaeebt TR 1 nj ury caused

by endot oxi ns; vasoactive drugs, such as an al gga adrenergi c receptor
a

bl ocki ngtrfmewith(mopomethprnok(bbuieasighep!) er HmPEGAdr neachi ease.ecept or agoni st
(e.qg., i oterenol), and dopam pe. [.0014 The conj ugates.. conpl exes and
conposi t on§ B lr&(ﬁ@t! ﬁ@%hﬁogﬁ&iﬁﬁpéﬂtg erog-gy&geg qrgy ‘J&Fg)é’h‘ﬁsqfs of disease and
QO noNi tatackihéit 2 Reetch Case BROMBAuct cOntaihs atndikfuré UEPosiidaP6mefshe conj ugat es,
onpl exes or conpositions of the invention nmay conprise one or nore

det ect abvith madkelly reducer reeeptordyading seivitye somparedightheainmedified) . | n specific

comos: tHBHers; AN RSBt umERRbHIRLERn BT Les or gans

Or Or ganhé 66nj 8 05 Bivd tndre Akl eifipdnSites i thé HETVis6E® bichatktinginup, the
bi oacti ve conponent éi .e., cytokine, chenokine, growh factor
vitro that tesults from PEG conjugation, as measured by improved clinical

effectiveness of one injection of the conjugate per week, compared fo three
injections of the unmodified protein per week, for the treatment of chronic
infection with HCV (Manns, M.P., et al., (2001) Lancet 358:958-965).

[00152] In the PEG-interferon-alpha-2a conjugate of F. Hoffimann-La Roche,
PEGASYS®, two strands of 20-kDa mPEG are coupled to a single lysine linker
(so-called “branched PEG™) that is linked primarily to one of Lys 31, Lys 121,

C Lys 131 or Lys 134 (Bailon, P., et al, supra), all of which are within or
adjacent to a receptor-binding domain of interferon-alpha-2a (see Binding
Site 1 in Figure 1a and SEQ ID NO:1).

{00153] In the PEG-interferon-alpha-2b conjugate of Schering-Plough Cop., a
single strand of 12-kDa mPEG is coupled predominantly to a histidine residue
at position 34 (His 34; Wylie, D.C,, et al., supra; Gilbert, CW., efal, U.S.
Patent No. 6,042,822; Wang, Y.-S., et al., supra), which is in a region that is
important for binding to a receptor (see Figure 1b). Other sites of PEG
attachment in the PEG- INTRON product of Schering—Plough (Lys 121, Tyr 129
and Lys 131) are also seen to be in or near Binding Site 1 (Figure 1b and
SEQ ID NG:2).



or pol ypepti de hornone or antagoni st thereof) of the conjugates, conpl exes
or conpositions. In one exanple of such a nethod, the cell, tissue, organ
or i .S contacted with one or nore of the | onpl exes or
conpgggﬁpgﬁgh@f the invention under conditions tha?%?ggggﬁﬁﬁgﬁginding or

upt ake of the conjugate by the cell, tissue or organism(e.g., by binding of
the conjugate to a cell-surface.yeceptor or by pinocytosis or diffusion of
the conjugate into the cell), and then detecting the conjugate bound to or
i ncorporated into the cell using detection neans specific to the |abel used
(e.g., fluorescence detection for fluorescently | abel ed conjugates;

ma ﬁ@ﬁ‘ﬁ WO 2004/ 060300 PCT/ US2003/ 041162  -69 resonance | magi ng for .
mag al |y patonfragt todthessgtate sommgrrial; praguctyy therconpugateophfe ed conj ugat es:
etc.). 3 . : i cQni i ncl ude, for
exanplesk%%%bgﬁgﬁgaggﬁfgh?ﬁééSE, oféé%ﬁgﬁgﬁg?%hgﬂgﬁgﬁ%?apﬁ%¥ﬁnternal .
st r uct urprefefabinPBGiormh PEG, ivked itd the N-beriian] ardiyo acdid mésiduid ethichg an effectiv
amount aof a |abeled formof one or nore of the  _conjugates of the invention
and meaddTFRgtegeachspeeprordinding segieusoed thecprolgin Hsee; the watirl ti ssue, organ

or orga%&ﬁbﬁs@@ gg{“@%)c gﬁéﬂ‘?ﬂ‘@? ;gpi%%?é%q{egqg_mg&iegu& (%/q%ﬁ,nof | abel s and

their uses I n nost i C Imagi'ng are we own to the
or di nar ideyncikirdtingCthay intedfefon-@phla 3 n GRIET dyheltne| Fombres @ angrw n. (001481 In

anot her aspect, the conjﬂrt;égat es and conpositions of the invention may be
used i n Shevrslen-eschaper and aize-grclusion eifomatogmms fespeetivaly,yofom a specific

receptor, b ' 0 e j U . t surface of a
ol | ¢ rappiay SR BRGHINF oHATT ARl b Wi pERPAC RRLRIGE R PUT 00

i ven  rreadtiphoikibraTe@itaidedaintétf@os-aljhecitt dn whivh kinndidd@ionsl t he receptor,
either activates or inhibits the physiological activity (e.g., the

i nt r acelPethigungresiditg Was presgataldls aping;termipis, H?Qﬁﬁ‘&ﬁggi(é‘tlaiwg'é@bt or. \Wile not

i nt endi d p Lcul E{Tﬁgﬁ%&j j aration for the
regul at grgy}ﬁ é;g?g,? J??%O?P%ﬁeﬁﬂ%%lnﬁg%géa% e pr E@%’%%@% on, such
conj ugatRBG-akiehpdy, aghioh zead Ipeesefthwis iaocagenizdtionc of V0.2 ynMf &lleel | ul ar recept or

by binding to the receptgor via the C bjioactive conponent of the conjugate,
t her eby Wang ,a@enft hw@asopquwﬁgcxgpokgqqghy de, at a final concentration of

14 mM. Progress of the reaction was monitored periodically by size-exclusion

chromatography during incubation at 4°C. Although IFN-alpha was

sufficiently soluble to be PEGylated under the conditions described, other

cytokines, e.g., IFN-beta, are less soluble aﬁd may need to be PEGylated in

the presence of a surfactant, as described for IFN-alpha by C.W. Gilbert et al.,

(U.S. Patent No. 5,l711,944) and for interferons alpha and beta by R.B.
C Greenwald ef al., (U.S. Patent No. 5,738,846).

[00155] The cation-exchange column used for the fractionation shown in

Figure 9 was ToyoPearl MD-G SP (1 x 6.8 cm; Tosoh Biosep, Montgomery-
ville, PA), developed with a linear gradient of 0-0.4 M NaCl in 20 mM sodium
acetate buffer, pH 4.6, at a flow rate of 0.5 mL/minute. The size-exclusion
column used to obtain the data in Figure 10 was Superdex® 200 (HR 10/30;
Amersham Biosciences, Piscataway, NJ), eluted at 0.5 mL/minute in 20 mM
sodium acetate buffer containing 150 mM NaCl, pH 4.6. Other suitable ion- "#
exchange and size-exclusion chromatographic media and fractionation
conditions are known fo those skilled in the art. Amino-terminal amino acid
analysis by automated Edman degradation of the purified monoPEG-IFN-
alpha-2b of this invention demonstrated that greater than 90% of the PEG was



natural agonist (e.g., the unconjugated bioactive conponent) and preventing

act iywahbh@e@doo t Ne receptor by the natural agonist, Fyiyg%%{(ﬁ@hl%pduci ng a

substantial activation of the physiol ogical activi receptor itself.
Met hods according to this aspect of the invention may conprise one or nore
steps, for exanple contacting theygxell (which may be done in vitro, ex vivo
or in vivo) with one or nore of the conjugates of the invention, under
conditions such that the conjugate (i.e., the bioactive conponent portion
of the conjugate) binds to a receptor for the bioactive conponent on the
cell surface but does not substantially activate the receptor. Such nethods
wi |l be affadred| tg fhe N-dermingl ssidugi aghbetanalysisnwash@eefpmind dyappl i cati ons, as

t he ordi ' b - rtisan,w hj. | appreci ate. WD 2004! 060300
PCT/ USZ%%%@}%@&}%RHQE%[ B]\é\ﬁl%fmﬁ‘ﬁ'gd?:\}r‘@ént ion al so provides kits
conprising the conjugates and/or conpositions of the invention. Such kits
typi cal ll%/q\ conprise a carrier, such as a box, carton, tube or the |ike,

havi ng ifixesipsd: c SHG-heterlenkinn2 onjugates or nore containers, such as vials,
tu =ampul Ser SW4 Nge nd .t he.li.ke,. wherei first container
poﬁ@@‘ls_r@ one‘i'gtPﬂ%’ﬁ‘E%bngfgé ‘écﬁfﬁa‘i{“&h‘ﬂn“dﬂ%ﬂ’s W‘E@@ﬁ%’yof the present

i nvent i QBtivifygediist Serfite eAMRBSS Ri¢luding fendl @¥P&#EInOa bl GndipRBANt | nvention may
further conprise one' or nore additional conponents (e.d., reagents and

c onpoundeglaneatse daveyer, glinicakeffivacy ippeorowsh she remgt thapenly aswiallr appl i cati ons

of the nj.ugat.es .and conpositio of the.present | nti.gn, such as one or

nor e cor%%h%‘ﬁtog E@S?tﬁl e:&pgﬁeqclqep%‘ﬁglg %Sclogl,plﬁ? dSEREAYS ?%lf%mﬁff‘“cé)tbent ion of a
Qart | CUlRM. dbrs 2 $2000) J BMShskr 95:385-987). ( H.-9-has ANghodt hdlDER inaddi ti onal

herapeuti c conpounds or conpositions, one or nore diagnostic reagents, one
or nor e thablopdstreamy whichiip inplicatedaindtst low tateked) industionoyf remissionaddi t i onal

co") S92 el GATNR A b KGR Db Pt 5 1t
ot her suift pRine pdiubd GRlve ORSt Deeh agjrivhaAt (ORén, t 8.4 heer et hodsp)and C
applications described herein may be nmade w thout departing fromthe scope
J Pharmacol Exp Ther 293:248-259). Attempts to selectively attach PEG to
-2 at its glycosylation site (Goodson, R.J., ef al., supra) or at a non-essential
cysteine (Cys 125) or to muteins of 1L-2 containing cysteine between residues
1 and 20 (Katre, N., etal., U.S. Patent No. 5,206,344) have not led to
clinically useful products.
[00157] Figure 4 shows the distribution of lysine residues with respect to the
receptor-binding regions of IL-2, showing that many of the surface-accessible
C lysine residues are in regions tilat are involved in receptor binding. In fact,
Lys-35 and Lys-43 have been identified as required for interaction with the
alpha-receptor for IL-2, suggesting a mechanism for the inactivation of 1L-2
by PEGylation of lysine residues (see SEQ ID NO:6). Figure 4 also shows
that the N-terminal region of IL-2 is remote from the receptor-binding regions
of the protein, demonstrating that I1.-2 has the structure of an “RN” cytokine.
Our conclusion that IL-2 is an “RN” cytokine is compatible with the
observations of H. Sato, et al., ((2000) Bioconjug Chem 11:502-509), who
employed enzymatic transglutaminatioﬂ to cotiple one or two strands of 10-
kDa mPEG to one or two of the glutamine residues (“Q”) in the sequence
AQQIVM that those authors introduced into an IL-2 mutein as an N-terminal
extension. Sato ef al. reported that their conjugate that was PEGylated near



of the invention or any enbodi ment thereof. Having now described the

present_invention in detail, the same will be nore clear understood by
r ef elEhiR¥03¢% e o1 | owi ng exanpl es, which are | ncqu&?égiszﬁ@ %h for
purposes of illustration only and are not intended to be limting of the

I nvention. EXAMPLES Exanple 1: P | nterferon-al pha Conjugates [00151]
Interferon-al pha is a commercially inportant nedicinal protein with a world
market in the year 2001 exceeding U.S. $2 billion, primarily for the
treatnment of patients with hepatitis C virus ("HC\/') infections. In the
United WO 2004/ 060300 PCT/ US2003/ 041162 -71 States, between three and four
m | 1ion theashiso stesniong det éﬁnsg’luthmmtioni nf tliai;pmdmihsre@umddnmb@ut 10, 000
HCV-rel agt.ed deat hs occur each et al (2002) Hepat ol ogy
36: 5135-042% lylbﬂ’ﬁ?@ﬂb&ﬁtﬁgf?éwﬁ&mf I{l é‘fGY&%@PLﬂfrl&%chﬂtm:N al pha, both

of the gpmp tihat r | opnrent and”®
mar ket i ng (%gjﬁglﬁl nfgﬁl a1 ou?ﬁ%ﬁﬂb@ﬁa ﬁ&ﬁoﬁésbnfngéﬂﬁtxﬁ %9&. ) Iﬁave

devel opqﬂomms wrﬁﬁo,cﬂal(ﬂ%:l)aupc@e&as@pm@ﬁ gaatiaf sdpaditionlofhke Wi t h

nonomnet hox (et hyéﬁ;} % I) or " In each case,. nmPEGis linked to
each rml"é"?:l ﬁﬁaﬁcator@mnwr@%crﬁthsmr@% fchnent. In each
case, t n f o th mar kedl
reduced%e%ggo@%@%dpﬁg%g%%%%%&gl(l)& the?gy b%ﬁ%} e ﬂﬁeno fieé(/jm i nt erfero%

I n each Task(not bbowmcreadare dLA2 anVRGT adviepiok-Pirmiitl phmteim,laardcﬁﬁecact ion of the
conjugate i.n vivo nore than conpensates for the decreased bioactivity in

vitro tﬁﬁemegbﬁfélﬁ%lékpm%ﬁﬂi’&ﬁﬁaﬁ A a0 RG gigkiseed by i nproved cli ni cal
C! 1190138(°N° S iBhref 7P ahilh 2 50t Ballon LR IR CoRflsidifffomgPar ed to three

nj'ect1 ons of e unnDdl |ed protern pe ment of chronic
i nfecti ogramst respiddivelyandsan Nxemplaet P&iG—E-QZGﬁ@&gdtﬁﬂif%eQﬁ&eﬁ% 965). [00152]

In the PEGlnterfer n- al ph%? n ate of F. Hoffmann-La Roche,
PEGASYS(*PYean%o %IIE“P nd&@sof *}ié tJNP%&‘ Mpﬁe&m’% &educHyt e | ysine |inker
(so- Cal l lgt?d (txfagn?l E;%% doﬁﬂ;lubﬂéétﬁgedofolr %ﬁb§3&9 PHEHE Lys 31, Lys

121, Lys all of which are within
or same as those described for Figures 9 and 10, respectively. Figure 13 shows a

polyacrylamide gel electrophoretic analysis of the same conjugate in the

. presence of sodium dodecyl sulfate (“SDS-PAGE™), before and after its
purification by ion-exchange chromatography, as shown in Figure 11. The gel
contained a gradient of 4-12% total acrylamide in Bis-Tris buffer (Catalog #
NP0335, Invitrogen, Carlsbad, CA). The samples, each containing about 1-
2 meg protein, were heated at 90°C for 10 minutes prior to analysis. The gel
C was run at a constant voltage of 117-120 for about 135 minutes, with cooling.
One portion of the gel was stained with Sypro® Ruby protein gel stain
(Molecular Probes, Eugene, OR) and the other portion was stained for PEG by
an adaptation of the methods of C.BE. Childs ({(1975) Microchem J 20:190-192)
and B. Skoog ((1979) Vox Sang 37:345-349). Amino-terminal amino acid
analysis by automated Edman degradation of the purified monoPEG-IL-2 in
each of the two peaks in Figure 11 demonstrated that greater than 90% of the
PEG was attached to the N-terminal residue. The analysis was performed by
Commonwealth Biotechnologies, Inc. (Richmond, VA). o



adj acent to a receptor-binding domain of interferon-al pha-2a (see Binding
Site |l in Fi gure la and SEQ ID NG:'1). [00153] In the PEGinterferon-al pha-2b
conj WEARY0I®c her i ng- Pl ough Corp., a single stradBYSHLRH2PEG i s
coupl ed predominantly to a histidine residue at position 34 (Hs 34; Wlie,
D.C., et al., supra; Glbert, C W75 et al., US. Patent No. 6,042, 822;
Wang, Y. S., et at, supra), Wmch I's in aregion that is inportant for
binding to a receptor (see Figure Ib). Oher sites of PEG attachnment in the
PEG | NTRON product of Schering-Plough (Lys 121, Tyr 129 and Lys 131) are
al so seen to be in or near Binding Site 1 (Figure |b and SEQ ID NG 2). WO
2004/ 06 0Be@npieBr USSpithesid 2a8 Analysis ¢f00-térdinally PEGylsted EGF t hese two
comer ci al product and ¥38-ronj ugate of the present invention has a single
strand of wat er soI ubl e, synt hetic polyner, preferably PEG or nPEG | i nked
ter i . c emit he
recg)h?o bi n g reglgﬂs of 't l: plgfgtﬁel %\ﬁ?sgt)am gjs%@t ﬁ‘gf‘ﬁ&mé‘% ationship

bet ween @pwﬂi fagtdr-1 h¢IGFAGT rEEQ IBENOIP) Fvaier gsdedtéd dod N-tirminatiemonst rat i ng
that interferagn-al pha is an "RN' cytokine. Figures 9 and 10 _show

cat i on- ebE{xiaten o the zh?s’éx’éf Juléﬁ o W”énﬁloéglﬁalﬂsﬁgué@pécm@/& y, of an

exenpl ar r ] vention. The C
reacti on&?fégv %L@a%ﬂral’e gra(&){ﬁqgﬁ; ﬁ %ﬁ %ro ?ﬁ?tdrg d| tional
net hi oni mﬁMemhdwa ofrS- maesmtalaehyahemnmparww mvﬁﬂwﬁg escmla ng Cys-1, which

is the fir resi due of the natural uence. The reactive PEG was 20-kDa
PEG al d é’mﬂlﬁpﬁﬁ"% (VQE Lrpy IP%FPH%!LC entip tbh HEl & 2 fimd The reducing

gent c yd X f r 14 "M

oar csc P AtBhCHE TERAIAEY Bkt sBihc APl RANY WBhGLo, | 1<i on
C hr omat o3f mdrplisdts {omel)i ofcﬂﬂv[abmﬂe pyridife (AldrbBl@h0.3 it addpdidtrides sufficiently
sol ubl e to be PEGyl ated under the conditions described, other cytokines,

e.qg., | Ak ml; avaters do sy Enalhgonesytrationdof §-3$Mpedy baler i Inb t he .
G
P S5 g E A oGS AT B30 Y W o e o

prepared and filtered through a 0.1-micron pore sterile filter. Recombinant

human EGF from Invitrogen Corp. (Carlsbad, CA) was dissolved in water at a
concentration of 1 mg/ml.. To 0.6 mL of this solution, 70 mcL of 3 mM PEG-
aldehyde solution, 35 mcL of phosphate-acetate buffer and 30 mcL of 0.58 M
borane-pyridine solution were added and the mixture was refrigerated.
Aliquots were analyzed by size-exclusion HPLC on a Superdex 75 HR 10/30
column in sodium carbonate buffer, pH 10.1, containing 100 mM NaCl after
C four days of incubation at 4-8°C and the eluate was monitored by absorbance
at 280 nm and by refractive index. Afier injection of 0.65 mL of reaction
mixture that had been incubated for 5 days, fractions were collected from the
center of the major peak of absorbance at 280 nm. The pH of this pool was
lowered to approximately 5.5 by the addition of acetic acid. Reanalysis of this
pool of product by size-exclusion HPLC indicated that 100% of the protein
was in the position corresponding to PEG,-EGF (“mono-PEG-EGF”) and that
the protein concentration of this pool was about 0.32 mg/mL. Analysis by
SDS-PAGE confirmed that all of the protein consisted of a mono-PEG
conjugate of EGF. The product pool was sterile-filtered through a 0.2-micron
pore Coming syringe filter before being tested in a cell-based bioassay, as
described in Example 4. The 10-kDa PEG conjugate of EGF was synthesized,



Geenwald et al., (U S. Patent No. 5,738,846). [00155] The cati on-exchange

col u , the fractionation shown in Figure s _ToyoPear|l MD-G SP

(1 xwé)%{ﬁglﬁ]mg%soh Bi osep, Montgonery- ville, PA), P& Z‘IWth a linear

gradient of 0-0.4 MNaCl in 20 mM sodium acetate buffer, pH 4.6, at a flow
rate of 0.5 mUminute. The size-exgd usion colum used to obtain the data in
Figure 10 was Superdex(r) 200 (HR 10/30; Anmersham Bi osci ences, Piscataway,
NJ), eluted at 0.5 mJm nute in 20 MM sodi um acetate buffer containing 150

mM NaCl, pH 4.6. O her suitable ion- exchange and si ze-excl usion

chr omat ograph| c nmedia and fractionation conditions are known to those

ski | | ed nupifiefleantd analypach &yt or similat method, exdegt thatallPiBa BEGwt orat ed Edrmin

Goons: o Betainis M Q6F CRPSAGoR s s Raeat ofes- B st 300
PCT/ US20084944.108 indSrdic iRt fhion e B § O BRIl wll1e anal ysis e

performed by Conmmonweal th Bi ot echnol ogi es VA). Exanple 2:
PEGI nt ebbeik3mp/mabnj ugat es 1001561 Interleukin-2 ("IL-2") is a cytokine

rorapfRgIP ° oottt e it Yol instlip 8 o VRonEot CRiAoa ef {1 cacy | o
POOT , Wi fidin U EHACbrp taese&%M%g@&ﬂ@ﬁ@'ﬁfﬁg@imﬁ@w( experi ence

partial or conplete responses (Winreic et a 002) Jl munot her
25: 185- 1B&inethods Aesvabed fos it ¢ortea¢dnding‘BGFmoujugaebl Thelptadaetnef whi ch is

b et Soppfings i PRl o RiFE o T tﬁ%f@?f‘miu%a%a&?fnﬁaﬁ oot dues
Qave NOtdeRafRd 36t PRBIECICRE abodt 99% e;ﬁi; i%lono- PRIt HRRafRER!  Bxp Ther

93:248-259). Attenpts to selectiv attac its
gl ycosyltht final piotein cGueusation Ras]aboukt{) Hlmg/nﬂupﬁ]ﬁS-MGEtanalymn essenti al

cysteine s 125 t 0 nut ei ns contalnl cyste e between
resi dues™® g‘%ﬁ?ﬂ%% ‘5?&‘6?‘8‘“ Rjas PEg 2 ]Sﬁ B aF‘QP’é‘h chogu 8, 344) have not
led to mbdirtippatetiy Bl aRb Odv&ics tﬁ@%@ﬂcc’%@%eéf shaupgghe distribution
of lysine residues wth respect to the

conjugate when the load on the gel was high. Size-exclusion HPLC analysis

of the product of coupling 10-kDa PEG-aldehyde to IGF-1 indicated that the

product consisted of 95% mono-PEG conjugate and about 5% di-PEG

conjugate and had a total protein concentration of about (.23 mg/mi..

Example 4: Bioassays of N-terminally PEGylated EGF and IGF-1
[00160] Evaluation of whether N-terminal PEGylation of EGF and IGF-1
C decreases the receptor-binding capacity of the respective growth factors is
performed by cell culture assays. For assays of PEG-EGF, 373 fibroblasts are
used, as described previously for EGF (Crouch, M.F., et al., (2001} J Cell Biol
152:263-273). For assays of PEG-IGF-1, Chinese hamster ovary (“CHO™)
cells are used, as described previously for IGF-1 (Amoui, M., et al., (2001)
J Endocrinol 171:153-162; Morris, A.E., etal, (2000) Biotechno! Prog
16:693-697). Product pools of PEG-EGF and PEG-IGF-1, prepared as
described in Example 3, are sterile-filtered through a 0.2-micron pore Corning
syringe filter and are then tested in a cell-based bioassay. Serial dilutions of
sterile-filtered EGF and of the mono-PEG conjugates synthesized with 5-kDa
and 10-kDa PEG are added to cultures of 3T3 celis in medium containing a
lower percentage of serum than that required for optimal growth. The cells are



receptor-binding regions of IL-2, show ng that many of the

surf s Ible lysine residues are in regions _that are involved in
rece§§g¥ﬁ%@%§®ng. In fact, Lys-35 and Lys-43 have PGABR29GQA10T | ed as
required for interaction with the alpha-receptor for IL-2, suggesting a
mechani sm for the inactivation ojTﬂ}-Z by PEGyl ation of |ysine residues
(see SEQID NO6). Figure 4 also shows that the N-term nal region of IL-2
is remote fromthe receptor-binding regions of the protein, denonstrating
that ILr2 has the structure of an "RN' cytokine. Qur conclusion that IL-2
Is an "RN' cytokine is conpatible with the observations of H Sato, et al.
((2000) cBitaredninder Tretard corditor0B7 C e COppir)\ned conmtpdratithca

transgl yt agi nati on couypl.e. one_or two sfrand f .10- kDa ,nPEG to one or

two of  Linaligh chunie opecy bdiatis BE] af sovermbindiale Audie secel  hat ¢ hose

aut hOfSRe'iﬁti[y@QﬁctﬁQ it D dehis DbIAVED T e %g%%f %E”Zla&@igm ension. Sato et
t at ed nedr

al. reporte at their conjugate that was 2004/ 060300
PCT/ US2 @83610 dikliiinbery 4f télis aeiimmedsed biy rab deabtythe rsame geteeatagebyi on of their
mut ei n retai ne re. bjoacgtivity {han _a conjugate prepared by random
PEGy| at iﬂ%mBPo'E'Fg) Gowingales of this Jovéntion asdrmmdsified Bb: Simiarivana ogous

apprOaCQ&%ﬂtﬂluEE@/hfiﬂeoﬁer%fﬁtte%r o{f&%@h@ 9&1%@?& ofAGF-1 hd of2002) supr a.
Based on the spatial separation o e am termnus of I'L-2 fromthe
r ecept onmbiodifieddGFehaerslded tof dubtupssatf €THIO calls irsheditmi confairdng @ 4, one can
understand that the ?I ycoskgl ation Sjit?’ff at resjdue  Thr-3 (not shown) renders
| L-2 an lowgnperesntage oF seumdhanythat waured fog opimal gewth, pad gells arghys, 1L-2 is

QRoth an ;G lih BEAF aAksBibVAYE RS- BAPRLPENELI U ESeddrcdnd 12 Show

ation- ange and size-exclusion c granms, respectively, of an
exenpl arfyr BEBF hhd dtscNAjerminhle nonotRG poafgates, thevmnhber of wdellsh was PEGyI at ed

by NNtermnal]y_ selectjve, reductiv al kyl ation, as in Exanple 1. The
cpnditi&hgermc{eaﬁffroﬁewrﬁ%éﬁscﬂﬁ%m%wwgmat st 108 FEMG PEIRBRES B¥scri bed for
£l gures e ABfo-PRG dRRRARL bY RoM.1 &9 EurlmodieN Brofn PBloYaghyd, am de gel

el ectrophoretic ana e safre conjugate’in t presénce of sodium
dodecyl bt E@Fen('I6BS RAaGEonstattd teba fidl yafunetionial sfterNHierfuimadt i on by

I on-exc q’%?atﬁ)rr]l[ %”%%S&Eeadp% ’prgt%ing qga%aivg Iﬁé(? lgnr:tgchl ‘to the. aJ%JEi\llo-

terminal residue that is remote from the receptor-binding regions.

| Example 5: Members and Non-members of the Class of “RN”
Receptor-Binding Proteins

[00161] Figures 2, 3 and 5-8 show the surface distributions of lysine residues
of the receptor-binding proteins interferon-beta, granulocyte-macrophage
colony-stimulating factor (“GM-CSF”), epidermal growth factor (“EGF”),
basic fibroblast growth factor (“bFGF,” which is also known in the art as
“FGF-27), insulin-like growth factor-1 (“IGF-1”) and interferon-gamma
(“IFN-gamma”) relative to their receptor-binding regions, as well as showing
which of these proteins are “RN” cytokines and growth factors. In addition,
Figure 2 shows that interferon-beta is an “RG” cytokine.

{00162] Figure 2 shows lysine residues distributed throughout the regions of
Binding Site 1 and Binding Site2 of interferon-beta, whereas the amino
terminus of the polypeptide chain is remote from the receptor-binding regions
of the protein, demonstrating that IFN-befa is an RN cytokine (See
SEQ ID NO:3).



contai ned a gradient of 4-12%total acrylamde in Bis-Tris buffer (Catal og #
NPO3 | gen, Carlsbad, CA). The sanples, each.containing about 1- 2
ncg gﬁ?)tzdeoiquwjé\gre heated at 90C for 10 m nutes pri oph'észa%‘f“)'/ s. The gel C
was run at a constant voltage of 117-120 for about 135 m nutes, with
cooling. One portion of the gel was stained with Sypro(r) Ruby protein gel
stain (Ml ecul ar Probes, Eugene, ) and the other portion was stained for
PEG by an adaptation of the nethods of C E Childs ((1975) M crochem J

20: 190-192) and B. Skoog ((1979) Vox Sang 37:345-349). Am no-term nal am no
acid analysis by automated Ednman degradation of the purified nonoPEG IL-2

i n 108263} of tRiguresb sipwesklysing Biiduasedigitibuteddheughow dhe egiony efit er -t han 90% of
the PE S tached. .the Ntermnal residue. The, anal ysis was perforned
by @m%ﬁ@&!ﬂaéﬁe -gﬂ@ﬂ%&o@%@f?ﬁq RECePioRy ling; te Jtieibal 060300 L
PCTI US2008(94Hel 8éta rebeptées HTPGRI-BSFSWRERES e Afin gﬂnﬁﬁﬁss fipdtterm nally
PEGy| at ed EGF ang Ieda—)-l (001581 E’p?ﬁglernaltﬁ%rovwcﬁq actorof)'t G- " SEQ ID

NO 7) anpblypeptide whdih ierentptofioln theatceptdr-tandifg rdgionsSHGh¢ Prdténd) were sel ect ed
for N-tegunal , PEGy| af ] nt basis of the nolecular nmodels in Figures 5
and 7, %%EW%%@‘%%agﬁ‘méw (BegSEQIDI M. are RN growth factors.
A Rothlsol ut gy 5 : L . i §?ﬂ| ving 5-kDa
PECI?prop]i onal Jg%ﬂs%mﬁ?sé%&%%%%*%%@ﬁg@%%@ at a final C
concent r off ¢pideroial gfowtly/fadtor BRIGHTE-ipstudidi rigsine sespluep aliat drdjn o | uti on of 35

mcroliters (ntl)  of,.8 M borane:pyridine (A drich),in 0.3 nL acetonitrile
| us 0. 1% {reqgRiosbmding Feions o i BroteiB, WBHERL RIS (GTHBUNPE A buf f er

cont ai ni fig pdiypeplidRAGRinas iR kit .mﬁ;g' i PH 6.3, was
pr epar ed ar?d )%F%er ecmt hr ough a g&%?&r)nmg%g%@pmgre S %?al e fQ?I er. Reconbi nant
human EGprofeiro(BeeBEQ Hdyén7)Cor p. (Carl sbad, CA) was dissolved in water at a
con ation_of | /m,, To 0.6 nL of .this solutjion, 70 ncL of 3 nM PEG
al d@ﬁ?é@ sol uth 6%’“??[:@“09\“%@%%983‘ tes oft basig fitrablast growth nc L of 0.58 M

bor ane- Pkiofl (YRGS hd Rib1Gd iR SHRRhPRIrebgRo ot th HRp MRS Hoff bf ger at ed.
which are necessary for signal transduction by bFGF (Schlessinger, J., et al.,

supra). The amino terminus of bFGF is remote from the heparin-binding
region of bFGF and may be sufficiently remote from receptor binding sites to
render bFGF an RN growth factor (See SEQ ID NO:8).

[00166] Figure 7 shows that several lysine residues of insulin-like growth
factor-1 (*“IGF-1") are within or adjacent to the receptor-binding regions of the
polypeptide, whereas the amino terminus of IGF-1 is remote from the

C receptor-binding domains, demonstrating that IGF-1 is an RN growth factor
(See SEQ ID NO:9).

[00167] Figure 8 shows that interferon-gamma (“IFN-gamma™) exists as a
homodimer in which the two polypeptide chains have extensive interactions.
Several lysine residues of each polypeptide are adjacent to amino acid residues
of IFN-gamma that have been implicated in binding to receptors or are in the
dimerization interface. The “ball-and-stick” format of amino acid residue
GIn-1 is intended to reflect the evidence for the functional importance of this
N-terminal residue. The crystai structure on which this ﬁgure' is based
included an additional methionine residue, labeled “Met(,” that it is not
present in the natural protein (See SEQ ID NO:4). Since the N-terminal

residues of IFN-gamma are remote from the dimerization interface, N-terminal



Al'iquots were anal yzed by size-exclusion HPLC on a Superdex 75 HR 10/ 30

col U sdosaQQ8m carbonate buffer, pH 10.1, containj 00 mvl NaCl after
four days o@g?dJncubation at 4-8C and the eluate V\/asryﬁ:ﬁ%ﬁlz(‘}?:’é%lw absor bance

at 280 nmand by refractive index. After injection of 0.65 nL of reaction
m xture that had been incubated fqy_ 5 days, fractions were collected from
the center of the major peak of absorbance at 280 nmm. The pH of this pool
was |owered to approximately 5.5 by the addition of acetic acid. Reanal ysis
of this pool of product by size-exclusion HPLC indicated that 100% of the
protein__was in the position corresponding to PEG -EG- ("nono-PEG EGF") and
that t REGylasioa; powld nevend rthe | ishibsprit ieffectsool lysine DFshdatomaennyg/ ni. Anal ysi's

by SDS . ! t all of th t e i st ed - PEG
conj ugareigpuieRati B nhldmbio, G ol Enll Bink BerinREachoR ofibsugn a o. 2- i oron
por e Codirig Witk it 8Repiots g ﬁk@%@ﬁ%bﬂﬁﬁﬂeds,sb&q)ﬁhgpalﬁ%r& tPdeed bioassay, as

described in Exanple 4. The 1 Da PEG conjugate of 'EG-F was synt hesi zed, WO
2004/ 066308 POTnus 700 ultyeiEen lodsstpands bf petymedaraattichedd by a simil ar

that | .0-kDa PEG i onal dehyde f NOF ti
s SIARL & o B ko, et g e, oL BRIAR AR PRAHEISS oSl SIS At r a1 on of ¢ he
10- kDa RifetioR s USRhRIIMES: (VR WR?}?Q;:EEC;:%T[ 993%5%11,8%?%?&,01‘ reconbi nant

human insulin-like growh factor-1 ("] fromlnvitrogen Corp. were
coupl ed (20005 Adbial Eihemo21D1XKI52-BE67 alltishyld..bst alt epraptMddiscgescri bed for the

corresp [ EGE conjugates. The product. of coupling 5-k PEG al dehyde to
G 1 AR R raitzaRen ity UngiR nrBEs PrSATE poBRG £ was about

9% pur essiign foPEffrel GhnchefefiRbtitiate? dshr Nhemhihfld) ROASEEGyBAACENt ration was
about 0.20 ng/nL. SDS- PAGE anal yses confirned that the protein was

pr edoni Rewitgates, rpincendifgranE @ossible ugeleeular Firectuncs whwrbst presembabysi s al so
ol - nas OFPARBes 38 uboted R iRary gricictg HBY SPBREC ST coupl ing
10- kDa _Eetemptedahyiifiert that Gondistsnef &k ediPB®Blatéd) Gnofdin@dugitd @aesi sted of 95%
nono- PEG conj ugat e and about 5% di - PEG
unPEGylated monomer (PEG:-protein; + protein;) would be difficuli or
impossible to distinguish from a dimer that consist of two N-terminally
PEGylated monomers (PEG-protein;); by most size-based analyses of the
dimeric conjugate {(e.g., size-exclusion chromatography or evaluation of the
sedimentation coefficient, light scattering or diffusion coefficient), yet the
receptor-binding potency of these two conjugates, each containing an average
of one PEG per protein monomer, might be quite different.
C [00169] For the long-chain beta-sheet receptor-binding proteins that form
homotrimers, e.g. tumor necrosis factor alpha (“INF-alpha”), the number of
isomers of PEG;-proteins trimers is even larger than for the receptor-binding
proteins that occur in solution as homodimers. Since chemical modification of
TNF close to the amino terminus has been shown to inactivate this cytokine
(Utsumi, T., et al., (1992) Mol Immunol 29.77-81), TNF-alpha may not retain
substantial activity when PEGylated with reagents and under certain
conditions that are selective for the N-terminal residue. Nevertheless, a TNF-
alpha antagonist such as Apo2L/TRAIL (Hymowitz, S.G. ef al. (2000),
Biochemistry 39:633-640) is suitable for PEGylation using the present

invention.



conjugate and had a total protein concentration of about 0.23 ng/nL. Exanple

4: Bj , f Ntermnally PEGyl ated EGF and | G- | val uati on of
mhe?ﬁea%ﬁf%r t 9309 p%m;sg&mgésf

erm nal PEGyl ation of EG-F and | GF-1 decCcreasSés't
receptor-binding capacity of the respective growh factors is perforned by
cell culture assays. For assays ofyPEG EG-, 3T3 fibroblasts are used, as
descri bed previously for EGF (Crouch, MF., et al., (2001) J Cell Biol
152: 263-273). For assays of PEG |1 G-1, Chinese hanster ovary ("CHO') cells
are used, as described previously for 1G-1 (Amoui, M, et al., (2001)
JEndocrinol 171:153-162; Mns, A E, et al., (2000) Biotechnol Prog
16:188850597) . For dler charpgetization qfrronfugatesnef Srekinarihpt fimetionrasd as descri bed

' l,: l.le-filter h . 2-m '
Syr i nge HEvRER & SamhiplioRh wifiE e QIR rRued RERIeRER Sor [l

di | uti ongqiehce ﬁﬁa@fééid Earf ddid® TR pleSned v rRdndnkt®s FRACKEEG-t6ABha10at es _
synthesized with 5-kDa and 10-kDa PEG are added to cultures of 3T3 cells in
medi um edpftaaimineggmups eng relgeboplkoretiq @nalfysis eofudissoerted nwnomegui r ed f or

opti mal gr O%%%ﬁﬁ/ cells...are WO 2004/ 060300 PCT/ US2003/ 041162 -77 cul tured
under st&&dard- i PY Sﬁgluf“@’7ﬁl,e°§% i 7, reyRd ISUAESICGifth a  Coul ter
counter ysbpdSlatedl and! ﬁmtilplﬁPEGﬁateﬂe‘ﬁﬁﬁﬁheké“o?rﬁﬁ' fock B}-B&dﬁge week.

Rel ative to fhe nunber of cell5 observed in the a ce of added growh
f act or, préteinsuighont sichcvidencerthe symthesmaddninePRGYlaed cojigatesane per cent age

by the nQ-,PEG conj u es of this invention as unnodi fi.ed EG-.

Simlar |‘{$I?“§’s‘é3r“?°£?m8'{* I”Eﬁ‘fﬁ'ﬁg ergﬂgngxg@g&F@ngoé%geWang conj ugat es of
| G| aRfeqiivodanypdi fied I G--1 are added to cultures of CHO cells in medium
containing a |ower percentage of serumthan that required for optinal

gr d0R171] and ddiebes exameples, resprstalkydasagraphiocaliyt dliistiated dycFigheed tahove for EGF test
cul tures. for. EGE _and |

\s ob d t - t i nal .. -P ' tes, th
umber o P8 Py Siuplid bare &5 Wdbtstandingl R piPatBRAISEA Dy ol | cast tne
sane peW%f@oteir@&céﬂ%%%&tﬁﬁ@i&ﬂ%@ﬁa@én bfFecdptdfibiinghe unnodi fi ed
grom h factor. Thus, both EGF and | G--i are denonstrated to be fully

f unct i orpadteins twithin-areadiaoent to PEEytonbinsing domaing edft thasef bioaghivst ei ns t hat have

PEG att %%&%gnén?s.t hﬁlealg]rgréo\folume that is occupied by the highly extended and

flexible PEG strands (see Figure 1d) also would sterically hinder the

association of monomers of certain receptor-binding proteins into functional

homodimers or homotrimers, if the PEG were coupled in regions that are
required for interactions between the monomers. Thus, the targeting of

PEGylation to sites that are remote from receptor-binding regions of receptor-

C binding proteins decreases the likelihood that PEGylation will interfere with
the intermolecular interactions fhat are required for their function. By

| proceeding in accordance with the method of this invention, more of the
benefiis that are expected from PEGylation of receptor-binding proteins can be
realized. The resulting conjugates combine the expected benefits of improved
solubility, increased bioavailability, greater stability and decreased
immunogenicity with an unexpectedly high retention of bioactivity.

[00172] This invention is described with reference to certain embodiments and
certain examples‘ thereof. The meﬂwcig of this invention are similarly
applicable fo certain receptor-binding peptides and proteins other than
cytokines, chemokines, growth factors and polypeptide hormones or their

antagonists and to other conjugation reagents. Therefore, the scope of this



termnal residue that is renote fromthe recept or - bi ndi ng regi ons. Exanple

5: _ Non- menbers of the Cass of "RN' R - Bl ndj ng Proteins
[0016% P—'?%ﬁg@eas 2, 3 and 5-8 show the surface di st??gﬁ{s?@ﬁ@lg& | ysi ne
residues of the receptor-binding proteins interferon-beta,

granul ocyt e- macr ophage col ony-stgyml ating factor ("Gw CSF"), epidernmal
grow h factor (TEG"), basic fibroblast gromh factor ("bFGF " which is
al so known in the art as "FG-2"), insulin-like growh factor-1 ("I1G--1")
and interferon-gamma ("I FN-gamma") relative to their receptor-binding

regions, as well as show ?ﬂ% which of these proteins are "RN' cytoki nes and
growt h fuveniemsis nal liggted: todhe emppdimeatsxdeserihod, befais limitedrandy by- beta is an " RG'
cyt oki ng. 62],..Fi gure 2 l.ysi.ne resjdues distributed throughout the
r egi onfsﬁl?f g';%gf}nc’é.i tHg ‘%Ld{né I Wgogge\%iorfaﬁrﬂ'&a@ g_ghzl_no eiaﬁfgﬂ‘ g?ﬂgﬁybet a, whereas

t he anm Bgpredigiethdt bthep brabB@inkalydda el ticbRivithd i depirhe fibhafe t he _
receptor-binding regions of the protein, denonstrating that |IFN-beta is an
RN cyt okéape of $hig ing@ton.D ANbs®h, vanetiog0ae3e0ddgederbopadoflitid 1162 - 78

[ 00163] . Fi 'r%ire 3 shows |ysine residues distributed throughout the regions of
Bi ndi ng"™8°t¥™, which binds the al pha receptor, and Binding Site 2, which

bi rrdmgpe beiad) paBIRRLOhs, FieridVahPateid UpBAGILRE niditibRed & MWgus of the

pol'ypeptide chain is renote from the receptor-binding regions of the

pr ot ei nspecifmation traindiogtivt af ti@Vieggrofl skithof Kse yskidlei rie thSam t6EQ | D NO 5) .
[00164] FEiqure 5 shows |ysine residues.distributed along the polypeptide
chain  SPGPYEMR Rt s §7 K prinoptoorsied DU re/GengioIoHber eoi dues. ¢ hat
are in Qime BABAt 459€ SRMADARIEAI PEblicAESN PateRi oiﬁ@mﬂ@ﬁ?ﬁdaﬂon%@reas the am no
erm nus of C the polypeptide chain is nore renote fromthe receptor-binding
r egi ons spdcifidally apd sndévidugliSosdismed krbddeaipordtaiinesfergticgur e 6 shows t hat
several |ysine residues of basic fibroblast growh factor ("bFG") are

inplicated in binding to receptors or to heparin, both of which are
necessary for signal transduction by bFG- (Schl essinger, J., et at,



supra). The am no term nus of bFGF is renote fromthe heparin-binding

regi on of bFGF and may be sufficiently renote fromreceptor binding sites to
render bFGF an RN growth factor (See SEQ ID NO 8). [00166] Figure 7 shows
that several |ysine residues of |n§%I in-like gromh factor-I ("IG--1") are
within or adjacent to the receptor®binding regions of the polypeptide,
whereas the amno termnus of IG-1is renote fromthe C receptor-binding
dormai ns, denonstrating that 1G--1 is an RN gromh factor (See SEQ ID NO9).
[ 00167] Fi gure 8 shows that interferon-gama ("IFN-gamm") exists as a
hongeliy ABr 4. he two pol ypepti de chai ns have extensive interactions.
Severa IyS| ne residues of each pol ypeptide are adjacent to amno acid
residues of |FN-gamma that have been inplicated in binding to receptors or
are in the dinerization interface. The "ball-and-stick"” format of am no

aci d resildde methed fo synthesizing Foniyentes (06 anet Ak rasre dumEstie gyatetsolyblct i onal

' rrp% aReewRh 4 raﬂrtﬁkm%l' ge(gl@}neﬁilg%{jl tS%rSWﬂ?l falfdf 'y ?B@beﬁ&fe c;rH'lro 051- Yphich this

figuré 1's based "inclu an onal net hion reS| beI ed "Met O,"
thatantagoms threoeof, thatgweservels mard ef thatimwvisto npeaptaribindiGepot&ik® dflsaiﬁ@ytb)(mesl nce the

Nte EN- are renote. from di neri zation

ot Ehefine. gFefh kT o® pelvbBi i HRBaGs: e uRBis Pt 15 1o PRSCBEYRER i on coul d
avolsﬁbhtmlﬁd@bm@raﬁ%wﬁ&j@wdsC&ﬁprisy@ ne PEGyl ati on on honodi neri zation of

| FN-gamma. On the other hand, the interactions of the dinmer with its

receptors are likely to be i nhi bi t ed by cou;gllng polynmers to the _am no

t er mi nus, da)rt F?!Eﬂtlagl 3 cyiokine; Ghemakine, rgrawik Eﬂry‘i’\‘ep"léf?@tlé?tm@’é? i1 00168)
| FN-gamma, | L- 1Q.napd aﬁ%@@}éfﬁ“al }‘g@%{o%c]@r]sel&é%ﬁﬂje&%ﬁ;f gid Bﬁﬁlo&é‘at
I ners se

function as honodi , supra; son
(2000) JBi ol ChrepptdirbindRg52eh&85 70f Fdid edytoline]. cheatokaie, | grewﬁr efactcm:bk ece,

l.K, et al neri zation of -binding proteins presents
special i ssuegg]E'B?f?t‘tdﬁg(’%%a?:tta@ qgggtstlté ?#)art' eir N'term nally nonoPEGyI at ed
conj ugates, since different possible nolecular structures can be present in
pr epar at i o) otowding bgidt @R oM héreSolirheds s€léctivegniol sail arhinsGemiifalihdipe. For

acid.

2. The method of claim 1, wherein said one or more polymers is/are selected from the
group consisting of one or more polyalkylene glycols, one or more polyalkylene oxides, one or
more polyvinyl alcohols, one or more polycarboxylates, one or more poly(vinylpyrrolidones),
one or more poly(oxyethylene-oxymethylenes), one or more poly(amino acids), one or more
polyacryloylmorpholines, one or more copolymers of one or more amides and one or more

alkylene oxides, one or more dextrans and one or more hyaluronic acids.

3. The method of claim 1, wherein said cytokine, chemokine, growth factor or

polypeptide hormone, or antagonist thereof, has a four helix bundle structure.

4. The method of claim 3, wherein said cytokine, chemokine, growth factor or

polypeptide hormone, or antagonist thereof, is selected from the



exanpl e, a diner that consists of one di PEGyl ated nononer and one
unPEGyl at ed nononer (PEQ&2-protein, + protein,) would be difficult or

i npossi ble to distinguish froma dinmer that consist of two N-terminally
PEGyI| at ed nononers (PEG -protein,)g,by nost size-based anal yses of the

di meric conjugate (e.g., size-exclUsion chromatography or eval uation of the
sedi nentation coefficient, light scattering or diffusion coefficient), yet
the receptor-binding potency of these two conjugates, each containing an
average of one PEG per protein nononer, mght be quite different. C 1001691
For the | ong-chain beta-sheet receptor-binding proteins that form
honmotrinmers, e.g. tunor necrosis factor al pha ("TNF-al pha"), the nunber of

i soners of PEG3-protein3 trimers is even Iarger than for the

rec r--hL:neli
c he%n)f:ugl co%gﬂ%n onbgéég SQPW ﬁt@@giﬂ n§ f?ﬁﬁpé ar%'ﬁﬁgg{é hrﬁ%cr ha§ I gﬁgwn to
i nacblbmstdmmlaiimg fa;ntoo kGMeCSF)Utenkermia ifhibit@y faﬂtar,(L(E)QﬂﬁdemdtnmﬂIp@l a9: 77-8

F- a t t t ti d th
r ea@@’:’ji gpod r ng‘BrcF f%lt‘g}ééﬁgf%@”béag é’t%g%sltta\é{"slél(g% %?r?quﬁ'é‘ i\ml- t er mi nal
E es'(li“@ ILNgVEM r[El59$]§-u6 ﬁ. TNE 9, EILH@aILa'Pt agoni @?5 %&hltﬁLA@,OﬁLH FAl1y

Hynmowi'tz, S. (2000), Bi ocheristry 633-640) is suitabie for
PEGgh amerferousalpigr (IEH-q.))I; ag einterferonvient i(IldMN- Bmoﬁmmwﬁm&@opﬁblwmﬁﬂd 041162
80 1001701 For the character. zati,on of con t.es. of k| nes t hat
Fundlah hadnong] and P oS G St R oplo g e AR S8 idkis o r equi r ed.

Am no-term nal sequence anal ysis can detect the presence of nononers wth

free N-termheaett@dpbh cdiinQ Fhewids s€id doyedland, I ivhtukaie] Corawdl \sdtsr - of
di ssoci ated nmononers (e.g. SDS-PAGE or capillary el ectrophoresis) can

r ev@alypemide prananscer apfagonisrbeappiahash Bribechon B-bprgl spertyreat ed nononers of the
receptor-binding proteins. Wthout such evidence, the synthesis of

nonoPEGy L at g h dj f pr ot ei ns
cannot bg ﬁ%o%%plrogt g{c-iec?aém(tﬁie‘%ﬁ%%lcgw éﬂ@ﬁ% 7&‘%"%1esé Qg‘ﬁrgpf%rstép ggpem ally
as @obpéptidal Hoymbhd, ust zrmat@dlsbyhe&aj,urseselébtoﬁ from the group consisting of tumor

necrosis factor-alpha (TNF-a), IL-1a, IL-18, IL-12 (p40 subunit), IL-16, epidermal growth

factor (EGF), basic fibroblast growth factor (bFGF), acidic FGF, FGF-4 and keratinocyte growth

factor (KGF; FGF-7), and muteins, antagonists, variants, analogs and derivatives thereof.

7. The method of claim 1, wherein said cytokine, chemokine, growth factor or

polypeptide hormone, or antagonist thereof, has a mixed a/p structure.

8. The method of claim 7, wherein said cytokine, chemokine, growth factor or
polypeptide hormone, or antagonist thereof, is selected from the group consisting of neutrophil
activating peptide-2 (NAP-2), stromal cell-derived factor-laa (SDF-la), IL.-8, monocyte
chemoattractant protein-1 (MCP-1), MCP-2, MCP-3, eotaxin-1, eotaxin-2, eotaxin-3, RANTES,
myeloid progenitor inhibitory factor-1 (MPIF-1), neurotactin, macrophage migration inhibitory

factor (MIF) and growth-related oncogene/melanoma growth



provide a readily visualized basis for understanding the potential role of
steric hindrance of protein-receptor interactions by PEGyl ation of
receptor-binding proteins within or adjacent to receptor-binding domai ns of
t hese bioactive conponents. The I? ge volume that is occupied by the highly
extended and flexible PEG strands {Eee Figure 1d) also would sterically
hi nder the association of nononers of certain receptor-binding proteins
into functional honodiners or honotriners, if the PEG were coupled in
regions that are required for interactions between the nononers. Thus, the
targeting of PEGylation to sites that are renote from receptor-bindi ng
r egi;tomﬂamfy actie P {GR O-dMTES A apd puinssSamBOBES edridntbe ahdl &gl ant derivatives

| ation will interfere with the internolecular interactions that are
req er@f for their function. By proceeding in accordance with the nmethod of
this invention, nore of the benefits that are expected from PEGyl ati on of
r ecept or g bimpdi oh el a r |é@ﬂ: T tléghﬁo ates conbi ne
t he expe%tgggb@ﬁg@?tipggﬁpgpPgeggn gﬁ#u |IFT§ﬁﬁ?ﬁ§§g%sed blog%§?|gﬁl|lty,
gr ea@lﬁpep@ﬂamommye, agrd am@mStéereOf, nisusetagtedi Gomy thei glouancansissipeefeatl y hi gh

o bt kbl 8 L olled ool e TiRapats TEREL REFBRGR; ° i S

i nvaRylina TNRaphiuhtagdnyst, anfhGH ﬁtﬂ; dhist and £ pilobiictin be@g@iiqr - bi ndi ng pepti des and
proteins other than cytokines, enoki nes, growth factors and pol ypepti de

hor nones or t hei r n ts, an ot her copjugation reagents. Therefore,
t he scopkl-dfe gt '%Od\f% %ﬁfg% B %fsma%éw%’fdw 4162 -81 invention is not

limted to the enbodi ments described, but is |limted only by the scope of

the clai /B Th¥éHdiRidorefaimvdiviaeih s‘éiﬁ'dyiok'iﬂ% lgﬂelr@érrer&ﬁaz pgadily appreciate
t hat ot her enbodlnents can be practiced w thout departlng fromthe scope of

this i nvent| on. such variations are considered to be part of this
i nvent i ok [hGG!FP*B)ﬁ of[claig Jowhergin ssidcytokinedp { MFapBhgpat ent  appl i cati ons
nentloned inthis specification are indicative of the |level of skill of

those skig '1319 nidtdd ¥ cBlith o @heﬁéﬂf;&s‘iﬂ dyiicine dAV:BBIOR aANE-BIpAS antBEhiskr € herein

|ncorporate by reference’to

14. The method of claim 9, wherein said growth factor is EGF.
15. The method of claim 9, wherein said growth factor is IGF-1.

16. The method of claim 1, wherein said polymer is covalently coupled to the alpha

amino group of said amino-terminal amino acid.

17. The method of claim 16, wherein said covalent coupling of said polymer to said

alpha amino group is via a secondary amine linkage.

18. The method of claim 1, wherein said polymer is coupled to a chemically reactive side

chain group of said amino-terminal amino acid.

19. The method of claim 18, wherein said reactive side chain is selected from the group

consisting of a hydroxyl group, a sulthydryl group, a



C sane extent as if each individual publication, patent or patent
application was specifically and individually indicated to be incorporated
by reference. C -82- WHAT IS CLAIMED IS: 1. A method for synthesi zing
conjugates of one or nore synthetig.water-soluble polyners with a cytokine,
a chenokine, a growh factor or a gofypeptide hor nrone, or an antagoni st

t hereof, that preserves nore of the in vitro receptor-binding potency of
sai d cytokine, chenokine, growth factor or polypeptide hornone, or

ant agoni st thereof, than is preserved when such polyners are randomy
coupl ed, conprising: (a) selecting a cytokine, chenokine, growth factor or
pol ypepti de hornmone in which the amno-termnal amno acid is | ocated
renotely fron1one or nore receptor-binding domains of said cytokine,

(o) SRR el tin i aril, oA RO L BT By S S AR P ™

am no aci d. 2. The method of claim1, wherein said one or nore polyners
i s/ are sél.cddeenkthodficldim 1, yheren ﬂauiwiltslt-!tqhg)le)polmmer isra potyatkybank ghickly | ene
gl ycol s, one or nore pol yal kyl ene oxi des, one or nore polyvinyl alcohols,

one or ol w(vi;n rrolidones one or
nor e pol y{ oxye ?ac{a%g&%@y #’S?‘ﬁ&%@%%% p&galgyl gr%?"l l%%ﬁ%}f%ﬂr%%?cgﬁgﬁ , one or
nOT @ongisting a®f y hoyﬁolméthhlehe nglcolne OmoRdhi@h®GPOlyYTRYIeneOf glogd) OfindTo4 € ani des
and one. or nor al kyl ene oxi des, one or nore dextrans and one or nore
hyaF‘lﬂ“Bcho’ﬁ@Pb’éethﬁenem}éc%t hod of claim1, wherein said cytokine,

chenoki ne, growth factor or pol ypeptide horm)ne or antagoni st thereof, has

a four hebiphebURdhsd Sbff UQLit B, Wherctf SHBA hﬁslysﬂkyﬁh@l Blydo! WoEheinbnpai d
cyt oki ne, cherokine, growth factor or pol ypéptide hdrmone, or antagoni st

t hemegfoxypalystiylene glychDom t he - 83- group consisting of macrophage
col ony-stinmulating factor (M CSF), granul ocyte-nmacrophage

I C3IR t fact |.F
Cir ontropdt erien P "6 i 3h  Niokreid PHAF bRGIRVER - Bikkol %8 shdn s%:a Fi 3
| i ghpdroxgputyisthalehaightdlSM) , an interleukin-2 (I1L-2), IL-3, IL-4, IL-5
IL-6, IL-7, IL-9, IL-10, IL-11, IL-12 (p35 subunit), IL-13, IL- 15, I L-17,

24. The method of claim 20, wherein said polyalkylene glycol has a molecular weight of
between about 1 kDa and about 100 kDa, inclusive.

25. The methed of claim 24, wherein said polyalkylene glycol has a molecular weight of

between about 1 kDa and about 5 kDa, inclusive.

26. The method of claim 24, wherein said polyalkylene glycol has a molecular weight of
between about 10 kDa and about 20 kDa, inclusive.

27. The method of claim 24, wherein said polyalkylene glycol has a molecular weight of
between about 18 kDa and about 60 kDa, inclusive.

28. The method of claim 24, wherein said polyalkylene glycol has a molecular weight of
between about 12 kDa and about 30 kDa, inclusive.

29. The method of claim 28, wherein said polyalkylene glycol has a molecular weight of
about 20 kDa.



an interferon-alpha (IFN-a), an interferon-beta (IFN-0), consensus
interferon, prolactin and growh hornone, and nuteins, antagonists,

vari ants, anal ogs and derivatives thereof. 5. The nethod of claim1l, wherein
sai d cyt oki ne, chenokine, growh factor or polypeptide hornone, or

ant agoni st thereof, has a (3-sheet86r (3-barrel structure. 6. The method of
claimb5, wherein said cytokine, chenokine, growh factor or polypeptide

hor mone, or antagoni st thereof, is selected fromthe group consisting of
tumor necrosis factor-alpha (TNF-a), IL-la, I1L-1(3, IL-12 (p40 subunit),

| L-16, epidermal growth factor (EGF), basic fibroblast growh factor

(bFGF), ae.iTheandttild offdbimi24q dhetod seid polgylkdeny giwkdl hat achaléculd@reightGF- 7) , and
mut ehn% iﬁtagoni sts, variants, anal ogs and derivatives thereof. 7. The

met ABATAP KD#ai'm 1, wherein said cytokine, chemokine, growth factor or

pol ypepti de hornone, or antagonist thereof, has a mxed a/(3 structure. 8.
The net had THe rfiétBddTof clah 8] Whéteindafdl SHyrRpiidEhoraIdABDH dagofiisPiMelrof,agt or or
pol ypeptide hornone, or antagonist thereof, is selected fromthe group
con$¢ledtedh Fowms the graupdiensistingsef prokaetim andypielactie apalpgsathapinimist arantagoniat | - der i ved

fac =]a - : protein-1 (MCP-1),
I\/[:Ptﬂgzrbl{{}ggg é%%t?)g% Jr?;&af’ﬁnéﬁé?%%ﬁ%%d%teﬁ@f@%@r&%%ﬁﬁﬁE& nmyel oi d progenitor
inhibitory factor-1 (MPIF-1), neurotactin, macrophage mgration inhibitory
fact or ( BRHheanethgd ofwtlhimt ¢) wherdincaiogdyyeptidd Amrarvae gorcamtdzonBthesbf, vl at ory

activit i ﬁmal .0qQs and

GRG- 0. | MGSA) . d nut , t ' ; i ,
Gor U1 S 0 gl onst it BT SRR, ir P HOREPER APLSgs PRGN no.

chegpkhigoni QWtDbIbSEAIWiTetls of RbWRERIrndSe HHAf ARNBedifted %pt%gwm Rdrmbher eof , is
selected fromthe group consisting of an interferon-alpha, an

i Nt EeKPOBN- beta, an IL-2, IL-4, |IL-10, TNF-al pha, | GF-1, EGF, bFGF,

i nsulin, a TNF-al pha antagoni st, an hGH antagoni st and a prolactin

t i 110 t f j 0] id.cyt gkij i IL-2. 11.
?’Eeagrg?kg% %t?e éqegl{b% gF {}\'ﬁﬁ& ! wﬁér@“fnmszg &flﬁé,nc}%%&rféy Wi ﬂ‘ic??ra'ar

eréin sad cgt Ine’is an i nterferon-al pha. 12.
The pobpbmdcohomiamemd, anthgomist nthemiof] Gy tselectad fremTiie grguipa.coddstinghef met hod of
clain1%, mh@rgin §ﬁ$d.c&%okine nt agoni st .i s g}TNF:alpha antagoniﬁt. 14.
The MAE§HSSY'ated cFryfhrprpieti @nd; sy Quorgiehin o apalogsa thap  mirdic ey antagortize, thgp oy of
cl aipBISicaMBaE@é Hf @Hhebpalcniiht hRGh&iatkSby Eythtopoldin rdéiptorgt hod of claim 1,
wherein said polyner is covalently coupled to the al pha

34. The method of claim 1, wherein the coupling of said polymer to said cytokine,
chemokine, growth factor or polypeptide hormone, or antagonist thereof, at said amino-terminal
amino acid mimics the beneficial effects of glycosylation or hyperglycosylation of said cytokine,

chemokine, growth factor or polypeptide hormone, or antagonist thereof.

35. The method of claim 1, wherein said in vitro receptor-binding potency is measured by
one or more methods selected from the group including ultracentrifugation, cell-based assays,
competitive binding assays, radioreceptor assays, surface plasmon resonance and dynamic light

scattering.

36. A conjugate produced by the method of claim 1.



am no group of said am no-termnal amno acid. 17. The method of claim 16,
wherein said coval ent coupling of said polynmer to said al pha amno group is
via a secondary am ne |inkage. 18. The nethod of claim11, wherein said
polymer is coupled to a chern'cally8 eactive side chain group of said

am no-term nal am no acid. 19. Thé®fethod of claim 18, wherein said reactive
side chain is selected fromthe group consisting of a hydroxyl group, a
sul f hydryl group, a -85- guanidino group, an imdazole group, an am no
group, a carboxyl group and an al dehyde group. 20. The method of claiml,
wherein said water-soluble polyner is a polyal kyl ene glycol. 21. The nethod
of cl ai m320A phareraceuticalagothnositipn icumpprsieg opeyerahone of sl eomjugdtes 06 plainnd6 gr oup
consi st f a,poal t hyl ol.).. .a monomet hoxypol y(et hyl ene gl ycol)
and agé%r%%o ?/r P ngﬁé%@]fgq%%l@tgﬁ%%’3‘/%%)*?? DF MY Re met hod of claim 21, wherein
sai d pol yal kyl ene glycol is a nono- nethoxypol y(ethylene glycol). 23. The
met hod of38cA abnjugdte cammerising asaakineo byhbmypkiagea glopab lfadter @ arpolgpeptide

hydr oxypol y(et hyl ene gl ygol ). 24. The net hod of claim?20, wherein said

pol J@Fﬁ%eeﬁé PYiazepist Hitedod, FRiplad o Preyr grere opnthshe Weater-solthig PRIYRISES. and about
100 viafdRein 53¢ Lytdkine, ch%énokfﬁ?,g%{?ﬁo}{‘ﬁgto%r ml?ﬁegﬁaélhoﬁﬁm o inBAbhisPRbiad Kyl ene

glycol has a mol ecul ar wei bet ween about 1 kDa and about 5 kDa,
i ncliug¢lented £8. itsTmembenshipdinaghe graipneeecepiprelrinding padteinp @ahg glokypeptidss gh ycol has

a l,equl, ar ight .o et ween_ about, 10 Kk and_ about 20 k i.ncl usi ve. 27.
The AR R0 PR pmi A58 s RRRI rBBp ST ROPer@™Gl ol ke iRBhEC L o

wei glainaiik and etheesm ssil @k ok IndeBpoBmtbralitué calplddR, said &hiiRiteenind&minde met hod
of claim 24, wherein said polyal kyl ene glycol has a nol ecul ar wei ght of

bet #8¥n about 12 kDa and about 30 kDa, inclusive. 29. The method of claim
28, wherein said polyal kyl ene gl ycol has a nol ecul ar weight of about 20

ﬁDDT"eCL Fg?9.3v\g}egcht ﬁiogfﬁﬁté'fchqlaiﬁlf%(flvmef@ir?éaid Whe b s pol9meR! ¥atdklena minycol has a
the group consisting of one or more polyalkylene glycols, one or more polyalkylene oxides, one
or more polyvinyl alcohols, one or more polycarboxylates, one or more poly(vinylpyrrolidones),
one or more poly(oxyethylene-oxymethylenes), one or more poly(amino acids), one or more
polyacryloylmorpholines, one or more copolymers of one or more amides and one or more

atkylene oxides, one or more dextrans and one or more hyaluronic acids.

40. The conjugate of claim 38, wherein said cytokine, chemokine, growth factor or

polypeptide hormone, or antagonist thereof, has a four helix bundle structure.

41. The conjugate of claim 40, wherein said cytokine, chemokine, growth factor or
polypeptide hormone, or antagonist thereof, is selected from the group consisting of macrophage
colony-stimulating factor (M-CSF), granulocyte-macrophage colony-stimulating factor
(GM-CSF), leukemia inhibitory factor (LIF), thrombopoietin (Tpo), an erythropoietin (EPO),
stem cell factor (SCF), Fit3 ligand, oncostatin M (OSM), an interleukin-2 (IL-2), IL-3, IL-4,
IL-5, IL-6, IL-7, IL-9, IL-10, IL-11, IL-12 (p35 subunit), IL-13,



about 30 kDa. 31. The nethod of claim4, wherein said pol ypeptide hornone,
or antagonist thereof, is selected fromthe group consisting of prolactin
and prolactin analogs that m mc or antagonize the biological effects of
prolactin that are nediated by proé&ctin receptors. 32. The nethod of claim
4, wherein said pol ypeptide hornon&? or antagoni st thereof, is selected
fromthe group consisting of growth hornone and growth hornone anal ogs t hat
mmc or antagonize the biological effects of growmh hornone that are

medi ated by growth hornone receptors. 33. The nethod of claim4, wherein
sai d cyt oki ne, chenokine, growh factor or polypeptide hornone, or

ant agoni st thereof, is selected fromthe group consisting of

nongl ycosyl ated erythropoietin and erythropoietin analogs that mmc or

oy AR OplrAl i gt e, SndbirSh el DFRCAY con@naineREtasoup i ny of

sai grltinRid ERWIRI HdrnG¥h kindemutehRE ARaLAHIsts, VAW, fARDEY aRd deRlMRept i de
hor none, or antagoni st thereof, at said amno-termnal™ amno acid mmcs

t hethssepdf i ci al effects of glycosylation or hypergl ycosyl ation of said
cyt oki ne, chenokine, growh factor or pol ypeptide hornone, or antagoni st

t her eof . e L6 3 ai : reikn.sai d pn vitr r - bi ndi ng
pot ency ﬁg%r?gagﬁ#‘%{éggg C%El%%g? I‘}Jrir?b‘?gmen \én%tﬁ hads nzeglchg{nggﬁﬁk ¥ é’%“%‘ﬁgﬁ‘g?‘gﬁf)

i nclpolypemida homamendr antaggaiti thereof; Bhd a Pakeedod-bayd struaorgpet i ti ve bi ndi ng
assays, radioreceptor assays, surface plasnon resonance and dynam c |ight

scattering..,36. A conj te produced by the . nethod of claim1, -87- 37. A
phar rraceg?'i]aﬁl CW&PF%&WégnﬂS‘F’ﬁ%@a‘%nﬂnﬁ?nmmﬁ ‘_“thmé‘ﬁ j Tagar 85 of claim
36 PBRp&iRe HorMBAE (Rhﬁﬁ@ﬁﬁﬂﬁﬁe‘i&iﬂ % ﬁ:@&?egt ﬁ&h%h@@bnﬂj %&]Es‘i"stiﬂé F&umbers. 38. A

conj ugat'e conprising a cytokine, a chenokine, a growth factor or a
pol ypapsis dectorhapho (ENFear), dotlagdihilft [kHar(edd submmig)l Hd16,0epideemalr growitle

synt.het i er.- sol ubl e pol S erei.n [ yt oki.ne,. chenoki ne, grow h
F nc atord POl bgie SBraRtEsh bR Belog G ctsotie BT, Raf o KeFinBEREBIRT f or 11
Menyei &K, RGFIB, fidathieidt, anfigembes, vabiameli aglops fldedenivaiitd tiedarpept i des in
which the am no-termnal amno acid is |ocated renotely fromone or nore
recept or-bi ndi ng, donmai ns and wherein said one or npre polyners is/are
coupl ed b Hgi eprduEalo Of stam 381 WAwsieip saidceyokine, chemokine, growth factor or

polypeptide hormone, or antagonist thereof, has a mixed a/p structure.

45, The conjugate of claim 44, wherein said cytokine, chemokine, growth factor or
polypeptide hormone, or antagonist thereof, is selected from the group consisting of neutrophil
activating peptide-2 (NAP-2), stromal cell-derived factor-loe (SDF-1a), IL-8, monocyte
chemoattractant protein-1 (MCP-1), MCP-2, MCP-3, eotaxin-1, eotaxin-2, eotaxin-3, RANTES,
myeloid progenitor inhibitory factor-1 (MPIF-1), neurotactin, macrophage migration inhibitory
factor (MIF) and GRO/melanoma growth stimulatory activity (GRO-0/MGSA), and muteins,

variants, analogs and derivatives thereof.

46. The conjugate of claim 38, wherein said cytokine, chemokine, growth factor or
polypeptide hormone, or antagonist thereof, is selected from the group consisting of an

interferon-alpha, an interferon-beta, an IL-2, IL-4,



39. The conjugate of claim 38, wherein said one or nore polyners is/are
selected from the group consisting of one or nore polyal kyl ene glycols, one
or nore pol yal kyl ene oxi des, one or nore polyvinyl alcohols, one or nore
pol ycar boxyl at es, one or nore poly(vinyl pyrrolidones), one or nore

pol y( oxyet hyl ene- oxynet hyl enes), Qgg_or nore poly(am no acids), one or nore
pol yacryl oyl nor phol i nes, one or noré copolyners of one or nore am des and
one or nore al kyl ene oxi des, one or nore dextrans and one or nore

hyal uroni ¢ acids. 40. The conjugate of claim 38, wherein said cytokine,
chenoki ne, growth factor or polypeptide hornone, or antagonist thereof, has
a four helix bundle structure. 41. The conjugate of claim40, wherein said
cyt oki ne, chenokine, gromh factor or pol ypeptide hornone, or antagoni st
thereof, is selected fromthe group consisting of macrophage

col ' I 1Rk r : I - h ol ony-stimul ating
fac?%?owk@%@ g,ﬁ%bﬁﬁﬁﬁ {ng?l}ﬁ/ acp'? glié&ﬁfglﬁ—rﬁrﬁ?%oﬁ%%n@%rg?gti n (Tpo), an
erythropoietin (EPO, stemcell factor (SCF), F1t3 ligand, oncostatin M
(08M), af7iThespniveatt af daim 46, Wherein sadd cytokide is anllL®,. [L-6, IL-7, 1L-9, IL-1 0,
IL- 11, IL- 12 (p35 subunit), 1L-13, -88- IL-15, IL-17, an interferon al pha
(IFN-a), j F nsensus _jinterferon, prolactin and
growt h hggm{ﬁgﬁ%ﬁéﬁﬂ‘flgﬁ&’u&ﬁ érég%(li gjﬁ%’m%grain%tg ?roﬁﬁzqhggs and derivatives
thereof. 42. The conjugate of claim 38, wherein said cytokine, chenokine,
growt h f 42tTde conjugpobigdaipt 46 evhemimmidcytokinaistBgonlpgt. t her eof, has a (3-sheet
or (3-barrel structure. 43. The conjugate of claim42, wherein said

cyt oki ne i ne owt.h f.actor or polypeptide hornmone, n{ agoni st

t her eof , 592&& Aé&'fgéqu g?o%%lf"hég’grwg'ﬁﬁ"béﬁ'@i %%F‘ﬂﬁe %[gﬁH’BY 18 ﬁe%ﬁ%@ﬁq act or

al phatagobie-a), I1L-la, 1L-1(3, I1L-12 (p40 subunit), |L-16, epidermal growth
factor (EGF), basic fibroblast gromh factor (bFGF), acidic FG, FG--4 and
kerat i nogyéﬁﬁ%r owt h I_ac,t or (KGF, FG--7), and nuteins, antagonists,
vari ant s -dR5ICoYYEaH AT claim Yo heesdn saberepth fagier isiaF.conj ugat e of cl ai m 38,
wherein said cytokine, chenokine, growh factor or polypeptide hornone, or

ant agoni s4. THRe6GAkate BAGaim 48, ¥ifdreh] Lot BoLMERIOR s 1EF-1.The conj ugate of clai m
44, wherein said cytokine, chenokine, "growh factor or polypeptide hornone,

or antagoni st thereof, is selected fromthe group consisting of neutrophil
acti vat i ity Thepeniggate of dapn 38, whergigraaid padymerdis cpvalentlyaeoupled|te thesmphd a) , | L- 8,

ren(;?g@ﬁ%}?mﬂﬂi@l%&m@h%ia&é (MCP-1), MCP-2, MCP-3, eotaxin-1,

eot axl n-

54. The conjugate of claim 53, wherein said covalent coupling of said polymer to said

alpha amino group is via a secondary amine linkage.

55. The conjugate of claim 38, wherein said polymer is coupled to a chemically reactive

side chain group of said amino-terminal amino acid.

56. The conjugate of claim 55, wherein said reactive side chain is selected from the group
consisting of a hydroxyl group, a sulfhydryl group, a guanidino group, an imidazole group, an

amino group, a carboxyl group and an aldehyde group.

57. The conjugate of claim 38, wherein said water-soluble polymer is a polyalkylene

glycol.



nyel oid progenitor inhibitory factor-1 (MPIF-1), neurotactin, macrophage
mgration inhibitory factor (MF) and GRO nel anoma growth stimulatory
activity (GRO-a/ MSSA), and nuteins, variants, anal ogs and derivatives

t hereof. 46. The conjugate of cl airrghB& wherein said cytokine, chenokine,
growm h factor or polypeptide horiohé, or antagonist thereof, is selected
fromthe group consisting of an interferon-alpha, an interferon-beta, an
IL-2, I1L-4, -89- IL-10, TNF-al pha, 1G-1, EG-, bFGF, hGH, insulin and

prol actin, and antagonists thereof. 47. The conjugate of claim 46, wherein
said cytokine is an IL-2. 48. The conjugate of claim46, wherein said

cyt oki ne SBsThencanjugatef of olairm bphehereiagsaidrpelyalbpleng glysobis sdletat #6m thter ei n

sai d_ cvtokine is INF-al pha, 50., The conjugat.e of .c]ai m 46 rei.n said
R S R TG 8 U o G N
46, mdiehadroxypalyettylond slyédxtor is EG-. 52. The conjugate of clai m 46,
wherein said growmh factor is G- 1. 53. The conjugate of claim 38, wherein

said polyner is covalently coupled to the, al pha .am nqg group of said
ai now ek Fhe ComivEge ek ddlagmse T CEEdh] i?gdat@qﬁflkﬂ%ﬁ el o dPaOs ai

COVgh&Mixyp YRy MheQlycdfi d pol ymer to said alpha amino group is via a
secondary am né |inkKage. 55. The conjugate of claim 38, wherein said pol yner
is coupled to a chemically reactive side chain group of said am no-term nal

ami no acitf. Tis6. convgateonf uglameShf vdieesin S PatEsllyienes gliFol oot Vet de chai n
IS %S,hl%%goq‘é%{hgmngEgcgl&oup consi sting of a hydroxyl group, a sulfhydryl
group, a-guani dino“gr

oup, an imdazole group, an am no group, a carboxyl
group and an al dehyde group. 57. The conjugate of claim 38, wherein said
wat er - sol6lbTle qajugaerofictaim SJowhedelaydaehpolyalkylemd glyed(ras 58nolddudar varighngat e of

claimb57, erein_sai ol | en | ycol is selected fromthe group
consq%te'“ﬁﬁn%ougll %ﬁﬂgﬁﬁ%tiﬁi%?’)}ﬁgﬁlﬁ‘fa’a nmononet hoxypol y( et hyl ene gl ycol)
and a nonohydroxypol y(ethyl ene glycol). 59. The conjugate of claim 58,
wher ei n $2i Thed@njisateydfeM8ma 1y GhkreinSsadd palpslkylene glycol has a molecular weight

of between about 1 kDa and about 5 kDa, inclusive.

63. The conjugate of claim 61, wherein said polyalkylene glycol has a molecular weight

of between about 10 kDa and about 20 kDa, inclusive.

64. The conjugate of claim 61, wherein said polyalkylene glycol has a molecular weight

of between about 18 kDa and about 60 kDa, inclusive.

65. The conjugate of claim 61, wherein said polyalkylene glycol has a molecular weight

of between about 12 kDa and about 30 kDa, inclusive.

66. The conjugate of claim 65, wherein said polyalkylene glycol has a molecular weight

of about 20 kDa.

67. The conjugate of claim 61, wherein said polyalkylene glycol has a molecular weight

of about 30 kDa.

68. The conjugate of claim 40, wherein said polypeptide hormone, or antagonist thereof,
is selected from the group consisting of prolactin and prolactin analogs that mimic or antagonize

the biological effects of prolactin that are mediated by prolactin receptors.



met hoxypol y(et hyl ene glycol). 60. The conjugate of claim58, wherein said

pol yal kyl ene glycol is a nono- hydroxypol y(ethylene glycol). 61. The
conjugate of claimb57, wherein said polyal kyl ene glycol has a nol ecul ar

wei ght of between about 1 kDa and ?bout 100 kDa, inclusive. 62. The
conjugate of claim61l, wherein sard pol yal kyl ene gl ycol has a nol ecul ar

wei ght of between about 1 kDa and about 5 kDa, inclusive. 63. The conjugate
of claim 61, wherein said polyal kyl ene glycol has a nol ecul ar wei ght of

bet ween about 10 kDa and about 20 kDa, inclusive. 64. The conjugate of claim
61, wherein said polyal kyl ene glycol has a nol ecul ar wei ght of between
about 18 6% Jheamndjugite wi cBim KBawhéreial sasl podypeptide Hdrmooenjr agtpenistftherbafi m 61,

wher. ei ' | Kyl gl | h | | i ght of het bout 12
ke i leah PRt ste ERGITEbVE eraet Rlione At upR R OTIO8 ABSES ARbr oi - Sai d
pol yidhky be AftagdnifOthe GislogicADLEEH 8f gt Norm&ie BlaPute Medisled- bybdrowline

conj ugate of claim®6l, erein sai d pol yal kyl ene glycol has a nol ecul ar
wei diRmongfreegpt 30 kDa. 68. The conjugate of claim 40, wherein said
pol ypepti de hornone, or antagonist thereof, is selected fromthe group

consi sti ' g r S I=1g) t 3 ize the
bi ol ogi CZ?' ’gief gi“?&sg% % bgrcgﬁgé? i géh?%dt @graeakn@g?eét%ghggi ng]r gfog@l[l ?ﬁét?lgggpt ors.
- 91 poBpeptifke haromjnag aire anthganiisai therkOf, whetlectad sfom el ygpeupt icdasistgnofie, or

tagoni st thereof is selected fromth i sting of h h
and PEPEE HISH o ERroRl By @nd S IROIRTE Bretoa Bbrinaue Mo WR8PBET diF e f ect s

of  Gidgithl BEEIPHEritARIpoRtif tHHR dicah &ty bdérgikdboidiirBRpRIrs. eceptors. 70. The
conjugate of claimd4l, wherein said cytokine, chenokine, growh factor or

pol ypeptide_hornpne, or antagonist thereof, is selected fromthe group

consi sti Ag Br conpiggieylodymaide pvhererm theotrypling Af a¥d polxpeste paidetyiokittnal ogs

t ha 1 [0 i s 1.0l | r ketknythat are
o oA R U Bl R nOR, O pniEgri (e P EL "herein
t he aooupddidopiroics sei tbnefidial reffects of glycakylayivw ki meperglydveylatiomet sagh geaking act or or

pol %Reerﬁctyléirqg gpo%\rrtﬂ?z?c?dr ocr)rpoﬁzgctep%%%%B%OJePgrra%ggbnigtt thgr%})f.j am no- ter m nal

72. A pharmaceutical composition comprising the conjugate of claim38 and a

pharmaceutically acceptable carrier or excipient.
73. A kit comprising the pharmaceutical composition of claim 37.
74. A kit comprising the conjugate of claim 38.
75. A kit comprising the conjugate of claim 40.
76. A kit comprising the pharmaceutical composition of claim 72.

77. A method for synthesizing conjugates of one or more synthetic water-soluble
polymers with a cytokine, a chemokine, a growth factor or a polypeptide hormone, or antagonist
thereof, that preserves more of the in vitro receptor-binding potency of said cytokine, chemokine,
growth factor or polypeptide hormone, or antagonist thereof, than is preserved when such

polymers are randomly coupled, comprising:



amno acid mmcs the beneficial effects of glycosylation or

hyper gl ycosyl ati on of said cytokine, chenokine, growh factor or

pol ypepti de hornone, or antagonist thereof. 72. A pharmaceutical conposition
conprising the conjugate of claim38 and a pharnmaceutically acceptable
carrier or excipient. 73. A kit cogprising the pharnmaceutical conposition of
claim37. 74. A kit conprising the conjugate of claim38. 75. A kit
conprising the conjugate of claim40. 76. A kit conprising the

phar maceut i(g)al setenmipgsd titokinef clidnkife/ Frowil - fablon®k ally deplides WointtRg) 3t Ng

conj ugat es of one or re synthetic water-soluble polypers with a cytokine,
a chenoki ne, a2YfeRRsh thererforn gyhich gdiasalbt perairmvg ob genctisally spaigessedst

thereof, thal phEsslaieh dR'R RlcakliCrelBiel} o 'FHECH Horb! MARGLHRRAGENCY Of
sai d cyt oki ne, “Chermokine, growth factor or po ypeptlée hophnne,

ant agoni st t hedendins ohsid ¢oking shemakinepgsrwib fiadtor qupbiypeptidedioemomsendon y

coupl ed, conprising:. -92- .(a) selecting a cytokine, chenokine, growth factor
or polypeptideaﬁ%ﬁﬁﬁ%gP“§ﬁzﬁhtagonist thereof, in which a naturally
occurring or genetically engineered glycosylation site is |located renotely
from one orbyoesupliag efitl ohe bt moienNdlyrkasadlagivelly t6 84id ghicbSHatiA, sit beKi ne,
grow h factor or polypeptide hornone, or antagonist thereof; and (b)
coupl i ng sai d E#koydratemeichatipghedthereloect i vel y to said gl ycosyl ation site or
to a carbohydrate noiety attached thereto. 78. The nethod of claim 77,

wher ei n 3&ithe QREhQS o Bifh POMNERISsAiB bR & MbleGolyRikrf AR tdiEctefrGHRREONSI Sti Ng

of one or nore polyal kyl ené glycols, one or nore polyal kyl ene oxi des, one or
mor @rquplcpndisiiplg cdlose lkeomore pelgalkylempglzcqlslope ar oy pelyakkylens exides, one er

I [ nyl I : I hyl - Ayl :
ror H8 PRI Bebte a5t or aR0F Rl BOuRS S O oot Gy PRI s8Y rore”

COpOheyI@Errﬁor@fpomexﬁthyﬁﬁhé%xgmbﬁlﬁ&n@lﬂd)n@ftﬁ? méregpﬂﬂanﬁﬂd(ﬁéiﬂs)eor@(bldﬂﬁ)re one or
nore dextrans and one or nore hyaluroni¢c acids. 79. The nmethod of claim 77,
whePeiyacrEleynarpiohine s one Hempie; ¢ipolygreswPh Ops Of gRorg amigdes §5epas 8 M95F none, or

ant %@c?l%hé%xiﬁ&%ﬁ@(fmm&%?le?tr%@%d%%ﬁnﬁgﬂgagﬁroﬁfcrdéﬁiﬁwe- 80. The method of

claim 79, wherein sald cytokine, chenoki gromh factor or polypeptide

hornone, or antagoni st thereof, is selected fromthe group consisting of
macr ophad@® The method of claim 77, wherein said cytokine, chemokine, growth factor or

polypeptide hormone, or antagonist thereof, has a four helix bundle structure.

80. The method of claim 79, wherein said cytokine, chemokine, growth factor or
polypeptide hormone, or antagonist thereof, is selected from the group consisting of macrophage
colony-stimulating factor (M-CSF), granulocyte-macrophage colony-stimulating factor
(GM-CSF), leukemia inhibitory factor (LIF), thrombopoietin (Tpo), an erythropoietin (EPO),
stem cell factor (SCF), Flt3 ligand, oncostatin M (OSM), an interleukin-2 (IL-2}, IL-3, IL-4,
IL-5, IL-6, IL-7, IL-9, IL-10, IL-11, IL-12 (p35 subunit), IL-13, IL-15, IL-17, an interferon
alpha (IFN-a), an interferon beta (IFN-B),



colony-stinul ating factor (M CSF), granul ocyte-nmacrophage col ony-stinul ating
factor (GWCSF), |leukema inhibitory factor (LIF), thronbopoietin (Tpo), an
erythropoietin (EPO, stemcell factor (SCF), FIt3 ligand, oncostatin M
(GsM, an interleukin-2 (IL-2), IL-3, IL-4, 1IL-5 IL-6, IL-7, IL-9, IL-10,
IL-11, IL-12 (p35 subunit), IL-13; 9%1- 15, IL-17, an interferon alpha
(IPFN-a), an interferon beta (IFN-(3), -93- consensus interferon, prolactin
and growt h hornone, and nuteins, antagonists, variants, analogs and
derivatives thereof. 81. The method of claim 77, wherein said cytokine,
chenoki ne, growth factor or polypeptide hornone, or antagonist thereof, has
a (3-sheet or R-barrel structure. 82. The nethod of claim8l, wherein said
cytoki ne, chenokine, growh factor or polypeptide hormone, or antagoni st

thereof. is.sele te from.ihe consi stin necrosis factor

ol R TerS gt i o o B S, PorpuoHTRt. aR S aan  or owe

f actand ddrisayes thasdfc fi br obl ast growth factor (bFGF), acidic FG-, FGF-4 and

keratinocyte growh factor (KGF; FG--7), and nuteins, antagonists,

vari ants al og nd d i vatives . thereof. 83. The nethod of cI aim77,

wher e| n §]aaﬂ‘ @‘98 r?%ku%re"grsa\f& AYtpking.o Fhegpokingy | STAWRR ifREoreE mone, or

ant botide WBSE RS or 24 e net hod of claim 83,
pZth cyt ok?rneﬁﬁoﬁg{n%iégf ?és(f%al}‘{?’[‘ ﬁ%%{elgﬁ}uag%l ypepti de hornone, or

ant agonl st thereof, is selected fromthe group consisting of neutrophil

act i vati sl Tﬂepn'ietldec)t( NM?HB)I vdterahmhidceﬁbkidar blmnbldim;tgmwtla f§BBFot a), 1L-8,

tt t t 1,
Dot D5 heesidd TERRhe, & MriibnBEMereell i {elfclsrioiomi B U e BT RS S diF 1
( MPhEerddis R4 QpAE (TRF-dYREL qahqng B 2t (Hhem ShWMtR[%LQ'IW eﬁimalr gloWktt) and
GRA nel anoma growt h stlrrulatory act|V|ty( , and nut éi ns,

://war |fa1:|tnr§EG§hé2la$Jg é'lbaqbdilstjg]owﬂafapme &SRB asadic Fgﬁ FGRea mtkﬂ’!ﬁﬂmgf-ytg mrh, ih 77,
an'?ggclgﬂ-l( F’?E@% Iaei\'f‘lltglgg Flggl? ?tS qafl %{cg goando JCI'IV (i)\}eg F&?e?% f! ﬁ ornone, or

i's se r’om ConSIS Ing o
|nterferon al pha, an i nterferon-beta, an IL 2, 1L-4, 1L-10, TNF-al pha,
| GF- |, E@¥., TheFadethod Gbi cla}imdﬂamtieremisashlcymkina,ndhmlagz)n'gmm tthatoreof . - 94-
86. The net hod of cl aim 85, wherein sai c tokine is an IL-2. 87. The net hod
of @PiPeALiElS houpRieepTANEgORISEhersRE, Aas 3 Mixed o/ SEIfEEoN- al pha.

84. The method of claim 83, wherein said cytokine, chemokine, growth factor or
polypeptide hormone, or antagonist thereof, is selected from the group consisting of neutrophil
activating peptide-2 (NAP-2), stromal cell-derived factor-la (SDF-1c), IL-8, monocyte
chemoattractant protein-1 (MCP-1), MCP-2, MCP-3, eotaxin-1, eotaxin-2, eotaxin-3, RANTES,
myeloid progenitor inhibitory factor-1 (MPIF-1), neurotactin, macrophage migration inhibitory
factor (MIF) and GRO/melanoma growth stimulatory activity (GRO-o/MGSA), and muteins,

variants, analogs and derivatives thereof.

85. The method of claim 77, wherein said cytokine, chemokine, growth factor or
polypeptide hormone, or antagonist thereof, is selected from the group consisting of an
interferon-alpha, an interferon-beta, an IL-2, 1L-4, IL-10, TNF-alpha, IGF-1, EGF, bFGF, hGH,

prolactin, insulin, and antagonists thereof.



88. The nethod of claim85, wherein said cytokine is TNF-al pha. 89. The

nmet hod of claim 85, wherein said cytokine antagonist is a TNF-al pha
antagonist. 90. The nethod of claim85, wherein said growth factor is EG-.
91. The nethod of claim 85, mhere;g said growth factor is 1G-1. 92. The
met hod of claim 77, wherein said v %ér-soluble pol ymer is a polyal kyl ene
glycol. 93. The nethod of claim92, wherein said polyal kyl ene glycol is
selected fromthe group consisting of a poly(ethylene glycol), a

nononet hoxypol y(et hyl ene glycol) and a nonohydroxypol y(et hyl ene gl ycol).
94. The nethod of claim93, wherein said polyal kyl ene glycol is a nono-

net hoxy p8f-yithemmahadrnf clpim 83| wherein saifieatokineinen BF2cl ai m 93, wherein said

pol yal kyl ene glycol is a nono- hydroxypol y(ethyl ene glycol). 96. The net hod

of cl ai ; i LG5 d oy . } cul ar wei ght of
betmeenngﬁgwf 1 (%Eﬂg%@hggbﬁbﬁﬁ%gﬂfggﬁkgkﬁf%LP&%&“%V&B#Ee met hod of cl aim
96, wherein said pol yal kyl ene gl ycol has a nol ecul ar wei ght of between
about 1 E®Ihgmtthddnficlaimi8Bawhéreinlsaidioytwkingds TIRez/piet hod of cl ai m 96, wherein
sai d pol yal kyl ene gl ycol has a nol ecul ar wei ght of between about 10 kDa and

about 20 I i 9 9. . t . Gl ai i n,said
pol yal kypgﬁeéﬂl %Aﬁ ﬁ]égmasshgpggﬁlsg;rﬁrb&;ﬂ ghe'tZIB %#&I"Btel% \%/elrteiqr%:52 ‘glgg%\%}ﬁﬁ@h!}ba and
about 60 kDa, inclusive. 100. The nethod of claim96, wherein said

pol yal kyberiheghetiosl of cidmaSnwheremlsard grewthifactorat EGEFt ween about 12 kDa and
about 30 kDa, inclusive. 101. The nethod of claim100, wherein said

pol yal ky | yco S nol ecul ar, wei of ut 20 kDa. 102. The net hod
of clai mb Sgﬁe\?%%?"éﬂ ﬁ%&?@sp‘é’kvgﬁnﬁ%degﬁ%wﬁ%%ﬁ 18 P@gﬂa nol ecul ar wei ght  of
about 30 kDa. 103. The met hod of claim 77, wherein said pol ypepti de hornone,

or ant agoniTe nidilesdesticlaimi 77, shéremtseid Watarrsolubic gl is apslyalkylkge glycglr ol actin
and prolactin analogs that mmc or antagonize the biological effects of

prol actip_that e i.,ated by prolactin receptors. 104. The method of claim
570 wher Bttean el Phianbni SiEBuURSTsI i selfisc BT e g0
consisting of a poly(ethylene glycol), a monomethoxypoly(ethylene glycol) and a
monohydroxypoly(ethylene glycol).

94, The method of claim 93, wherein said polyalkylene glycol is a mono-

methoxypoly(ethylene glycol).

95. The method of claim93, wherein said polyalkylene glycol is a mono-

hydroxypoly(ethylene glycol).

96. The method of claim 92, wherein said polyalkylene glycol has a molecular weight of
between about 1 kDa and about 100 kDa, inclusive.

97. The method of claim 96, wherein said polyalkylene glycol has a molecular weight of

between about 1 kDa and about 5 kDa, inclusive.

98. The method of claim 96, wherein said polyalkylene glycol has a molecular weight of

between about 10 kDa and about 20 kDa, inclusive.



is selected fromthe group consisting of growh hornone and growth hornone
anal ogs that mmc or antagonize the biological effects of growh hornone
that are nediated by growth hornone receptors. 105. The nethod of claim 77,
wherein said cytokine, chenokine, ow h factor or polypeptide hornone, or
ant agoni st thereof, is selected fromthe group consisting of

nongl ycosyl at ed erythropoietin and erythropoietin anal ogs that mmc or

ant agoni ze the biological effects of erythropoietin that are nedi ated by
erythropoietin receptors. 106. The nethod of claim 77, wherein the coupling
of said ol_lyrrer to said cytokine, chenokine, growh factor or polypeptide
hor none, 998rThermeetbesholselaim 6, edkereimsaid polyidkylesaglgcol dlay e asylecatar oveight b€ or si t es
m m Nl f of .al.ycosyl ation or hyperglycosyl ati on of

sai 39@;%@%0212??%?%%0 ?bﬁoél?ggffﬁé%t'ﬁdgsé%e(or or pol ypepti de hornone. -96- 107. A
conj ugate produced by the nethod of claim77. 108. A pharnaceuti cal

conposi t 1%h Thenpethed of clame 96, wineie saitl gobyallgdsie diiob kaDd motdcalamwkht and one
or har,maceut.i cal acce bl e excipients or carriers. 109. A conjugate
corrg’%%"ﬁﬂ’ @Oﬁym%%’ﬁ%’o&m’?% Bt a chenpki ne or a pol ypepti de

hor nrone, or antagoni st thereof, coupled to one or nore synthetic

wat er - soll ol Enebth6® 65claimM6Y, hBrefradail fo1yaIky1a% gl¢ad Makh AfdlectlapWelpnf act or or
ponEeptide hor mone, or antagoni st thereof, is Selected for its nenbership
i n Ohabayt 84kDaf recept or - bi ndi ng proteins and pol ypeptides in which a

gl ycosylation site is |located renotely fromone or nore receptor-binding

domai ns a0l THNRERDA o Blafin 985w irei WS i ff near one
or nore glycosylati orcl) siat es ’orﬁk{rgm%ﬁcﬁabwgo yé‘?aétlygoﬁ%%e%&lﬁgétcﬁgéﬁ}gﬁﬂg her et o.
110 of ateat 3dkPagat e of cl ai m 109, wherein said one or nore polynmers is/are
selected from the group consisting of one or nore polyal kyl ene glycols, one

or nore yal k xi.de ne . or..nmore pol yvinyl al cohols ne or nore
pol ycar bilgg()jyl a ee%%tﬁgﬁgpglra lng?’ewolbe(S?'?(S@lfir%? FyWEtf‘J(ﬁyl?Oé@ﬁ@%)o,r an ﬁ%mgrtg%?ée)

pol yy selegr fydnethe-geoupabivlig & rolaciitcand protedti Rlogs aink AimacdrdmlagoMpe or nore
pol ){acr_yl oyl rrgfrphol i n?s_ one or npre copolyners of one or nore am des and
one thsrbiolggical efferts PEpRoTastin that are spediated byorralagindecemiersand one or more

hyal uroni ¢ acids. 111. The conjugate of claim 109, wherein said cytokine,

cheroki negs oTiRWhBiLb@6F ain®177, WIRKYiR IR 6 pRAEREmoRE, ﬁ%@g}&ﬂ&%ﬁe&&er eof , has

a four helix bundle structure. 112. The "Cohjugate of claim 111, wherein said
cyt drk belectedc fremothic rgEQURy CONAShHing adtgsewihr hormone and growth hormone analogs that

mimic or antagonize the biological effects of growth hormone that are mediated by growth

hormone receptors.

105. The method of claim 77, wherein said cytokine, chemokine, growth factor or
polypeptide hormone, or antagonist thereof, is selected from the group consisting of
nonglycosylated erythropoietin and erythropoietin analogs that mimic or antagonize the

biological effects of erythropoietin that are mediated by erythropoietin receptors.

106. The method of claim 77, wherein the coupling of said polymer to said cytokine,
chemokine, growth factor or polypeptide hormone, or antagonist thereof, at or near said
glycosylation site or sites mimics the beneficial effects of glycosylation or hyperglycosylation of

said cytokine, chemokine, growth factor or polypeptide hormone.



pol ypepti de hornone, or antagonist thereof, is selected fromthe group

consi sting of nmacrophage colony-stinulating factor (M CSF),

granul ocyt e- macr ophage col ony-stinulating factor (GWCSF), |eukema -97-
inhibitory factor (LIF), thronbopo[egti n (Tpo), an erythropoietin (EPO, stem
cell factor (SCF), NOIligand, oncostatin M (OSM, an interleukin-2 (IL-2),
IL-3, IL-4, IL-5, IL-6, IL-7, IL-9, 1L-210, IL-211, IL-12 (p35 subunit),
IL-13, IL-15, IL-17, an interferon alpha (IFN-a), an interferon beta
(I'FN-(3), consensus interferon, prolactin and growh hornone, and nutei ns,
ant agoni sts, variants, anal ogs and derivatives thereof. 113. The conjugate
of claim 109, wherein said cytokine, chenokine, growh factor or

pol ypepti de hornone, or antagonist thereof, has a (3-sheet or (3-barrel
structur 1 113 wher ei n said cytoki ne,

chenoki nzm g‘%%-h@’? l%g{r'éégiwheﬁfnetég@ Em"f'norrmne or antagoni st thereof, is
sel ected fromthe group consisting of tunmor necrosis factor al pha (TNF-a),

| L-1a, | 10818, pHatmd2utigad Ccompositibh ) comprisihg, oepiotlanorel ofy tanvcbnjugsaet of ( EGF),
basi lg’éOb ast ovvth factar &bFGI? aci di.c FG, FGF-4 and keratinocyte
gro @ ‘?ne(ok re pgemageuticy] 4 exc&’r‘l‘?“éb?frﬁagﬁs variants, anal ogs and
derivatives thereof 115. The conjugate of claim 109, wherein said cytokine,
chenoki ngg9. gk @vhjigitacéMprisiig alaﬂﬂokiﬂépé Erdetth fictiRNe cheédlokiritt @GOpUIgeptidier eof ,  has
a mxed a/(3 structure. 116. e conj ugate of claim 115, wherein said

cyt BRIMAEE, OhERIRPHE, thereaty ¢pupledt tor orsy of ary sapthidre Watarrrehible polymarsagoni st

pept s SO bl R BIGHE: GFRbldththno P%%&faﬁ%?#ﬁlftc@%“%h;??t e
c hemosid¢cnegicfonrits permbership lin (th@mh); of MeEpihr-bifidin B prmham'lmpﬂalypqntdasx im- 2,
cota

E | d t hi bi t MPI F- 1
neu ?‘é‘l‘@c"‘l E]ﬁcos%f:‘% Sﬁ%e ngitgﬂ- Q:f‘i?ﬁ{ B‘I?etn?flr‘g)l"re]?rrﬁ Ct(“ﬂd‘?g dorpgjns an
01 OUHerk Pt i IO BISHIER] BRERUILRHH okl IR Y sEbY N stdsGFRy (X! NVESAY

and nuteins, antagonis vari ants anal ogs and derl vatives thereof. -98-
117aclfltbehﬁbﬁp u@@ﬁtﬁa@ch@d tieretaL09, wherei n sai d cyt oki ne, chenoki ne, gr owt h
factor or pol ypeptide hornone, or antagonist thereof, is sel ected fromthe

9124 o080 ol 4 R e I ASF Ptk > 1L
ant agogrowi Sonkshengof oneloi&norilpelyatkgleuggtyeoleforelamrnmr& palyamyhnenmdsabde cyt oki ne
'S %p mlolr_e- golyvmyl alcohols, one or more polycarboxylates, one or more poly(vinylpyrrolidones),
one or more poly(oxyethylene-oxymethylenes), one or more poly(amino acids), one or more
polyacryloylmorpholines, one or more copolymers of one or more amides and one or more

alkylene oxides, one or more dextrans and one or more hyaluronic acids.

111. The conjugate of claim 109, wherein said cytokine, chemokine, growth factor or

polypeptide hormone, or antagonist thereof, has a four helix bundle structure.

112. The conjugate of claim 111, wherein said cytokine, chemokine, growth factor or
polypeptide hormone, or antagonist thereof, is selected from the group consisting of macrophage
colony-stimulating factor (M-CSF), granulocyte-macrophage colony-stimulating factor

{GM-CSF), leukemia



119. The conjugate of claim 117, wherein said cytokine is an
interferon-al pha. 120. The conjugate of claim 117, wherein said cytokine is
TNF- al pha. 121. The conjugate of claim 117, wherein said cytokine antagoni st
is a TNF-al pha antagonist. 122. The conjugate of claim 117, wherein said
growmh factor is EGF. 123. The conhjugate of claim 117, wherein said growh
factor is 1G--1. 124. The conjugate of claim 109, wherein said water-sol uble
polymer is a polyal kylene glycol. 125. The conjugate of claim 124, wherein
sai d polyalkylene egcoI is selected fromthe group consisting of a

ol y(ethyl ene C , a nononet hoxypol y(et hyl ene glycol) and a
ﬁong‘ﬁryn\%x &uﬁ“ohsbr@w@pg;eyndifpo), a%gryt%meu};nfﬁl’@?et}émr cetll factor (SCF), wher ei n
sai 127. The
conjglt}ig)gﬂtge d]i‘% (Ig'&&ﬁ %@%er efnﬁlmgg{“ @Qﬁﬁy@?beﬁ ?{]I“gb?l‘" Ylg'gni)[h'g’-
hy dile gl erumlze@es gdupanit)) .IL128. ILTlfse ICOIT, Lmahﬂelﬁroﬁl dpra B N-o)hgf ei n sai d

pol yal kyl ene gl %U has a nol ecul ar wei ght of between about 1 kDa and about
100 mtgsferon heqaudFNER), cgwnwgntaﬂq@ne@ml@@mt andogrosythi hormoes, andemateinssai d

poI @L mc%]%ws(’:%ﬂ?ﬁ% ﬁeg?valv%'stﬁ%rgmfe' ght of between about 1 kDa and about

usi ve ] tg of claim 128, wherein said pol yal kyl ene
gI ycol has a nol ecular weight of between about 10 kDa and about 20 kDa,
i ncl usi vél3. 18k co’ﬂj@amousﬂ clgiat B9 fwhetedn said 28tokides cleanioksisd, Grgethyfadtsy bene gl ycol
has nmol ecul ar ght of betmeen about 18 kDa and about 60 kDa, inclusive.
132Polypgptids ?WFeor@PtaSP‘&FW%Q‘Bf hagiad;-ghest wd-barpd SYustWe! ene gl ycol has a

nol ecul ar wei ght of between about 12 kDa and about 30 kDa, inclusive. 133.

The conj ygatw, er, | Kidrsdigned! mol ecul ar
wei ght of aboS?JOZBJ%ie%flagian N‘?hﬁé%ﬁfﬁ%gtce o%ﬁgcka‘% m 12 gyﬁvh&hejrﬂgﬁﬁr gral d

pol yalbfkqntldméloghmlor rmmgamnbtlewlfans seinetegrﬁromfthalgnmtp atnsksbag of 36moiThe
Con]ng(ggstise fa{%{or alf#&a ("11191-9 oc)Wﬂ?r ! fL ?BI ﬁ Fl)? (zfpoegtguguet), h[?,r epldennalagr%w%'lom st
factor (EGF), basic fibroblast growth factor (bFGF), acidic FGF, FGF-4 and keratinocyte growth

factor (KGF; FGF-7), and muteins, antagonists, variants, analogs and derivatives thereof.

115. The conjugate of claim 109, wherein said cytokine, chemokine, growth factor or

polypeptide hormone, or antagonist thereof, has a mixed o/ structure.

116. The conjugate of claim 115, wherein said cytokine, chemokine, growth factor or
polypeptide hormone, or antagonist thereof, is selected from the group consisting of neutrophil
activating peptide-2 (NAP-2), stromal cell-derived factor-lao (SDF-lcat), IL-8, monocyte
chemoattractant protein-1 (MCP-1), MCP-2, MCP-3, eotaxin-1, eotaxin-2, eotaxin-3, RANTES,
myeloid progenitor inhibitory factor-1 (MPIF-1), neurotactin, macrophage migration inhibitory
factor (MIF) and growth-related oncogene/melanoma growth stimulatory activity

(GRO-0/MGSA), and muteins, antagonists, variants, analogs and derivatives thereof.



thereof, is selected fromthe group consisting of prolactin and prolactin
anal ogs that mmc or antagonize the biological effects of prolactin that
are nedi ated by prolactin receptors. 136. The conjugate of claim 109,
wherein said pol ypepti de hornone, ﬁ% antagoni st thereof, is selected from
t he group consisting of growth hotrffbhe and growt h hornone anal ogs that
m m c or antagoni ze the biol ogical effects of growth hornone that are

nmedi ated by growh hornone receptors. 137. The conjugate of claim 109,
wherein said cytokine, chenokine, growh factor or polypeptide hornone, or
ant agoni st thereof, is selected fromthe group consisting of

nongl ycosli. aihedcopjugater afpcdaiet 109, avheredr ydith cptokines chrenarkideo gsowthafactod oi ¢ or
ant agoni ze the biol ogical .effects of erythropoietin that are di ated by
or y PHYBISBE OIS,y ApEEonist giireoh o8, selarbdc BRI, &9 CASPHFEO8, “aner ei n

t he i@ mpdn-aphe anSilefleidnlaeie bn 10-25HI-4, ILYL00 ANFeaiphd; NGEDK IBTF, bBGEWGHS act or  or
pol ypepti de hornone, or antagonist thereof, at or near said glycosylation
si t Brofchndgsulineandeantagpriststhes¢afect s of gl ycosyl ati on or hypergl ycosyl ati on of
said cytokine, chenokine, growth factor or polypeptide hornone. 139. A

har naceuyiq ¢ ikl I.Sh NG i & of claim 109 and a
p mgl Clzielcﬁﬂ fte 'o%" g‘g{ﬁ% ¢ PR Ghid RoIGRNIsUHILS

phar nace y ‘accep carrier or éexcipient. 140. A kit conprising the

conjugate of claim107. 141. A kit conprising the pharnaceutical conposition
of cl ai m 1Dglhe conpgata ok tlaing bhih whetetrysaicheytoldng isgatisteriérondadm 109. 143. A kit

conprising the pharmaceutical conposition of claim 139. 144. The use of the

conj ugat ?%(Pfﬂ%’%nﬁlg&e%i“clﬁin?hﬁ “ﬁa%rei.%”&id%ﬂglgﬁé‘ﬂﬁﬁﬁal jathe manufacture of a
medi canent ‘for preventing, didgnosing, Or treating 4 physi cal disorder in an
animal suffering fromor predisposed to said physical disorder. 145. The use
of the phar Eeewinjogte ob wiaimilil7 owhedeinamaid aryekafe amtagomsst3s,a TNF-dipBs and 139

in the manufacture of a medi canent for preventing, diagnosing, or treating a
phy M8ty sorder in an animal suffering fromor predi sposed to said

physi cal disorder. 146. The use of claim 144, wherein said animal is a

manmal . 132 7Theldagjudae oftlaith Al Twikkein v fowth faeiod isPGRAI is a mammal . 148.
The use of claim 146 or claim 147, wherein said manmmal is a human. 149. The

f clajm144, K wherein, sai hysi di der .i | ected f th
use o ol g ALy, MOSTEL AR 314! HOKSh S8 SRR il ! octed from the group

124. The conjugate of claim 109, wherein said water-soluble polymer is a polyalkylene

glycol.

125. The conjugate of claim 124, wherein said polyalkylene glycol is selected from the
group consisting of a poly(ethylene glycol), a monomethoxypoly(ethylene glycol) and a
monohydroxypoly(ethylene glycol).

126. The conjugate of claim 125, wherein said polyalkylene glycol is a mono-

methoxypoly(ethylene glycol).

127. The conjugate of claim 125, wherein said polyalkylene glycol is a mono-

hydroxypoly(ethylene glycol).

128. The conjugate of claim 124, wherein said polyalkylene glycol has a molecular

weight of between about 1 kDa and about 100 kDa, inclusive.



consi sting of a cancer, an infectious disease, a neurodegenerative disorder,
an autoi mune disorder, and a genetic disorder. -101- 150. The use of claim
149, wherein said cancer is selected fromthe group consisting of a breast
cancer, a uterine cancer, an ovar[ag_cancer, a prostate cancer, a testicular
cancer, a lung cancer, a |leukem a; a | ynphoma, a colon cancer, a

gastroi ntestinal cancer, a pancreatic cancer, a bladder cancer, a kidney
cancer, a bone cancer, a neurological cancer, a head and neck cancer, a

skin cancer, a sarcomm, a carcinoma, an adenona and a nyel oma. 151. The use
of claim 149, wherein said_infectious disease is selected fromthe group
consi sti h&P-ofheaconivgas b claimd@is wherging spid) olyalkydens eglyep!l ias 4 molesslase and a

par %iiéhit 6f Bt EASBoutlPKDa ANEHISES P %@5%}6151 wherein said viral disease is

sel ected fromthe group consisting o epatitis B, hepatitis C, a disease
caused by a cardiotropic virus and H V/AIDS. 153. The use of claim 149,
wher ei n $30. dTheucwrijugatan of ¢laimrld8r whereimebaid tpetyatkyteme t glgcadriasm owhsilat i ng of

syst emn us _eryt OSUS, I toid arthritis and psoriasis. 154. The
usek’%fghgf)%l w‘%ﬁ'ﬁbguh@r@%a"?ﬁam?@ﬁ(ﬁai’ Blcg'Fg’ST der is selected fromthe group
consi sting of anem a, neutropenia, thronbocytopenia, henophilia, dwarfism
and sevel®l. Tenbimjegitd ofehiddlcivhaein siid pabalkylehe! ddol Hkb% mbheulse of
clai m 149, wherein sai d neurodegenerative, disorder is nultiple sclerosis.
156 Weyght o hatwegn abpu 1 kdeoand, abeut Oﬂ@alf’&l“ﬁ@ﬁr odegenerative disease is

Creut zfel dt-Jakob disease or Al zheimer's di sease. 157. The use of claim

145, whensd. nTiALchjRaYs bf Alaifi 199 d8EreinS sa3@ |8 ﬂ@lé‘nEO%TyédP%agraOHBlecﬁl‘ﬂPSi sting
of a cancer, an infectious disease, a neurodegénerative disorder, an

aut ayeiaht aEbetyeenmbaet 12 kpand aevicdlikDadinswsiver . 158. The use of clai m 157,
wherein said cancer is selected fromthe group consisting of a breast

cancer, UtBLd P&k , aian: can S C esticul ar

cancer, ST Rl DEREAATSE cigfll 1357 Mh8RinC A8 RlyaloRRCCARR S Hotecthal

gastwegghhofatoun2() kkancer, a pancreatic cancer, a bladder cancer, a kidney

cancer, a bone cancer, a neurological cancer, a head and neck cancer, a
a,car

skin can , @ Sar.conm, LNQ . an.adeno and .a nyel ona. .- 102 159.
The use g?‘{ ch}f’l ﬁ?q%]gfl,te %é:}aérprﬁg,apﬁgqem %%‘?ip(?[}"é"n%*egga@gqms/hageﬁ E‘c?%e&i‘%‘f romthe
gr owight eNgbost 30gDAf a bacterial disease, a fungal disease, a viral disease
and a parasitic disease.
135. The conjugate of claim 109, wherein said polypeptide hormone, or antagonist
thereof, is selected from the group consisting of prolactin and prolactin analogs that mimic or

antagonize the biological effects of prolactin that are mediated by prolactin receptors.

136. The conjugate of claim 109, wherein said polypeptide hormone, or antagonist
thereof, is selected from the group consisting of growth hormone and growth hormone analogs
that mimic or antagonize the biological effects of growth hormone that are mediated by growth

hormone receptors.

137. The conjugate of claim 109, wherein said cytokine, chemokine, growth factor or
polypeptide hormone, or antagonist thereof, is selected from the group consisting of
nonglycosylated erythropoietin and erythropoietin analogs that mimic or antagonize the

biological effects of erythropoietin that are mediated by erythropoietin receptors.



160. The use of claim 159, wherein said viral disease is selected fromthe
group consisting of hepatitis B, hepatitis C, a di sease caused by a
cardiotropic virus and HHV/AIDS. 161. The use of claim 157, wherein said
aut oi nmune di sorder is selected fn§61the group consi sting of system c | upus
eryt hemat osus, rheunmatoid arthriti's-and psoriasis. 162. The use of claim
157, wherein said genetic disorder is selected fromthe group consisting of
anenm a, neutropenia, thronbocytopenia, henophilia, dwarfism and severe

conbi ned i mmunodefi ci ency disease ("SCID'). 163. The use of claim 157,

wherein said neurodegenerative disorder is nultiple sclerosis. 164. The use
of cl ai m3&Thewenjugata of glaim A% rwhiteeie thercaaupling ofi sebpdymer tasaidicyfolingt - Jakob

di Sgﬁgﬁz“ok%e, Ag'ré‘%' Ha%{orsordlpglg"fsesp%de hormone, or antagonist thereof, at or near said
glycosylation site mimics the beneficial effects of glycosylation or hyperglycosylation of said

cytokine, chemokine, growth factor or polypeptide hormone.

139. A pharmaceutical composition comprising the conjugate of claim 109 and a

pharmaceutically acceptable carrier or excipient.
140. A kit comprising the conjugate of claim 107.
141. A kit comprising the pharmaceutical composition of claim 108.
142. A kit comprising the conjugate of claim 109.
143. A kit comprising the pharmaceutical composition of claim 139.

144, The use of the conjugate of any one of claims 36, 38, 107 and 109 in the
manufacture of a medicament for preventing, diagnosing, or treating a physical disorder in an

animal suffering from or predisposed to said physical disorder.

145. The use of the pharmaceutical composition of any one of claims 37, 72, 108 and
139 in the manufacture of a medicament for preventing, diagnosing, or treating a physical

disorder in an animal suffering from or predisposed to said physical disorder.
146. The use of claim 144, wherein said animal is a mammal.
147. The use of claim 145, wherein said animal is a mammal.
148. The use of claim 146 or claim 147, wherein said mammal is a human.

149. The use of claim 144, wherein said physical disorder is selected from the group
consisting of a cancer, an infectious disease, a neurodegenerative disorder, an autoimmune

disorder, and a genetic disorder.
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150. The use of claim 149, wherein said cancer is selected from the group consisting of a
breast cancer, a uterine cancer, an ovarian cancer, a prostate cancer, a testicular cancer, a lung
cancer, a leukemia, a lymphoma, a colon cancer, a gastrointestinal cancer, a pancreatic cancer, a
bladder cancer, a kidney cancer, a bone cancer, a neurological cancer, a head and neck cancer, a

skin cancer, a sarcoma, a carcinoma, an adenoma and a myeloma.

151. The use of claim 149, wherein said infectious disease is selected from the group

consisting of a bacterial disease, a fungal disease, a viral disease and a parasitic disease.

152. The use of claim 151, wherein said viral disease is selected from the group

consisting of hepatitis B, hepatitis C, a disease caused by a cardiotropic virus and HIV/AIDS.

153. The use of claim 149, wherein said autoimmune disorder is selected from the group

consisting of systemic lupus erythematosus, rheumatoid arthritis and psoriasis.

154. The use of claim 149, wherein said genetic disorder is selected from the group
consisting of anemia, neutropenia, thrombocytopenia, hemophilia, dwarfism and severe

combined immunodeficiency disease (“SCID”).
155. The use of claim 149, wherein said neurodegenerative disorder is multiple sclerosis.

156. The use of claim 149, wherein said neurodegenerative disease is Creutzfeldt-Jakob

disease or Alzheimer’s disease.

157. The use of claim 145, wherein said physical disorder is selected from the group
consisting of a cancer, an infectious disease, a neurodegenerative disorder, an autoimmune

disorder, and a genetic disorder.

158. The use of claim 157, wherein said cancer is selected from the group consisting of a
breast cancer, a uterine cancer, an ovarian cancer, a prostate cancer, a testicular cancer, a lung
cancer, a leukemia, a lymphoma, a colon cancer, a gastrointestinal cancer, a pancreatic cancer, a
bladder cancer, a kidney cancer, a bone cancer, a neurological cancer, a head and neck cancer, a

skin cancer, a sarcoma, a carcinoma, an adenoma and a myeloma.
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159. The use of claim 157, wherein said infectious disease is selected from the group

consisting of a bacterial disease, a fungal disease, a viral disease and a parasitic disease.

160. The use of claim 159, wherein said viral disease is selected from the group

consisting of hepatitis B, hepatitis C, a disease caused by a cardiotropic virus and HIV/AIDS.

161. The use of claim 157, wherein said autoimmune disorder is selected from the group

consisting of systemic lupus erythematosus, rheumatoid arthritis and psoriasis.

162. The use of claim 157, wherein said genetic disorder is selected from the group
consisting of anemia, neutropenia, thrombocytopenia, hemophilia, dwarfism and severe

combined immunodeficiency disease (“SCID™).
163. The use of claim 157, wherein said neurodegenerative disorder is multiple sclerosis.

164. The use of claim 157, wherein said neurodegenerative disease is Creutzfeldt-Jakob

disease or Alzheimer’s disease.



