PEPTIDE-POLYMER CONJUGATES CROSS-REFERENCE TO RELATED APPLICATION
PARAGRAPH This application claims the benefit of U.S. Provisional Application No. 561/085,072 filed
on July 31, 2008, the content of which is hereby incorporated by reference in its entiretgl.
BACKGROUK 114844 ance in cell biology and recombinant protein té’&%rﬁ%%%ﬂlgé[gsﬁé‘g led to the
10development of protein therapeutics. Yet, major hurdles still exist. Most proteins are susceptible
to proteolytic degradation and therefore have a short circulating time. Other disadvantages include low

water solubility and inducement ofiepifatizipg enibRdEes Agghment of a polymer, e.g., polyethylene

glycol (PEG), to a protein hinders 15access of proteolytic enzymes to the protein backbone, resulting
in enhanced proteinmgﬁg! i ISQ impr ter ifi minimize
immuogenicity. The Bét 3 ﬁ.@fﬁig ﬁFﬁ AP A 8 eins. SUMMARY
20An aspect of the present invention relatestopotymer-polypeptide conjugates of formula I: /2 A2 R2
R3 R4 R5 formula | wherein each of R1, R2, R3, 114, and 115, independently, is H, C1_10 alkyl,
C2_10 alkenyl, 25C5his apaiigatian skime dhebsyelieal & & Heitiemal ArlsasePty cloalkyl; each of Al

and 5  61/085,072 filed on July 31, 2008, the content of which is hereby incorporated by

reference in its entirety.

BACKGROUND

Advance in cell biology and recombinant protein technologies has led to the
10 development of protein therapeutics. ‘

Yet, major hurdles still exist. Most proteins are susceptible to proteolytic
degradation and therefore have a short circulating time. Other disadvantages include
low water solubility and inducement of neutralizing antibodies.

Attachment of a polymer, e.g., polyethylene glycol (PEG), to a protein hinders

156 access of proteolytic enzymes to the protein backbone, resulting in enhanced protein
stability. In addition, it may also improve water solubility and minimize

immuogenicity., There is a need for effective methods of attaching polymer to

proteins.
SUMMARY
20 An aspect of the present invention relates to polymer-polypeptide conjugates

of formula I

“|\1

/G2 G3\
A2 ( )m ) n P
RQ Rs Re Rs ,
formula ¥

wherein each of Ry, Ry, R, R4, and R, independently, is H, Cy.0 alkyl, Co.10 alkenyl,
25 (o alkynyl, aryl, heteraryl, Cas cycloalkyl, or Cs 5 heterocycloaikyl; each of A, and

i



WO 2010/014874PCT/US20091052347 A2, independently, is a polymer moiety (e.g., a polyalkylene
oxide moiety); each of Gi, 02, and 03, independently, is a bond or a linking functional group; P is an

interferon- 1%@\5 1@1:@9%%/ an erythropoietin (EPO) moiety, or a growth hispmenadfaki)moiety; 5m iS
0 or an integer of 1-10; and n is an integer of 1-10. In these conjugates, the N- terminus of the INF-13

moiety, the EPO moiety, or the OH moiety is bonded to Gs. Referring to the above formula, the
polymer-polypeptide conjugates have one or more of the following features: A4 and A, are

polyalkylene&}I%Jp@i@&&%%\ﬁ%@ﬂ@h@&&@r@vglgmp@[&zmﬁ@n&[amatem@ly $:361IcD, e.g., 20 kD);
each of Gi and 02 \so1l,1/ to isH(in which th tom is honded to Al or A2, and the N atom is bonded
to a carbon dtonya¥hBwIPRERSAAGIE) 84 IE) & PR 58 Pl gRimahiid or amide (in which the

N atom is bopdeggktenapcarbon atom as shown in formula I); mis 4; n is 2; and each of RI, R2, R3, R4,

and R5 is H. Jn some of these co ates INF-13 Serl7 or odified iety containing

1-4 additionadﬂl\%érggfﬁg%%rdi ?é’%?ﬂr g g Pﬁel:l\?g r%?ﬁ%?g of &%ri’&’i’ﬁ%r%] r&lno%%rﬁb ithent of the

present disclasisré wehates@pofwm@r p&bmdeanowm%lefﬁoﬁmma%a@mqg%@h#dﬁmula H 20

wherein A is e. g&e%r}g gz independently, is
R e R P e IR A

a bond or a liff group; L is ene or 10"a ynylene and P is an INF-f3
moiety, an EPO md@&m%@ﬂﬂumbwewfwwmﬂés@%pﬁw@@t@@lméPNdfefFﬁﬁiﬁﬁétQﬁ e 93 moiety, the

EPO moiety, g&@%@ﬂﬂ@%ﬂ%ﬁ%@%@ﬁ&%@& aregﬁ%ﬁ&ﬁe (‘;9[5@%1'&1@3%%@9" peptide

conjugates have one or more of the following features: A2 are ponaI glene oxide moieties

having a mol&sitariweigieso 2000&D iy 0B cbee 3 DOk 84&H Bt 2and 02 is a
bond, C6 is alkenyleng, and each of RI, R2, R3, 1t4, and R5 is H.

. \o N/ . . . .

10 18 H (in which the O atom is bonded to A; or Ay, and the N atom is
bonded to a carbon atom as shown in formula I; each of G; and G is urea,
sulfonamide, or amide (in which the N atom is bonded to a carbon atom as shown in
formula T); m is 4; n is 2; and each of Ry, Ro, Rs, Ry, and Ry is H, In some of these
conjugates, P is TINF-B Seryy or a modified INF-B moiety containing 1-4 additional

15 amino acid residues at the N-terminus of the INF-f3.

Another embodiment of the present disclosure relates to polymer-peptide conjugates of formula
II:
A-Gy-L-Gy-P,
formula 11

20 _
wherein A is a polymer moiety (e.g., a polyalkylene oxide moiety); each of G and

G,, independently, is a bond or a linking functional group; L is Cy.i0 alkenylene or Ca.

1 alkynylene; and P is an INF-B moiety, an EPO moiety, or 2 GH moiety. In these

conjugates, the N-terminus of the INF-§ moiety, the EPO moiety, or the GH moiety is
25  attached to Go.

Referring to formula 11, the polymer-peptide conjugates have one or more of
the following features: A; and A; are polyalkylene oxide moieties having & molecular
weight of 2-100 kD (preferably 10-30kD, ¢.g., 20 kD), each of G, and G; is a bond,
Ce is alkenylene, and each of Ry, Rz, Rs, Ry, and Ry is H.



WO 2010/014874PCTIUS2009/052347 Another embodiment of the present disclosure relates to
polymer-peptide conjugates of formula R3R, ftl A GC C P 5formula Ill wherein each of RI, R2, R3, and
R4, indepengdenihiois ity 110 alkyl, C2_10 alkenyl, C2- alkynyl, aryl, hateratyboéidz8icycloalkyl, or
C3_5 heterocycloalkyl; n is an integer of 2-10; A is a polymer moiety; G is a linking functional group;
and P is a peptide moiety, the nitrogen atom of the N-terminus of the peptide moiety being bonded to
-C- 10 the carbon atom in the R2 moiety shown in the formula above. Referring to foithula Il, the
polymer-peptide conjugates have one or more of the following features: n is 1; A is polyalkylene oxide
moieties having a ular ht of 10-40 kD or.20-30 IcD; G is 151n W_hlché e 0 atom i to
A, and the N atomrﬂng%(?nde %\tlo% gﬂ cair)kS)(%r%11 a rr%s “and P ?%ug:nrfﬁlt-csnfgl ty, an ?nc&rgtfagséﬁb%%%g%
The term "CHL10 alkyl" used herein refers to a straight-chained or branched hydrocarbon mono-valent
radical containing Ito 10 carbon atoms. Exampleg of aﬂgyl groups include methyl, ethyl, n-propyL,
isopropyl, tert-butyl, and n-pentyl. Similarly, 20the ernj 'C2,10 alkenyl" refers to a straight-chained or
branched hydrocarbon mono- valent radicat© ' 2100 carbon atoms and one or more double
bonds. The term "C2_10 ancynyl" refers to a str alned or branched hydrocarbon monovalent
radical containing 2 to 10 carbon atoms and one or more triple bonds. The teiin "C2_10 alkenylene™
refers to a straight-chained or branched hydrogaghar ii-valent 25rad|cal containing 2 to 1 0 carbon

atoms and one or more double bonds. The ter 8 alky refers tQ, a straight-chained or
branched hy(YfB%rﬁPﬂ)S?FB“gﬁérﬁ%éﬁmﬁ}dcgﬁtgﬁg]ﬁﬁé% 10°E5 “zfl%?ﬂs%ri@i ag’ﬁ%%&r ore triple bonds.

1o alkvayl, aryl, heteraryl, Cyg cycloalkyl, or Csg heterocycloalkyl; n is an integer of

2-10; A is a polymer moiety; G is a linking functional group; and P is a peptide

moicty, the nitrogen atom of the N-terminus of the peptide moiety being bonded to

10 the carbon atominthe T2  moiety shown in the formula above.
Referring to formuta 11, the polymer-peptide conjugates have one or more of
the following features: n 1s 1; A is polyalkylene oxide moieties having a molecular

weight of 10-40 kD or 20-30 kD; G is

T
\O/j\g/

15 in which the O atomn is bonded to A, and the N atom 1s bonded to a carbon atom; and
P is an INF moiety, an EPO moiety, a GH moiety.

The term “C;.10 alky]l” used herein refers to a straight-chained or branched
hydrocarbon mono-valent radical containing 1 to 10 carbon atoms. Examples of alkyl
groups include methyl, ethyl, n-propyl, isopropyl, tert-butyl, and n-pentyl. Similarly,

20 the term “Cy.qp alkenyl™ refers fo a straight-chained or branched hydrocarbon mono-
valent radical containing 2 to 10 carbon atoms and one or more doubie bonds. The
term “Ca.1p alkynyl” refers to a straight-chained or branched hydrocarbon mono-
valent radical containing 2 to 10 carbon atoms and one or more tripie bonds. The
term “Cs.10 alkenylene” refers to a straight-chained or branched hydrocarbon bi-valent

25  rtadical containing 2 fo 10 carbon atoms and one or more double bonds. The term “Cs.
3



The term "aryl" used herein refers to a hydrocarbon ring system (mono-cyclic or bi-cyclic) having at
least one aromatic ring. Examples of aryl moieties include, but 5are not limited to, phenyl, naphthyl,

and pyrenylWO Zé'{h%g%{% "heteroaryl" used herein refers to a hydrocarban ripn% SYsiem &mono-cyclic or

: : - . . T, 052
bi-cyclic) having one aromatic ring which contains at least one he groa oM SUCh As 0,N,orS

as part of the ring system and the reminder being carbon. Examples of heteroaryl moieties include, but
are not limited to, finyl, 10pyrrolyl, thienyl, oxazolyl, imidazolyl, thiazolyl, pyridinyl, pyrimidinyl,

quinazolinyl, angkinAAlYE” refeld® E%Wdié@(@%ﬂ@&%ﬂﬁ%ﬁcﬂ%@?ﬂﬁ@fﬁ(ﬁ?iﬁ-@ﬁ%@u%@&fu||y saturated
mono-cyclic or bi-cyclic ring system having only carbon ring atoms. Examples include, but are not

limited to, cyCRSFERBAYIICRIGPRARAIISARY Se BHERENTIP %erm "heterocycloalkyl" used herein
refers to a partially onfuynsaiurptaskaionerchtic & Phoyalicarbog Systemdaavinghdtadrition to carbon,

one or more heteroatoms (e.g., Q, N, or S), as ring atoms. Examples include, but are not limited to,
P eridime o PSSt B (P B LS SO ASA b Pyt
alkenylene, akynylédingicrid, histeyhanphitytleatkyyr284and heterocycloalLkyl mentioned herein include

both substituted anq‘ﬁjen%lﬂepg% t%j mf;ietie?%%%%rg les tgf SEdestituebnts include% C;(-Clo alkyl, C2-C10

alkenyl, C2-C10 allcynyl, %cﬁgoaﬁ%?, cycsloa e ﬁ?(@li-%ll%ngl%qx?/, F)l/ﬂnngloxy,

heteroaryl, hetestoary g ciinibe;i G «C e satogl arvin| ORI diakkylkinsind cavytmmino, diarylarnino,
hydroxyaming.alkaxyamines <o £ 18 leyisHgnamids sexsky iStanamides. bydioxy, halogen,

thio,alkylthio, arylthio, cyano, nitro, acyl, acyloxy, carboxyl, and carboxylic ester. The tei "polymer

moiety" refer§¥&EmeHEeEEAE alieardervisE o iAo dutesmoh &t deafiskibped polymer. The
moleculgy weighbafitaRolyBxerdnoietidaanhedatR KiExampleseiithe, Relymskdpoiety include,

but are not 30limjted to, polyethylene oxide, polyethylene glycol, polyisopropylene oxide,
polybutenylef& Y'polyethylene glycol, and copolymers thereof. Other polymers such as dextran,
polyvinyl alcohols, priyaemylaspideskor cacbolyeraterdpased pafumess &aR slsadieiusethas long as they
are not antig%gl%(l‘ictg%( g’—c%!cﬁ& %HQ g}}srperrrﬁ%ré%ﬁrlegs&%g %gfbon ring atoms. Examples include, but

are not limited to, cyclopropanyl, cyclopentanyl, and cyclohexanyl.

15 The term “heterocycloalkyl” used herein refers to a partially or fully saturated
mono-cyclic or bi-cyclic ring systern having, in addition to carbon, one or more
heteroatoms (e.g., O, N, or S), asring atoms. Examples include, but are not limited
to, piperidine, piperazine, morpholine, thiomorpholine, and 1,4-oxazepane.

Alkyl, alkenyl, alkynyl, alkenylene, alkynylene, aryl, heteroaryl, cycloalkyl,

20 and heterocycloalkyl mentioned herein include both substituted and unsubstituted
moieties. Examples of substituents include C,—C alkyl, C,-Cjp alkenyl, Co—Cio
alkynyl, C5-Cg cycloalkyl, Cs-Cs cycloalkenyl, C,-C alkoxy, aryl, aryioxy,
heteroaryl, heteroaryloxy, amino, C,—Cy¢ alkylamino, C;—Cy dialkylamine,
arylamino, diarylamino, hydroxyaminoe, alkoxyamino, C;~Cyg alkylsulfonamide,

25 arylsulfonamide, hydroxy, halogen, thio, C;—Ci alkylthio, arylthio, cyano, nitro,
acyl, acyloxy, carboxyl, and carboxylic ester.

The term “polymer moiety” refers to a mono-valent radical derived from
linear, branched, or star—shaped polymer. The molecular weight of the polymer
moiety may be 2-100 kD. Examples of the polymer moiety include, but are not

30  limited to, polyethylene oxide, polyethylene glycol, polyisopropylene oxide,
polybutenylene oxide, polyethylene glycol, and copolymers thereof. Other polymers



The term "polypeptide moiety" refers to a mono-valent radical derived from either a naturally occurring
polypeptide or a modified polypeptide. The naturally occurring peptide can be INE-a2b, INF-f3, GH,
EPO, and granul%yte colon-stimulating factor, or antibody. The modifiedé)ﬁtide canbe,e.g., a

QiR Noe GV e INE- 1PN O

peptide contgllning E%hd 1-4 additional amino acid residues at the N-t
a2b. An example of such a modified INF 15 -N , IFN representing an INF-am moiety, the amino group
at the N-terminus of which is bonded to the carbonyl group. 10The term "interferon-f3" refers to a

family of highlyhomglogau GRS ioairhibit ik replicatio lula I jon and modulate
immune response.@‘I S%e Dé%ﬂ?@es?al%gg%ka@e 2%5&72%@5%7%2&%@%%&% et al., (1980).

Gene 10 (1): ®1-5sqhRcKrdes lopgnheyrg pRICHRRIN NS ShaliriERTimeusrdraRialents, i.e., a
polypeptide having ghleash 8Pk £8p8id 3% 90 Y r5% o 95 1% (L RideNtEPALa IS Vrild:type counterpart.

Examples of INF-f3 include the active ingredients in the commercially available drugs, such as
Avonex, BetaSHYSH, M HEBIEERS aﬁwﬁaﬂmf‘ﬁmﬁ%ﬂa@w@ Burdic BEHRYY 2006, 113(5):
283-7. s Lisleubrlopcpig-antine BO sgquenge &ef, erapany-iniman:d b proteins, either in
precursor fowl or in mature form: 20 mtnkcllgia 11]cfsttal smsynligfl grssnfgcgk llwglngrle yclkdrmnici
 cekalon faR ARG PATCREro P BB G ko gkimes Iy
lhylkakeys hoaatiimirey iltHydidr I yidi25(S eamBe saBdnslceessipniNecHM2&622hthienApril 27, 1993

version; italicized portion refers to the signal peptide) mnsfstsafg eridkqiryi cfgsgfneet 30 igflgkkakn
flgsslralr pvafs1gl111 Idgisalrke clvkiitgll Idaittpdpt

06, An example of such a modified INFis ~M\~ , IFN representing an INF-0.s,
moiety, the amino group at the N-terminus of which is bonded to the carbonyl group.

10 The term “interferon-f” refers to a family of highly homologous proteins that
mhibit viral replication and cellular proliferation and modulate immune response. See
Derynck et al., (1980). Nature 285 (5766): 542-7; and Taniguchi et al., (1980). Gene
10 (I): 11-5. It includes both naturally occurring INF-Bs and their functional
equivalents, i.¢., a polypeptide having at least 80% (e.g., 85%, 90%, 95%, or 99%)

15 identical to its wild-type counterpart. Examples of INF-f include the active
ingredients in the commercially availablie drugs, such as Avonex, Betaseron, and
Rebif. See, e.g., Etemadifar M. et al., Acta Neurol. Scand., 2006, 113(5): 283-7.

Listed below are amino acid sequences of exeraplary human INF-B proteins,

either in precursor form or in mature form:

20
mtnkcllgia 1licfsttal smsynllgfl grssnfgcok llwglngrle
velkdrmnfd ipeeikglgg fokedaaltl vemlanifal frgdssstgw
netivenlla nvyhginhlk tvleekleke ditrgklmss lhlkryygri
lhylkakeys hcawtivrve ilrnfyfinr ltgylrn

25 (See GenBank Accession No.: M28622, the April 27, 1993 version; italicized

portion refers to the signal peptide)

mnsfstsafg pvafsglglil vipaafpapv ppgedskdva aphrgpltss
eridkgiryi ldgisalrke tcnksumces gkealaennl nlpkmaekdg
cfgsgfineet clvkiitgll efevyleylqg nrfegseega ravgmstkvl

30 igfigkkakn ldaittpdpt tnaslltklg agngwlgdmt thlilrsfke
flgssliralr gm

(See GenBank Accession No.: CAAQ0839, the December 3, 1993 version)



vlpaafpapv tcnksnmces efevyleylq tnaslltklg ppgedskdva skealaennl nrfesseeqa agngwlgdmt
aphrgpltss n1lpkmaekdg ravgmstkvl thlilrsfke (See GenBank Accession No.: CAA00839, the

December 3w19293:%8\/ﬂe1558i7%n) In one example, the 1NF-13 is mutant rII}I)E-TF[’U§e'rr rsezc::sgpbinant
INF-P, in whith 28iaidin place of cysteine at position 17 in the native mature N -pSequence). The

amino acid of this mutant is shown below: 5 synllgflgr ssnfqsgkll wglngrleyc Ikdrmnfdip eeikqlgqfq
kedaaltiye mignifaifr gdssstgwne tivenllanv yhqinhlktv leeklekedf trgkimssih lkryygrilh ylkakeyshc
awtivrveil rnfyfinrlt 91}{'@3&81&1%]&%@[@@@19'&% Wm@%g&%%ﬂymwﬁ:@ in which 1-4
additional amino acid residues are attached to the N-terminus of the native [NF-. EPO, produced
by either livemdrdtidemys isia plaesopretsiviteciti msdithal Coriro sabrpthaptsiédiB-Br red blood cell
production. Itsg@&g;g; Beth.natiraly 9eayLring PO &Rd.its functional equivalents. See US Patent
5,621,080 and US 15 Patent Application Publication 20050176627. The amino acid sequences of
human EPO (in precursor and mature form) are shown below: mgvhecpaw! wilisilsip Iglpvigapp
rlicdsrviesrylleakenesmitigeagha sipepitvbdikvatyavdg-mevgaaavey wdelalisea g@adrggalivn ssgpweplgl
hvdkavsglr siktéridg agkeaisppghadsaapirtotasltfadfraysnfligkt klyigeacrygdi (grekarsor) apprlicdsr
vlerylleak eaefititjég eS| dermisiRUAy a2 WREh Vg iGE 9B eWa Rl Bseavirggat vnssqpwep
lglhvdkavs gliSktdgEgke S5 otaasaapl rtitadtfrk Ifrvysnflr gkiklytgea crigdr (mature form) An EPO
protein used to make the conjugate of this invention can be an EPO 30protein, either in precursor or
mature form, produtednbsher suiiable, SpeiEsRasg ruvdifiad, st BRI Rewdidaavine. In one example,

e Er Pt s AR P T eSO (G oy 30, g o) el
EPO EPQ, produced by either liver or kidney, is a glycoprotein hormone that
controls erythropoiesis or red blood cell production. It includes both naturally

occurring EPQO and its functional equivalents. See US Patent 5,621,080 and US

15 Patent Application Publication 20050176627. The amino acid sequences of human

EPO (in precursor and mature form) are shown below:

20

25

30

35

mgvhecpawl
nittgcaehc
virggallvn
aagaaplrci

{(precursor)

apprlicdsx
wkrmevggga
glrslttllr
gklklvtges

wlllsllslp
glnenitvpd

ssgpweplgl
tadcfrklir

vierylleak
vevwgglall
algagkeais
crtgdr

lglpvlgapp
tkvnfyvawkr
hvdkaveglr
vysnfirgkl

gaenittgca
seavlrggal
ppdaasaapi

(maturs form)

rlicdarvle
mevgguavev
gletilralg
klytgeacrt

eheslnenit
lvnssgpwep
riitadifrk

rylleakeae
wgglallses
agkeaisppd
gdr

vpdtkvnfva
lglhvdkavs
lfrvysnflr

An EPO protein used to make the conjugate of this invention can be an EPO

protein, either in precursor or mature form, produced by a suitable species, e.g.,

human, murine, swine, or bovine. In one example, the EPO protein has an amino acid

sequence at least 80% (e.g., 85%, 90%, 95% or 99%) identical to one of the amino

acid sequences shown above. In another example, the EPO is a modifted native EPO

in which 1-4 additional amino acid residues are attached to the N—terminus of the

native EPO.



in which 1-4 additional amino acid residues are attached to the N-terminus of the 35 native EPO. WO
2010/014874PCT/US2009/052347 The tel "growth hormone" refers to the naturally occurring human

growth hoo gttg if,precursor or mature form, and its functional varla{;;&sr §20(W?é§ An amino acid
sequence a%gleas é % (e.9., 85%, 90%, 95%, or 99%) identical to the natur Hy occur%%g human

growth hormone and possessing the same physiological 5 activity of that human growth hormone. In
one example, the growth hormone is a modified native growth holmone in which 1-4 additional amino

acid residues are aftaehesh 1 iGethNhGHRIIS FER TRIME-EIY G BarmERemiRe:8WHRO acid sequences

of the naturally occurri growth hormone (in precu_[isor anoi mature foil) are shown below: 10

human
matgsrtsll lafFROLS b%@?a?ﬁ?f’b‘f%ﬂfﬁﬁ%%lﬁ?%l&%ﬁ? PREARsf-fanif/iSes sesiptpsnr
eetqgksnle ldighihblaidvwtepuait a\lﬁa@ﬁwg (@sdseesid hiod|esgig meadgstmaigqlfkqtys kfdtnshndd
allknyglly cfrkdmd gga dsny hnddallkny 20

e tflrivgcrs vegs %ecurso@r)dlg f tg)lgsrlg s seas
form) mfptlplg? i s%%‘fﬁ’&%%&&s sr? ‘Hg‘ﬂfk Srfn % psn ﬂ”ydT kdleeg gllycfrkdm
fdnamlrahr tpstivegtoithdiikdieesyeiiichkahbggtafbtyge snimb‘ﬁsl ﬂlgwrngnﬂeljcmwgﬁlmﬂ
modified native growth hormone in which 1-4 additional amine acid residues are
attached to the N—terminus of the native growth hormone. The amino acid sequences
of the naturally occurring human growth hormone (in precursor and mature form) are
shown below:

10

1%

20

25

30

35

matgsrtsll
fdtvgeiecea
1lrislllig
mgrledgspr

flrivgcrs

fptiplsrlf
slcfgegipt
ivygasdsnv
hnddallkny
form)

mEptiplsxrl
telcfsesip

lafgllclpw
vipkeagkyst
swlepvgflr
tgglfkgtys
vegscgf

dramirahrl
psnreetqgk
ydllkdleeg
gllycfrkdm

fdnamlrahr
tpsnreetqq

lgegsafpti
lgnpgtslct
svfanslvyy
kfdtnshndd

{(precurscr;)

hglafdtvyge
gnleilrisl
igtlmgrled
dkvetflriv

ihglafdcoyg
kesnlellris

plsrlfdnam
segiptpsnr
asdsnvydll
allknyvglly

feeayipkeqg
lligswlepv
ggprtggifk
gqeoresvegscg

efeeayipke
llligswlep

lrahrihgla
eetggksnle
kdlesgigtl
cfrkdmdkve

kysflgnpgt
gflrsvians
gtyskidtns
f {(mature

gkysflgnpg
vgflravian

glvygasdsn
shnddallkn
form)

vydllkdlee
vgllycfrkd

gigtlmgrle
mdkvetflri

dgsprtggif
vgersveygsc

kgtyskidin
gf (modified

The “percent identity” of two amino acid sequences is determined using the
algorithm of Karlin and Altschul Proc. Natl. Acad. Sci. USA 87:2264-68, 1990,
modified as in Karlin and Altschul Proc. Natl. Acad. Sci. USA 90:5873-77, 1993,
Such an algorithm is incorporated into the NBLAST and XBLAST programs (version
2.0) of Altschul, et al. J. Mol. Biol. 215:403-10, 1990. BLAST protein searches can
be performed with the XBLAST program, score=50, wordlength=3 to obtain amino
acid sequences homologous to the protein molecules for use in the invention. Where
gaps exist between two sequences, Gapped BLAST can be utilized as described in
Altschul er al., Nucleic Acids Res. 25(17):3389-3402, 1997. When utilizing BLAST
and Gapped BLAST programs, the default parameters of the respective programs
(e.g., XBLAST and NBLAST) can be used.



Ihglafdtyq ksnlellris gigtimgrle mdkvetflri feeayipkeq lligswlepv gsprtgqifk gcrsvegscg efeeayipke
11ligswlep dgsprtgqif vgcrsvegsc kys f lgnpqt gflrsvfans gtyskfdtns f (mature gkysflgnpg vqgflrsvfan
kgtyskfdtn gf (modified The "percent identity” of two amino acid sequences is determined using the
algorithm of Rl ahdftschul Proc. NatL Acad. Sci. USA 87:2264-68, 159%50%83?13]% as in Karlin
and Altschul Proc. NatL Acad. Sci. USA 90:5873-77, 1993. Such an algorithm is incorporated into the
NBLAST and XBLAST programs (version 2.0) of Altschul, et al. J. Mot Biol. 215:403-10, 1990. BLAST
proteln searches cafyBecRArARAL 1l 1f) dRbsS [ RIQUA AN TRk MRLFLERGNER,to obrain
amino acid sequences homologous to the protein molecules for use in the invention. W%ere 35 gaps
exist betwee NP ERAHEESI @aipp s BRE IO BN 35d thiiobdrandbsmgseanieckideriis et al., Nucleic
Acids Res. 2533898402449 Wihee, wiinaBLAST.and Ganeed BbasTauqgams, the defaul

parameters of the respective programs (e.g., XBLAST and NBLAST) can be used. The term
"linking functfSRAI o afFORERLY s ¥ dop PR R HEH o R fEPal s U B e ABRING BBnnected to the
polymer snoietydend-dherathetbendibeingredapseiedtadhe peptide moiety. Examples include, but are
not limited to, -0-, Srh carbtoxglic ester, carbo?gl .czaé_r@of?%ee, amidg, ca%aéq]at , urea, sulfonyl, sulfinyl,
amino, imino, 5 hydroXysRiaG P EhGARHERME? 5 I RSAAR G &b P° 1 Fdise P dlymer conjugate
described abted@andiaadh, tefpeeatotin Sl tie formef sedh HedpplicdblewAcsalt, sobexample, can be
fowled betwe ) itively. ch roup.(e.g.. aming) on a peptides;polymer conjugate
of this inventiagﬂrf.% (l?t%f?{éh '%%;%]‘%Bﬁ%%%ﬁe{’gﬁ;%%ggﬁg%mf é?}%d iﬁg,ysmu%fa{i%wnlp Er"gete(:gj,te 1}§%hosphate,
citrate, methames\itonateitatifavont stelislcatdpadetdronikeividds assit canitakso be foimed between a

cation and a pegatively-aRALIRLBEALRIE G CATRENMAEL QN A PANVRERtIdE RAMEL GoNjugate of this

invention. Suitable cations include sodium ion, potassium ion, magnesium ion, calcium ion, and an

ammonium cStASUR aEed be IR PrH RIS TRPRB RYAIaRseH STREPIEBde-polymer conjugate

may have ong.gfoake:fienkIgRangsdOheRe of hefe:AsTRBHCSRIMErSuRMOB & 6eRjugate can occur
as racemates, r@%emic,mixtures, single enantiomers, individual diastereomers, diastereomeric

mixtures, and Gei96 SUHREL ISP ROBF U KM BB R RBricA foision, and an ammonium

cation such as tetramethylammonium ion.

15 In addition, the peptide-polymer conjugate may have one or more double
bonds, or one or more asymmetric centers. Such a conjugate can occur as racemates,
racemic mixtures, single enantiomers, individual diastereomers, diasterecomeric

mixtures, and cis- or trans- or £E- or Z- double bond isomeric forms.



Examples the polymer-peptide conjugate of this invention is shown below: 0 mMPEGO mPEGO
NrINE-13 Seri) 0 mPEGUA NH mPEGO 50 mPEGO NH in which mPEG represents
methoxy-capped polyethylene glycol having a molecular weight of 201(.13, and_the N-termini of
rINF-13 Ser?f?@ﬁ%%ﬁa%l-l are attached to the 10 rightmost carbon sﬁ’g\%I TRRESBéVe structures.
Certain proteins have therapeutic utilities. The conjugates of this invention, containing a peptide
moiety, can therefore be used to treat disease. For example, INFp is an immunomodulating medication
for treating HCV or HBV infection. See, e.g., Journal of Vascular and Interventional Radiology 13
(2002): 191-196. Thus, within 15the scope of this invention is a method of treating hepatitis C virus
(HCV) infection or Feysatiiesehoinay TRB IIAASERTIIGAER i NI MY2BsR M eReBRPRIATE described above.

As another example, EPO is a hotmone produced bydhe kidney to promote the formation of red blood

cells in the bone marrow. It has been use% as&pEggqﬂhn modulating medication for treating anaemia
resulting from chronic kidney 20disease, ?qemla seconaary to zidovudine treatment of AIDS, and
anemia associated with cancer. R utiés have dlso~fou asERO enhances neurogenesis and

plays a critical role in post-stroke recovery. §ee, e.g., P. T. Tsai, Journal‘of Neuroscience, 2006, 26:
1269. Thus, another aspect of this invention relates tg a method of treating aneamia or enhancing
neurogenesis by an EPO-polymer conjugate mpEGO”™ “NH

mPEGO g EPO

)

O
0O mPEGO™ NH

mPEGO Ig GH

¥

in which mPEG represents methoxy-capped polyethylene giycol having a molecular
weight of 20 kD, and the N-termini of rfINF- Ser;4, EPO, and GH are attached to the
10 rightmost carbon shown in the above structures.

Certain proteins have therapeutic utilities. The conjugates of this invention,
containing a peptide moiety, can therefore be used to treat disease. For example, INF-
fisan imuﬁomodulating medication for treating HCV or HBV infection. See, e.g.,
Journal of Vascular and Interventional Radiology 13 (2002): 191-196. Thus, within

15 the scope of this invention is a method of treating hepatitis C virus (HCV) infection or
hepatitis B virus (HBV) infection with an INF-$-polymer conjugate described above.
As another example, EPO is 2 hormone produced by the kidney to promote the
formation of red blood cells in the bone marrow. It has been used as an
immunomodulating medication for treating anaemia resulting from chronic kidney

20  disease, anemia secondary to zidovudine treatment of AIDS, and anemia associated
with cancer. Recent studies have also found that EPO enhances neurogenesis and
plays a critical role in post-stroke recovery. See, e.g., P. T. Tsai, Journal of
Neuroscience, 2006, 26: 1269. Thus, another aspect of this invention relates to a
method of treating ancamia or enhancing neurogenesis by an EPO-poiymer conjugate

25  described above.



25described above. Also within the scope of this invention is a composition containing the INF-13-
polymer conjugate described above for use in treating HCV infection or HBV infection, and a
composition&g@@m}r}%%e EPO-polymer conjugate described above for Bﬁ%ﬁ% 'Qgﬁneamia or
enhancing neurogenesis, as well as the therapeutic use 5and use of the conjugate for the manufacture
of a medicament for treating HCV infection, EIBV infection, or aneamia, or for enhancing
neurogenesis. The details of one or more embodiments of the invention are set forth in the

description below. Qikekieaiiesspiestshiang asiaagesHidiadn @ntiomwilbexapparent from the
description and from the claims. 10DETAILED DESCRIPTION he peptide-polymer conjugates of

the present iIROSARTFRNHIBE Srapihed B9 S Ik ERBHs R et hemical art. For
example, onergagiepmidneantinkitidneetis an g rhe slkmareoaptivacfunctibadkgsosps with two
polymer mol?cules hatvin‘?ﬁa functional %rﬁ)# reactive to thosae_on ltrg I‘! k&r ngolegule. 15Subsequently,
a peptide mo ctié Cohta f’ﬁalgafﬁ%c fona. g(r7om§pn|c§Ll Teacted with & rdnctionar r%llljp? 8fthe Linker
moleculesto femdnacpethiclsxpiyareive dnjugate sithisfrverticartwddt osttmy & €yhthetic schemes are
provided heregin, che[[ﬁg,l- sh e I reparing th ptide-polymer conjugates of
formula I. Dianrh?r?ﬁoélémpoJ_ﬁ%él%%h?fﬁ%c%%%aaih?gé?;:&%%ﬁlggo%éﬁs_é eZ%ef%g;'lcted with
N-hydroxysuccinimi@iy dasismdtensPEETE embedimsotimd DtarfentodiaP EG{aied dmpound 3, which
is subsequenily Ganvariee o adebyds d.d bisaldehvde campaypeis aacigd wih peptide FI-P having

a free amino group via reductive ailcylation to afford a peptide-polymer conjugate of this invention.
WO 2010/014Br4t ragsbodeyemptiiend from the claims.

10 DETAILED DESCRIPTION
The peptide-polymer conjugates of the present invention can be prepared by
synthetic methods well known in the chemical art. For example, one can combine a
linker molecule having one or more active functional groups with two polymer
molecules having a functional group reactive to those on the linker molecule.

15 Subsequently, a peptide molecule containing & functional group is reacted with a
functional group of the linker molecule to form a peptide-polymer conjugate of this
invention. Two illustrative synthetic schemes are provided herein,

Scheme 1 below shows an example of preparing the peptide-polymer
conjugates of formula I, Diamine compound I, which contains an acetal group, is

20  reacted with N-hydroxysuccinimidy! carbonate mPEG (i.e., compound 2} to form di-
PEGylated compound 3, which is subsequently converted to aidehyde 4. This
aldehyde compound is reacted with peptide H-P having a free amino group via

reductive alkylation to afford a peptide-polymer conjugate of this invention.

i0



3 541 Schemel Scheme 2 below shows an example of preparing the peptide-polymer
conjugates of formula Il. Chemical 6 has a polymer moiety and an aldehyde 5 functional group. It can
be reacted with tide 7, which has a free amino functional group. The resultl roduct 8 is
subsequentl ?e%’ﬂ:@%‘ s g., by hydrogenation or by NaBH3CN, to afford 8%%3 ?ﬁ?ﬁ%r conjugate 9.
A-01-L -CHO + H2N -F A G1 L 67 ruction A -G1-L-CH=N---F 109 Ais a polymer moiety G1 is a bond
or a linking functional group L is alkenylene or alkynylene H2N-P' is INF-13, EPO, or GH 15 Scheme 2
Scheme 3 below is an example of preparing a peptide-polymer conjuga;@a@f formula Ill. Compound 10

having an acetal group, Whlch/%an be prepared from p- o
HaN o fo) il Ry
( o mpEc” Y s o N /(>
3. 0K, I — Y
& Ry Ry Rs mPEG ( )m )n
O & Ry R Ry
1 2
3
deprotection
0/’mPEG D/mPEG
r r
N Ry
© /
we” YOG X0, wrre” YOG K,
S & R A ke O & R R R
5 4
Scheme 1

Scheme 2 below shows an example of preparing the peptide-polymer
conjugates of formula II. Chemical 6 has a polymer moiety and an aldehyde
5 functional group. It can be reacted with peptide 7, which has a free amino functional
group. The resulting product 8 is subsequently reduced, e.g., by hydrogenation or by
NaBH:CN, to afford peptide-polymer conjugate 9.

A | —CHO  + HyN—~==P" s A——G—L——CH—=N—F"
6 7 8
l reduction

e G meomm o CH T2 N e P!
10 9

A is a polymer moiety
(3, 1s a bond or 2 linking functional group
L is atkenylene or alkynylene
H,N-P’ is INF-f§, EPQ, or GH
15

Scheme 2

Scheme 3 below is an example of preparing a peptide-polymer conjugate of
formula III. Compound 10 having an acetal group, which can be prepared from f3-
26 amino acid, is reacted with N-hydroxysuccinimidy! carbonate mPEG 2 to form

PEGylated compound 11, which is subsequently converted to aidehyde 12. This

11



20 amino acid, is reacted with N-hydroxysuccinimidyl carbonate mPEG 2 to foim PEGylated
compound 11, which is subsequently converted to aldehyde 12. This aldehyde compound is reacted
with peptide H-P having a free amino group via reductive alkylation to afford desired compound 13.
mMPEG 0 NH‘Q’%W&’G‘%ﬂ 0", SUNH 0-) 0 10211 dm o/mPEGPEG 0)==0F:BUSHI/EE43 Scheme 3 5
The chemical reactions described above include using solvents, reagents, catalysts, protecting group
and deprotecting group reagents, and certain reaction conditions. They may additionally include steps,

either before or afigr 136, 515RE Lessribed sRECiRAIN BIIRINQ AJYALIGTAYS Sttable protecting

groups in order to
reductive alkylation to afford desired compound 13.

mPES
v
o)

-
O\

NH; D 0. O NK O
)\/L—> - mpeg” \[r > /I\/L—>
R 0 o R O

11

mPEG /mPEG
of o
>:o >=o
g H-P g
\ -— N\
NH NH
)\/\ /]\/CHO
R =] R
13 12
Scheme 3

The chemical reactions described above inchude using solvents, reagents,
catalysts, protecting group and deprotecting group reagents, and certain reaction
conditions. They may additionally include steps, either before or after the steps
described specifically herein, to add or remove suttable protecting groups in order to

10 ultimately allow for synthesis of a peptide-polymer conjugate. In addition, various
synthetic steps may be performed in an alternate sequence or order to give the desired
polypeptide-polymer conjugates. Synthetic chemistry transformations and protecting
group methodologies (protection and deprotection) useful in synthesizing applicable
peptide-polymer conjugates are known in the art and include, for example, those

15 described in R. Larock, Comprehensive Organic Transformations, VCH Publishers
(1989); T.W. Greene and P.G.M. Wuts, Protective Groups in Organic Synthesis, 2d.
Ed., John Wiley and Sons (1991); L. Fieser and M. Fieser, Fieser and Fieser's
Reagents for Organic Synthesis, John Wiley and Sons (1994); and L. Paquette, ed.,
Encyclopedia of Reagents for Organic Synthesis, John Wiley and Sons (1995) and

20  subseguent editions thereof.

iz



10ultimately allow for synthesis of a peptide-polymer conjugate. In addition, various synthetic steps
may be performed in an alternate sequence or order to give the desired polypeptide-polymer
conjugates. Synthetic chemistry transformations and protecting group methodolo i?/??# rotection and
deprotection‘}V szé)fﬂf%%g?‘nthesizing applicable peptide-polymer conjugaté)gg”r‘ésﬁ?gag ?rﬂhe art and
include, for example, those 15 described in R. Larock, Comprehensive Organic Transformations, VCH
Publishers (1989); T.W. Greene and P.G.M. Wuts, Protective Groups in Organic Synthesis, 2d. Ed.,

John Wiley and Sons (1901) by, FigserandMnblesatnfiesetanderraer SiReRaets for Organic
Synthesis, John Wiley and S%ns (1994); and L. Paquette, ed., Encyclopedia of Réagents for Organic

Synthesis, JerhgIaIch Adigbc hogssEpa TSR R At EHins s8 B aPhY. A peptide-polymer

conjugate thugsiyppneRizgdinanReufiutharpurfiscuny.scmatesdisuch as ion exchange
chromatography, gel filtration chromatographE\%electr_ophoresis, dialysis, ultrafiltration, or

ultracentrifugation. TASRSERARERThETBOR Rt & AT ET R RES R AR BESHEfH Rceutically 5active in
the conjugatadevminAlietoatively filroanyktease dphacmackdticalpaotivepeplidediveivo (e.g., through
hydrolysis) by enzymatically cleaving the linkage.between the peptide moiety and the polymer moiety.
Examples of SRS ot e O e S e s e e
peroxidases,tatmiee thigapeds ordshydiche pakesdr reduttivexenpyimes (ezgméseitorobaulctases), and

10hydrolytic %Qm%sc@agmé’ﬁﬂl&%é&%&E&%_@ﬁﬁéﬁj@é‘Eﬁ?}?ﬁ%ﬂ&é.?B&%Qﬂi%E%?ﬁ}ﬁne Thus, one aspect

of this invention relates to a method of administering an’effective amount of one or more of the
above-descridegdasep el debpiprsrasshiugarss o rhaaming adiseieEdustgset@Wor HBV infection, or
aneamiay. S '&@H&%&ﬁ@@%ﬁﬁ%&@p&%@%@qﬁ%@@ﬁegggo@pﬁum%@;.one or more of the

peptide- 15polymer conjugates in an effective amount. Such a subject can be identified by a health
care professional ba<88 SASERGRENTIHS AP YRR A 4G ATRRLHUN ISR 4Ry herein, the term
"treating” or '¢reatimentidsmdefiogdasihie appkcding-aeeatuinisipationslmeompagition including a

Cisorder & AELE oM el otSaRy (e TSLrARe 8 eSO o hard the disorder.
with the purpdseato curdsattewdiey sdhevsiaengady sbprieicratentive «isorgeptithe symptom of the
disorder, the disgase ardisnidsy secendan.ia s dispieruar e BdisaasHion ioard the disorder
An effective arﬁ,ount réflegrs to an amount O% a peptlde-polymer conjugate whnic onfers a therapeutlc
effect on the eadiieersupjelcssipaal frisedpauie B difse epyayp indsivetvslis. Bethsdasurably by some
tests or markers) 0r§§"£§@&ﬂ¥ﬁﬂﬁh’e term “treating” or “treatment” is defined as the application
or administration of a composition including a peptide-polymer conjugate to a subject
(human or animal), who has a disorder, a symptom of the disorder, a disease or
20  disorder secondary to the disorder, or a predisposition toward the disorder, with the
purpose to cure, alleviate, relieve, remedy, or ameliorate the disorder, the symptom of
the disorder, the disease or disorder secondary to the disorder, or the predisposition
toward the disorder. “An effective amount” refers to an amount of a peptide-polymer
conjugate which confers a therapeutic effect on the treated subject. The therapeutic
25  effect may be objective (i.¢., measurably by some tests or markers) or subjective (1.e.,
a subject gives an indication of or feels an effect).
To practice the method of the present invention, a composition having one or
more of the above—mentioned conjugates can be administered parenterally, orally,
nasally, rectally, topically, or buccally. The term “parenteral” as used herein refers to
30  subcutaneous, infracutaneous, intravenous, intramuscular, intraarticular, iniraarteriai,
intrasynovial, intrasternal, intrathecal, intralesional, intraperitoneal, intratracheal or
intracranial injection, as well as any suitable infusion technique.

13



a subject gives an indication of or feels an effect). To practice the method of the present invention,
a composition having one or more of the above-mentioned conjugates can be administered
parcnterally, nasally, rectally, topically, or buccally. The term "parenteral” as used herein refers to
BOsubcutan&%g?]lfzjgﬁtga‘faneous, intravenous, intramuscular, intraarticuI&??Fﬁ?r%%g??é%ﬁqntrasynoviaI,
intrasternal, intrathecal, intralcsional, intraperitoneal, intratrachcal or intracranial injection, as well as
any suitable infusion technique. 13 A sterile injectable composition can be a solution or

suspension in a non;igxif PAfEAIBlRlYAGERIARIS e AL SOMERLEHER AR 8 SAIUHRRIN

1,3-butanediol. Amon@; the atceptable vehicles and solvents that cah be employed are mannitol,

water, RingeP¥ SHRitln 2esatrddtciiecabensnt o itk SR ERIHLN HubridntaRasERbils Sare
conventionally:gsmpl@wed @parsobeaniey susRerdingnediv: Engiosaihetitsnrep- or di-glycerides).

Fatty acid, such as gleic acid and its glyceride derivatives.are yseful in the preparation of injectables,
as are natural ﬂﬁ%ﬁﬁ%%%&%’éﬂ?“&a&%%ﬁé%&&? H%hcglgrdﬂ%oili‘f‘@%é\%f&dgfﬂ% BE4igis in their
polyoxyethylatedorsisionsalfhesgioitdaluiiariscar stisppasibng madials@ ganaith&itong chain alcohol
diluent or dispersant, ar carbo | cellulose or similar dispersing agents. Other commonly used
Surfactants SO S S G S B e 0SSy enancers
which are commnfyldseueinrmeratiamof&aim@@ﬁphamm@mﬁéahymmepﬁabﬂ_bf sotichtiicjaid, or other
dosage forms;ag,aleg, B 1o JPEANGRHRISE: AHIPIMHAITRR, LA Smeasilignder oral administration

can be any orally acceptable dosage form including capsules, tablets, emulsions, and agueous

suspensions THSE S AP S HEIBIO Thiea RS BRtAE LEe cbithidialol d8ucahfiers include
lactose and GREPCIAE br lHINISHHNELF0QNMS oS 6P ASIMAGRESIUA SiRarate ate Jsbmically added.

For oral administratign in a capsule forin, useful diluents include lactose and dried corn 20starch.
When aqueottSaLpaHEHE R EtriiIERNS are s i S Bra T N ARG JE G Fdient can be
suspended obidissgisittincanaaty-phase aambinedaithsetiulgifyingrofzsuspending agents. If desired,
certain sweetenin ,flagzor{%g ar co rin(gtig%entsdcan Qle added, A nasal aﬁro%ol oréwnfh?lation
composition Raf ecﬁlr}‘elﬁaér &cac{’g o iensg 0’ glfédt?rrliauglé WelFkNOwn i the art of B dimaceutical
formulation. For mransplel, Sucllatcemposition can be prepared as a solution in saline, employing
benzyl alcohol or other sui S IVes, I ioavailability,
quorocaqrﬁons, and/g?%t Eﬁ%ﬁﬁ |z?%ggy%g}é?ggeﬂ!ét?r?g%ggg}n%%gﬁr? i%]gﬁgé%ﬂgqﬁéab%position having
one or more 8irtAdnalvgiies daperitetrbisihpiitgeeanslgauseus suspensions, dispersions,

and solutions. In the case of tablets, cornmonly used carriers include lactose and corn

starch. Lubricating agents, such as magnesium stearate, are also typically added. For
oral administration in a capsule form, useful diluents include lactose and dried com
20  starch. When agueous suspensions or emulsions are administered orally, the active
ingredient can be suspended or dissolved in an oily phase combined with emulsifying
or suspending agents. If desired, certain sweetening, flavoring, or coloring agents can
be added.
A nasal aerosol or inhalation composition can be prepared according to
25  techniques well known in the art of pharmaceutical formulation. For example, such a
composition can be prepared as a solution in saline, employing benzyl alcohol or
other suitable preservatives, absorption promoters to enhance bioavailability,
fluorocarbons, and/or other solubilizing or dispersing agents known in the art. A
composition having one or more of the above—described compounds can also be
36 administered in the form of suppositories for rectal administration.
A pharmaceutically acceptable carrier is routinely used with one or more
active above-mentioned conjugates. The carrier in the pharmaceutical composition

14



30administered in the form of suppositories for rectal administration. A pharmaceutically
acceptable carrier is routinely used with one or more active above-mentioned conjugates. The carrier
in the phannaceutical composition 14 must be "acceptable" in the sense that it is compatible with the
active ingreaye(ﬁ%o&l’%éséﬁmposition (and preferably, capable of stabilizing(fﬁ!eug%qwgﬁﬁ 4f7edient) and
not deleterious to the subject to be treated. One or more solubilizing agents can be utilized as
phaimaceutical excipients for delivery of an above-mentioned compound. 5Examples of other carriers

include colloiglalsilicon Q¥ide.MAIRESIH AR AleorsUHInSS oMl MikAURG-SulfAterand D&C Yellow

# 10. The examples below are to be construed as merely illustrative, and not limitative of the
remainder of'@iBNIRERISGRS iprefRiAi sy AR BEveb iiREdhe AsHIR ersaisRtii RAs believed that one

skilled in the @lekadubased ambiba deschiplion IheselnordilinguineiRiesentipuention to its fullest
extent. All publications cited herein are‘h,ereb}( inc?,rporat d by reference in their entirety. EXAMPLE 1:

IFN-p-di-PEGhBH IS PEATTIGH BB EHAPATION BF (i PEE HIABAYAE hont8ned OFREBEGO(C=0)0Su

was prepared faorpl 200Kt PGt ipcirchasddifd(Gundinldnes G é&ildSAJaaeprding to the method
described in BIoGRNIUGALS S HAM 1493 4nd 9058 ettow # 10.
The examples below are to be construed as merely illustrative, and not
limitative of the remainder of the disclosure in any way whatsoever. Without further
claboration, it is believed that one skilled 1n the art can, based on the description
10 herein, utilize the present invention to its fullest extent. All publications cited hercin

are hereby incorporated by reference in their entirety.

EXAMPLE 1: IFN-B-di-PEG polymer conjugate
Preparation of di-PEG aldehvde

HN O mPEGO(C=0)08u

O
Q mPEGO);\ NH O">
/\/\)\/1\0

TN o DPIPEA, CH,Cl,  mPEGO” "N

15 ;
20 kD PEGO(C=0)0Su was prepared from 20 kD mPEGOH purchased from

(SunBio Inc., CA, USA) according to the method described in Bioconjugate Chem.
1993, 4, 568-569.
A solution of 6-(1,3-dioxolan-2-yDhexane-1,5-diamine in dichloromethane
20 (11.97 g of the solution containing 9.03 mg of diamine, 47.8 umol) was added to a
flask containing 20 kD PEGO(C=0)0Su (1.72 g, 86.0 pmol). After PEGO(C=0)OSu
was completely dissolved, N, N-ditsopropylethylamine (79 ul., 478 umol) was added.
The reaction mixture was stirred at room temperature for 24 h, and then methyl t-
butyl ether (200 mL) was added dropwise with stirring. The resulting precipitate was
25 collected and dried under vacuum to give di-PEG acetal (1.69 g, 98%) as a white solid.
"H NMR (400 MHz, dg-DMS0) 8 7.16 (t,J = 5.2 Hz, 1 H), 7.06 (d, J = 8.8 Hz,
[ H), 476 (t,J=4.8 Hz, 1 H), 4.10-3.95 (m, 4 H), 1.80-1.65 (m, 1 H), 1.65-1.50 (m, 1
H), 1.48-1.10 (m, 6 H).



A solution of 6-(1,3-dioxolan-2-yl)hexane-1,5-diamine in dichloromethane 20(1 1.97 g of the solution
containing 9.03 mg of diamine, 47.8 ,umol) was added to a flask containing 20 kD PEGO(C=0)0Su
(.72 g, 86.0 nmolg. After PEGO(C=0)0Su was completely dissolved, N, N-diisozoro lethylamine (79
gL, 478 umo WALAGHES. The reaction mixture was stirred at room temp%?g urenf)g%%?ﬁ and then
methyl t-butyl ether (200 mL) was added dropwise with stirring. The resulting precipitate was
25collected and dried under vacuum to give di-PEG acetal (1.69 g, 98%) as a white solid. NMR
(400 MHz, d5-DMS0) 37.16 (t, J=5.2 Hz, 1 H), 7.06 (d, J= 8.8 Hz, 1 H), 4.76 (t, f=4.8 Hz, 1 H),
4.10-3.95 (m, 4 H), 1.80-1.65 (m, 1 H), 1.65-1.50 (m, 1 H), 1.48-1.10 (m, 6 H). WO
2010/014874PCT/U82009/052§?¢]17 MPEGO 0 00 roPEGOANI-1 Cr\0 raP EGO NR mP

EGON..-?,.."----.."--C, 0..CHir8 i+P cetal (4.0 g, 0.2 rnmol)gvasnsaspen in pH 2.0 buffer
(critic acid, 5 419%9.)#@9!‘&&6&091!%1])6& was stirred at S%M%Whaﬁﬂﬁaed with
dichloromethane (3 x 58 mL). The combined organic layers were driéd over magnesium sulfate,
concentrated, and then re-dissolved in dichloromethane (20 mL). The solution was added dropwisely

to methyl t-butyl ethsir#00:peta) Mith Stiringmdheviesuliipgdeteie pitateowaseqiaetestand dried at
eduocspesitg o e iELC, acchice CRRSBI SR MBSOl AR (420
3.95-3.80 (mdithitdyot&Ba2BS (nd02riH), X h8eBBEr(ed, Rakh)j llA6:d verdniri&ldyer

magnesium sulfate, concentrated, and then re-dissolved in dichloromethane (20 mL).

The solation was added dropwisely to methyl t-butyl ether (400 mL) with stirring.

The resulting precipitate was collected and dried at reduced pressure to give di-PEG

10 aldehyde (3.8 g, 95%) as a white solid.

'HNMR (400 MHz, d-DMSO) 8 9.60 (s, 1 H), 7.24 (d,J = 8.4 Hz, 1 H),
7.16(t,J= 5.2 Hz, 1 H), 4.10-3.95 (m, 4 H), 3.95-3.80 (m, 1 H), 3.00-2.85 (m, 2 H),
2.58-2.36 (m, 2 H), 1.46-1.15 (m, 6 H).

Alternatively, di-PEG aldehyde was prepared in the following manner:

15 The two amino groups of commercial available homo-lysine (Astatech
Pharmaceutical Co., Ltd, China) were protected by benzyloxycarbonyt. The N-
protected homo-lysine was esterified and reduced to form an aldehyde compound.
The aldehyde group was subscquently protected with ethylene glycol. The
benzyloxycarbonyl protecting group then was removed by hydrogenation in the

20 presence of a palladium catalyst. The N-deprotected compound was reacted with
activated mPEGOH (Sunbio Chemicals Co., Ltd., South Korea) in a miid basic
condition. The resulting product was stirred in pH 2.0 citric acid buffer (Sigma-
Aldrich, Germany) at 25°C for 72 hours to remove the aldehyde protecting group.
109 g of di-PEG polymer aldehyde was obtained (yield: 95%). Purity was more than

25 97.7% (determined by HPLC) and more than 95% (determined by 'H NMR analysis).
Preparation of Human rthIFN-8 Ser);

A DNA fragment encoding human INF-8 Ser;; was cloned into expression
vector pET24a to produce an expression plasmid rhiFN-B Sers-pET24a. This

expression plasrmd was transformed into E. coli and positive transformants, i.c.,
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Alternatively, di-PEG aldehyde was prepared in the following manner: 15The two amino groups of
commercial available homo-lysine (Astatech Pharmaceutical Co., Ltd, China) were protected by

benzyloxycarbozn I.{;FQ% l\l- protected homo-lysine was esterified and redgg%% gcz)(z}orrgzgpl aldehyde
compound. Y gehyde group was subsequently protected with ethylene glyco)I.g'ﬁ‘}e

benzyloxycarbonyl protecting group then was removed by hydrogenation in the 20 presence of a
palladium catalyst. The N-deprotected compound was reacted with activated mPEGOH (Sunbio

Chemicals CGonk{da it QeRdina Piidhasiconilitien; Jeeauling Meedustapas stired in pH 2.0
citric acid buffer (Sigma-Aldrich, Germané) at 25C for 72 hours to remove the aldehyde protecting

group. 109 ¢°BF GBS petytiercdidei)dé was obtained (yield: 95%). Purity was more than 25 97.7%
(deteimined by HPLE ), ane, meredthas 820 Eeiarmined ol WMRnapalsislE repatation of Human

rhIEN-13 Serri A DNA fragment,encodir?\_g human INF-13 Sun was cloned into expression vector
PET24a to pRéduEeine Sxptussronyisasmad FRTERe s siyrows Phrbeihebems Plasmid was
transfoirged grtocEnaatvanghposiivatemsiaimantsyiter (elienesatasdying:thenefpression plasmid, were

selected, cuIEvitggl, %n%pﬁurg%%%%% 1E§d(‘é;|%lllf é}:gflgér&n%]\gféﬁ %8@,%}%{%?80# 10 ul of a stored E. coli

culture mentioned aBoVE WEE HOCUMA eding iu%T“c)(’)nsisting of Terrific Broth
and glycerol {f3.abtt D16 durKai-B8% C aid) 20040 (4 S0 mbofaied 7 gdl).citaste thus obtained were

transferred t I ai : ini u g%ﬁp (0.7 (NH4)2HPO4 (4
g/L), ICH2P%ﬁ%&gﬁg%i;gg%%g&%c%%@ﬁ@%%&%%%1 xtracg??{lg g%ﬁL), kanamycin (50
mg/ml), chlorafph@EeRILB0 Ang/rrad chmaritifoainire dgeRly Aldiid8engtiéments including

FeSO4 20NN BOZHH0 629,626 mulk) GUIRLAHZ0 é@.mﬁg%@}?@ﬁ-lm (0.5 mglL),
H3B03 (0.3 meL), CaC12.2H20 Zén%g)é (NH4)6Mo07024 (0.1 m%/lL EDTA (0.84 mg/L), and Cl (50
t

mg/L), and cifivE&l)at5%E: DEOE B E3H MEdhlle e AN Talte 140, IPTG (1 M)
was added tathe cyiiuig /o) indycalexprassion @f rh -l Sems ) be dndeced; eulture was incubated at

T 900 O TS et e s conin 800 o1 gcose an
described abaveNMRs Gubjemiedndueahtiiftigation igchiancedsi: E.3001C calis3 (bheadls vere resuspended in
8705 ey QU O C LM NSCH S i it AR o
MgS04 was added to the E. coli culture during incubation.,
The E. coli culture obtained as described above was subjected to
centrifugation to harvest E. coli cells. The cells were resuspended in a PBS buffer
(0.1M Na2HPO4, 0.15M NaCl) and disrupted in an APV Homogenizer. The
20 homogenized solution thus obtained was centrifuged at 10,000 rpm, 4°C for 15 min.
The precipitates {including inclusion body} were collected, resuspended in PBS, and
stirred at room temperature for 20-30 min to form a suspension. NaOH (6 N) was
added to the suspension to adjust its pH to 12 to allow dissolution of proteins included
in the inclusion body. About 2 minutes later, the pH value of the suspension was
25 adjusted to 7.5 with 6 N HCL. The suspension was then subjected to centrifugation
and the supernatant thus formed was collected, its protein concentration being
determined using a spectrophotometer. The supernatant was mixed with a refolding
buffer (TEA, pH 8.3) and incubated at room temperature without being stirred for
24~48 hours. It was then concentrated and dialyzed, using the TFF system and
30 PLCCC cassette provided by Millipore, Inc. The resultant solution was subjected to
ultrafiltration, dialysis, and fractionation with a SPFF Sepharose column. Fractions

A9 and A10 thus obtained, containing the recombinant protein rhIFN-B Ser;,, were
17



The precipitates (including inclusion body) were collected, resuspended in PBS, and stirred at room
temperature for 20-30 min to form a suspension. NaOH (6 N) was added to the suspension to adjust
its p1-1 to 12 to allow dissolution of proteins included in the inclusion body. About 2 minutes rater, the
pH value of biat! %‘l}g@é‘f?gﬁm was 25adjusted to 7.5 with 6 N HCI. The sus SASSH R4S HEN subjected
to centrifugation and the supernatant thus formed was collected, its protein concentration being
determined using a spectrophotometer. The supernatant was mixed with a refolding buffer (TEA, pH

8.3) and incupaied aldeqmIenIRE AR /el beina SUSRAPLA:AM IpuES. s den concentrated
and dialyzed, using the TFF system and 30 PLCCC cassette provided by Millipore, Inc. The resultant

solution was Igatﬁét(ﬁ@&técdmﬁfﬁﬁaﬁéﬁ),- dT&SﬁQ@&%ﬁr%@bim%ﬁlmrﬁF@@mﬁ mSe ﬁhﬂf@se column.
Fractions Agp%]l%éad]g%ﬁgﬂ-r'ﬂsﬁ%@éﬂqgug%@B@Qﬁhfbymrﬂp%@ﬁﬁ IR0 3 6 f, were further

fractionated with an SPFF Sepharose column to enrich the recombination protein (in Fractions
A8-A10). ThésengimnapvBema Fuesin i aingdr detioPR velberbraser poriviedoseean hmeation (Superdex 75

HR 10/3Q0) to-gbiaigihe shIFNR 58 hBratein (1 mg/ml) having a purity of greater than 90%. The
bioactivity of the recombinant 5protein was >2 x1071U/mg protein. Preparation of IFN-13-di-PEG

polymer conjbigagsation afdINhding pls AWEAC5] g diPEG aldehyde were suspended in 26 mL

of 0.1 M sodium phesghatehsffes @i 5.0 179 thigsekiticnuyas @dded $00:e8:P5 NACNBHS3 (Acros
Organics, Belgium). The reaction mixture was stirred at room 10 temperature for 16 hours and then

subjected to 8idlysid sof s horphas: icte gl 2.8). Tiatossaliivsdi atded J0ffdd Py an

ion-exchangesgotunn, (veffRdrd Mmes0BHhAS- dhPR&RalymerLierarationetdysmnan IEN-13
Transformed E.coli BLR (DE3)-RIL ceIIE, carryin%ége ﬁn odingéﬁq uence of 151FN-3 %seratively
i)

linked td%n ESEBHHHGHGEE Rars MgdhraEinc N o i Gresldt soytone, 5 gL
Yeast extractrianehd glbddaGhspippienentadonitx SQ:tiliablkanasyeindcnehseruifmis-
chloramphcrgigoﬁﬁ he cells were then cultured at 37C in a shaker incubator at 220 rpm overnight (i.e.,
16 hours). 250 it. o?qlléfg%li'/ernight culture mentioned above were inoculated into 3.0 L 20 basic
medium (10 @Heraf{Ghicesefad TN-Gf MgS04.7 1-120,4 g/L of (NH4)2HPO4, 3 g/L of 1CH2PO4, 6 g/L
of K21-1P0O4, 2 g/L of Citrate, / e ract and 2 g/L of,Isoleugine) supplemented with 10
/L basi giutose, O P BEA G AIqEOA D0 N rEal FIUEE Ho R DRI DRG0 71120, 2.25
g/L of ZmSO4IMNABGpirgpkadf GOk HH2@ol.prgtlorl MRSOAdd2R:<d. B A0 ofIHSBR3, 2 g/L of
CaC12.2H20, 0.1 25 g/l of (NH4)6M07024,0.84 g/L of EDTA I/l of HC1), 25 ttUmL kanamycin
and 25 1.1 SR STl r S U TS R A1 (S 3000; Brunswick
Scientation GoppidisoredNIHhDlringafe iomemationg it 6 fdhe lnbdimmphenicol. The cells

were then cultured at 37°C in a shaker incubator at 220 rpm overnight (i.e., 16 hours).

250 mL of the overnight culture mentioned above were inoculated into 3.0 L.
20 basic medium (10 g/L. of Glucose, 0.7 ¢/I. of MgS04'7 H,0, 4 /1. of (NH4);HPOy,, 3
g/L of KHyPO4, 6 g/L of K;HPO4, 2 ¢/L of Citrate, 10g/L of Yeast extract and 2 g/L
of Isolcucine) supplemented with 10 g/L basic ghicose, 0.7 g/1. feeding MgSOq , 30
mL feeding trace element (10 g/L of FeS047H,0, 2.25 g/L. of ZnSO4TH20, 1 g/L of
CuSOy4 5H;0, 0.5 g/L of MnSO4-H,0, 0.3 g/L of H:BOs, 2 g/L of CaCl;:2H,0, 0.1
25 /L of (NH4)sM07024, 0.84 ¢/1. of EDTA, 50 ml/L. of HCT), 25 ul/ml. kanamycin and
25 ul/mL chloramphenicol and cultured in a five liter fermentor (Bioflo 3000;
Brunswick Scientation Co., Edison NJ). During fermentation, the pH of the medium
was controlled at pH 7.1 by automated addition of a 37% NH,OH solution. The
dissolved oxygen (DO} level was maintained at 30%. The feeding solution (800 g/L
30 of glucose, 20 g/L. of MgSO4, 50 pl/mL kanamycin and 50 pl/mE chloramphenicol)

was added using a program-controlled pump, which was set to feed when DO level

18



was controlled at pH 7.1 by automated addition of a 37% NH401-1 solution. The dissolved oxygen
(DO) level was maintained at 30%. The feeding solution (800 g/L 30 of glucose, 20 g/L of MgS0O4, 50
ul/mL kanamycin and 50 ul/mL chloramphenicol) was added using a pro ram-controlled7pump, which
was set to feed WheH 138 level exceeds 40-60. When the cell density (0%86’653%’ he ftmentation
culture reached 180 to 200, 4 mL of 1 M Isopropyl-13-D-1-thiogalactopyranoside (IPTG) was added to
the Letmentation culture to induce IFN 13 expression, together with 30 mL of feeding trace elements

and 259 of yeaglaxuacsaliadiere DANVesIRY RRyTSAlte iRl G iRduGian.hy.cenirifugation. The cell
pellets were suspended in PBS buffer (0.1M Sodium phosphate, 0.15M sodium chloride, pH 7.4) at an

( p .
approximate ¥e{ié a09: 3 efeijrtprary -G8t ssr e oRcrsnsitiA8r TAR vised &eififuged at
10,000 rpm for. 20-mipatACuitiie RelgLeONtRINRIJASISIOR BadY: (Bhwaswashedifwice with PBS

buffer, 10centrifuged as described above, and sus?ended in IL PBS solution (0.1M sodium phosphate,
0.15M sodiuffPERFIFRIENH N 20 S0 ARTHEFgaH-8:aU8 BN P IAMSBEIRE EtEd for 30 minutes,
the suspensipawasmmbiestad badad. adjustment to 12 with 6.0 M NaOH, while stirring to solubilize the

pellet. The pH of the, suspensjon was then adjust 7.5 wijth 6 N HO. Upon centrifugation at
10,000 rpm for 20 TR 8 EpEH eSS B AT es.  The soluble
INF-13 was théfMubjiate diioriééotding s fetlonwscoTheasupemeint :ihentioneghaborb)was diluted in 10 L
of a freshly prepared refolding bufter (100,mM Tris-FICI (pH. 7.6),.0.5 M L-Arginine,.2.mM EDTA) for
form a refold?gﬁsgpurﬂt&%ug 2 Fﬁg%n%(%rzgg\’/v%}sd irﬁnce:aggsé%ﬁfl ?(ﬁgl{lfllrgi/@t?]%{]l\sﬂ ﬁrﬁg.%&f%eﬁ%éubation, the
mixture, 20 cbmtairiingcrefoldiag redosbiady IFR) $35 washdicthy redrataiiist @M Tris (with 200 mM
NaC1, 0050/3&%%%1&?951 &}’és‘lcﬁbeb_laﬁoq)ebéﬁgegﬁspengmtg ﬁbﬁgg ﬂ%gﬁe(@.’ 3 |§6%‘}_j]ﬁﬂ onto a .
SP-Sepharose column (GE Amersham Phatmacia), which was pre-equilibrated and washed with a 20

mM Tris-HCIPhoohia. RS Isafmnyshlaridy, N 13 Wasvellresewiith 4 solMor thhtaifitig 20 mM

Tris-HC1 25 pufferpi 70008200 NaGhdaaHianasentaining B Rias oliected based on
their absorbance at 280 nm. The IFN 13 contained therein was further purified by a hydrophobic

interaction cotthf {GENREARnREHS sEede Pl BeRebdw) heRidP(/AS fresdgiiibrated and

washed with @agahaticjaentiniig 1.8 MammeriunmUpstpbaieifag.mM £adi00n agataie2and 0.05%
zwittergent (pH 4.5). IFN Pi was eluted 30using a soéution contairgng 0.5 M ammonium sulphate and

20mM sEdiufit el P EPAEI N REHUIERIURS Browin &< 66ifdcted based on their absorbance at

280 nm. The soluble INF-3 was then subjected to refolding as follows. The supernant
mentioned above was diluted in 10 L of a freshly prepared refolding buffer (100 mM
Tris-HCl (pH 7.6), 0.5 M L-Arginine, 2 mM EDTA) for form a refolding mixture.
The mixture was incubated for 48 hr without stirring. After incubation, the mixture,

20 containing refolded recombinant IFN-B, was dialyzed against 20 mM Tris (with 100
mM NaCl, 0.05% zwittergent 3-14, pH 7.0) buffer.

The dialyzed mixture was loaded onto a SP-Sepharose column (GE Amersham

Pharmacia), which was pre-equilibrated and washed with a 20 mM Tris-HCl, 100mM
NaCl buffer (pH 7.0). IFN p was eluted with a solution containing 20 mM Tris-HCI

25  buffer (pH 7.0) and 200 mM NaCl. Fractions containing IFN 3 was collected based
on their absorbance at 280 nm. The IFN B contained therein was further purified by a
hydrophobic interaction column (GE healthcare, Butyl Sepharose Fast Flow), which
was pre-equilibrated and washed with a solution containing].0 M ammonium
sulphate, 20 mM sodium acetate and 0.05% zwittergent (pH 4.5). IFN [ was eluted

30  using a solution containing 0.5 M ammonium sulphate and 20mM sodium acetate.

Fractions containing the protein were collected based on their absorbance at 280 nm.
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These fractions were pooled and the concentration of IFN f3 was determined by BCA protein assay
(BCATM Protein assay, Pierce). Preparation of PEG-IEN-13 conjugate To a solution of di-PEG
aldehyde (2%55 rrg{gméA t,},mol) in water (1.46 mL) was 5 added 2 M sodium g@os%l%te 2buffer (pH 4.0,
0.37 mL), zwﬂ?gen il ?1.48 mL, 10% in water) and INF-f3 (14.8 mg in A kil 6?—? 4% buffer
containing 20 mM sodium acetate, 0.7% ammonium sulfate and 0.05% detergent). The reaction
mixture was stirred at room temperature for 10 minutes, followed by addition of the cyanoborohydride
aqueous solgtin(#00; g 82 Bodika i AP ERRARAFEPIGMUR MRS Sliteadnthe dark for 40
hours and purified by SP HP %epharqse chromatography. Fractions containing the desired PEG-IFN f3
conjugate wéveteBlIERBaded Brotrigirvetaisittime and absorbance at 280 nm. The concentration
of the conjug@yg@}&p@ft@ﬁ@@g@@% Rrotein assay (BCArm Protein assay, Pierce).
15Pharmacokinetic study in rats armacokinetic study was performed in a rat model to
compare serum hamﬁfésgmmqmgqg@@ﬂhﬁ&ﬁj@9m rads 428l 1350 ) ANerk adfinistered
intravenqusly, 1A a5 % BAORAMAIIL AT 1 PEGLLENE (73304 BloRdP5yol) was collected

from each rat before administration and at 0.1, , 6,10, 24, 48, 2072, and 96 hours after

administratiot. "SEetsERTBtEd et &g isparealiom e ohodaraeatiuna8umd $iMEN-13 contained in

the samples yuerg20alyzed RyamEEMRedinG8dImmLneagsah kLIS h Hhesewm half-life of IFN-13
and PEG-IFN-13 was 2 hours and 20 hours respectively, calculated from the serum concentration of

the last threeBiFRd piReL: sBnpseaiipior K e ARG et tbiNiRE Preparation of PEG-EPO

To a solution:phhivBRGyakihEiedZG6IMeEdopmel) it water{2,&fsnLinesadied 2 M sodium
phosphate buffer (pH 4.0,.1 mL) and EPO (10 mg in 3 03 mL of 30 pH 7.3 buffer containing 20 mM

| I f
sodium PhosPHEtEcaNE $5ES9MIRFLES fare) feacisrdrhifird asfsiirefalta88i temperature for 10

minutes, follegveehbis theprdditipials toaHamiy MCyanebeEbYENds aauaauswalktion (400 mM, 100 gL,
40 umol). The reaction mixture was stirred in thefﬂ rk for 17 hoyrs and purified by a SP Toyopear!
column (TosSRYCTRE BOIHAR WEE SRHIBFAIEE Atk SRR Sciard AEb A BEREFTBIIR S, The reaction
mixture was diltteddto a:aerveanteationnet 03P A moteih andaaded s prteitheaEF, Toyopearl column.
Fractions corf,tlaini g the desired PEG-EPO conjugate were collected based on their retention time and
absorbance at 280hm. The concentration of the conjugate was determined by 280nm UV absorbance.

Pharmatokirtirmadiimetiastudy in rats

A pharmacokinetic study was performed in a rat model to compare serum half-
life of IFN-3 and PEG-IFN-B. Male rats (250 ~ 350 gm) were administered
intravenously at a dose of 600 ug/kg IFN B (n=3) and PEG-IFN 3 (n=3). Blood (250

nl) was collected from cach rat before administration and at 0.1, 1, 2, 4, 6, 10, 24, 48,
20 72, and 96 hours after administration. Serum samples were prepared from the blood
and the amounts of IFN-3 contained in the samples were analyzed by an Enzyme-
linked immunoassay (ELISA). The serum half-life of IFN-f§ and PEG-IFN-J was 2
hours and 20 hours respectively, calculated from the serwm concentration of the last |
three time points.
25
EXAMPLE 2: EPO- PEG polymer conjugate
Preparation of PEG-EPO
To a solution of di-PEG aldehyde (267 mg, 6.1 pmol) in water (2.67 mL) was
added 2 M sodium phosphate buffer (pH 4.0, 1 mL) and EPO (10 mg in 3.03 mL of
3¢ pH 7.3 buffer containtng 20 mM sodium phosphate and 150 mM NaCl). The reaction

mixture was stirred at room temperature for 10 minutes, followed by the addition of
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10A pharmacokinetic study was performed in a rat model to compare serum half- life of EPO and
PEG-EPO. Male rats (250 - 350 gm) were administered intravenously with EPO (n=5) and PEG-EPO
(n=5) at a dgse of 25 ,ug/kg. Blood (250 }IL) was drawn from each rat bef%refgdmir}istration and 0.088,
0.75, 1.5, S,v%?f&ﬂé%f‘%ﬁd 48 hours post administration. For PEG-EPO treated 14 s%zls(%d samples
were 15further collected at 72 and 96 hours after administration. Serum samples were prepared from
the blood and analyzed with an Enzyme-linked immunoassay (ELISA) to deteimine the amounts of

EPO containgd {iarein - Thesssnisaioniaakihs.aem mdwalivie pb EEQ(Y\’&%&P;‘?H&S while that of
PEG-EPO was significantly increased, i.e., 38 hours. 20 Preparation of EPO-P G:conjugate 0.2 mg of

EPO (Cashnigd&iiSeiaitifee Confpaieg, T ihaakdaul4 hegroral prdieddaryaB Toowgual.) were
suspended iRf:h(Pbasiphate buffe(RE:2Qkibe: this.seluisnnvasiadd e AQ0RacRfIACNBH3. The

reaction mixture was stirred at room temperature for 16 hours. HPLC confirmed formation of
EPO-di-PEGpblyieF s eexmNise &4 SRR SERAMTLIEOR; b s bt apratii Srat-hH
Transforgnedobs e BRER (PXp3irReblueel|sreapiabie aftexpigssiafeded-PEk Evereafiltiared following the
feiin entation proce ure 9 scrciibedt@bov? f(%r e4$§ssi$%of OMetf;p%& 1%ells were harvested via
centrifugatior‘?’ andee Fﬁel esc\b‘/va?snsu%f)éene et B ersg TS 1 7'M EDTA, pH 8.0) at an
approximate qatisofati (efebewaighpaty mky d¥ieertedd hyetelheUYishspteahby. a rnicrofluidizer and then
centrifuged at 10,000 rpm for 20 min. The pellet containing inclusion body (IB) was washed twice with
TED buffer (50mM T ris-HC1, 1mM EDTA, 2% Dcoxycholate, pH 8.0), centrifuged as described above,

and suspendéazipagiliDafasirdyid wahtrifuged at 5 20,000 rpm for 15 rnM. The IBs were suspended in

400 mL.@f 50 mM TUD, siuHaR(af Ty 8IS Herdorthdd Hredw 2emMdAbhpaR 300 and the
suspension was centrifuged at 20,000 rpm for 20 min; supernatant collected.

life of EPO and PEG-EPO. Male rats (250 ~ 350 gm) were administered

intravenously with EPO (n=3) and PEG-EPO (n=5} at a dose of 25 pg/kg. Blood (250

ul.) was drawn from each rat before administration and 0.088, 0.75, 1.5, 3, 6, 10, 24,

and 48 hours post administration. For PEG-EPO treated rats, blood samples were

15 further collected at 72 and 96 hours after administration. Serum samples were
prepared from the blood and analyzed with an Enzyme-linked immunoassay (ELISA)
to determine the amounts of EPO contained therein. The results show that the serum
half-life of EPO was 9 hours while that of PEG-EPO was significantly increased, i.e.,
38 hours.

20  Preparation of EPO-PEG polymer conjugate

0.2 mg of EPO {Cashmere Scientific Company, Tatwan) and 4 mg of di-PEG

aldehyde (20 cqual.) were suspended in 0.1 M phosphate buffer (pH 5.0). To this

solution was added 400 eq. of NaCNBHa. The reaction mixture was stirred at room
temperature for 16 hours. HPLC confirmed formation of EPO-di-PEG polymer.
25
EXAMPLE 3: GH-PEG polymer conjugate
Preparation of Met-hGH
Transformed E.coli BLR (DE3)-RIL cells, capable of expression Met-hGH,
were cultured following the fermentation procedure described above for expression of
30 Met-hGH.
Cells were harvested via centrifugation and cell pellet was suspended in TE

buffer (50 mM Tris-HCl, 1 mM EDTA, pH &.0) at an approximate ratio of 1:3 (wet
21



The supernatant was diluted in 2.0 L of a freshly prepared refolding buffer (50 mM Tris-HCI, 0.5 irtM
EDTA, 5% glycerol 10 mM GSH/1mM GSSG, p1-1 8.0). 10The mixture thus formed was incubated for
36hr without stirring and then dialyzed against 20 mM Tris buffer (pH 7.0? _The dialyzed mixture,
containing MELAL ,1\7’\%{3 loaded onto a Q-Sepharose column (GE Amer ﬁ&éﬁ%ﬁ%‘?{?ﬁ%&% Pittsburgh,
PA), which was pre-equilibrated and washed with a 20 mM Tris-FICI buffer, pH 7.0. Met-hGH was
eluted a solution 15containing 20 mM Tris-HCI buffer, pH 7.0 and 100mM NacCl. Fractions containing
Met-nGH, deferpingchby thalr sorbange,ah a8 amy Werscralisated AAQIRd. 2ndilagded onto a

hydrophobic intéraction column (GE Amersham Pharmacia, Pittsburgh, PA), pre-equilibrated and

washed with& BOUMIEB diti i aeBtate H it M DNER YRR Rady 8B WeniiRs efet-nGH was eluted
with a solutiaReeRiatninenZelimy Z0sodivm-aretate buifierand«d 3sbiamnmopiuppsulfate. A fraction
containing Met- hGH was collected and subjected to BCA protein assay (BC T Protein assay,
Pierce) to de‘i%‘?mg‘é’*%ésﬂ%%‘iﬁ LS EHRFRHERC &%Mﬁ Vﬁgégé;‘é%-ﬂa?#%’\%ﬁiugate 25To a
solution of d2PB® gidefyrde (i M IBsumal sinpwaded (88DKkih]. whsSlad T 2 Mdodinm phosphate
buffer (pH 4.0,.374,i(l.) and.h  GH,(22 in of pH 4.5 buffer containing 20 mM sodium
acetate and %5)0 mhgégglé.lT%%ﬁggg%hg%%Q?ef %sﬁs%e@gtg}ggﬁp%ﬁ%%%%ﬂre for 10 minutes,
followed by thrtadupidraiotGeudivier @janobevobiydtitte adlgetsds solution (400 m1V1, 140 tit, 56

30umol). The reactipp. g e, SBEGR N SR i0R 4, R0pten 208 Riilied By XL Sepharose

chromatography. Fractions contamln%t%he desired polymer-protein conjugate were collected based on

their retentiolr Hidahdedsbibane 128G Akt Tive GiratiordF eSnfageitedPas determined by

a proteif asspyekitiksinabe iBrasiordsmeiheek (RiersenRaakior ditcRhaimacakipatic study inrats A
phaimacokinetic stud(}/ was performed in_a rat model to compare serum half- 5 life of Met-hGH and

PEG-Met-hGAE Rkt BipPuE8h(gHhY Wkre administered intravenously with Met-hGH (n=5) or
PEG-Met-hGH (n=9)hatdatlese of:30Q uatkginBigodesaitiplesdaytyaicp bartad frosphietGH-treated rats
before adminjstratio ng.O 3,1,2 4, 8 d 24 hours after administration, and were collected
flom PEGMCHEPL Wbt berbratie el LR AR B T3 o6

washed with a 20 mM Tris-HCl buffer, pH 7.0. Met-hGH was eluted a solution

15 containing 20 mM Tris-HCI buffer, pH 7.0 and 100mM NaCl. Fractions containing

Met-h(GH, determined by their absorbance at 280 nm, were collected, pooled, and
loaded onto a hydrophobic interaction column (GE Amersham Pharmacia, Pittsburgh,
PA), pre-equilibrated and washed with a 20 mM sodium acetate buffer (pH 7.0), at a
flow rate of 5 ml/min. Met-hGH was eluted with a solution containing 20 mM

20 sodium acetate buffer and 150 mM ammonium sulfate. A fraction containing Met-
hGH was collected and subjected to BCA protein assay (BCA™ Protein assay,

Pierce) to determine the Met-hGH concentration.

Preparation of PEG-Met-hGH conjugate

25 To a solution of di-PEG aldehyde (74 mg, 1.7 umol) in water (387 pl) was
added 2 M sodium phosphate buffer (pH 4.0, 374 uL) and human GH (22.4 mg in 6.5
mL of pH 4.5 buffer containing 20 mM sodium acetate and 150 mM NaC(l). The
reaction mixture was stirred at room temperature for 10 minutes, followed by the
addition of the sodium cyanoborohydride aqueous solution (400 mM, 140 ulL, 56

30 umol). The reaction mixture was stirred in the dark for 17 hours and purified by SP
XL Sepharose chromatography. Fractions containing the desired polymer-protein

conjugate were collected based on their retention time and absorbance at 280 nm. The
22



10 hours after administration. Serum samples were prepared from the blood and analyzed with an
Enzyme-linked immunoassay (ELISA) to determine hGH concentrations. The serum half-life of
Met-hGH and PEG-Met-hGH was 3 hours and 35 hours respectively. 150THER EMBODIMENTS
All of the fealifE& g ed in this specification may be combined in any%%%ﬁ%ﬂ@ﬁ?ﬂéch feature
disclosed in this specification may be replaced by an alternative feature serving the same, equivalent,
or similar purpose. Thus, unless expressly stated otherwise, each feature disclosed is only an example
of a generic 203eries A EFUNARIEOL ARLRALIRAES . proERORIRARRANE ARsSHRtigR; one skilled in
the art can easily ascertain the essential characteristics of the present invention, and without departing
from the spirﬁlﬁigﬁds%%qir%‘?é]éﬁ?@a%ake various changes and modifications of the invention to
adapt it to vapighsssAesiaae serditigns. Thus, other embodiments are also within 25the scope of the
following claims. WHAT IS CLAIMED IS: 1.A peptide-polymer conjugate of the following formula: 5
wherein  each of FARERDARREMEHC %Héyﬂéﬁsiﬁﬁfg ﬁtmﬁw,défﬁ@%ﬁ e?é%haiﬁ%nw, C2_10
alkynyl, aryl, lifeter afyt- KCR1 Sreyelu@ikide-bGE 3 MehetarqegolealkylyeackefAhiangAd, independently,
is a polymer moiety; egch otEEJ , d Q3, irﬁfﬁ? d%?'g js 3 bond or a Elnk' fynctional group;
10P is select’é’&rq‘ygyﬁ?‘ﬂ%é’ g %‘Egﬁ%’gt?ﬂgggfoé gﬁ&?‘ %1 fﬂo%étﬁt, 085 wg](gi%)lfﬁg'moiety, and a
growth hormsie diepi:the-rittotdaned thomof e NHarsatad saaf (R foedngbondedido &3; M iS 0 or an
integer of 1-10; [ integer,gf.1-10. 15 The conjugate of.claim 1,.wherein PJjs an interferon-0
moiety. 3.Th]899§f}ﬂgr}a1%’%é; SR s i ad s alion a0d SRR conetied froim PEGY
Met-hGH-treated rats before administration and 0.33, 1, 4, 8, 12, 24, 48, 72, and 96

10 hours after admimistration. Serum samples were prepared from the blood and
analyzed with an Enzyme-linked immunoassay (ELISA) to determine hGH
concenfrations. The serum half-life of Met-hGH and PEG-Met-hGH was 3 hours and

35 hours respectively.

15 OTHER EMBODIMENTS

All of the features disclosed in this specification may be combined in any
combination. Each feature disclosed in this specification may be replaced by an
alternative feature serving the same, equivalent, or similar purpose. Thus, unless
expressly stated otherwise, cach feature disclosed is only an example of a generic

20 series of equivalent or similar features.

From the above description, one skilled in the art can easily ascertain the
essential characteristics of the present invention, and without departing from the spirit
and scope thereof, can make various changes and modifications of the invention to
adapt it to various usages and conditions. Thus, other embodiments are also within

25  the scope of the following claims,



~ 204.The conjugate of claim 2, wherein P is a modified interferon-13 moiety containing 1-4 additional
amino acid residues at the N-terminus. 5.The conjugate of claim 1, wherein P is an crythropoietin

moiety. 256 B%‘ﬁg%g%e of claim 1, wherein each of A1 and A2 is a poé@tw%&%ﬁ?l moiety
a / 4 .

having a molecu

r weight of 2-100 kD. WO 2010/014874PCT/US2009

he conjugate

of claim 6, wherein each of A1 and A2 is a polyethylene glycol moiety having a molecular weight of
8. The conjugate of claim 7, wherein each of Gl and 02 is O N 5H, in which the O is

10-30 kD.

bonded to Al or A2yancdrtiedy Atamris londed to a carbon atom; and 03 is a bond.

conjugate of claim 8, wherein missg 4,nis 2, and eacl}é?&?l?l R2, 10R3, 12.4, and R5 is H.
#ﬂ'i“& :

conjugate of claim 9; whefeRf !
P is rINF-13 Seru.

RADARSHE B T dhy followjing §

jugate of claim

wherein P is an erythropmetin moiety. |

10

15

20

25

G, Ry

wherein

each of Ry, Ry, Rs, Ry, and Rs, independently, is H, Ci.qp alkyl, Co.1o alkenyl,
Co.10 alkynyl, aryl, heteraryl, Csg cycloalkyl, or Cs.g heterocycloalkyl,

each of A, and A,, independently, is a polymer moiety;

each of Gy, Gy, and Gs, independently, is a bond or a linking functional group;

P is selected from the group consisting of an interferon-B moiety, an
erythropoietin moiety, and a growth hormone moiety, the nitrogen atom of the N-
terminus of P being bonded to Gs;

m 18 0 or an integer of 1-10; and

n is an integer of 1-10.

2. The conjugate of claim 1, wherein P is an interferon-f moiety.
3. The conjugate of claim 2, wherein P is rINF-f Ser;7.
4, The conjugate of claim 2, wherein P is a modified interferon-§ moiety

containing 1-4 additional amino acid residues at the N-terminus.

5. The conjugate of claim 1, wherein P is an erythropoietin moiety.

6. The conjugate of claim 1, wherein each of A; and A, is a polyethylene

glycol moiety having a molecular weight of 2-100 kD,

24

9. The

10. The
10, wherein

12. The conjugate of claim 10, wherein P is a modified interferon-13 moiety

containing 1-4 additional amino acid residues at ti;@ N-terminus. 13. The conjugate of claim 9,



14. The conjugate of claim 9, wherein P is a growth hormone moiety. 15. The conjugate of claim
1, wherein P is a growth hoimone moiety. 16. The conjugate of claim I, wherein the conjugate is 0
omPEGO NH mPEGOSerl7 in which mPEG is a methoxy-capped polyethylene I;/col moiety having a
molecular W‘enfghztﬂ%)q’/%ésl-"ﬁD. 5 17. The conjugate of claim 1, wherein the gbeéﬂ}]g%@ (€698 mPEGO NH
mPEGO to in which mPEG is a methoxy-capped polyethylene glycol moiety having a molecular weight
of 20 kD. 18. The conjugate of claim 1, wherein the conjugate is 0 mMPEGO NH mPEGO 15 in

which mPEG is a methoxyrgapasdaeivethvlens eivseliepiatyaving & molspiaiyeiant of 20 kD.
glycol moiety having a molecular weight of 10-30 kD.

8. The conjugate of claim 7, wherein each of G; and G, is

O
™~ 0/[k N ~
H ,
n which the O is bonded to A; or A,, and the N atom 1s bonded to a carbon atom; and

(G; 1s a bond.

9. The conjugate of claim 8, wherein m is 4, n is 2, and each of Ry, R,
1 Rs, Ry, and Rsis H.

10.  The conjugate of claim 9, wherein P is an interferon-p moiety.

11. The conjugate of claim 10, wherein P is rINF-B Sery.
15
12.  The conjugate of claim 10, wherein P is a modified interferon-§ moiety

containing 1-4 additional amino acid residues at the N-terminus.

13, The conjugate of claim 9, wherein P is an erythropoietin moiety.
20

14, The conjugate of claim 9, wherein P 1s a growth hormone moiety.

15, The conjugate of claim 1, wherein P is a growth hormone moiety.
25

16.  The conjugate of claim 1, wherein the conjugate is
30

25



ABSTRACT This invention relates to a conjugate of a polymer moiety and an interferon-13 moiety,
an erythropoietin moiety, or a growth hoinione moiety.

WO 2010/014874 PCTAISZ009/052347

O
O  mPEGO" 'NH

mPEGO § rINF-B Serqy

3

in which mPEG is a methoxy-capped polyethylene glycol moiety having & molecular
weight of 20 kD,

17. The conjugate of claim 1, wherein the conjugate is

0
M

O mPEGO” NH
mPEGO ?L\Ii EPO

¥

10 in which mPEG is a methoxy-capped polyethylene glycol moiety having a molecular
weight of 20 kD.

18, The conjugate of claim 1, wherein the conjugate is

mPEGO Iﬁ GH

1

15

in which mPEG is a methoxy-capped polyethylene glycol moiety having a
molecular weight of 20 kDD,

26





