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

p0|ya|ky|eneQ%'%%@&&%:hﬁ\ﬂ%@rﬂé@ﬁ@w@r(E\/nghf)&&ZHlﬁ@nK[és(mﬁﬁi&ﬁa@y $0:367lcD, 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. ome 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

herein R I BRRNTS: MO (0.0, A Pyl ne R e O FagAkElang @2, independenty s
in LS‘Sunc |on

a bond or a liff group; L is ene or 10"a ynylene and P is an INF-f3
moiety, an EPO moﬁ@t@z;m%@ﬂhmbwewfwmﬂes@ecpﬁ;ﬂ@m}meprsudfewmaét@f e 93 moiety, the

EPO moiety, & rﬁ'&?e@ﬂﬂ@?dﬂ%ﬁ@?@éﬁ%ﬁ‘e&%@%z are polyalkylene oxide moieties having a
molecular weight of 2-100 kD (preferably 10-30 kD, e.g,, 20 kD); cach of G; and Gz
o}

AN |

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.



Referring to formula Il, the polymer-peptide conjugates have one or more of the following features: A1
and A2 are polyalkylene oxide moieties having a molecular weight of 2-100 IcD (preferably 10-30 IcD,

e.g., 20 kD) xeaehofifat-and 02 is a bond, C6 is alkenylene, and each of RE1AZ:2R31di4s7and R5 is H.
WO 2010/014874PCTIUS2009/052347 Another embodiment of the present disclosure relates to

polymer-peptide conjugates of formula R3R, fti A GC C P 5formula Ill wherein each of RI, R2, R3, and
R4, independently, is H, C1_10 alkyl, C2_10 alkenyl, C2- alkynyl, aryl, heteraryl, C3..8 cycloalkyl, 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 t th itrogen.atom of th N terminys of the e tide moiet be| tgi
-C- 10 the carbon agln m%?r/l %ﬁle mﬁ(ﬁeﬁﬁ r\?vsﬁrrtn sc}ofscl)lrrr%ﬂlfgtg TR glrﬁ%égtcﬁ% ulall, t uf;?
polymer-pepiide conjugates have one or more of the following features nis 1; A is polyalkylene OXIde
moieties having a molecular weight of 10-40 kD @ 20?’\30 IcD; G is 15 in which the 0 atom is bonded to
A, and the N atom is bonded to a carbon atom; n ‘s an INF moiety, an EPO moiety, a GH moiety.
The term "C1_10 alkyl" used herein reférstds chraimed or branched hydrocarbon mono-valent
radical containing Ito 10 carbon atoms. Exampleg ofla cyI groups include methyl, ethyl, n-propyL,
isopropyl, tert-butyl, and n-pentyl. Similarly, 20the term “C2,10 alkenyl" refers to a straight-chained or
branched hydrocarbon mono- valent radical cmmmz to 10 carbon atoms and one or more double

bonds. The term "C2 10 % &Q refers to a straight-chained qred hy rt%on monovalent
radical conta¥fifF? BEPERb O dtoriidHa B % Hipte 6?1 el  “F0 alkenylene"

refers to a straighi-ehainadierdiancied dyytirdearherChi-talentycloalkyl; n is an mteger 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



25radical containing 2 to 1 0 carbon atoms and one or more double bonds. The term "C2_ 18
alkynylene" refers to a straight-chained or branched hydrocarbon bi-valent radical containing 2 to 10

carbon ato 8%1 ORg, 9y, more triple bonds. The term "aryl" used herein refers to a hydrocarbon
. 10/014874 . ) : i rina. E5 ’rm%aow 52347 7 .
ring system (mono-cyclic or bi-cyclic) having at least one aromatic ring. Examplés of afyl moieties

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

contains at leagligRgIRRIeroRIIM YR A% CniinQf o3 HRRBHOLNS AR SYSICM AN g reminder being

carbon. Examples of heteroaryl moieties include, but are not limited to, finyl, 10pyrrolyl, thienyl,
oxazolyl, imidaEERAIE RSO CRRPGBIRGIIS PRARIMOT iR IR indolyl.  The term "cycloallcyl”
used herein refers o1 pafiiadhy oML A AR RRONBy EMIS RN BIGY SligHNchRYSIRNIAVIng only

carbon ring atoms. E les include, but are not limited to, cyclapropanyl, cyclopentanyl, and
cyclohexany PG 1o TR SEE SRR RS P r PR AL s S PP sBratec
mono-cyglic erchiatyohitaing, ystem hahthg), imddditapnlto carbon, one or more heteroatoms (e.g., 0, N,

or S), as ring atom amples include, but are not Jimited to, piperidine, piperazine, morpholine,
tiomorphoime, and T CL A AT ARG AT 1 TSR LRI, heteroary,
cycloalkyl, 2Gantcetbreryctdabkiiaatistisined moreatiintigdebbthosidbstiatiesstord: unsubstituted

moieties. EX%’&Q%SM&%HB?QEL@HKF éé'illﬁo%gl det O AU, GanGAd AlkRIh &ePeGh alleynyl, C3-C8

cycloalkyl, C5-C8 cycloalkenyl, C1- oxy, aryl, aryloxy, heteroaryl, heteroaryloxy, amino, CI-C10
allcylamino, Cakep0 Bramyplanahbsteisaaine cara g S unyEragy Bmies falkexdamino, C1-C10

allcylsulignamigeyiZoangsHifenamidernyarexy, Malogen plhaialkyhipuaiiQuisyangynitro, acyl,

acyloxy, car %‘)%!, and_carboxylic ester. The tei "polymer moiety" refers to a mono-valent radical
derived from fi %W&nched, or star-shaped polymer. The molecular weight of the polymer moiety

may be 2-100 k.D. Bxamplescotihgkpdiyimranmeigteinsludephubavenal Gliniadiamadpelyethylene
oxide, polyetfé% D PC%'&R:OI'%E WRY L%@%lé’ )éirﬂ?f’carbon 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



polybutenylene oxide, polyethylene glycol, and copolymers thereof. Other polymers such as dextran,
polyvinyl alcohols, polyacrylamides, or carbohydrate-based polymers can also be used as long as they

are not antig‘evrgjich}o%)i%g% eliciting immune response. The term "polypeptide moi{?t%" [e;ers toa
mono-valent fadieal derived from either a naturally occurring polypeptide B K nadied 66Iypeptide.

The naturally occurring peptide can be INE-a2b, INF-f3, GH, EPO, and granulocyte colon-stimulating
factor, or antibody. The modified peptide can be, e.g., a peptide containing .INF and 1-4 additional

amino acid regidhigsiekin, Moipminuraldieddificlinh ezt Ansamate olaudymadined INF 15

-N , IFN representing an INF-am moiety, the amino group at the N-terminus of which is bonded to the
carbony! gro i #5T196 ¥EpRs; iRy SHY 1 SRt LB G PRI PO BTBEE G PRBtRIns that inhibit

viral replication anduelhidas grolitetimanshmeskiaie IMHAS JREPAIR: F8gvRermek et al., (1980).
Nature 285 (5766): 542-7; and Taniguchi et al_, (1980). %ene 10 (1); 11-5. It includes both naturally

occurring INFASEABAHEY ASCHBHA RJURTARRST Eenod Betprlpritificy ity 321820800 (e.q., 85%,
90%, 95%, 06OQMhE igaiaticah te:iSiilg:ypercpURLEIPRY, Mamples 8fdNG3-include the active
ingredients in the commercially availaple drugs, such as Avonex, Betaseron, and Rebif. See, e.g.,
Etamaditar NI4T R R0 oY, | 30 UE A ESPSRALHT 05, il BRI ave aming acid
sequences otexeinplaiihandandlBidmicteins, seithesidups ecths di-fentiansroMmiaturdform: 20
mtnkcllgia 111cfsttal smsynligfl grssnfgcgk llwgingrle yglkdrmnici ipeeikglgq fgkedaalti yemignifai
frgdssstgw netivenlla nvyhqginhlk tvleekleke ditrgkim8¥ Ihikryygri lhylkakeys hcawtivrve ilrnfyfinr Itgylrn

25(See GenBapk Accessian ¥ eu:M2aBamkdhedngl 24,1 983mersiannialiciz adrgtion refers to the
signal peptide) mnsfstsafg
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)



eridkqiryi cfgsgfneet 30 igflgkkakn flgsslralr pvafs1g111 Idgisalrke clvkiitgll Idaittpdpt gm vipaafpapv
tcnksnmces efevyleylq tnaslltklg ppgedskdva skealaennl nrfesseeqa agnqwlgdmt aphrgpltss
nlpkmaekd%rra\é%r&%lgji 4thlilrsfke (See GenBank Accession No.: CAAOO}@(:%% t%eéﬂDOescz%Qj]ber 3, 1993
version) one example, the INF-13 is mutant rINF-P Serr (recombinan -P, 1 which serine is
in place of cysteine at position 17 in the native mature INF-p sequence). The amino acid of this mutant
is shown below: 5 synllgflgr ssnfgsqkll wglngrleyc Ikdrmnfdip eeikqglqqfq kedaaltiye mignifaifr
gdssstgwne tivenllaﬁvoxggﬂmmg, ﬁ@%@s%ﬁmﬂkﬁyﬁ%yI@ré%ﬁiﬁ%@ﬁ‘iﬁﬂﬂ}’ﬂ{ei' rnfyfinrlt gylrn
10In another example, the NF-3 Is a modified native INF-13, in which 1-4 additional amino acid
residues are aitabrednoithe Natsmfienstsuktiepnsitiva [N the nEROmpradddddfby either liver or kidney,
is a glycoprotgin hoiil org that contiglsandhrongiesis, o sagkplgod cell production. It includes both
naturally occurring EPO 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 fgrm)sargshemunybelow rngyhecpah wilisilsipdgprigapprdicdsvia riteakege nittlgcaehc
slnenitvpd tkwegawkt mevgdogaveiaydglalisesstgwne tivenllanv yhginhlktv

leeklekedf trgklmsslh lkryygrilh ylkakeyshc awtivrveil
rnfyfinrlit gylrn

10 In another example, the INF-f3 18 a modified native INF-f3, in which 1-4
additional amino acid residues-;r are attached to the N-terminus of the native INF-f.
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

mgvhecpawl
nittgcaehc
virggallvn
aagaaplrci

{(precursor)

apprlicdsx
wkrmevggga
glrslttllr
gklklvtges

wlllsllsgip lglpvlgapp
glnenitvpd tkvnfyawkr
ssgpweplgl hvdkavsglr
tadtfrklir vysnfirvrgkl

vierylleak eaenittgca
vevwgglall seavlrggal
algagkeais ppdaasaapl
crtgdr (mature 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
30  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

35  native EPO.



20 virggallvn ssqpweplql hvdkavsglr slttliralg agkeaisppd aasaaplrti tadtfrklfr vysnflrgkl klytgeacrt gdr
(precursor) apprlicdsr vlerylleak eaenittgca ehcslnenit vpdtkvnfya 25 wkrmevgqgqga vevwaqglall

seavirggal |
(mature form) A

Sszr?%/@gslﬂlhvdkavs glrslttlir algagkeais ppdaasaapl rtitadtfgﬁlflrﬁg%glrﬂgégpfytgea crtgdr

protein used to make the conjugate of this invention can be an EPO 30protein,

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%) identiggl t@.aN

BRBR-AcifreQUARses SIIPWRRRAMEL ImansibeteXxample, the EPO

is a modified native EPO in which 1-4 additional amino_acid residues are attached to the N-terminus of

the 35 nativd'EBERVIEI ST GISTHEYAP RIS 5060, BRb 5N PRH1eRal VaroRith Hor

H& refers to the

naturally occaf ignduiFidRgienth Reaneseitherin Jaecacser momaive fpidenaedd ibstfiunctional variants,

i.e., having an am'To acid sequence at least 80% (e.g,, 85%, 90%, 95%, or 9%’@%11'@ ntical to the
naturally occrﬂfr%ﬂ UM REGR 31% Hormone an posse smg%?we%ame pﬁ%l%ﬁogl al activity of that

human growtlethotyndieatl huone exantiplerthewgrdwtinhormaorie ibagmoedifiedmatives growth holmone in

which 1-4 additi ﬁa‘!‘1
. mModine
The amino acid sequen

hative
ces o

00 ASESRIES A ARCRd I S Naie

the naturally occurring human growt

[
h h

nus ofihg.pative growth hormone.

ormone (in precursor and mature

foil) are showtiasbigve 1 Matggaristisiafghd eatpie sgeytuhotmpsaidhzniranmsEladatyersfeea yipkeqgkysf
lanpatsicf sesinipskaaigakiedd Hkht Lo anaryafih siapshwaasdenyailkaligggigtl marledgspr

tgqifkqtys kfdtnshndd allknyglly ¢
lvygasdsnv

10

1%

20

25

30

35

HRawR R

gw:
matgsrtsll
fdtvgeiecea
1lrislllig
mgrledgspr
flrivgcrs

fptiplsrlf
slcfgegipt
ivygasdsnv
hnddallkny
form)

mEptiplsxrl
telcfsesip
glvygasdsn
shnddallkn
form)

lafgllclpw
vipkeagkyst
swlepvgflr
tgglfkgtys
vegscgf

dramirahrl
psnreetqgk
ydllkdleeg
gllycfrkdm

fdnamlrahr
tpsnreetqq
vydllkdlee
vgllycfrkd

lgegsafpti
lgnpgtslct
svfanslvyy
kfdtnshndd

{(precurscr;)

hglafdtvyge
gnleilrisl
igtlmgrled
dkvetflriv

ihglafdcoyg
kenlellris
gigtlmgrle
mdkvetflri

plsrlfdnam
segiptpsnr
asdsnvydll
allknyvglly

feeayipkeqg
lligswlepv
ggprtggifk
gqeoresvegscg

efeeayipke
llligswlep
dgsprtggif
vgersveygsc

frkdmdkve tflrivqcrs vegscgf (precursor) 15 fptiplsrif slcfsesipt

lrahrihgla
eetggksnle
kdlesgigtl
cfrkdmdkve

kysflgnpgt
gflrsvians
gtyskidtns
f {(mature

gkysflagnpg
vgflravian
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.



20 form) mfptiplsrl tslcfsesip slvygasdsn 25 shnddallkn form) dnamlrahrl psnreetqgk ydllkdleeg
gllycfrkdm fdnamlrahr tpsnreetqq vydllkdlee ygllycfrkd hglafdtyge snlellrisl igtlmgrled dkvetflriv
Ihglafdtyq ksnlellris gigtimgrle mdkvetflri feeayipkeq lligswlepv gsprtggifk gcrsvegscg efeeayipke
11ligswlep dggp%{?ég%%a@rsvegsc kys f Ignpqt gflrsvfans qtyskfdtns f (matg’l%T&ES%’ﬂ ﬂﬁiﬁqﬂrsvfam
kqgtyskfdtn 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, 30 modified as in Karlin

and Altschul Proc. Natl; Acad;: Sei %ﬁiggé%g?o%pﬁre}e%g@o §H£Oaﬁéa@#ﬁ%m ?é%%%ggrated into the

NBLAST and XBLAST programs (version 2.0) of Altschul, et al. J. Mot Biol. 21 10, 1990. BLAST
protein searcHEsbEHE ENpErteii Rt Me IBLAS TP 1bg Rher sedfesspcanaratehiftiis to obtain

amino acid sgguencesiBgmelogaissidhroieiR-meleckies for se.in thedgyentiog.yVhere 35 gaps

exist between two sequences, Gapped BLAST can be utilized as described in Altschul et al., Nucleic

Acids Res. 26710APE B S8 0RE, FE8Ge\RARTali A B EAGT latd b SREPBURE Y programs, the default
parameters dfyitie resnact ya@RiogmRn s BospiRleARduand NBLAST) can be used.

The peptide-polymer conjugate described above can be in the free form or in
the form of salt, if applicable., A salt, for example, can be formed between an anion
and a positively charged group (e.g., amino) on a peptide-polymer conjugate of this
invention. Suitable anions include chloride, bromide, iodide, sulfate, nitrate,

10 phosphate, citrate, methanesulfonate, trifluoroacetate, and acetate. Likewise, a salt
can also be formed between a cation and a negatively charged group (e.g.,
carboxylate) on a polypeptide-polymer conjugate of this invention. Suitable cations
include sodium ion, potassium ion, magnesium ion, calcium ion, 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.



The term "linking functional group” refers to a bi-valent functional group, one end being connected to
the polymer moiety and the other end being connected to the peptide moiety. Examples include, but

are not limited to, -0-, -S-, carboxylic ester, carbonyl, carbonate, amide, carbamate, urea, sulfonyl,

sulfinyl, amiW(? ﬁ’?ﬁ?\’&"ﬁ%ydroxyamino, phosphonate, or phosphate grouEFTmsFﬂoewBSezﬁﬁae-polymer

conjugate described above can be in the free folin or in the form of salt, if applicable. A salt, for
example, can be fowled between an anion and a positively charged group (e.g., amino) on a
peptide-polymer conjugate of this invention. Suitable anions include chloride, bromide, iodide, sulfate,
nitrate, 10phosphate, citrate, methanesulfonate, trifluoroacetate, and acetate. Likewise, a salt can also
be foimed betweenExezntns hedelyieeraprasigcrgsapbts@ynionposiae Peia 4
polypeptide-polymer conjugate of this invention. Suitable cations include sodium ion, potassium ion,

magnesium ion, calcium ion, and an ammoniuQPEcgéidhﬁﬁch as tetramethylammoniurn ion. 15In

addition, the peptide-polymer conjugate T y have one ormore double bonds, or one or more
asymmetric centers. Such a conjugﬂmc?r?m@r@a%nﬁt@ﬂmﬂemis mixtures, single enantiomers,
individual diastereomers, diastereomeric mi%ures, and cis- or trans- or E- or Z- double bond isomeric

forms. Examples the polymer-peptide conjugate of tfjjs invention is shown below: 0 mPEGO mPEGO
NrINE-13 Seri) 0 mPEGUA NH mPEGO 50 wiRE 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.



in which mPEG represents methoxy-capped polyethylene glycol having a molecular weight of 201(.13,
and the N-termini of rINF-13 Seri?, EPO, and G1-1 are attached to the 10 rightmost carbon shown in

the above s%&%r(@e;m . 4Certain proteins have therapeutic utilities. The WH%?E@%%E&@S 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 itdss(riSaMhdnfesiiarr ardepatiionBs Widis (B Modnfestiamyithe-aniE-P-polymer
conjugate described above. As another example, EPO is a hotmo,ng produced by the kidney to
promote the RSYBHOTHRAE BRSEAPEEIRDMT A HonE fHeBa/ it NALI5Ee Q5&PAS an
itmnunomodyidgsip i edicadienpiaitisaaiinganactnEresuibine fiomnphoridastditey Zidisease, anemia
secondary to gidovuditne treatment of All%sﬁ gurlld %negné%e%lss%giatgpa\évm cancer. Fé%%gnt studies have
also found that EFQ" chiraRe8L%Re 1?5’65%%5 and Bfa%s S Critical rolein pos?t—é%ro&e recovery. See,
e.g., P. B Tsadlsarfahotdtérgasdieribe n200&cR6c 2269 cHimas) @ dohércaspeti(Of this invention

relates 10 @ MEIAd O HISAIOANR AP LSRRG NGURIRRGRISRYAN EPO-polymer conjugate
dOHERINeANRaY el | 1 E

25described above. Iso within the scope of this invention Is & composition containing the INF-13-

polymer conjugate désakitseld efbuveotonersesinbpéiatis ATeinfeetiom or-BVdrteEtda, and a
composition GRARRgENEE RORRPMGECoRERIEHESAIREL ARMESAMERJR WAlNg aneamia or

enhancing neurogenesis, as well as the therapeutic use 5and use of the conjugate for the manufacture
of a medicanf@RETSH HeatiRg e R ioh tembhe s8N, or aneamia, or for enhancing
neurogenesis. The details of one or more embodiments of the invention are set forth in the

description below. Other features, obﬁg@&ﬁﬁ%\gg@% 5Hige invention will be apparent from the
descripti‘gn and from the claims. 10DETAILED DE RIPTIgN The peptide-polymer conjugates of

the present inventioRbeansisid profanst dopisgattretic i sthets iwetpkaowanihethesphedizal art. For
example, ong.can-compinge- UK shRAGRYIR bRRg.FRe @M&gﬁyy&l@mmﬁw ps with two
n

polymer molecCules having a functional group reactive to those on the linker molecule. 15Subsequently,
a peptide molEdierpraln iy BFoRe fo Mg R Sdresiiatl grrung 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



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 cor_}jugates of formula I. Diamine compound 1, which contains an acetal group, is
20reacted w ﬁﬁﬂﬁ%ﬁgxﬁ/succinimidyl carbonate mPEG (i.e., compound Ef%wfa?-zf‘%Gylated
compound 3, which is subsequently converted to aldehyde 4. This aldehyde compound is reacted with
peptide FI-P having a free amino group via reductive ailcylation to afford a peptide-polymer conjugate
of this invention. WO 2010/014874PCT/US2009/052347 3 54 1 Scheme | Scheme 2 below

shows an example ofﬂgrepgrigl the peptide-polymer conjugates of forniyla Il. Chemical 6 has a
polymer moiety anngh e dO 5 functional group. It can be reacteg with peptide 7, which has a free
amino functional groy )nresulting pmdﬁ&ﬂé i§%ubsequently/r@%a 7e.q.bY hydrogenation or by
NaBH3CN, to afford geptitlé=polymer conjugate 9. meEG | X X0,
: R Ry Ry Ry Ry
3
deprotection
OmeEG 0/>-iEG
H HN>= a ne iy " : CHO
RS T TN
e P m L XL
MPEG T ;52 i):g Y ,2: PEG \L( }Ez lﬂ ; 25
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

A G e | oo CH 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



A-01-L -CHO + H2N -F A G1 L 67 ruction A -G1-L-CH=N---F 109 A is 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 conjugate of formula Ill. Compound 10
having an ac¥ttYPUR% Which can be prepared from p- 20 amino acid, is FE3GEH R34
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

aroup via redyfjy AUHRNRRIR PRGBSO TAPRS AR AT, IREGQNER § MREC 11

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



0", SuNH 0-) 0 10211 dm o/mPEGPEG 0)==0H-P NH RP 13 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 ste DS either before or after
the steps ded&tipay %gcﬁflcally herein, to add or remove suitable protectlﬁ% é%%ﬂg% iRZ8tder to
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. Syntheficchemisingiansialmatons. e Rraisaag sioumrnaedolagies (protection and

deprotection) useful in synthesizing applicable peptide-polymer conjugates are known in the art and
include, for eR&HMS IR0 IS HEERTB CHTTRIOZER DK, LCoMiBrENR ARIVBIENERARY Transformations, VCH

Publishers (J&&Q,),Dﬂhyyesﬁrg@g@@nﬂtﬁf@@y{u}ﬁ/@ﬁuﬁ@@%@gﬁwps in Organic Synthesis, 2d. Ed.,
John Wiley and Sons (1991); L. Fleser and M. Fieser, Fieser and Fieser's Rea{g;ents for Organic

Synthesis, John Witd}F &A% BRE @%f?%‘fﬁﬁ?% BHETE MY & HBFRRECEHE Y gents for Organic
Synthesis, J@hﬁv\é\ﬁiemamlﬁgﬂs fd&QSAaaﬁﬁﬁ&mjaaemﬂmtwﬁ&thﬁteoﬁoally dtpeptide-polymer

conjugate thus ﬁy&thesue r)hhgg fyr l'}bec{r aug&fggﬁ %/ a ma%:g CQ,@}S € r;(fﬁchange
chromatograB?‘R/ el'flitra rapﬁy, actrophoresis, yS| u?t tFition, or
ultracentnfugmtwnen the pept1de moiety and the polymer mmety Exampies of enzymes involved
in in vivo cleaving linkages include oxidative enzymes (e.g., peroxidases, amine
oxidases, or dehydrogenases), reductive enzymes (¢.g., keto reductases), and
10 hydrolytic enzymes (c.g., proteascs, esterascs, sulfatases, or phosphatascs).

Thus, one aspect of this invention relates to a method of administering an
effective amount of one or more of the above-described peptide-polymer conjugates
for treating a disorder (e.g., HCV or HBV infection, or ancamia). Specifically, a
disease can be treated by administering to a subject one or more of the peptide-

15 polymer conjugates in an effective amount. Such a subject can be identified by a
health care professional based on results from any suitable diagnostic method.

As used herein, the 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



The peptide-polymer conjugate of the invention may be pharmaceutically 5active in the conjugate
form. Alternatively, it can release a pharmaceutically active peptide in vivo (e.g., through hydrolysis) by
enzymaticall cIeavinP% the linkage between the peptide moiety and the polymer moie'g/g Examples of

enzymes in R&YH 52347

8o cleaving linkages include oxidative enzymes](> 8{1863?%/% es, amine
oxidases, or dehydrogenases), reductive enzymes (e.g., keto rcductases), and 10hydrolytic enzymes
(e.g., proteascs, esterases, sulfatases, or phosphatases). Thus, one aspect of this invention

relates to a method oldmipjstering ampliestiearmeounbai s CLgRisiet ihs abpygsiescrived

peptide-polymer conjugates for treating a disorder (e.g., HCV or HBV infection, or aneamia).

Specifically, BRFEEA-BYAHPEBle SIBHHPEHHTRRSt 81t S UINBAR dmt BHAREHET the peptide-

15polymer copjiigates itapeiiRGiecrRIGNe SUeh dalWRiest eanibetdantiieshRyia health care
professional based on results from any suitable é%,i%%réﬁftic method. As used herein, the term

sult |
"treating” or "HASrRES @H@’& ARSI OHHGiFR W&ﬁ’oﬁrb?‘ghé%;fgﬁﬁ(%rﬁncluding a
peptide-polymercconidgateltp asihjett{husiamovanimah)inhodisa(digosdethaisymptom of the
disorder, a disease ordZOfJisorger sge ndaré/ to tg\e diﬁorder or ,.preldise%%sigon tt%ward the disorder,
1~ a) i 0 deTTVvanves

with the purprggg%oéureg, gﬁ%r\lng%, reli vaé?,1 résnl%%d?/? or 1affr%(czallclioar%l e %t?éyalsorder, the symptom of the

disorder, the atisewdel or Bisprawraagordaryctabive disordatuml thepredigpaditienctpielld the disorder.
"An effective amoypi’ LEIRES 1913 AU A APERYGR RO @We&?@hﬁ@f@d‘%ﬂﬁ&ﬁ?”fers a therapeutic

effect on the treated subject. The therapeutic 25efféct may be obﬂgpctlve i.e., measurably by some

tests or markERSycor eSO (iSES P eS8 AGHASSCEMAHHCARE F 5D A diuemeer).  To practice
the method ofitherRiasentiRVSRNINA CAMRASIHAHAM AR 4pare. ohithe abeyesaentioned

conjugates can be administered parcnterally, nasally, rectally, topically, or buccally. The term
"parenteral” 35S HEHRIN TS 13S0 B RN TR AR AR BBV iRE A58HSGE, intramuscular,
intraarticular bintraalibiial; intrasyroviatbhnttasiennahlingkathacal intralesionradfintraperitoneal,

intratrachcal of e ania et A5 He aRa Y, SRS INURION SIS 424 for
the purpose of formulation.

15 A cornposition for oral administration can be any orally acceptable dosage
form including capsules, tablets, emulsions, and aqueous 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



A sterile injectable composition can be a solution or suspension in a non-toxic parenterally acceptable
diluent or solvent, such as a solution in 1,3-butanediol. Among the acceptable vehicles and solvents
that can be enaplo ed are mannitol, water, Ringer's solution, and isotonic sodium chloride solution. In
addition, fixed ofie 'ggllr‘g@onventionally employed as a solvent or suspencﬁﬁ&@%&?ﬂjﬁ?@%., synthetic
mono- or di-glycerides). Fatty acid, such as oleic acid and its glyceride derivatives are useful in the
preparation of injectables, as are natural pharmaceutically acceptable oils, such as olive oil or castor

oil, especially,in{hei polymnetyIale Y fIoNs T iess M SAUIHARS RLSUIRFDSIANS £af2 also contain a

long chain alcohol diluent or dispersant, or carboxi/%methyl cellulose or similar dispersing agents. Other

commonly u$EBRRRELAM Birdrrall T Giwabls B sinahans BhwetiaminarcdisriisimAigtagents or

bioavailabilityaabapeets whichijarecoameRY Wedindbe: mamsiaskureehplasmaceutically acceptable
solid, liquid, or_othgr dosa%e forms_can also be used for the purpose of formulation. 15A composition

for oral admilIEtAAHGH RO B RiRPARS SRR AR HEE 24 AT A a g ShprtRniblets,
emulsiors, afskaguscifogitspentionsciaikpartond, singdsokitonsapndiiencaserafiablets, commonly

used carriers irlgc de Iacatos %ndlggfp tstar%q)&lébg&%in% rwents, such as magnesium stearate, are

. Ce Q QA1 C, Al . N .
also typically a ed.’FOr oral administration in & capsuWa forin, useful diluents include lactose and dried

corn 20starch. Wheﬁ@q&mmb&b@pmﬁm@emm@nsmce_ebdiﬁﬁlilﬁ!ist_é‘(em@daw, the active ingredient
can be suspepaeg; o sRONGH ANl REATS GRS St GMUISIYINg B3y RRaNding agents. If

desired, certain sweetening, flavoring, or coloring agents can be added. A nasal aerosol or inhalation

composition edhgsEiprefdbsicedrdmgres dalit @ Gopl e i EssRIEPBhaimaceutical

formulatipn. kagxampiedRUGRRRGMPARIAN tanheRreRaIed Apd BOlHERNiR-38lingnemploying
benzyl alcohol or other suitable preservatives, absorption promoters to enhance bioavailability,

fluorocarbon& SHAFSY SRREPSHRTihYiFg BB Pt M g&Rts known in the art. A composition having

one or more of the above-described compounds can also be 30administered in the form of
suppositorie m k‘?d. Inistrati ?’A harmaceutically acceptable carrier is routinely used with
one or moresg gﬁ é‘-ﬂ&'ﬁéﬁi’éﬁ%rﬁ éfl%rs?ﬁ‘HB%ﬁier in the phannaceutical composition 14

must be "ac 1oinothé-BEse dbiatde is compatible with the active ingredient of the

0
,> mPEGOC=0)O8u o 111PEGO);\NH o-’>

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).



composition (and preferably, capable of stabilizing the active ingredient) 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. 5SExamples of other carriers include colloidal silicon oxide,
magnesium‘g%é?g{/é),l 4csé/ﬁulose, sodium Lauryt sulfate, and D&C Yellow & faf{ﬁsﬁ%ﬂ%%%r%ﬂles below are
to be construed as merely illustrative, and not limitative of the remainder of the disclosure in any way
whatsoever. Without further elaboration, it is believed that one skilled in the art can, based on the
description 10herein, utilize the present invention to its fullest extent. All publications cited herein are
hereby incorporated by referencg in their entirety. EXAMPLE 1: IFN-p-di-PE(()B polymer conjugate
Preparation of di-PEG aldehyde)LO 15 20 kD PEGO(C=0)0Su was prepared from 20 kD

MPEGOH purchaseddfromaSionBigtn ’Gf& USA) according to thje mat desgribed in Bioconjugate
Chem. 1993, %g@%ﬂ@g. j %1, -dioxolan-2-ylm@@otgq;5\diaminé\m/@mIoromethane
20(1 1.97 g of the solutldn containing 9.03 mg of diamine, 47.8 ,um®#) was added to a flask containing
20 kD PEGO(C=0)0Su (1.72 g, 86.0 nmol). After PEGO(C=0)0Su was completely dissolved, N,

N-diisopropylethylamime (72 ghl @B mohwan addecpthectaagion Midtiee(wassiitied at room
femperaure {41 24 1 and hef methyl - BUNL LI, AR b igS Aeg o g suring. The
dichloromethane (3 x 50 mL). The combined organic layers were dried over
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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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 Iqll) 1.80-1.65 (m, 1 H), 1.65-1.50 (m, 1 H), 1.48-1.10 (m, 6 %WO
2010/0148740C185589/052347 mPEGO 0 00 roPEGOANI-1 Cro raP EEBRRHEY
EGON..-?,.."----.."--C,....CH 0 11 Di-PEG acetal (4.0 g, 0.2 rnmol) was suspended in pH 2.0 buffer
(critic acid, 5 40 mL). The reaction mixture was stirred at 35C for 24 h and then extracted with

dichlorometf@&%&%ﬁ@.@&_&&}]ﬁm@ﬁ@qﬁ!%@%@%@é&, wars digdyal-nagnasigm sulfate,
concentrated, and then re-dissolved in dichloromethane (20 mL). The solution was added dropwisely

to methy! t-bERYI SHRERY ATt Srring. The resulting precipitate was collected and dried at

reduced pressure tpgiyoi-R&6 Foaldehyded @& 8o 20M A% 3 Whitgs0lithd into 200 M NMR (400
MHz, d6-DMS0) 6 9.60 (s, 1 H), 7.24 (d, | = 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 (PR pppdingans s consipiinpatd el Bros apd glyecrol £opabRH) BN tively, di-PEG
aldehyde was7prepaiedinghe iclowing mapneli tothe two crminedwreupsitemmercial available

homo-lysine {Atatpeh Phamaceuiical S okt S0P WRIS AIHE 159 y gnzyloxycarbonyl. The N-
(NH4),HPO, (4 g/L). KH,PO, (3 g/L), K,HPO, (6 g/1), citrate (1.7 g/1.), Yeast
Extract (10 g/L.), kanamycin (50 mg/ml), chloramphenicol (50 mg/ml), an
antifoaming agent, and trace elements including FeSO47H,0 (10 mg/L),

10 ZnS047H,0 (2.25 mg/L) CuSO4 5H,0 (1 mg/L), MuSO,4-H:0 (0.5 mg/L), H:BO,
(0.3 mg/L), CaCl;-2H,0 (2 mg/L), (NH4)¢M070,4 (0.1 mg/L), EDTA (0.84 mg/L),
and Cl {50 mg/L), and cultivated at 37 °C.  When the ODgg of the E. coli culture
reached 120 to 140, IPTG (1 M) was added to the culture to induce expression of
rhIFN-B Sery»,  The induced culture was incubated at 37 °C and 300 rpm for 3

15 hours. When necessary, a feeding medium containing 800 g/1 glucose and 20 g/L
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



protected homo-lysine was esterified and reduced to form an aldehyde compound. The aldehyde
group was subsequently protected with ethylene glycol. The benzyloxycarbonyl protecting group then
was removed by hydrogenation in the 20 presence of a palladium catalyst. The N-degrotected
compound wae ?8‘5(:% ith activated mPEGOH (Sunbio Chemicals Co.,PIﬁHF,J%%'{?fPr%é?ea) in a mild
basic condition. The resulting product was stirred in pH 2.0 citric acid buffer (Sigma-Aldrich, Germany)
at 25C for 72 hours to remove the aldehyde protecting group. 109 g of di-PEG polymer aldehyde was

obtained (y‘eﬂﬁ%}?e?%lcﬁ&{{i%d’@i%@%&éPQPﬁs%ghﬁ%sédc%ﬁ%M%’%&%ﬁ'@.&%&%ﬂ&%ﬁ than 95%
(determined by 1H NMR analysis). Preparation of Human rhIEN-13 Serri A DNA fragment

encoding humwm@l_ﬁa&mmg-él_b%df frfees éxﬁf%é%féfr_mv@@tmip%gmti@ﬂpwac,féftil_ﬁfexpress_i_on
plasmid rh'Fgﬁﬁ%eﬁ%”7%8.%1%&%5@'%@?&%@?@@ RipsRid AR SAniaimeddnig. B aaliignd positive

transfoimants, i.e., clones carrying the expression plasmid, were selected, cultivated, and the
resultant E. délimgimlirégvingre Boie@igregthan Y0y ldkdsered F otdiecapupbini@htioned above

were inogulatgg i91Q,200 Mgﬁq@g@}#?gt&@dium consisting of Terrific Broth and glycerol, for about 15
hours at 537C and 200 rpm. 150 ml of the E. coli culture thus obtained were transferred to 2.5L culture
medium cont2igRaEan s dE NI GHOEWRETIELEIAIEAlY (NHA)2HPO4 (4 g/L), ICH2PO4 (3 g/L),
K2HPO4 (6 g/L), Citfgte kL7 HplpXRASLEXT Gt 1008/ ) HARAIUEIR GO,maimt, shiggamphenicol (50
mg/m.1), an antifoaming agent, and trace elements including FeS04.7H20 (10 mg/L), 10 ZnSO4.7H20
(2.25 mg/L) cisOM spoophagphyamBedrihd§xo ey utigne3 addehdly et 12.2H20 (2 mg/L),
(NH4)6M070R4tQusmeHlelo EEA: SciBifhs). AN CheFOH UM 2RECUIVAIRGR3TC. When the
0D500 of the E. cob_ culture reached 120 to 140, IPTE?% M) was added to th ultiugrrg to induce

expression of TRRERTIS I benesintlitien Biereasineaisardl & 8PAFSHY Yor 3 15hours.

When necessarycadegeingnedipom sentainngd8eRgshalucnsenand 26-gA Mias@Avpas added to the
E. coli culture dflﬁ incubation. The E. coli culture obtained as described above was subjected to
centrifugatiort f {Jir <PE"coli cells. The cells were resuspended in a PBS buffer (0.1M Na21-PO4,

0.15M NaC1pandraisrupt@dria@nARY Homogenizer. The 20homogenized solution thus obtained was

centrifuged at 10,0Q0 rpm, 4C for 15 mi recipitates (including inclysion body) were collected,
rosuspondeq in PBATIRTEHAIAU o e ERtoRe o S0L S T e B SIS hon. NaOF (6 N)
was aplded tdm&mmmm&ﬁcaﬁiusmiﬁ pdilptoniado alt@mﬂﬁﬂﬁab{wﬁdn nf(prdtediNincluded in the
inclusion body, AROY§ NSRS 1% PV IR IRSTHION YAt

supplemented with 50 pl/mL kanamycin and 50 pl/mL chloramphenicol. The cells

ul rﬂ ()

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
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25adjusted to 7.5 with 6 N HCI. The suspension was then subjected to centrifugation and the
supernatant thus formed was collected, its protein concentration being determined using a

spectrophotgmeter. The supernatant was mixed with a refolding buffer (T?EA, I5| %}%g a3ngl incubated at
room tempe%?&%%fﬁ%ﬁt being stirred for 24-48 hours. It was then concentrated anar d'}alyzed, 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 obtginech, CRNIANG ReECAMIRINAY L BIOLE N ME MR RBH h VR fWiAgH fractionated with
another SPFF Sepharose column to enrich the recombination protg%ln Fractions A8-A10). These

rhIFN-P Ser1#&ondthih g8t oid swareriirthBr btihnedasir pernrritidn (EabudeLdrd 19rR 10/300) to

obtain the rhiEN:R-RarhBROLRIRCLENGIRE: MaNI RS B RUEBHOfGEaRten than 90k FReihipactivity of the
recombinant 5protein was >2 x1071U/mg protein, Preparation of IFN-13-di-PEGaponmer conjugate

18.9 mg rhINFa$8 dperisahd 108 Py eeraariehyls Werd uspeAade 26 $hI 50,1 M sodium
phosphaie buffer(phh-Qnit@ubissolution was added 400 eq. of NaCNBH3 (Acros Organics,

Belgium). The reactipn mixture was stirred at roo te e far 16 hours and then subjected to
dialysis with 95 v TSFICE (BM 5 PG GHEE BFOMDCE AL B HERt By AR xchange column to
afford 2 mg & 1EN-&Rwdi PG o lyhh&r4 PrieparptioniofbrurstanolENg 18 ¢ Trargfogimdd. E.coli BLR
(DE3)-RIL cells, carrying the encoding sequence of. 151FN- O{R%rativ inked t E. coli promoter,
were inoculafléS ﬁ?%y?)yrgﬁl, Y %cgé%r%n 1%%96%%%%&%%% asto?;/gtbne,rg%?li%\?gams{ne%%g, and 10 g/L
NaCl) supplefhe ptattwititb6itil mtikaoabvgsit Bhd S0sakhed ohiorantp B8 delifathe cells were then

cultured, at 33&4&%@@%@%&9&%@5‘8?9&%EQ SR lé_(%T c‘)i‘ﬁgmﬁ@s’s%ﬁlﬁc%féhﬁ%%c{{ﬁ'inOf the overnight

culture mentioned above were inoculated into 3.0 asic medium (10 g/L of Glucose, 0.7 g/L of

MgS04.7 1-r2osahge. 8f (NHMIMR oA osd P B A6 A Areittegnt k21 mPd4 1. ghiter Citrate, 10g/L

of Yeast eXtr@&h?@Hr?e@@mofd%ﬁﬂ@iﬁﬁ%%ﬁ{%ﬁﬂ&%@ it dialobasiciaienss, ©.7 /L feeding
MgSO4 , 30 mL eedin%trace element (10 g/L of FeS0O4.7H20, 2.25 g/L. of ZnS0O4,7H20, 1 g/L of

CuSO4. 5H2818 & YN DI Suls peripedq,Ipluhilipssbareligh b 858 E80B5 g/L of
(NH4)6M07024s D.8agfbs@t EPEA7 S0xal s §f Q1) gén ek nkanamycin,aow g fod 20mL

chloramphenicol and cultured in a five liter f%mentor (Bioflo 3000; Brunswick Scientation Co., Edison

NJ). Duffhg fBHhdRESHBREEY (AR HEBE SN oA ED R oAl HiPY 1 by automated addition of a 37%
NH401-1 solution. Tifhe sissabed-oxyas i QIURYRIWAEfORIMRIRGY w30 Yhd fidarding solution (800

gL 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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30 of glucose, 20 g/L of MgS0O4, 50 ul/mL kanamycin and 50 ul/mL chloramphenicol) was added using
a program-controlled pump, which was set to feed when DO level exceeds 40-60. When the cell
density (OD%) ) En yg1e4§e£mentation culture reached 180 to 200, 4 mL of ]PMr $2009/052347
Isopropyl-13- -i-%ﬂioga?actopyranoside (IPTG) was added to the Letmentation aLitira 6 induce IFN
13 expression, together with 30 mL of feeding trace elements and 25g of yeast extract Celts were
harvested 5 hours after IPTG 5induction by centrifugation. The cell pellets were suspended in PBS
buffer (0.1M sdiur, BAGIRbaE R M SHIuBLEbIRHdS, B AT ABRIRIMS S EaLio of 1:3 (wet
weight g/mL), disrupted by a microfluidizer, and then centrifuged at 10,000 rpm for 20 min at 4C. The
pellet contaiﬁﬁﬁﬁe?ﬁaﬁ%ﬁb@&gljf@fmtmﬁﬁﬁsﬁ@é%ice with PBS buffer, 10centrifuged as described
above, and suspended ipEaPBR-5lLiRRA4Q- 1M sodium phosphate, 0.15M sodium chloride, pH 7.4,
3% zwittergent 3-14, 5 mM DTT). After being stirred for 30 minutes, the suspension was subjected to

pH adjustment to 1Z&vtepBroomolachk htienster{rgtaeolubiizeine patrest IrHenpH vRthe suspension
was then; adjygiegd 10/Pi @ umWiths Hﬂt?@fﬂ%@i@%}t@@ﬁﬁm!‘z%l 090 ;am 495,40 4§in, the

supernatant, containing soluble IFN j3, was collected. The soluble INF-13 was then subjected to

refolding as f8I#&) the SFpEidnt meiHtidricalapbid fvaduitreeniinme By aesHiyprepared
refolding buffee (A0 abkisottrh @italc@h Db d-aArgiing, PHOM.ERAY ek forma refolding

mixture. The mixture was incubated for 48 hr without stirrin%. After incubation, the mixture, 20
3

containing refoTHErEeamhismBRRIER 25 1 adngish JeleagdiRs eodinmor e (with 100 mM NaC1, 0.05%

zwittergent 3c4hddordaONR iRlucous TR EHA RN NS Was3ipadRth onle a.&fvaepharose column
(GE Amersham Phatmacia), which was pre-equilibrated and washed with a 20 mM Tris-HCI, 100mM

NaCl buffer eaﬁtﬁré)‘éf?ﬁwﬁ%@s%ﬂ%ﬁﬁ%@sﬁﬁ oG NPRALISC1 25 buffer (pH 7.0)

and 200 mM dNafala fosagtien S eentanigtinlihp Wadsoleded hesesln;thaie akserbance at 280 nm.
The IFN 13 containiﬁythe ein was further %urified bﬁc"a drophobic interﬁction column (GE healthcare,

Butyl Sepharte Eal PRI WRFE RSBtk 8%5%?185%?5 L UTERGH EBntaining1.0 M
ammonium seipiaten @M sottitnmacetaieBiin ©a6azvigteBgat (pHb4ib kst Pi was eluted
30using a SOHQ%Q containing 0.5 M ammonium sulphate and 20mM sodium acetate. Fractions

containing the protein were collected based on their absorbance at 280 nm.
15 Pharmacokinetic study in rats

A pharmacokinetic study was performed in a rat model to compare serum half-
life of IFN-8 and PEG-IEN-f. 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

20



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%6 @&7'4 t7unol) in water (1.46 mL) was 5 added 2 M sodium&gﬁg{}hg}e 2bg‘éffer (pH 4.0,
0.37 mL), zwﬁ?gen i 31.48 mL, 10% in water) and INF-f3 (14.8 mg in A p‘ﬂ A5 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 soluo8 400 ARG hdia oRBaPsJhRIEAGAMMO R WaR SR In the dark for 40

hours and purified by SP HP Sepharose chromatography. Fractlo_ns containing the desired PEG-IFN f3
conjugate wéracEenaBisB ISt iFHethithe frk T tmboaHrab BuFiERddy #tIB0%RPSTe concentration

of the conjugaiemiasrdesgimined RGHPERIgIDARSAY (B CANN Bsalsi ASsaY bRIRICOH
15Pharmacokinetic study.in rats A pharmacokinetic study was performed in a ratf model to
compare sertim HEIE-IFACHPIRREAE SaSFEEEHR 4 ORPA LR @50 3- 34 gy /Rt &catflinistered
intravengusl|ysigth ahd s TRl 696N @ gk N Ipainis:d) canek R & tAF-dt f3-(hEB)i-Blapd(Z0Q=6d) was collected
from each rat before administration and at 0.1, 1, 2, 4, 6, 10, 24, 4 72, and 96 hours after
et B S ALt Al ok R RS M R0 of 19N-15 contained n
the samples wererdmalyr ety canjErary e HateechimdinndéEsay (ELbSADaitse serum half-life of IFN-13
and PEG-IFN-13 was 2 hours and 20 hours respectively, calculated from the serum concentration of
the last three time points. 25 EXAMPLE 2: EPO- PEG polymer conjugate Preparation of PEG-EPO

To a solutiontSEEMRECIaldsis28F mg, 6.1 pmol) in water (2.67 mL) was added 2 M sodium

phosphage buffer (DKl b Bk AREROL B iMG103 Mk o3 RSB ARHIRESANAIDING 20 MM

sodium phosphate and 150 naM NaC1). The reaction mixture was stirred at room temperature for 10
minutes, folldifeef By thandddilibRte?- e le stiiimolyandh 8RRy e ddaHiesE solution (400 mM, 100 gL,
40 umol). Thereastiaripiurerres sied FEbedarkifon bl haskssand pundiedsyoa RyToyopearl
column (Tosoh). The column was equilibrated with 20mM Sodium acetate buffer, pH 4.5. The reaction

mixture was BiEEEraadRBteticn biforsaminigaicaddhott & ohibine &P Fdopearl column.

Fractions copfpiningdhe sisies Pstaiek Oreppiugatewvetacoliectethbasad e theik retention time and

absorbance at 280nm. The cancentration of the conjugate was determineﬁj by 280nm UV absorbance.
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



Pharmacokinetic study in rats 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 PEOG-IESF;O (n=5) at a dose of 25 ,ug/kg. Blood (250 }IL) Wag,rdravyln fggn:gd?ach rat
before admiNiStrAlon And 0.088, 0.75, 1.5, 3, 6, 10, 24, and 48 hours poﬁ A S aton. For

PEG-EPO treated rats, blood samples were 15further collected at 72 and 96 hours after
administration. Serum samples were prepared from the blood and analyzed with an Enzyme-linked

immunoassayEkISANP deleimios ieRmaunis Rl BPOrrRRiAIRERMeIRiR.T beayty show that the

serum half-life of EPO was 9 hours while that of PEG-EPO was si%nificantly increased, i.e., 38 hours.
20 Preparati8h!8f48P ovmp e Lonjigdier 02 ph § B aPEs iedutifeheds 18RS eatphny, Taiwan) and 4
mg of di-PEGaldelysek20eauai Jonamersusprndedin Eoiri phoppbajensulfern@id $.0). To this

oL, HPLCEBFRHESAAIIoN BIPBPIIEC SO 28 EARPLE S GHEPEG poymer
conjugate Prapadatipm ébMéEtshieH he IBEransfounpeddedaaldBl RI([DES) ¥ Tadlisobatpable of
exprossion o SO RS Pt A B S S et was suspended i
TE buffer (5Genivi{Tgist BC,Q0MrEDTA) pih Sse)anzmmbppllosiedate ratio of 1:3 (wet weight g/mL).
The cells were themlisgplf by iigralbidizen and ineo AYbed 2100 i for 20 min. The
pellet containing inclusion body (IB) was washed twice with TED buffer (50mM T ris-HC1, 1mM EDTA,
204 Dcoxychbﬁgt@%l:qr@?@,ch 0.5 mM EDTA, 5% glycerol 10 mM GSH/ImM GSSG, pH 8.0).
10 The mixture thus formed was incubated for 36hr without stirring and then dialyzed
against 20 mM Tris buffer (pH 7.0).
The dialyzed mixture, containing Met-hGH, was loaded onto a Q-Sepharose
column (GE Amersham Pharmacia, Pittsburgh, PA), which was pre-equilibrated and
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



centrifuged as described above, and suspended in MilliQ water and centrifuged at 5 20,000 rpm for 15
rnM. The IBs were suspended in 400 mL of 50 mM TUD solution (50 mM Tris-HC1, 4 M Urea, 2.5mM
DTT, pH 10.0) and the suspension was centrifuged at 20,000 rpm for 20 min; supernatant collected.
The superna Aht W Hiited in 2.0 L of a freshly prepared refolding buﬁe??g@ﬁ?ﬁﬂ%§§ﬁCI, 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 Mgl i ioasiel apiea shaeRhal 85% colunn(G meshamihapecia, Pitisburgh.
PA), which was pre-equilibrated and washed with a 20 mM Tris-FICI buffer, pH 7.0. Met-hGH was

eluted a soluti6HabERtEMRRFRDIHN-Tris-HCI buffer, pH 7.0 and 100mM NaCl. Fractions containing
Met-hGH, depgrmineskitginabsorbance 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 MMVPSFERARAABEHSEUGN S RITOBF P 2 fEPPARS BrsRImT WG H was eluted
with a sajutiaifconiasing 2 ario ME2ZDged LR aoeidd edauficn angb ¢ pthMraatmanivwregulfate. A fraction

containing Met- hGH was collecte sybje to B rotejn assay (BCA TM Protein assay,
Pierce) to dei%?ﬁﬁ?f@‘tﬁg' Mﬁ‘ﬁéﬁ@gﬁyﬁﬁ Séﬁtei’%%r&(ifgn b‘éé%@tﬂf&g &‘gﬁiﬁgate 25To a
solution of ditR=@ alaehydes( damg:tdd TrowmMkirh(Etec{8R[4dd haftas abdathZalvbsadiim phosphate
buffer (pH 4.0,,374.i(L) m 22.4 mg.in.6.5 mL of pH 4.5 buffer coptaining 20 mM sodium
acetate and gé)ggrhh%\lé?&? %n%;ba%: |0%Sn%§< 5?8%3155 g%lt%%}d agltdrgglf% %Oe{r{r‘}af)teeé\%?r% or 10 minutes,
followed by theatiditigreatthetsbdior alyamoiatamaride Bquebus $21a60R(F00and %4, 140 tit, 56

30umol), The reactien mixiure was, sutediv,ihe dark for, L7 hovrs, AndlPugled-ay SP XL Sepharose

chromatography. Fractions containing the desired polymer-protein conjugate were collected based on
their retentioAPgRiecandthisadvanee ikedommmenssey (BbhvahitAdiderafediiigate was determined by

a protein ass@y ki HaingdheRradiondmethodrfiarcerRAIed. Mo-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,



~ Pharmacokinetic study in rats A phaimacokinetic study was performed in a rat model to compare
serum half- 5 life of Met-hGH and PEG-Met-hGH. Male rats (250 - 350 gm) were administered
intravenously, wi HGH (n=5) or PEG-Met-hGH (n=5) at a dose of 1%% 8é%2§ 3 amples were
collected frobfbhwl\/%%gﬁ%eated rats before administration and 0.083, 1, 2, j%/ 10 degl)%% 7254 hours after
administration; and were collected from PEGMet-hGH-treated rats before administration and 0.33, 1,
4, 8,12, 24, 48, 72, and 96 10 hours after administration. Serum samples were prepared from the
blood and analyzedyythtan Enaymxetinked 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 - Al oﬁﬂ@’f@é{ﬁP@%ﬁ%&P&’é‘é@ﬁﬁ?ﬁgﬁ‘s&é hifsr]  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, each
feature disclosed is only an example of a generic Dseries of equivalent or similar features. From
the above description, one skilled in the art can egsily asgertain the essential characteristics of the
present invention, and without departing from tcbe spwirand scope thereof, can make various changes
and modifications of the invention to adapt it ri eSand conditions. Thus, other
embodiments are also within 25the scope #f the(f Ihyvi aimg. WHAT IS CLAIMED IS: 1.A
peptide-polymer conjugate of the following formglja: &, whergin each of RI, R2, R3, R4, and R5,
independently, is H, C1,10 alkyl, C2.10 alkenyl, C2_10 alkynyl, aryl, heteraryl, C3_8 cycloalkyl, or
C3_8 hefero®&isaikyl; each of Al and A2, independently, is a polymer moiety; each of GI, G2, and
03, independently, i@ ReRY, @{rzaaf@kig_gﬁg@gig{a@bgﬁ@&mﬂ@ﬁ;gﬁq@m@q{ rom dhegroup consisting of

an interferon-0 mojety, an erythropoietin moiety, and a growth hormone moiety, the nitrogen atom of
the N-termin(s- 8RB BEh§BbRGETHS '3 MASW b afihtedir 8P 962 5HH

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;
10 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.

15

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.
20 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.

25 6. The conjugate of ¢laim 1, wherein each of A, and A, is a polyethylene

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

24



n is an integer of 1-10. 15 The conjugate of claim 1, wherein P is an interferon-0 moiety. 3.The
conjugate of claim 2, wherein P is rINF-0 Sun. 204.The conjugate of claim 2, wherein P is a modified

interferon-13 m%@i'&/ gz‘%r_}&aining 1-4 additional amino acid residues at the N-terrsninus. 5.;I'he conjugate
of claim 1, WHEEIN P& En crythropoietin moiety. 256.The conjugate of c|5%fﬂ%ﬂl??é‘%%%% &ach of Al

and A2 is a polyethylene glycol moiety having a molecular weight of 2-100 kD. WO
2010/014874PCT/US2009/052347 7. The conjugate of claim 6, wherein each of A1 and A2 is a

polyethylene 9|yC°|’m°iet3Tﬂ@¥HE?u5%£éQJPEMlﬁ{ WEIBHER L0 D ang A%sﬁ%ﬁ@liy%ﬂée of claim 7,
e

wherein each of Gl and 02 is 0 , in which the 0'is bonded to A1 or A2, an atom is bonded
to a carbon bitpl&ictshavirggrigoleculy waightohjfot&Bf claim 8, wherein m is 4, n is 2, and each
of RI, R2, 10R3, 12.4, and R5 is H.

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
(33 is 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



10. The conjugate of claim 9, wherein P is an interferon-0O moiety. 11. The conjugate of claim 10,
wherein P is rINF-13 Seru. 12. The conjugate of claim 10, wherein P is a modified interferon-13
moiety containing 1-4 additional amino acid residues at the N-terminus. 13. The conjugate of claim
9, wherein P"Vé)a%l 8 Wépmetln moiety. 14. The conjugate of claim f%ﬁé@ﬁ@@‘ggrowth
hormone moiety. 15. The conjugate of claim 1, wherein P is a growth hoimone moiety. 16.
The conjugate of claim |, wherein the conjugate is 0 omPEGO NH mPEGOSerl17 in which mPEG is a
methoxy-capped polyethylene glycol moiety having,a molecular weight of 20 Ir.D. 5 17. The conjugate
of claim 1, wherein the conjugate is 0 0 mMPEGO Ni{ mPEGO to in which mPEG is a methoxy-capped

polyethylene glycol moiety having a mﬁfcd}’gﬁﬁ%igh 8f 20 kD.
mPEGO TI?II FENF-B 881‘17

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” "N GH
15 H ,

in which mPEG is a methoxy-capped polyethylene glycol moiety having a
molecular weight of 20 kDD,
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18. The conjugate of claim 1, wherein the conjugate is 0 MPEGO NH mPEGO 15 in which mPEG
is a methoxy-capped polyethylene glycol moiety having a molecular weight of 20 kD. ABSTRACT
This invention relates to a conjugate of a polymer moiety and an interferon-13 moiety, an
erythropoietin moiety, or a growth hoinione m@YTRACT

This invention relates to a conjugate of a polymer moiety and an interferon-f moiety,

an erythropoietin moiety, or a growth hormone moiety.
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