PROTEIN-POLYMER CONJUGATES CROSS-REFRENCE TO RELATED APPLICATION
PARAGRAPH This application claims the benefit of U.S. ProvisionalApplication No. 60/956,273
filed on August 16, 2007. The contents of which, is hereby incorporated by reference in its entirety
BACKGROUND Advance in cell biology and recombinant protein technologies has led to the
development of protein therapeutics. Yet, major hurdles still exist. Most proteins are susceptible to
proteolytic degradation and therefore have a short half-life in the circulating system. Other
disadvantages include low water solubility and inducement of neutralizing antibodies. Attachment

of a polymer, e.g., polyethylemggﬁbggmggn% ﬁ%{cﬁm proteolytic enzymes to the
protein backbone, resulting i : ; Iso improve water
solubility and minimize immuogenicity. There is a need for effective methods of attaching polymer to
proteins. SUMMARYQRQ%gg ,QEeTQigﬁ%ﬁg"%&%ﬁéwmwgoIymer conjugate
comprising at least one polymer moiety, a protein moiety, and a linker, wherein the at least one
polymer moiety is atfacheufioate: liars the iinsed Rt uivikioNltbnmisagoof ee protein moiety is
bonded to the,lels NGRS 8.8.coYRIoRbBORT. EyIalkyione, GerlL-alkaRuspa.ar 2. 10
allcynylene; and the protein moiety is a modified interferon-a, a modified human growth hormone, or a

modified erythedgpenetinn, isaoliBithe modified protein having 1-4 additional amino acid residues at the
N-terminus.. In a second aspect ere is provided a protein-polymer conjugate of formula I: formula |

wherein BACKGROUND

Advance in cell biology and recombinant protein technologies has-led to the
development of profein therapeuﬁcs.

Yet, major hurdles stll exist. Most proieins are susceptible to proteolytic
degradation and therefore have a short half-1ife in the circulating system. Other
disadvantages inclilde_ bwwater solubility and iﬁducahen‘[ of neutralizing antibodies.

Attachment of a polymer, e.g., polyethylene glycol (PEG), to a protein hinders
access of pmtcolytic enzymes to the protein backbone, resutting 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

In a first aspect, there is provided a substantially pure protein-polymer
conjugate comprising at least one
polymer fnoiety, a protein moié‘{y, and a linker, wherein the at least one polymer moiety
is attached tothe linker; the nitrogen atom of the N-terminus of the protein moiety is
bonded to the linker; the linker is a covalent bond, Cy.4¢ all&.'j‘f}ene,lcz_m alkenylene, or
Co.1p alkynylene; and the protein moiety is a modified interferon-o, a modified human
growth hormone, or a modified erythropoietin , each of the modified protein ha\}ing 1-4

additional amino acid residues at the N-terminus.



each of RI, R2, R3, R4, and R5, independently, is H, C1_5 alkyl, C2,5 alkenyl, C2,5 alkynyl, aryl,
heteraryl, C3.8 cycloalkyl, or C3_8 heterocycloalkyl; each of A1 and A2, independently, is a polymer
moiety; each of Gl, G2, and G3, independently, is a bond or a linking functional group; Pisa
protein moiety selected from a modified interferon-a, a modified human growth hormone, or a modified
erythropoietin, each of which has 1-4 additional amino acid residues at the N-terminus; m is O or an
integer of 1-10; and n is an integer of 1 -1 O. In a third aspect, there is provided a protein-polymer
conjugate of formUitea Fefonrdwsped:-fhetsde FFPH R ARIG BRIROLIAT Aeyawis o frmlnfection or hepatitis
B virus infection, wherein each of R1,122, R3, 54, and Rs, independently, is H, C1-3 alkyl, C2-3
alkenyl, C2-5 alkynyl, aryl, heteraryl, C3"8 cyclo!dlkyl, or 034 heterocycloalkyl; each of A1 and A2,
independently, is a polymer moiety; each of GI,.G2, and G3, independently, is a bond or a linking_

Gy
functional group; P is a modified interferon having’1-4 additional amino acid residues at the
N-terminus; m is O or an integer of 1-10; a/n(f’2 GS\

. Az )n P

formula I

wherein

each of Ry, Rz, Rs, Ry, and Rs, independently, is H, Cy.salkyl, Cas alkenyl, Cos
alkynyl, aryl, heteraryl, Cs.s cycloalkyl, or Cs.g heterocycloalkyi;

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

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

P is a protein moiety selected from a modified interferon-o, 2 modified human
growth hormone, or a modified ervthropoietin, each of which has 1-4 additional amino
acid residues at the N-terminus;

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

n is an integer of 1-10.

In a third aspect, there is provided a protein-polvmer conjugate of formula I

"'Ew
G

0K, X

R, Rz Ry Rs-

1 Ry

formula 1
for use in a method of treating hepatitis C virus infection or hepatitis B virus infection,

wherein

ia



n is an integer of 1-10. In a fourth aspect, there is provided the use of a substantially pure
conjugate comprising at least one polymer moiety, a protein moiety, and a linker in the manufacture of
a medicament for the treatment of hepatitis C virus infection or hepatitis B virus infection, wherein the
at least one polymer moiety is attached to the linker; the nitrogen atom of the N-terminus of the protein
moiety is bonded to the linker; the linker is a cqvalent bond, alkylene, alkenyl,.or alkynyl; and the
protein moiety is %ﬁhé&ﬁéd&ﬁt&%&@ﬁ%%g%ﬁﬁﬁ%eﬁgﬁ%%’diltglc?rlfa 5}%%6‘21}5@% r%s?&ﬁ%?ﬁf the
N-terminus.  lRipyiifh aspeekdhers & provideltdl sulBtantiadlyppuieatiorijugate comprising at least
one polymer moiety, a protein.moiety, and a linker for use in the treatment of hepatitis C virus infection
or hepatitis B virus infecff?(?}%, #él%f%(ﬁfélg? f 3%‘?%%@/ ’plgl?/l%oelt rr%%ieﬁ?/%?éttached to the linker; the
nitrogen atom of the N-tesshin0s ofGheapidie) indepitddstlye e tdol thiealimka ngfenfinkelis a covalent
bond, alkylene, alkenyl, or alkynyl; and the protein moiety is a modified interferon-am having 1-4
additional amino ﬁECIHﬁ'esidues at the N-terminus. The present disclosure relates to a substantially
pure (> 80% pure) conjuyate sodidiningtoneer moregofyadditimuibties) aapidmsindursietyhand a linker. -
In the conjugate, {51_% O;Xumser moiety or moieties are attached to the linker; the nitrogen atom of the
N-terminus of the protein’ mbiety is bonded to the linker; the linker is a covalent bond, Co alkylene, Co
alkenylene, or C2..10 alkyis/fecregraimtegee Protéh andiety is an interferon-a moiety, a human growth

hormone moiety, or an e]{){y’gﬁ)m@t%p(;p@i@@(. Preferably, the conjugate has a purity of 90% or higher.
This conjugate has an unexpected long in vivo half-life. The present disclosure further relates to

protein-polymer conjugates of formula I: 2 R3 R4 R5 formula in which each of RI, R2, R3, R4, and R5,
independenty, is H, C1.5,3li .58k Ca R alomybuant: Nelietati Feycloalkyl, or G34
e

heterocycloalkyl; each of At and A-2, independently, is a polymer moiety; each of Gb 02, and 03,

independently, is @PHBEIGIOARARMGHUFRSORPYIGRP; P is a protein moiety; m is 0 or an integer of

1-10; and nis an ig(tﬁgir z? ;f)r]b-t]éga moiety, and a linker in the manufacture of a medicament for the
treatment of hepatitis C virus infection or hepatitis B virus infection, wherein the at Jeast
one polymer moiety is attached to the linker; the nitrogen atom of the N-terminus ofthe

protein moiety is bonded to the linker; the linker is

a covalent bond, atkylene, aikényl, or alk§ny!; and the protein moiety is 2 modified

interferon-ou, having 1-4 additional amino acid residues at the N-terminus.

In a fifth aspect, there is provided a substantially pure conjugate comprising
at least one polymer moiety, a
protein moiety, and a linker for ﬁse in the treatment of hepatitts C virus infection or
hepatitis B virus infection, wherein the at least one polymer moie‘c_y is attached to the
tinker: the nitrogen atom of the N-terminus of the protein moiety is bonded to the linker;
the linker is a covalent bond, alkylene, alkenyl, or alkynyl; and the protein moiety is 2

modified interferon-ou, having 1-4 additional amino acid residues at the N-terminus.
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Referring to the above formula, the protein-polymer conjugate may have one or more of the following
features. 03 is a bond and P is a protein moiety in which th amino group at the N-terminus is attached
to Gs; Al and A2 are polyalkylene oxide moieties having a molecular weight of 2-100 kD (preferably
10-30 kD), each of Gl and 02 is 0 N H(in which 0 is attached to At or A2, and NH is attached to a
carbon atom as shown in formula I), or each of GT and 02 is urea, sulfonamide, or amid; (in which N is

‘attached to a carbon a}tl%mrgsses wn ;!,Qrgorrlg lsatcla)é "ﬁﬁ?tzﬁftﬂﬂs 2}11% dg%@/g:huog)Rb R2, R3, R4 and R5 is
H; and P is an interferon r%me{ly ora fodified interieron moiety co ‘tamin% 4 additional amino acid

residues. &B'ﬂﬁxé%&@b&iﬁ‘c&ﬁﬁﬂ@&@oﬁ%f@QB%M@J%BB%@M)%%M&E@[%@EQW’HQ@EbO”
radical. Examples of allcyl groups include methyl, ethyl, n-propyl, isgpropyl, tert-butyl, and n-pentyl.
Similarly, the 1eFHEekabyPOBFISIRYRTTY RAGIEIESS B ABAGRRSE SR CREREEP &P LR Rbd
hydrocarbon fadicalcemiainingopeehmrierCiEGolaeble Bondser angiakenare &Calspiadaands.

The term "alkylene’ refers to a bi-valent strajght-chained or branched hydrocarbon radical. Similarly,
the term "alkeXﬁyll%ﬂgylﬁFa‘a e rBfefd @“‘é{)ﬁ s %%Ffﬁﬁﬁe' BPHRAcHed hydrocarbon

radical contaigifigraee-e/H0are, GHerdauies o AdsemereoororerGhytHeobipigrbendsy.  The term
“aryl" refers tg a hydrocarbon ring system (mona-cyclic ot bi-cyclic) having at least one aromatic ring.
ramples of SSTEIEE OIETE AL N o B Ry FAETAAE 8 pOHaRS o P e erm

"heteroaryl" redegsiiamdysrderbon ring system (mono-cyclic or bicyclic) having at least one aromatic
ring which contains at least one heteroatom such as 10 0, N, or S as part of the ring system and the

- reminder being carbon. Examples of heteroaryl moieties include, but are not limited to, furyl, pyrrolyl,
thienyl, oxazolyl, imidazolyl, thiazolyl, pyridinyl, pyrimidinyl, quinazolinyl, and indolyl. The telin
“cycloalkyl" refers to a partially or fully saturated mono-cyclic or bi-  cyclic ring system having only
carbon ring atoms. Examples include, but are not limited 15to, cyclopropanyl, cyclopentanyl, and
cyclohexanyl. The term "heterocycloalkyl" refers to a partially or fully saturated mono-cyclic or
bi-cyclic ring system having, in addition to carbon, one or more heteroatoms (e.g., 0, N, or S), as ring
atoms. Examples include, but are not limited to, piperidine, piperazine, morpholine, thiomorpholine,
and 1 ,4-oxazepane. 20Alkyl, alkenyl, alkynyl, aryl, heteroalyl, cycloalkyl, and heterocycloalkyl
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mentioned herein include both substituted and unsubstituted moieties. Examples of substituents
~include C1-C10 alkyl, 02-C10 alkenyi, 02-C10 alkynyl, C3-C3 cycloalkyl, C5-C8 cycloalkenyl, C1-C10

alkoxy, aryl, aryloxy, heteroaryl, heteroaryloxy, amino, C1-C10 alkylamino, CI-C20 dialkylamino,

. arylamino, diarylamino, hydroxyamino, 25alkoxyamino,alkylsulfonamide, arylsulfonamide, hydroxy,
halogen, thio, C10 alkylthio, arylthio, cyano, nitro, acyl, acyloxy, carboxyl, and carboxylic ester. The
term "polyalkylene oxide moiety" refers to a mono-valent radical derived from linear, branched, or
star-shaped polyalkylene oxide. The molecular weight of a polyalkylene oxide moiety may be 2-100
kD. The polyalkylene gxide moiety is either 30 saturated or unsaturated. Examples of a polyalkylene
oxide moiety include, %’Fﬁf@ﬁ&%ﬂ?@’&?é@%ﬂ?&%éﬁ@ﬁ%ﬂ%PBBW@’EWF@H@GE/%I polyisopropylene

“oxide, 3 WO R009/023826PCT/1JS2008/073290 polybutenylene oxide, and copolymers thereof Other
polymers such as dextran, polyvinyl alcohols, polyacrylamides, or carbohydrate-based polymers can
also be used to replace the polyalkylene oxide mgiety, as long as they are not antigenic, toxic, or .
eliciting immune response. The polyalkylenc oxigde moiety is either substituted or unsubstituted. 5For
example, it can be methoxy-capped polyethylene” é(mPEG). The term "protein moiety" refers
to a mono-valent radical derived from either & natu kring protein or a modified protein. The
naturally occurring protein can be interfergn-a, rl\uman growth hormone, erythropoietin
and granulocyte colon-stimulating factor, or an{ibo: odified protein can be, e.g., a protein

containing 10interferon-a and 1-4 additional amfno e?cuf residuesat the N-terminus of the interferon. IF

N 0 An example of such a mOdIerd interferon isTisAim@ptesenting an interferon-an moiety, the amino

group at the |\1|nt$\r r%l,{lggcgf }Nit{];!? 2 bO ded T?n g}glgg@gt%r O1léllp-l Ci.s allkyl, Cos alkenyl, Cps

allynyl, aryl, heteraryl, Cs.s cycloalkyl, or Cyg heterocycloalkyl; each of A; and As,

independently, 15 a polymer moiety; each of G, G, and G, iﬁdependenﬂy, 1sabondora
linking functional group; P is 2 protein molety; m is 0 or an integer of 1-10; and n is an
integer of 1-10. |
Referring to the above formula, the protein-polymer conjugate may have one or
more of the following features: Gais a bond and P is & protein moisty in which the amino
group at the N-terminus is attached to Gs; A; and A, are polyalkylene oxide moietie ‘
having a molecular weight of 2- 100 kD (preferably 10-30 kD), each of G; and G, is _

S

§ (in 1.Whlc:n Q is attached to A; or A, and NH is attached to & carbon atom
as shown in formula I}, or each of G, and G, is urea, sulmnarmae or amide, {in which N
is attached to & carbon aiom as shown in formulz 1), m i5 4, n is 2, and each of Ry, Ry, R,
Ry, and Rs is H; and P is an interferon moiety or a modified interferon moiety containing
1-4 addittonal amino acid residues.

The term “allyl” refers to a mono-valent straight-chained or branched
hydrocarbon radical. Examples of alky! groups include methyl, cthy‘ n-propyl,
isopropyl, tert-butyl, and n-pentyl. Similarty, the term “alkenyl™ or “alkynyl” refers o &
mono-valent straight-chained or branched hydrocarbon radical containing one or more

C=C double bonds or one or more C=C triple bonds,

[



The term "interferon-a" refers to a family of highly homologous species-specific proteins that inhibit
viral replication and cellular proliferation and modulate immune 15response. See Bonnem et al., J.
Biol. Response Mod., 1984, 3(6):580-598; and Finter, J. Hepatol., 1986, 3 Suppl 2:5157-160. Many
types of inte Y& GHLHeins are commercially available, including IntronP &I HEMSBFFovided by
Schering Corporation, Kenilworth, N.J., Roferon interferon provided by Hoffmann-La Roche, Nutley,
N.J., Berofor alpha 2 interferon provided by 20Boehringer Ingelheim Pharmaceutical, Inc., Ridgefield,
Conn., Sumiferon provided by Sumitomo, Japan, and Wellferon interferon alpha-nl (INS) provided by

Glaxo-Wellcome Ligh.grory, Gueg¢ RUtaR, isted balavs aie.arainosacii sequgnces of ive exemplary
rdony Giee S t

human interferon-a proteins, either in precursor form or in mature foul’: 25maltfallva llvisckssc

svgcd1pcich SigsistbRIdamer siPsaikeindhy fearetdmpriasiaipwinaminsinifeskdsstiawd etlidkfyte

lygaindlea cvigyomia; ipiekedsl aymx&H&M§§H%§%ﬁ%%¥Mfa%%ﬁﬁ'éHé%%%&fék%&See Krasagakis
et al., Cancer invest. 26 (6), 562-568, 2008) 30 cdlpathslg srrtimllag mrkislfscj. kdrhdf gfpq

eefgnqf gka SRPR/MBIRAEET Ane M%%WH%R%yq glndleacvi dgvgvtetpl mkedsilavr kyfaritly1
kekkyspgaw evvraeimy serm “aryl” refers to a hydrocarbon ring system ( mono-cyclic or bi-cyclic)

having at least one aromatic ring. Examples of aryl moietics include, but are not limited
to, phenyl, naphthyl, and pyrenyl.

The term “heteroary!” refers to a hydrocarbon ring system {mono-cyclic or bi-
cyclic) having at least one aromatic ring which contains at Icast one heteroatom such as

10 O, N, or § as part of the ring system and the reminder being carbon. Examples of
heteroary! moieties include, but are not limited to, furyl, pyrrolyl, thienyl, oxazolyl,
imidazotyl, thizazolyl, pyridinyl, pyrimidinyl, quinazolinyl, and indolyl.

The term “cycloalky!” refers to a partially or fully saturated mono-cyclic or bi-
cyclic ring system having only carbon ring atoms. Examples inciude, but are not lmited

15 to, cyclopropanyl, cyclopentanyl, and cyclohexanyl.

The term “heterocycloalky?” refers to a partially or fully saturated mono-cyclic
or bi~cyclic ring system having, in addition to carbon, onc or more heteroatoms (e.g., O,
N, or 8}, as ring atoms. Exampies include, but are not limited to, piperidine, piperazine,
morpholine, thiomorpholine, and 1,4-oxazepanc.

20 Alkyl, alkenyl, alkynyl, aryl, heteroaryl, cycloalkyl, and heterocycloalky?
mentioned herein include both substituted and unsubstituted moieties. Examples of
substituents include Ci~Cye alkyl, Co—Cyp alkenyl, Co~Cyq alkynyl, C:—Cs cycloalkyl,
Cs—Cs cycloalkenyl, C,—Cy, alkoxy, aryl, aryloxy, heteroaryl, heteroaryioxy, amino,
Ci—-Cyp alkylamino, C—Cy dialikylamino, arylamino, diarylamino, hydroxyamino,

25  alkoxyamino, C;-Cy¢ alkylsulfonamide, arylsulfonamide, hydroxy, halogen, thio, C—
Cig aikylthio, arylthio, cyano, nitro, acyl, acyloxy, carboxyl, and carboxylic ester,

The term “polyalkylene oxide moiety” refers to a mono-valent radical derived
from linear, branched, or star-shaped polyalkylene oxide. The molecular weight of a
polyalkylene oxide moiety may be 2-100 kD. The polyalkylene oxide moiety is ecither

30 saturated or unsaturated. Examples of a polyalkyiene oxide moiety include, but are not
limited to, polyethylene oxide, polyethylene glycol, polyisopropylene oxide,

3



f slstniges Irske (See Klaus, et al., J. MOI. Biol. 274 (4), 661-675, 1997) mcdlogths1 gsrrtimlla
gmrrislfsc Ikdrhdfgfp geefgngfgk aetipvihem iqqifnifst kdssaawdet lldkfytely ggindleacv iqgvgvtetp
Imkedsilav rk fqritlg lkekkyspca wevvraeimr sfsistnlge slrske (See GenBank Accession Number
AAP20099, thE Z521B’22003 version.) mallfpllaa Ivmtsyspvg slgcdiptfrh Gk quatispf
Iclkdrrdfr fpgemvkgsq lakahvmsvi hemlqqifsl fhterssaaw nrntildglht elh.qglqglile tcligvvgeg esagaisspa
Itlrryfqgi rvylkekkys dcawevvrme imksif istn mcjerlrskdr dlgss (See Capon et al., J. Mol. Cell. Biol. 5
(4):768-779, 1985) Isyksicslg cd1pqthsig nrralillag mgrispfscl kdrhdfglpq eeffigngfgk taisv:Lhem

iqgtfrafst ed fstely _ eetpi; aw rkyfqaritly itekkyspca wevvraeimr slsf
stnlgk rlrrkd Se%ﬁﬁ%!ﬁ%ﬁ%%éﬁ@%?@%%@éﬂ% %%@3 , 1%%’\%1)r ﬁgfl‘lni%ﬁe example, the

interferon-a PrOTEIMSEPISInRaKIRE THaTiNise) o5 car eenjtigaeedmied aplammiicacidsedquestoat least 80%
(e.9., 85%, 9R%1n 556, 2% kiclentiaakie one.0fshe ahave listas amRG ACH,SEqHRNERSOT to the

fragment thereof that corresponds to a mature interferon alpha. The term "human growth hoonone"
refers to the FETHAT RE ring HUPA SRS EHEPHSHHSHEY dththsh RSEOISE 6 PRIERSHEYStin, and its
functional varAentsaiele havingameaining-agipcgequencdatleashB8RiPLey., 85%, 90%, 95%, or 99%)

identical to the natuyally occurring human,growth homione and possessing the same physiological
activity of that humua}l'tr%' “::gxér%‘jvj\}thpIE%Erér’ﬁlg[r}l%l.e Fhéami ﬁ%&argﬂqgé‘adu%ﬁé%@% gﬁ‘égr]\‘ﬁl%r%rﬁyegﬁ%u%/ring human
growth hormouier@iyprecurser rangimaturaddric)i aretshoWihdedowaily omatgsgsitdaigltelphelqegsafpti

e SR P e R R
vegscgf (preeursdrying factor, or antibody. The modified protein can be, ¢.g., a protein containing
10 interferon-¢ and 1-4 additional amino acid residues at the N—terminus of the interferon.
o N
An example of such a modified interferon is ““?3 , IFN representing an mterferon-oy,
moiety, the amino group at the N-terminus of which is bonded to the carbonyl group.
The term "interferon-o" refers to a family of highly homologous species-specific
proteins that inhibit viral replication and celtular proliferation and modulate immune
15 response. See Bonnem et al., I. Biol. Response Mod., 1984, 3(6):580-598; and Finter, J.
Hepatol., 1986, 3 Suppl 2:5157-160.
Many types of interferon-o proteins are commercially available, including Infron-
A interferon provided by Schering Corporation, Keniiworth, N.J., Roferon interferon
provided by Hoffmann-La Roche, Nutiey, N.J., Berofor alpha 2 interferon provided by
20 Boehringer Ingelheim Pharmaceutical, Inc., Ridgefield, Conn., Sumiferon provided by
Sumitomo, Japan, and Wellferon interferon alpha-n1 (INS) provided by Glaxo-Wellcome
Lid., London, Great Britain,
Listed beiow are amine acid sequences of five exemplary human interferon-¢,
proteins, either in precursor form or in mature form:
25 maitfallva llvlsckssc gvgedlpgth glgsrrtlml lagmrrisif
sclkdrhdfc fpgeefgngf gkaetipvlh emiqgifnlf stkdssaawd

etlldkiyte lyqglindlea cviggvgvte tplmkedsil avrkyfqgrit
lylkekkysp cawevvrael mrsfslgtnl geglrske

(See Krasagakis et al., Cancer Invest. 26 (6), 562-568, 2008)
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fptiplsrif dnamlrahrl'hglafdtyge feeayipkeq kysflgngqt slcfsesipt psnreetqgk snlellrisl lligswlepv
gflrsvfans vygasdsnv ydllkdleeg iqtimgrled gsprtgqifk qtyskfdtns hnddallkny gllycfrkdm dkvetflriv
gcrsvegscg f (mature form) Ery, thropoietin (EPO), produced by either liver or kidney, is a glycoprotein
hoone that controls erythropoiesis or red blood cell production. See US Patent 5,621,080. The amino
acid sequences of human EPO (in precursor and mature form) are shown below: mgvhecpawl
wllisilslp Iglpvigagp rlicdsrvle rylleakeae nittgcaehc pinenitvpd tkvnfyawkr mevgqgavev wqglallsea
virggallvn ssgpweglgl hvdkavsglr slttliralg acikeaisppd aasaaplrti tadtfrklfr vysnflrgkl klytgeacrt gdr

(precursor) apgrlic le ' eaekiftge ine iJ_tA/ dikvnfye rmevg vevwqglall
~ seavlrggal Ivkssqugé\g%%{\l/%%g\%s %Irglttllr;[rli é%g%cgielgfgg‘g%dra%%%\alﬁflﬁ?f‘égﬁﬁﬁvgsgr?ﬁn%@% ea crtgdr

(mature form) F-BRARRSHoI SR BroteFilisstE fratake the disdivsed vanjulyaté eambie an EPO protein,
either in precussrLer mature-oins preduced by, a;suitablg. species, e.g., human. murine, swine, and

bovine. In one,exar%%%e,ghe1erythropoietin protein has an amino acid sequence at least 80% (e.g.,
85%, 90%, 9598 oF ﬁ)’ﬁeﬁﬁé&ﬁo one of the amino acid sequences shown above. The "percent

dentity” of two amin(Sae Kl sequerices isisgainined ysiua hesaigariim of Kariin and Alischul Proc.
Natl. Acad. Sci. USA 87:2264-68, 1990, modified as in Karlin and Altschul Pi-ac. Natl. Acad. Sci. USA

90:5873-77, 1993. S:HSE?;Q?@@Q{“ IS Incorpor d*lmtgltsgch%lké§g &nr%cté(Bé_&%T programs (version

2.0) of Altschul, et.al. J, Mol. Biol. 215:403-10, 1990. BLA rotein searches ean be performed with

the XBLAST p?géﬁ'é)rﬁfggénrel:%%% WordRhghi=? 6 66 aniiho WeRi ¥eGidAcE<LR6Mologous to the
protein moleca@Srihe fireseviedisclbsure; Whers gaps Existbetpeen twosespances, Gapped
BLAST can befitlizech ag«lescribed in Altschul et al., Nucleic Acids Res. 250 7):3389-3402, 1997.
When utilizing BLAST and Gapped BLAST programs, the default parameters of the respective
programs (e.g., J013LAST and NBLAST) can be used. The term "linking functional group" refers to
a bi-valent functional rotpe M HaH56inRy EonhecletP RPN Joh/Phet FRoid§3ansite)other end being

connected to the prateinimpiaty.-Fxamplesspolide hud arRat imited:10, 0r, -3 gathqxylic ester,

carbonyl, carbﬂrzwﬁ%]%,r %l%de, Larbamate, urfaJ_sglfonyllsuIFm l, amino, imino, hydroxyamino,
phosphonate, of phosphiate group.. -o°@ +araavmsvl hemiqgifsl fnterssaaw
nmelldglht elhgglghle tellgvvgeg @sagaisspa ltlrryiggi

rvylkekkys dcawevvime imkslflestn mgerlrskdr dlgsas

(See Capon et al., . Mol. Cell. Biol. 5 (4}:768-779, 1985)

lsykeicelg cdlpgthslg nrralillag mgr:fspfscl kdrhdfglpg
' eefagngfgk tgaisvlihem iggtfnlfst edsszaweqgs llskfgtely
gglnnleacv igevgmeetp lmmedsilav riyfgritly ltekkyspca
wevvraeimr slsistnlgk rlrrkd

(See Lund et al., J. Interferon Res. 5 (2), 229-238, 1985)

In one example, the interferon-g protein used for making the disclosed conjugate
has an amino acid sequence at least 80% (e.g., 85%, 90%, 95%, or 99%)
identical 10 one of the above listed amino acid sequences, or to the Eragmenf;:.hereof that
corresponds to & mature interferon alpha.

The term "human growth hormone" refers to the naturally occurring human
growth hormone, either in precursor or mature form, and its functional variants, L.e.,
having an amino acid sequence at least 80% .(e.g., 85%, 96)%5 95%, .01"'99%) identical to

the naturally occurring human growth hormone and paSsessing the same physiological



The protein-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 protein-polymer conjugate of the present disclosure. Suitable anions include chloride,
bromide, iodide, sulfate, nitrate, phosphate, citrate, rnethanesullonate, trifiuoroacetate, and acetate,
Likewise, a salt can also be form,..d between a cation and a negatively charged group (e.g.,
carboxylate) on a protein-polymer conjugaté of the present disclosure. Suitable cations include sodium
ion, potassium ion, magnesium ion, calcium ion, and an ammonium cation such as

tetramethylarasmQRILGE ol AN 5ET ST CRBIDSY: Conlugale gy have, gne or more

double bonds, or one or more asymmetric centers. S a conjugate can occur as racemates, racemic
mixtures, sinIEFSREISHBIREASZIRHITi BomRens Stamismais, didsteratsrfienio) prixtboes; Beidveis-or trans- or or

Z- double bond isomerictorms: 1Am@g§mp§§19&th@zg§%tg%gglyme§lcp%%e PHE’E!;B%%f nt disclosure
n to

is shown below; 0.mPEGO NH mPEGOAN in which inPEG has a molecular weig O kD and

IFN is an inte%%?é’t%%%%igﬁﬁ%ﬁﬂ@ﬁﬁhéﬁ@rﬂ%ﬁﬂﬁénﬁ@ﬁﬁ@%@%nﬁﬁ%l@%ﬁf@ﬁelates to |
compounds which afé Lsefulfarprepalingsproteiapelymekenfgates. lie-compeunds have foimula

II:"R2 Rs R4 armula Il . inwhich X is,a reactive group; each of Al and A2, independently, is a
polymer moie[tﬁ:/g,@c'f)lr“c?]r%s%f Alg%ldé%ggl 3 é){’é%r%ﬁ%rﬁgg%f% YidlotheF S FELCEVE group; each of
01,02 and G3; fddédparrdentiye sadbbnicersalimking functional group; each of RI, R2, R3, R4, and R5,
independently, is H, 01-5 alkyl, C2..5 alkenyl, 02-5 arKYT1Y1, aryl, heteraryl, C3_8 cycloalkyl, C,3_8
heterocycloalkyl, or £@¢4-1p04 beingiahene-ora linkingfupctional d X" hei reactive group;
each m and n,jndependently. is 0 or iuq{ln% eﬁgﬂfij O;p?%e%ﬁgg F?El %(%%%%ﬁl\%%uccinimidyl,
then n is an integer of 1-10.” __In oné embodiment, 3(1 X AEPA2567, (?f 0FKi, R2, R3, R4, R5,
and m are defiNS8 HHITRY akid A ffed@itof B4 02d JeRFiasésipotrasbitasnula Il have one or
more of the félleidag feawresd lthe potymedimaeiimay havesone pegare (gactive-groups, 63 is a

bond and P is a protginimpighyin sk the aming, g sterminus is attached to Gs; Al and
A2 are polyalkylene okifj%%moiétiés ha\’/i#é]% morﬁsfzulg}ggx}gaﬁ%o %%Igt])lf(f)"(lg%’%%%ﬁ/ 12-30 M kD).

each of Gl arfPBRRHEPoRTRl orihaspeiRts 9672 o zelmdodeetion. See US Patent
5,621,080, The amino acid sequences of human EPO (in precursor and mature form) are
shown below:
mgvhecpaw_l wlllsllelp lglpvlgapp rlicdsrvle rylleakesze
nittgcaehe slnenitvpd tkvnfyawkr mevgggavev wggl allsea
virggallvi ssgpweplgl hvdkavsglr slttllralg agkealsppd
aasaaplrti tadrirklfir vysnflrgkl klytgeacrt gdr (precursor)

appriicdsr vlerylleak eaekittgca sheslnekit vpdtkvniva
wkrmevggga vevwgglall seavlirggal lvkssgpwep lglhvdkavs
glrsittllr algagkeals ppdaasaapl rtitadifrk 1frvyanilr

gklklytgea crtgdr {(mature form)

An erythropoietin protein used to make the disclosed conjugate can be an
EPO protein, either in precursor or mature form, produced by a suitable species, s.g.,
human, murine, swine, and bovine. In one example, the erythropoietin protein has ap
amino acid sequence at least 80% (e.g., 85%, 90%, 95% or 99%) identicdl to one of the
amzno acid sequences shown above, _ |
The “percent identity” of two amino acid sequences is determined using the

algorithm of Karlin and Altschul Proc. Nazl. Acad. Sci. USA §7:2264-68, 1990, modified
6



WO 2009/023826PCTTUS2008/073290 attached to a carbon atom as shown in formula I. mis 4; n is
1; each of RI, 122, R3, R4, and R5 is H; and X is CH(=0) or X is a leaving group (e.g., succinimidyl or
p-nitrophenoxy).  The teim "reactive group" refers to a functional group that can react with another
functional group so that it is either replaced by the other functional group, or is linked to 5the other
function group. A reactive group can be a leaving group, a nucleophilic group, an aldehyde, or a
Michael receptor. ~ The term "leaving group" refers to a functional group that can depart, upon direct
displacement or ionization, with the pair of electrons from one of its covalent bonds (see, F.A. Carey

and R.J. Sunhgrg, mﬁa@a@m@m&hmwxaér@c%ﬂe@m@*gﬂt@%?aé&al_9§9% Examples of a
(6]

leaving group include, but are not limited to, methansulfonate, triflate, p-tolueesullonate, iodine,
bromide, chloAtE HifftiSrBARSRIRICS TR CSU g FRtcphERG sand g2 si-oxy.  The
term "nucleopAhiliscBrOwp a1 eferm 10saT. elestgn-Tich é@luct@mbgf?%iwbéﬁlﬁbﬁ%% wdth an

lec

electron-receiving group,.such lectrophile, by donating an electron pair. 15The MT "clectrophilic
group” refers {6 gﬂggl%gc%b%%ggﬁﬁﬁgﬁo?%%ﬁ?%ﬁﬁ’r‘é’ﬁfﬁ?\)ﬁ?ﬁﬁﬁ%@&%’éﬁ%‘@ﬁ&ﬁﬂg group, such
as a nucleophitepbyadeeptingeneleetrompaiioMichaef tecppiens ag debwakef glactraphilic groups.
They, upon cqntacting a nucleophile, undergo, Michael reagtion. A typical Michael receptor contains an
a,|3- unsatura é%}”fé?gﬂvg rsﬁglféPfeSE%Pﬁg ary é(:lgrlllnc 6%8?) §%%f8?rﬁ%igﬁ%%$8d§ﬂ0%ﬁ%icﬁﬁﬁb
. Nucleic Acids Res. 25(17):3389-3402, 1997 When utilizing BLAST and Gapped BLAST
prograrns, the default parameters of the respective programs (e.g., XBLAST and
NBLAST) can be used. | |

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 protein
molety. Examples include, but are not limited to, -O-, -S-, carboxylic ester, carbonyl,
carbonate, amide, carbamate, urea, sulfonyl, sulfinyl, amino, imino, hydroxyaming,
phosphonate, or phosphate group.

_ The protein-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 protein-polymer conjugate of the present disclosure,
Suitable anions include chioride, bromide, iodide, sulfate, nitrate, phosphate, citrate,
methanesulfonate, trifluoroacetate, and acetate. Likewise, a salt can also be formed
between a cation and 2 negativeijf charged group (e.g., carboxylate) on a protein-polymer
conjugate of the present disclosure. Suitable cations include sodium ion, potassium ion,
magnesium jon, caicium jon, and an-ammonium cation such as tetramethylammoninm
101

In addition, the protein-polymer conjugaie may have one or more double bonds, or
one or more asymmetric centers. Such 2 conjugate can occur &s racemates, racemic
mixtures, single enantiomers, individual diastereomers, diastereomeric mixtures, and cis-

Or trans- or £- or Z- double bond isomeric forms.



- 00)1, OPEG '0 NH 00PEG .11..0PEGt.4NH Ot NH "00 PEGNONf)PEGIV...,.....",2%.").,..,0'PEG HE ?
/,owN / OHN 'H 0 0 PEG.0)1, NH 0 PEGNH" /Fltro 0.PEG.0 pEGNH |

An example of the protein-polymer conjugate of the present disclosure is shown below:

o

IFN
o mPEGO)J\NH Oy

mPEGO)Lg/\/\/K/\N/J

L

in which mPEG has a molecular weight of 20 kD and IFN is an interferon-iy, moiety.
Still another embodiment of the present disclosure relates to corﬁpounds which are useful for

preparing protein-polymer conjugates. The compounds have formula II:
Ay

R, Rs;R: Rs
7 formuia 11

in which X 18 a reactive group; each of A; and A,, independently, is a poivmer
moisty, or one of A; and A; 1s a polymer moiety, and the other is a reactive group; each
of Gy, G2, and Gs, independently, is & bond or 2 linking functional group, each of Ry, Ry,
R3, R4, and Rs, inidependently, is H. Cysallkeyl, Co.5 alkenyl, Cos alkynyl, aryl, heteraryl,
Cs.q cycloalkyl, Cig heterocycloalkyl, or —G4-X, G, being a bond or a linking functional
group and X’ being & reactive group; each m and n, independently, is 0 or an integer of 1-
16; pfcvided that if -G3-X is -CO(Q)-N-succinimidyl, then n is an integer of 1-10,

In one embodiment, X, X', A;, Ay, Gy, Gz, Gs, Gg, Ry, Ry, Rs, Ra, Rs, ancém are
defined above, and n is an mteger of 1-10.

Certain compounds of formula I have one or more of the following features: the
polymer moiety may have one or more reactive groups; Gz isa bond end P isa protein
moiety m which the amino group at the N-terminus is attached to Gs; A; and A, are

polyalkylene oxide moieties having 2 molecular weight of 2-100 kD (preferably 12-30

O
_ \OJLN/

k_D), each of G; and Ga s M, in which O is attached to A; or A,, and NH is



OPEG-.11.HctniH il0 PEG.0)1. ONH 00 H 0 0 PEG J. '0 NH 00Bac 0-Ne 00 0 O I 00 Ni'0

10
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attached to a carbon atom as shown in formula I, m is 4; nis 1; each of Ry, Ry, Rs, Ry, and
Rg is H; and X is CH(=0) or X 1s a leaving group (e.g., succinimidy! or p-nitrophenoxy).

The term “reactive group” refers 1o a functional group that can react with another
functional group so that it is either replaced by the other functional group, or is linked to
the other function group. A reactive group can be a leaving group, a nucleophilic group,
an aldehyde, or a Michael receptor.

The term “leaving group” refers to a functional group that can depart, upon direct
displacement or ionization, with the pair of electrons from one of its covalent bonds (see,
e.g., F.A. Carey and R.J. Sunberg, Advanced Organic Chemustry, 3rd Ed. Plenum Press,
1990). Examples of a leaving group include, but are not limited to, methansulfonate,
triflate, p-tolueesulfonate, 1odine, bromide, chioride, trifluoroacetate, succinimidyl (“Su™),
p-nitrophenoxy, and pyridine-2-yi-oxy.

The term “nucleophilic group” refers to an electron-rich functional group, which
reacts with an electron-receiving group, such as electrophile, by donating an electron pair.

The term “clectrophilic group™ refers to an clectron-poor functional group, which
reacts with an electron-donating group, such as & nucieophite, by accepting an electron
patr. Michael receptors are a subset of electrophiiic groups. They, upon contacting a
nucleophile, undergo Michael reaction. A typical Michael receptor contains an -

unsaturated ketone moiety.



0 PEG' .A.H 0--A- 0 ii-PEG"0,k-NO-N)0 | OH OPEG. li 00 NH 0"00 SIN.-IL.N.---.7"...0_ NH O PEG t NH
00 DtN'2CO-N) HNH 0 In still another embodiment, the present disclosure features a method of
preparing protein-polymer conjugates of formula I, in which the amino croup at the N-terminus of
protein moiety P is attached to linking functional group Q.,. The method includes coupling an
N-terminus free protein H-P with a di-polymer branched molecule of a formula the same as formula Il
shown above, except that Xis a leaving group. The N-terminus free protein HP refers to a protein in
which the nitrogen atom at the terminal amino group of the protein moiety P is bonded to the hydrogen
atom H. In other words, H-P has a terminal primary or secondary amino group. Alternatively, the
method includes (1) coupling the just-mentioned N-terminus free protein H-P with a di-polymer
branched molecule GFSTOYAYISPTARPEARC HowBrIRben Shotwn ttheve, except that G.3 is a bond, nis 0
or an integer of 1-9, and Xis CHO; and (2) reducing the coupling product to form a protein-polymer
conjugate. ' ,

In still another embodiment, the present disclosure features a method of preparing protein-
polymer conjugates of formula I, in which the amino group at the N-terminus of protein
moiety P is attached to linking functional group Gs. The method includes coupling an N-
terminus free protein H-P with & di-polymer branched molecule of a formuia the same as
formula I shown above, except that X is a leaving group. The N-terminus free protein H-
P refers to a protein in which the nitrogen atom at the terminal amino group of the jérotei_n
moiety P 13 bonded 1o the hydrogen atom H. In other words, H-P has a terminal primary
or secondary amino group. Alternatively, the method includes (1) coupling the just-
mentioned N-terminus free protein H-P with & di-polymer branched molecule of a
formula the same as formula II shown above, exceptthat Gs is a bond, 1 is 0 or an integer
of 1-9, and X is CHO; and (2) reducing the coupling product to form 2 ?rotein—poiymer

conjugate,

1§
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Interferon is an immunomodulating médication for treating hepatitis B virus (HBV) infection or hepatitis

C virus (HCV) infection. In addition, interferon (e.2., interferon-a) can be used to treat non-Hods.-kin's
lymphoma, Hairy cell leukemia, chronic inyelo2enous leukemia, AIDS-related Kaposis sarcoma,
follicular lymphoma, malignant melanoma, and condyloma accuminata. Thus, the present disclosure
relates to a method of treating any of the above-mentioned disorders by an interferon-polymer
conjugate described herein. Also within the scope of the present disclosure is a composition
containing an interferon-polymer conjugate for use in any of the above-mentioned disorders, as well as
this therapeutic use aigrfisenaf theaanpgatefonide manutactyee oéamedicamentfedreating one of
these disorder The details, of one qr more odiments of the present disclosure are set forth in
the descriptioﬁiﬂ%}g\ﬁ%ﬁ% PL BrERELIs S W,@%Wgﬁ%’&es{%ﬁﬂ@?ﬁe@éﬁﬁ%fﬁ%@ will be
apparent fromithefdescrptian-anddienthe slainsd DETANER RESCRHP IONkemf (igimRolymer

conjugates of the present jnvention be, prepared by synthetic methods well known.in the chemical
art. For exampie “05E O lﬁ%ﬁiﬁk@#ﬁ% %gqﬁ%a’p%%%m 3?@8%&@9%& R B mer
molecules andeithsequentytipnd apeotaintmulreur: indhe: iasmolgatdada form a protein-polymer
conjugate of this invention..  Also.within the scape of this inve tifon are the compounds of formula

4 e R cﬁ%ﬁ%@%ﬁﬁ%ﬂ%&éﬁﬁ%%?ﬁ%?’%ﬁ@ates. They can
be prepared bycsyrghetizsméthbdssell known in the chemical art. An illustrative synthetic scheme and
an actual example are proyided, helows. of 1R REME &Shaurs 27 EXANRIR.ALAERAFING,Protein-polymer
conjugates of this invention. Diamine compound 1, which contains an acetal group,’is reacted with
NhydroxysucciuierfidpiepehyoraerniRE® ire:scompyuith2)te formedivEGsiattsompeting 3, which is
subsequmtly apnveieddeialdeinded Jhin aldshude somponngisdeacted Wik tolgin having a free

amino group via reductive alkylation to afford a protein-polymer conjugate of this invention. WO

2009/023826 PGCFHUSYH0E/ 678 dgordars.

The details of one or more embodiments of the present disclosure are set forth in the

description below. Other features, objects, and advantages of the present disclosure will be

apparent from the description and from the claims.

DETAILED DESCRIPTION

Protein-polymer conjﬁga‘ces of the present iﬁvcnﬁion can be prepared by synthetic
me{hods well known in the chemical art. For example, one can bond 2 linker molecule,
concurrently or separately, with two polymer molscules and subsequently bond & protein'
‘molecuie to the linker molecule to form & protein-polymer conjugate of this invention. |

Also within the scope of this inventior are the compounds of formule (IT). These
compounds are useful for making the just-described protein-poiymer conjugates. They
can be prepared by syﬁthetic methods well known in the chemical art. An illustrative

o synthetic scheme and an actual example are provided below.

Scheme I shows ap exampie of preparing protein-polymer conj ugates of this
invention. Diamine compound 1, which contains an acetal group, 1s reacted with N-
hydroxysuccinimidy! carbonate mPEG (Le., compound 2) to form di-PEGylated
compound 3, which is subsequently converted to algiehyde 4. This aldehyde compound is
reacted with protein having & free amino group Vi ”reaci-uctiv: alkylation to afford &

protein-polymer conjugate of this mvention,

11



54 Scheme-1 A protein-polymer conjugate thus synthesized can be further purified by a method
5such as ion exchange chromatography, gel filtration chromatography, electrophoresis, dialysis,
ultrafiltration, or ultracentrifugation. The chemical reactions described above include using
solvents, readyBrE7 a8 sts, protecting group and deprotecting group re&§EA82%4#8788Kain reaction
conditions. They may additionally include steps, either before or after the steps described
10specifically herein, to add or remove suitable protecting groups in order to ultimately allow for
synthesis of a protein-polymer conjugate. In addition, various synthetic steps may be perfooned in an
alternate sequence or order to give the desired protein-polymer conjugatgspgﬁynthetic chemistry
transfoimations and protecting group methodologies (protection and depi:pg@ztgction) useful in
synthesizing applicabfe in-polymer 15conjugates are known in the aft and include, for example,

those descri i K, Compﬂggge‘i‘r&gv%\grganic Transformations, "Pubjishers (1989); T.W.
ts, Protective Groups in Organic Synr;[he ; d.( " n Wiley and Sons

Greene and P.G/Nh {
(1991); L. Fiesét ahd M Fieser, Fieser and Fieser's Reagentgb?or ganit: hesis, John Wiley and
Sons (1994); and L. Paquette, ed., Encycldpedia ofReagents for Organic 20 Synthesis, John Wiley

and Sons (1995) and subsequent editions thereof WO 2009/023826PCT/US2008/073290 The

conjugate of the invention has a very high purity. Namely, in 80% or more-gf#he conjugate molecules,
the polymer moiety is linked to the same nitrogen atom of the N-terminus of the same protein moiety.
In other words, in at least 80% of the tthjugate molecules, the protein moigﬂfﬁ% identical in all aspects,

including its sequence and its >=o >=C
. . N R, o y HN R,
N “mtif{remrmrermm—errera——n G N CHG
: P Y
mPEG” \[( (X X)), mPEG (Xe UXI,
O R, Ry Ry R : O R RiRe R
5 I 4
Scheme 1

A protein-polymer conjugate thus synthesized can be further purified by a method
5  such as ion exchange chromatography, gel filtration chromatography, electrophoresis,
dialysis, ultrafiltration, or ultracentrifugation.

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 after the steps described

10 specifically herein, to add or remove suitable protecting groups in order to ultimately
allow for synthesis of a protein-polymer conjugate. In addition, various synthetic steps
may be performed in an alternate sequence or order to give the desired protein-polymer
conjugates. Synthetic chemistry transformations and protecting group methodologies
(protection and deprotection) useful in synthesizing applicable protein-polymer

15 conjugates are known in the art and include, for example, those described in R, Larock,
Comprehensive Organic Transformations, VCH Publishers (1989); T.W. Greene and
P.G.M. Wuts, Protective Groups in Organic Svnthesis, 2d. Ed., John Wilev and Sons
(1991); L. Ficser and M. Fieser, Fieser and Fieser's Reagents for Organic Svnthesis, John
Wiley and Sons (1994); and L. Paquette, ed., Encyvelopedia of Reagenis for Organic

20 Symthesis, John Wiley and Sons (1995) and subsequent editions thereof,

12
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5bonding position to the polymer moiety. The conjugate of the invention may be pharmaceutically
active in the conjugate form. Alternatively, it can release a pharmaceutically active protein in vivo (e.g.,
through hydrolysis) by enzymatically cleaving the linkage between the protein moiety and the polymer
moiety. Exa?‘ﬁﬁvlé@%ﬁ@ﬁ%ﬁ/mes involved in in vivo cleaving linkages include“¥o3ti4t\é*&hzymes (e.g.,
peroxidases, amine oxidases, or dehydrogenases), reductive enzymes (e.g., keto reductases), and
hydrolytic enzymes (e.g., proteases, esterases, sulfatases, or phosphatases) Thus, one aspect of
this invention relates to a method of administering an effective amount of one or more of the

above-described pralEigsOMPe SANIHOBIES 1A PaNG A BiRease. 6.0, BN S1 HGX ifection).

Specifically, a disease can be treated by administering to a subject one or more of the protein-polymer
conjugates ifhafEmeEtivaaleBlek. Sueal dubleetic ahl bk sd énifficttBy Blfiestthetareptefessional
based on resylts-fams 3ryhsuiakipdiagnastisymeihadAvHset herain, 40 erm: (ealing: or

"treatment” is defined as the application or 20administration of a composition includin; a -
protein-poly S <aH At TR A TsiE Rt thidrmilsa implirasiy cling Huding dis sty é‘?iin%tom of the
disordersa digedse; podisarderseeondarydsidihe disorder, or a predisposition toward the disorder, with

the purpose tocurer alleviate re(li%et e .rem%gx, or r}gcﬁgorate the d{forder, thegsé%/ﬁné tom of the disorder,

the disease or disor&érCSEBl&%%ary 0 the"disorder grf)%aec"fgﬁ(i)asﬁigﬁnt‘é%\}grt Hisorder. "An

effective amdomt” rsfersaiovaly.dmeuntiofs proteimqpolyireiycenjugataavhichviconifers rthetapeutic
effect on the subj ! Ic effe e ohbjegtive (i I by some tests
or markers) o %%&égﬁﬁ%%ﬁgié%%ﬁ%ﬁ&ﬁgi%%%%@%%&ﬁg&gﬁﬁeﬂggﬁ%&mg%lso within the
scope of thishaivaisticrrista gharrteceticslearh positicn Bortains doaimefasagesapstdat of at least one

of the preteinspalymer£oniugates fescibed abave andaRharmaganticakacsertakle carrier. Further,
this invention includes a method -of . , _
enzymes (e.g., keto reductases), and hydrolytic enzymes (e.g., proieascs, esterases,

sulfatases, or phosphatases).
Thus, one aspect of this invention relates to a method of administering an effective
amount of one or more of the above-described protein-polymer conjugates for treating a
15 disease (e.g., HBV or HCV infection). Specifically, a disease can be treated by
administering to a subject one or more of the protein-polymer conjugates in an effective
amount. Such a subject can be identified by a health care professtonal based on results
from any suitable diagnostic method. _
As used herein, the term “treating” or “treatment” is defined as the application or
20 administration of & composition including a protein-polymer conjugate to a subject
{human or antmal), who has a disorder, a symptom of the disorder, a disease or 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 ot disorder secondary to the disorder, or the predisposition toward the
25  disorder. “An effective amount” refers to an amount of a protein-polymer conjugate
which confers a therapeutic effect on the treated subject. The therapeutic effect may be
objective (i.e., measurably by some tests or markers) or subjective (L.c., a subject gives an
indication of or feels an effect).
Also within the scope of this invention is a pharmaceutical composition contains
30 an effective amount of at least one of the protein-polymer conjugates described above and
a pharmaceutical acceptable carrier. Further, this invention includes a method of

13



WO 2009/023826PCT/US2008/073290 admin stering an effective amount of one or more of the
protein-polymer conjugates to a patient with one or more diseases. Effective doses will vary, as
recognized by those skilled in the art, depending on, e.g., the rate of hydrolysis of a protein-polymer
conjugate, tHEXYPELBEAfseases to be treated, the route of administration? A& EXRIBERIBusage, and
the possibility of co-usage with other therapeutic treatment. To practice the method of the present
invention, a composition having one or more of the above-mentioned compounds can be administered
parenterally, orally, nasally, rectally, topically, or buccally. The tem) -parenteral" as used herein refers

1o .S“bC“ta”e&!ﬁ?mﬁ@%ﬁﬁlg‘tﬁ{‘&%%ﬁﬁ@&l}ﬁ}fﬁﬂt"éﬁoﬂ@%w%%‘#%He %@%{!ﬁ%ﬂ' r.&@é%%ﬂ%@@tb s
10|ntrasynOV|aI,' mtra_sternal, mtrathepa. |ntraIeS|(_)na, intraper oneal; intratrac ea?or ntracranial
injection, as WélFaisratosairaplerinfifsionteEisikie. dosesvsterieyinfosttie ompdsiton can be a

solution or supPRASIPHINA Aepstax) 9@@.’&?{@4')’3%0&@&1@&'@&%'HFQ};%@H&%%‘}}%%&JW as a solution in

1,3-butanediol. Among the acceptable vehicles and solvents that can be employed are mannitol,

water, Ringef SR uisHY R PIBtsMies <o druit dhfo e S¥R BbMINARATHtORN, ik EcHISHrc
conventignaliygplayed pssaistlveiTtcansdspendinehmadiim (8 dscayathetic mono- or di-glycerides).
Fatty acid, such as gleic acid and its glyceride derivatives.are useful in the preparation of injectables,
as are natural pharrtaCa(itical &’:‘?%g%%gg’8W§?S§E}EH’¥1¢§"8'WE&0§P@P8§§{B} iR SR ITHetheir

polyoxyeenytgttd versmnsniihestoihpolutibrembsutpensions camaladiy206relbntaimdslong chain
alconol dilvept.op disprsgnt..or sarhpometicalligss. or similay dispersing agents. Other commonly
used surfactants stich'as Tweens or %’pans or otHer similar emulsi ing agents or bioavailability
enhancers wilepraeeeominiosiansedsinithevprgnsifactirasliphainaosatizallipaguéeptable solid, liquid,

or other,dosage. o gamAlsehe Used: R NG RUIRASS Ol dgumuialion; Jaf compgsition for oral

administration can be any orally acceﬁtable d‘osag{e form including capsules, tablets, emulsions, and
aqueous suspER&iBHE BISHEPEIGHSY elnes SBINFFHS Hinfveien s Breaslets, commonly used carriers

include lactose andCaeniRtaeRabuisalingRAALS, SHEhIASMATRRIMNSIaaLas:-A6g;ialso typically
eaded. For el mpiyaton ) a gaeoule fpm usslul diuents Inlyde lactose pnd dried cam starch
: : . g
~ the acceptable vehicles and solvents that can be employed are mannitol, water, Ringer’s
15 solution, and isotonic sedium chloride solution. In addition, fixed oils are conventionally
employed as a soivent or suspending medium {e.g., synthetic mono- or di-glycerides).
Fatty acid, such as oleic acid and its glyceride derivatives are useful in the preparation of
injectabies, as are natural pharmaceutically acceptable oils, such as olive oil or castor oil,
espectally n their polyoxyethylated versions. These oil solutions or suspensions can also
20 contain a long chain alcohol diluent or dispersant, or carboxymethyi celiulose or similar
dispersing agents, Other commonly used surfactants such as Tweens or Spans or other
similar emuisifying agents or bioavailability enhancers which are commonly used in the
manufacture of pharmaceutically acceptable solid, liguid, or other dosage forms can also
be used for the purpose of formulation.
25 A composition 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, commonly 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 starch.

30 When aqueous suspensions or emulsions are administered orally, the active ingredient can



ity

30When aqueous suspensions or emulsions are administered orally,-the active ingredient can WO
2009/023826PCT/US2008/073290 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.  AYHEUP4Eol or inhalation composition can be prepared acB6dgM$ EeHRiques well
known in the art of pharmaceutical foimulation. For example, such a composition 5can be prepared as
a solution in saline, employing benzyl alcohol or other suitable preservatives, absorption promoters to
enhance bioavailabitity, fluorocarbons, and/or other solubilizing or dispersing agents known in the art.

A compositiof). havingens.or.ingre ol the ﬁ%ﬁm-&e ¢ribed.comp: - Iso be administered in the
form of supposiéfor#es for _rlectlgl%b ad.milnistratl. '1OA(g}1arrlr1acet{J?t?!lc(§ﬁj)@%%%e tﬁ?gsﬁg?ﬁéltgls routinely
used with onégertidicledtive dhevesrettionedlevpipeuridsqee canier danthe gsidadmaceutical

composition must bg nacaeRiaRIE:- e 8enestatitds campatiblawith tagaative ngregient of the

composition (and preferably, capable of stabilizing the active ingredient) and not deleterious to the
subject to be{FatRe RS 41 Ot MYTIANFTG D EREaEas bEFBE 4 ¥ henmRastiffeal excipients
for delivery ofsarbalpayarsientionedicompating . dmmsple s afHthessaliesipckudeneolloidal silicon
oxide, magnesium stearat% cellulose, sodium Ia¥ér I SL%Ifateé[iﬁagd D& Ye”%\i\?,g# 10. Suitable in vitro

0
assays can B8 iEad S raMAT AL STAR St e MR A D A6 VR YRs8Et &fifigates in
inhibiting hepdititiss@uhius gy drepatiisng viss Thes20eohjugatescoapduiibehbeexamiaed for its
efficacy In LG PRI il 2 DSRUIRE AIUMMRIPRRY I YO ASRRYP, For example, they
can be administered to an anima te.g., a mouse model) oF a umanehavmg epaﬂ is B virus or
hepatitis C viiréniisrianecis gigrapitioffects are then assessed. Based on the results, dosage

ranges gnd administratignreies AN Asphe-datsuninrA 28R SRMRIR DSl is Ja.be construed as
merely illustrative, and not 'imitative of )
above-mentioned compounds. The carmier in the pharmaceutical composition must be

“acceptable” in the sense that it is compatible with the active ingredient of the
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

15 pharmaceutical excipients for delivery of an above-mentioned compound. Examples of
other carriers inctude colloidal silicon oxide, magnesium stearate, celiulose, sodium
tauryt sulfate, and D&C Yellow # 10.

Suitable in vitro assays can be used to preliminarily evaluate the efficacy of the
above-described conjugates in mhibiting hepatitis B virus or hepatitis C virus. The

20 conjugates can further be examined for its efficacy in treating hepatitis B virus or
hepatitis C virus infection by in vivo assays. For example, they can be administered to an
animal (¢.g., a mouse model) or a human having hepatitis B virus or hepatitis C virus
infection and its therapeutic effects are then assessed. Based on the results, dosage ranges
and administration routes can also be determined.

25 The example below is 1o be construed as merely itlustrative, 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 herein, utilize the present
invention to its fullest extent. All publications cited herein are hereby incorporated 'by

reference in their entirety,
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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 herein, utilize the present invention to its fullest
extent. All publications cited herein are hereby incorporated by reference in their entirety. WO
2009/023828H¥8P8/073290 Preparation of di-PEG aldehyde 20 kB PEESEAELHEU was
prepared from 20 kD mPEGOH purchased from  (SunBio Inc., CA, USA) according to the method
described in Bioconjugatc Chem. 1993, 54, 568-569. A solution of 6-(1,3-d
oxolan-2-yl)hexane-1,5-diamine in dichloromethane (11.97 g of the solution containing 9.03 mg of

diamine, 47.;&&@9&@@&@@_@%%&&!3&5 containing 20 kD PEGO(C=0)0Su (1.72 g, 86.0 ttmol). After

PEGO(C=0)0Su was complétély dissolved, N, N-diisopropylethylamine (79 uL, 478 'Imo’) was added.
The 10 reaction mixture was stirred at room temperature for 24 h, and then methyl 1-butyl ether (200

mL) was added dropwise with 8tifring. " The ?@gﬁﬂﬁ?@%)r%cipitate aseeoliectedianddried under vacuum
to give di-PEG acetqkﬁ(\kW%)ég}whH@;%QHqsdﬁlMl&%% H'z\glﬁkakSQ)L% 16 (t'/=5.2Hz, 1
H), 7.06 (d,1=8.8 Hz, 1  H), 4.76 (t. = 4.8 Hz, 1 H), 4.10-3.95 (rd, 4 H), 1.80-1.65 (m, 1 H), 1.65-1.50
(m, 1 H), 151.48-1.10 (m, 6 H). 0 mPE GO NEI 00 rnPEGCY NH in PEG 0-"'NNmPEGO Di-PEG acetal
(4.0 g, 0.2 mmol) was suspended in pH 2.0 buffer (critic acid, 20 40 mL). The reaction mixture was

stirred at 35C for Zémmggw@x@g@@dAMtﬁQﬁMQr@meﬁm@E@Wcﬁﬁ@g@ﬁined organic
vers e ST Sl cecentaer d feh r dssoued i dflgometane o
precipitate wassédli#eted and dried at reduced pressure to give di-PEG aldehyde (3.8 g,
A solution of 6-(1,3-dioxolan-2-y)hexane-1,5-diamine in dichloromethane
{11.97 g of the solution containing 9.03 mg of diamine, 47.8 1mol) was added to & flask
containing 20 kD PEGO(C=0)0S8u (1.72 g, §6.0 umol). After PEGO(C=0)0OSu was
completely dissolved, N, N-diisopropylethylamine (79 uL, 478 pmol) was added. The
10 reaction mixture was stirred at room temperature for 24 h, and then methy! t-butyl ether
(200 mL) was added dropwise with stirring. The resulting precipitate was collected and
dried under vacuum to give di-PEG acetal {1.69 g, 98%) as a white solid.
"H NMR (400 MHz, de-DMSQ) & 7.16 (t,/ = 5.2 Hz, ] H), 7.06 (d, /= 8.8 Hz, |
H), 476 (t. /= 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),
15 1.48-1.10 (m, 6 H).

J

!(§) mPEGO™  NH ?’“> ¢ mPEGO” NH
; : _—
9]

PEG O)kg/\/\/l\/cm

mPIf*ZGO/‘\II:;
Di-PEG acetal (4.0 g, 0.2 mmol) was suspended in pH 2.0 buffer (critic acid,

20 40 mL). The reaction mixture was stirred at 35°C for 24 h and then extracted with
dichloromethane (3 x 50 mL). The combined organic layers were dried over magnesium
sulfate, concentrated, and then re-dissolved in dichloromethane {20 mL). The solution
was added dropwisely to methy! t-butyl ether (400 mL} with stirring. The resulting
precipitate was collected and dried at reduced pressure to give di-PEG aldehyde (3.8 g,

25 95%) as a white solid.
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2595%) as a white solid. WO 2009/023826PCT/US20081073290 1H 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), 195-180
(m, 1 H), 3.00-2.85 (m, 2 H). 2.58-2.36 (m, 2 H), 1.46-1.15 (m, 6 H). 5Preparation of modified
interferon ockCIF'R RS A modified recombinant humaninterferon-ahf WHEAIBHERYY a PCR
method using human genomic DNA as a template. The oligonucleotides were synthesized based on
the flanking sequences of human interferon-am (GenBank Accession # J00207, January 8, 2008). The
derived PCR products were subcloned into pGEM-T vector (Promega). The IFN variant was PCR

amplified again throygkihe AGENHT dopsrAIG syBsauenthysubeloncd g piofein aypession

vector pET-24a (Novagen), a T7 RNA ﬁ.Spo ymerase promotér driven vector, using Ndel/BamHI as the
cloning sitesy VectornpE 10, 24w thert tensRired imo Hb6i18t243CsddiPIds BE8)-RIL
(Stratagene)giraify Thedligisexpeession clones were selected by maintaining the transfoiined E coil
BL2I- CodonPlus (DE 3)-ML in the presence of karamycin (50 pg/mL) and chloramphenical (50
ng/mL). 20Terrific broth medium (BD, 200 mL) was employed for the propagation of BL21- CodonPlus
(DE 3)-RiL withRresbnNeps iraidegersl flask. The flask was shaken at 37C at 230 rpm for 16 hr.
Batch and fed-batch fermentations were performed in as-liter jar fcrmentor (Bin& 3000; New
Brunswick Scientific Co., Edison, NJ). The batch fer tation used 150 mL of an overnight preculture
inoculum and 3 L of the Terrific 25 broth mediumo\hj_fh aramycin (50 ng/mL), chloramphenical (50
ug/mL), 0.4% glycerol, and 0.5% (v/v) trace elements{10 g/L of FeS04.7H20, 2.25 g/L of
ZnS04.7H20, 1 g/L HN

A modified recombinant human interferon—o,, was cloned by a PCR method

10 using human genomic DNA as a template. The oligonucleotides were synthesized based
on the flanking sequences of human interferon—oyy, (GenBank Accession # 100207,
Januvary 8; 2008). The derived PCR products were subcloned into pGEM-T vector
(Promega). The IFN variant was PCR amplified again through the pGEM-T clones and
subsequently subcloned into protein expression vector pET-24a (Novagen), a T7 RNA

15 polymerase promoter driven vector, using Ndel/BamHI as the cloning sites. Vector pET-
24a was then transformed into E. coli BL21-CodonPlus (DE 3)-RIL {Stratagene) sirain.
The high—expression clones were selected by maintaining the transformed . coli BL21-
CodonPlus (DE 3)-RIL in the presence of karamycin (50 pg/mL) and chioramphenical
(50 pg/mL). :

20 Terrific broth medium (BD, 200 mL) was employed for the propagation of BL21-
CodonPlus (DE 3)-RIL with Pro—IFN gene in a 1000 ml flask, The flask was shaken at
37°C at 230 rpm for 16 hr. Batch and fed-batch fermentations were performed in a 5—
liter jar fermentor (Bioflo 3000; New Brunswick Scientific Co., Edison, NJ). The batch
fermentation used 150 mL of an overnight preculture inoculum and 3 L of the Terrific

25 broth medium with karamycin (30 pg/mL), chloramphenical {50 ug/mL), 0.4% glycerol,
and 0.5% (v/v) trace elements (10 g/L. of FeSO,4-7H,0, 2.25 ¢/L of ZnS04- 7H,0, 1 g/L
of CuS04-5H,0, 0.5 ¢/I. of MuSO.-H>0, 0.3 g/ of HsBOs, 2 ¢/L of CaCl,- 2H,0,
0.1 g/l of (NH4)sM07024, 0.84 /L. EDTA, 50 ml/L. HCI) The dissolved oxygen
concentration was controlled at 35% and the pH was kept at 7.2 by adding a 5 N NaOH
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of CuS04.5H20, 0.5 g/L of MnSO4. H20, 0.3 g/L of H31303, 2 g/L of CaC12. 2E120, 0.1 g/L of
(NH4)6M07024, 0.84 g/L EDTA, 50 ml/L HCI). The dissolved oxygen concentration was controlled at
35% and the pH was kept at 7.2 by adding a 5 N NaOH WO 2009/023826PCTLUS2008/073290
agueous som&)?ow.‘]‘%’?é%ing solution containing 600 g/L of glucose and Zg)cérfly%zf]ﬂﬂ’aé%%.?HZO was
prepared. When the pH rose to a value greater than the set point, an appropriate volume of the
feeding solution was added to increase the glucose concentration in the culture broth. Expression of
the Pro-IFN gene was induced by 5 adding 1PTG to a final concentration of | mM and the culture broth

was harvested afier IneRALNG AR Mo luioh REAAMEHRB G PalIelWRS se2usRended with TEN buffer
(50 mM Tris-HCI (pH 8.0), 1 mM EDTA, 100 mM NacCl) in an approximate ratio of 1:10 (wet weight

g/mL) and qiM@%{t}sd?%iz@ e rofiaiderVase Maﬁﬁrﬁmgé@w w@mhﬁmﬁ%ﬁ%m.@o The pellet
containing '”ﬂyrﬁdgﬂa@%ﬁ&@)@wﬁ?z WARREdies With JHEN brfferandceptrifyged as described above.

The pellet containing TB was then suspended in 150 mL of a 4 M guanidium HCI (GuHC1) aqueous
solution and EERETHIERN Ht DO, 000TpT: TxprmpsiThe’ Bavae-iiahesprubmZaduFrS0smL of 6 M GUHCI

solution.sThe, Gt Gdrepluhilized matetialivas ceptifude dat @08 mfer 1204 Refelding was
initiated 15by dilution of depatured TB in 1.5 L of a freshly prepared refolding buffer (100 mM Tris- HCI

(pH 8.0), 0.5 LARASIANE B-mM EDTA) that was stirred only during the addition. The refolding
reaction mixture weaghabowetkiocicpdateway d&:snthipuitstirdngburhe (sfelded recaimbinant human

interferon-am (i.e., Pro-IEN ialyzed F\Qa t 20 mM Tris buffer.(with 2 mM EDTA and 0.1M urea, -
pH 7.0) for frgpt%@r‘o Urif%c%#%;%ﬁgé@ephgﬁoigl%la Hehrema %éroa{tgh?/. ee“r?‘éﬁ‘lgllated recombinant
humagn ;}Lotey‘rﬂr@ baﬂél\dilwagtwédaﬁmn' tofaT@zSephhﬂmec% cd%fngﬁ@ElmmsbmrfD%mt‘) f(f:ia,( 0
Pittsburgh, P column.was pre- rgﬁdg X With. Qs,— 1 buffer (pH 7.0).
The product Waesf_[ é?lﬁtte% Withﬂza{t\_émi>(§?[{L’lj“ri(-:‘(%(;"?322%?r¢1I Trig-H%!%l?uffé\é\é(g&lll%l &;%%Oéﬁréch NaCl. Fractions
25 containingPraiien wedctoliertedasdd opciistanstibarc ay 2gbenrisperdednceMration of Pro-IFN

was deteiiningd by pRratginaseayhusingdhefradiarshmeihad-drigrae: Roslsiors to:

15 min. The IB was then solubilized m 50 mL of 6 M GuHCI solution. The GuHCI
solubilized material was centrifuged at 20,060 rpm for 20 min. Refolding was initiated

15 by dilution of denatured IB in 1.5 L of a freshly prepared refolding buffer (100 mM Tris-
HCI (pH 8.0}, 0.5 M L—-Arginine, 2 mM EDTA) that was stirred only during the addition.
The refolding reaction mixture was aliowed to incubate for 48 hr without stirring. The
refolded recombinant human interferon—ouy (i.e., Pro—IFN) was dialyzed against 20 mM
Tris buffer (with 2 mM EDTA and (.1M urea, pH 7.0) for further purification by Q-

20 Sepharose column chromatography.

The refolded recombinant human protein Pro-IFN was loaded onto a Q—

Sepharose column (GE Amersham Pharmacia, Pittsburgh, PA). The column was pre—
equilibrated and washed with a 20 mM Tris—HCI buffer (pH 7.0). The product was eluted
with a mixture of 20 mM Tris-HCI buffer (pH 7.0) and 200 mM NaCl. Fractions

25 containing Pro-JFN was coliected based on its absorbance at 280 nm. The concentration
of Pro—IFN was determined by a protein assay kit using the Bradford method (Pierce,
Rockford, TL}).



Prepare Protein-polymer Conjugate 0 0 rnP EGOM-I mPECIO Et O 0 mPEOO N1l mPEGO N -
To a solution of di-PEG aldehyde prepared above (1.2 g, 0.03 mmol) in water (72 mL) was added 2 M
sodium phosphate buffer (pH 4.0, 5 mL) and Pro-IFN (200 mg in 22.2 mL of pH 7.0 buffer containing
20 mM Tris-HEPARPEHM NaCl, 0.01 mmol), The reaction mixture was stiffEFRPEER2¥Emperature for
10 min: then sodium 10 cyanoborohydride aqueous solution (400 mM, 1.25 mL, 0.5 mmol) was added.
The reaction mixture was stirred in the dark for 16 h 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 concentration of the conjugate was determined by

a protein assay kit using the Bradford method (Pierce,
Prepare Protein-polymer Coniugate

_ )OL o)
& TEN
O mPEGO” “NH O mP EGO)[\ N Oy
] ] CHOQ e /\/\/J\/\ /™
mPEGO %_\[ mPEGO § N \)

To a solution of di-PEG aldehyde prepared above (1.2 g, 0.03 mmol) in water

{72 mL) was added 2 M sodium phosphate buffer (pH 4.0, 3 mL) and Pro—IFN (200 mg
in 22.2 mL of pH 7.0 buffer containing 20 mM Tris-HC! and 0.2M NaCl, 0.01 mmol).
The reaction mixture was stirred at room temperature for 10 min; then sodium

19 cyanoborohydride agueous solution (400 mM, 1.25 mL, 0.5 mmol) was added. The
reaction mixture was stirred in the dark for 16 h 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 concentration of
the conjugate was determined by a protein assay kit using the Bradford method (Pierce,

15~ Rockiord, IL). The isolated yield of the conjugate was roughiy 40% or higher.

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
20 - alternative feature serving the same, equﬁ.valent, or similar purpose. Thus, unless
expressty stated otherwise, each feature disclosed is only an example of a generic series
of equivaient or similar features.
From the above description, one skilied in the art can easily ascertain the essential
chafacteris’zics of the present invention, and without departing from the spirit and scope
25 thereof, can make various changes and modifications of the invention to adapt it to
various usages and conditions, Thus, other embodiments are also within the scope of the

following claims.
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15Rockford, IL). The isolated yield of the conjugate was roughly 40% or higher. 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 20alternative feature
serving the same, equivalent, or similar purpose. Thus, unless expressly stated otherwise, each
feature disclosed is only an example of a generic 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, &dAditHoGiLddpdrlihtpfrom the spirit and scope 25thereof, can make various changes and
modifications of the invention to adapt it to various usages and conditions. Thus, other embodiments
are also within the scope of the following claims. WHAT IS CLAIMED IS: 1. A substantially pure
protein-polymer conjugateseoitaptisihgpardaasitconpoholyiher g/ cenpiotsia shisietyornd a linker,
wherein theigashae pRNBIGH BeRl Inatlasher b dinket e.nliRgrm Alormeldhe N terminus
of the protein moiety is bonded to the linker; the linker is a covalent bond, C1” 10 alkylehe, C2_10
alkenylends gfesped (paheishdha AH B HRBIR ity i pHO ATfiEE itsferBALLY &modified human
growth horgagags @ dcnariiegiendiroRaietiva@achnf the madified rroteiniRaviege1o# additional
amino acid residues at the N-terminus. 2. The conjugate of claim 1, wherein the purity of the
conjugate fs29098 8P Higernd thepiRtpibRHRROR AEP Lo Gt B am adifsidiEa ¥ wherein

each of RlgR2RRomRnart Rendeaendsaoist, G alyhcaRalkemnh G:aalkynyl, aryl

heteraryl, C3_8 cycloalkyl, or C3_3 heterocycloalkyl;
additiorial amind acid residues at the N-terminus,

2. The conjugate of claim 1, wherein the purity of the conjugate is 90% or

higher.

A protein-polymer conjugate of formula I

{22

R Ra Ry Rs
formula I

wherein

each of Ry, Ry, Rs, Ry, and Rs, independently, is H, C.salkyl, Cos alkenyl, Cy.s
alkynyl, aryl, heteraryl, Cs5 cycloalkyl, or Cs.¢ heterocycloalkyl;

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

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

P is a protein moiety seiected from a modified interferon-a, a modified human
growth hormone, or a modified erythropoietin, each of which has 1-4 additional amino
acid residues at the N-terminus;

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

n is an integer of 1-10.

20



each of Al and A2, independently, is a polymer moiety; each of 01, 02, and 03, independently, is a
bond or a linking functional group; P is a protein moiety selected from a modified interferon-a, a
modified human growth hormone, or a modified erythropoietin, each of which has 1-4 additional amino
acid residues at the N-terminus; m is O or an integer of 1-10; and n is an integer of 1-10. 4. The
conjugate of claim 3, wherein 03 is a bond and the amino group at the N-terminus of the protein moiety
is bonded to 03. 5. The conjugate of claim 4, wherein each of A1 and A2 is mPEG moiety having a
molecular weightdof 10-30ekidnjugat: dhdacorijugatecof ClaipnBonwhenditheachnof@hard 02 is O N O H,
?ettg(&l;%d'to a carbon atom as shown in formula I. 7.

[

wherein 0 {g attached to, Al or A2, NELis
The conjué@ét%t%f'@g??nfqg? ﬁh%%%n@%%%’gg i

ied inteiferon moiety containing 1-4 additional amino
acid residues at the N-terminus. 8. The conjugate of claim 7, wherein n is 2.

5. The conjugate of claim 4, wherein each of A; and A, is mPEG moiety

having a molecular weight of 10-30 kD.

6. The conjugate of claim 5, wherein each of G, and G» is

)7\
H b
wherein O is attached to A; or A, and NH is attached to a carbon atom as shown in

formula 1.

7. The conjugate of claim 6, wherein P is a modified interferon moiety

containing 1-4 additional amino acid residues at the N-terminus.
8. The conjugate of claim 7, wherein n is 2.

9. The conjugate of claim 8, wherein the conjugate is

IFN
O mPEGO” "NH OY

mPE(‘O)LN/\/\)\/\
Mooy ND

3

in which mPEG has a molecular weight of 20 kDD and IFN is interferon-cioy,.
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9. The conjugate of claim 8, wherein the conjugate is 0 0 mMPEGO NH in which mPEG has a
molecular weight of 20 kD and IFN isinterferon-a. 10.A protein-polymer conjugate of formula 1:
formula | for use in a method of treating hepatitis C virus infection or hepatitis B virus infection,
wherein each of R1, R2, R3, R4, and R5, independently, is H, C15alkyl, C2-5 alkenyl, C2-5 alkynyl,
aryl, heteraryl, C3_8 cycloalkyl, or C1_8 heterocycloalkyl; each of Ai and A2, independently, is a
polymer moiety; each of Gl, 62, and 63, independently, is a bond or a linking functional group; Pis
a modified interferdn hatinwptbid-pelditionadmminie atldrresiadlies at the N-ter inus; m is 0 or an integer of

1-10; and n is an integer of 1-10.
Ay

G1 R1

NV RO

R, Rz Rs Rs
formula I
for use in a method of treating hepatitis C virus infection or hepatitis B virus infection,
wherein
each of Ry, Rz, Rs, Ry, and Rs, independently, is H, Cisalkyl, Co.s alkenyl, Cyo5
alkynyl, aryl, heteraryl, Cy¢ cycloalkyl, or Cy4 heterocycloalkyl;
each of A, and A,, independently, is a polymer moiety;
each of Gy, Gj, and Ga, independently, is a bond or a linking functional
group;
P is a modified interferon having 1-4 additional amino acid residues at the
N-terrninus;
m is 0 or an mnteger of 1-10; and

n is an integer of [-10.

11.  The use of a substantially pure conjugate comprising at least one polymer
moiety, a protein moiety, and a linker in the manufacture of a medicament for the
freatment of hepatitis C virus infection or hepatitis B virus infection, wherein the at least
one polymer moiety is attached to the linker; the nitrogen atom of the N-terminus of the

protein moiety is bonded to the linker; the linker is
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The use of a substantially pure conjugate comprising at least one polymer moiety, a protein moiety,
and a linker in the manufacture of a medicament for the treatment of hepatitis C virus infection or
hepatitis B virus infection, wherein the at least one polymer moiety is attached to the linker; the
nitrogen atom of the N-terminus of the protein moiety is bonded to the linker; the linker is a covalent
bond, alkylene, alkenyl, or alkynyl; and the protein moiety is a modified interferon-a2b having 1-4
additional amino acid residues at the N-terminus. 12. A substantially pure conjugate comprising at
least one polymer moiety, a protein moiety, and a linker for use in the treatment of hepatitis C virus
infection ot kepatstRndratidtactiofewharemitiv hemsbideanelpolpmstnioienoilEdached to the linker:
the nitrogep atpm, pf he Nirminysatdha prateinmoietaizbanded tp g lioker; the linkerisa
covalent bond, alkylene, alkenyl, or alkynyl; and the protein molety is a modified interferon-am having
1-4 additional amino acid residues at the N-terminus. 13. The conjugate of claim 1, wherein the
modified interferolta is & MG REHE SRIE KGR BE QFHE T X8 PRRTEST MOI§Y: Fhe conjugate

of claim 10;rotaareinitee eemigdterifoP slin theGrsafhEls 6 N mRE GRuN;FutighmMPEG has a
molecular g/ei%ht oégzo RD%nd, IFN is interjileron-am. ]1'};5 The use of claim ij, wherein the modified
interferon-AfR HAS & B SIS N PRI the 2t ksHqns RERIGRBAFUSMHES 2 the modified

interferon-ginkBasha FrmatitheN-tEriniserminus of the protein moiety is bonded to the linker;
the linker is a covalent bond, alkylene, alkenyl, or alkynyl; and the protein moiety is a

modified interferon-o having 1-4 additional amino acid residues at the N-terminus.

13. The conjugate of claim 1, wherein the modified interferon-o is a modified
interferon-u.,, having a Pro at the N-terminus.

14. The conjugate of claim 10, wherein the conjugate is
O
T o

O mPEGO NH

in which mPEG has a molecular weight of 20 kD and IFN is interferon-cios.

5. The use of claim 11, wherein the modified interferon-ciy, has a Pro at the
N-terminus.
16, The conjugate of claim 12, wherein the modified interferon-ctz, has a Pro

at the N-terminus.



