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THEREOF BACKGROUND OF THE | NVENTION Field of the Invention 100011The
present i nwertboss7oel ates generally to the fields of bimtwgszoemdz770
medi ci ne. The present invention is directed to nmethods and
conpositions useful in increasing in mammals the absorption and

retention of polypepti b+ I i | IS

directed to lipid-c 1%5%}@%@%%%#%%@@%& upt ake
and increased plasma half-1ife. Background Art 100021l nterferon-a
(IFN-a) is considered the nost effective antiviral agent for chronic
viral hepatitis that currently affects approxi mately 800 mllion

peopl e wor| dw de ( Hoof naglps et at. N EngF Med.  336:347 (1997)).
However, the short half GKGROIRNR QF HENE&TIQN affinity

hanper the | FN-a response. A sustained response is achieved in only
one-third of pal@MeSInWnignchronic hepatitis B and in only one-fifth

of patients wth chronlc hepatitis C (Davis et at, N. Engt .1. Med.

321: 1501,908$89) ; éénﬁhvﬁitnon FeRed fhegty %chﬁ%ld@ %?Qfé)c)[gy and medl ine. The
100031Pegy| ation |s st commonly. used to nhodi f 3

EN-a, e.g., REGenl NTRANN imdlictted tdemeth@tbednd @ompgslmrg uaeﬁulhml fncteuamag in

A, hdv. o g BarHoapy ARalpRH shE ki Bp 08 S BRTRER ERoR B! Wt Btion

nonsel ecti ve, is difecteditol lipyd- cﬁ@ﬁgmaah&rfemnhaﬁﬂymwasedsmkrarp@ake and increased
consequently produced.a m xture of pegylated fornms: polyethyl ene

gl ycol (PEGQ RlpsHp %Hfléﬂ?erage nol ecul ar wei ght of 12,000 Daltons is
attached to the am ne groups of at least 1.4 am no aci d residues of

| FN-a by covaﬂ;@qg%rohh@mes (Wang et alL, Biochem stry 39:10634

(2000)). Although the serumhalf-life was increased in pegylated I|FNs

wi th incfepaged nmoliperern-dMEFSIG)Ss @bnditer& the hfost @ffydtivé%nﬁﬁ'&:ﬁ'h é(ntVf@iSchromc
significantly reduced by nore than 75% The i ncreased i/ rophilicit

and bul ki nessvied chspatitifgthat r qumgady affestsappprenimptelbf 80K miltior pepplel wo'é%/mde
(Hoofnagle et al., N. Engl. J. Med. 336:347 (1997)). However, the short half-life and lack

of liver-specific affinity hamper the IFN-a response. A sustained response is achieved in

only one-third of patients with chronic hepatitis B and in only one-fifth of patients with
chronic hepatitis C (Davis et al, N. Engl. J. Med. 321:1501 (1989); Poynard et al,
Hepatology 24:778 (1996)).

{0003) Pegylation is most commonly used to modify IFN-a. Pegylated IFN-o, e.g., PEG-
INTRON, was thus developed to prolong its half-life. Nevertheless, pegylation results in
a heterogeneous species (Wang et al., Adv. Drug Delivery Rev. 54:547 (2002)). For PEG-
INTRON, a nonselective, succinimidyl carbonate chemistry was used and consequently
produced a mixture of pegylated forms: polyethylene glycol (PEG) with an average
molecular weight of 12,000 Daltons is attached to the amine groups of at least 14 amino
acid residues of IFN-o. by covalent linkages (Wang et al., Biochemistry 39:10634 (2000)).
Although the serum half-life was increased in pegylated IFNs with increased molecular
weights of PEGs, the in vifro potency was significantly reduced by more than 75%. The
increased hydrophilicity and bulkiness accordingly reduces the affinity of IFN-a for the

liver.
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i ncreased plasma half-life and i ncreased-liver upt ake, thereby
enhancing the therapeutic potential of the pol ypeptide. [00051 One

enbodi nent of the invengi r t SINP{ sing the
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embodi nment, twighatipidntion rel ates to pharmaceutical conpositions
comprisi Ry%m?] lipi dAnCo?l'mr%gl%E)gigneBP (l)iytgg [%tvle&%n relates to methods of increasing the plasma

half-life of a polypeptide upon administration to a subject, comprising conjugating the

polypeptide with a lipid.

[0007] The invention further relates to methods of treating a liver disease in a subject,
comprising administering to said subject a lipid conjugated therapeutic polypeptide.

[0008] In a further embodiment, the invention relates to a lipid conjugated polypeptide,
wherein the polypeptide is a therapeutic polypeptide

[0009] In an additional embodiment, the invention relates to pharmaceutical compositions
comprising a lipid conjugated polypeptide.

[0010) In one embodiment, the protein is therapeutic for a liver disease, e.g., hepatitis. In
one embodiment, the polypeptide is an interferon, e.g., interferon-a. In a further
embodiment, the lipid is palmitoyl cysteine.

[0011] In one embodiment, the lipid is conjugated to the polypeptide through a reversible
linkage, e.g., through modification of disulfide bonds in the polypeptide.

BRIEF DESCRIPTION OF THE DRAWINGS/FIGURES

[0012] The invention may be better understood with reference to the accompanying
drawings.
[0013] Figures 1A-1C are graphs of LC-MS spectra illustrating that palmitoyl cysteines

are conjugated to IFN via disulfide bonds at the positions of Cys 1, Cys 29 and Cys 138
(SEQ ID NOS:1-3).
{0014] Figure 2 is a graph which illustrates the plasma concentration versus time profile

of PAL-IFN and IFN upon an intravenous administration to CF-1 mice.
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[0017] Figure 5 is a bar graph illustrating the recovery of IFN activity in serum following
an intravenous injection of PAL-IFN or IFN to mice.,

[0018] Figures 6A and 6B are a Western blotting picture and bar graph, respectively,
which illustrate the expression of OAS1 in the liver upon intravenous injection of PAL-
IFN or IFN to mice.

[0019] Figure 7 is a circular dichroism plot illustrating the similar structures of PAL-IFN
and IFN.

DETAILED DESCRIPTION OF THE INVENTION

[0020] The invention relates to lipid conjugated polypeptides having increased plasma
half-life and liver uptake and the use of the modified polypeptides for treatment of
disease, e.g., liver disease.

[0021] The present invention may be practiced with any polypeptide, e.g., a therapeutic
polypeptide. For purposes of the present invention, the term "polypeptide" refers to
amino acid chains comprising three or more amino acids. The polypeptides may be
isolated from natural sources or prepared by means well known in the art, such as
recombinant DNA technology or solid-state synthesis. It is contemplated that the
polypeptides used in accordance with the present invention may comprise only naturally-
occurring L-amino acids, combinations of L-amino acids and other amino acids
(including D-amino acids and modified amino acids), or only amino acids other than L-
amino acids. In one embodiment of the invention, a lipid conjugate is formed through at
least one reactive thiol group on the polypeptide. In many cases, the polypeptide contains
cysteine residues (an amino acid comprising a thiol group). A polypeptide which does
not contain a thiol group may be modified by procedures well known to those working in

the field; in particular, well known thiolating agents (e.g., N-succinimidyl-3-(2-



- 3 - [0015](Figures 3A and 3B are a graph and bar graph,
respectively, which illustrate the plasma |evels and |iver retention
of PAL-| FNwolieds/@mds PEG INTRON at 15 min, 60 nmin and 248CTiuspopmmt77o v
injection to CF-1 mice. [0016] Figures 4A-and 4B are a graph and bar
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mce. 10019]Figure 7 is a circular dichroismplot illustrating the _
simlar strudngrfesngt #pka- EFprotairpseNnhibion pEEioREBCRAPItiIonbEr HiEbeta-acid

::)gllvsgg::)ﬂ\l dggocﬁg%/rﬁ-%é/]zixsﬁ,g ﬁlg}glérg ggréﬁl!li}gtnhg%n&r?e, | l')chlir% or%tﬁgﬁ‘(gr?n%ne, porcine growth
hormone, human serum albumin, caif intestine alkaline phosphatase, cystic fibrosis
transmembrane regulator, Factor VIII, Factor IX, Factor X, insulin, lactoferrin, tissue
plasminogen activator, myelin basic protein, insulin, proinsulin, prolactin, hepatitis B
antigen, immunoglobulin fragments (e.g., FABs), monoclonal antibody CTLA4 Ig, Tag
72 monoclonal antibody, Tag 72 single chain antigen binding protein, protein C,
cytokines and their receptors, including, for instance tumor necrosis factors alpha and
beta, their receptors and their derivatives; renin; growth hormone releasing factor;
parathyroid hormone; thyroid stimulating hormone; lipoproteins; alpha-1-antitrypsin;
follicle stimulating hormone; calcitonin; luteinizing hormone; glucagon; von Willebrand
factor; atrial natriuretic factor; lung surfactant; urokinase; bombesin; thrombin;
hemopoietic growth factor; enkephalinase; human macrophage inflammatory protein
(MIP-1-alpha); a serum albumin such as mullerian-inhibiting substance; relaxin A-chain,
relaxin B-chain; prorelaxin; mouse gonadotropin-associated peptide; beta-lactamase;
DNase; inhibin; activin; vascular endothelial growth factor (VEGF); receptors for
hormones or growth factors; integrin; protein A or D; rheumatoid factors; a neurotrophic
factor such as bone-derived neurotrophic factor (BDNF), neurotrophin-3, -4, -5, or -6
(NT-3, NT-4, NT-5, or NT-6), or a nerve growth factor such as NGF-beta; platelet-
derived growth factor (PDGF); fibroblast growth factor such as aFGF and bFGF;
epidermal growth factor (EGF); transforming growth factor (TGF) such as TGF-a and
TGF-B, including TGF-1, TGF-.2, TGF-3, TGF-4, or TGF-5; insulin-like growth factor-I
and -II (IGF-I and IGF-II); des(1-3)-IGF-I (brain IGF-I), insulin-like growth factor
binding proteins; CD proteins such as CD-3, CD-4, CD-8, and CD-19; osteoinductive
factors; immunotoxins; a bone morphogenetic protein {BMP); colony stimulating factors
(CSFs), e.g., M-CSF, GM-CSF, and G-CSF; interleukins (ILs), e.g., IL-1 to IL-12;
superoxide dismutase; T-cell receptors; surface membrane proteins; decay accelerating

factor; viral antigen such as, for example, a portion of the AIDS envelope; transport
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for treatnent of disease, e.g., liver disease. [0021] The present
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[0023] I n one enbodi ment, the therapeutic polypeptide is therapeutic
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solvents or vehicles include fatty oils, for example, sesame oil, or synthetic fatty acid
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aqueous sol utgreggatidhs T&Qarﬂ%@@hlﬂ%olbt@m&@b?&orﬁ&hm@' tBe h@Iv@lcomPounds with solid
addi ti on, suspensions of the conpounds as appropriately oily

i nj ection susPEmiantn Prfagallyegrndin thet eselting Duxiue| and p@e«rﬁnmgl the mixture of

Synthotic 1 argy At acevi SBonrabl Aulles Do DRI B et o b or

for exanpl e edrhgde cotesate or triglycerides. Agueous injection

he suspIRTon | naARGEIPBHE & di B R AT SHEBBsriBp g suerbse, mannitol
cel I ul ose, SerblsérBitol adéﬂ{ﬂ@!&e (R¥artAions @RlioPN@ldivm PRUAERAS, SALNT As0BScalcium
and/ or suspensi ons al so contain stabilizers and/or buffers, such

as borate bufﬁh@ﬁplawoprteﬁlglum Rydrogapcnbosmnie; anwellias binrers sugh-as stardhvpasisf using,
the present 'f8¥ %Qﬁrf'x;ﬁ@, fibize %Pa'?&':f{ et &grch,nn@e starch, potato starch, gelatin, tagaranth,

methyl cellulose, hydroxypropylmethylcellulose, sodium carboxymethyleellulose, and/or

polyvinyl pyrrolidone. If desired, disintegrating agents can be added such as the above-
mentioned starches and also carboxymethyl starch, cross-linked polyvinyl pyrrolidone,
agar or alginic acid or a salt thereof, such as sodium alginate. Auxiliaries are, above all,
flow-regulating agents and lubricants, for example, silica, talc, stearic acid or salts
thereof, such as magnesium stearate or calcium stearate, and/or polyethylene glycol.
Dragee cores are provided with suitable coatings which, if desired, are resistant to gastric
juices. For this purpose concentrated saccharide solutions can be used which can
optionally contain gum arabic, talc, polyvinyl pyrrolidone, polyethylene glycol, and/or
titanium dioxide, lacquer solutions and suitable organic solvents or solvent mixtures. In
order to produce coatings resistant to gastric juices, solutions of suitable cellulose
preparations such as acetyl cellulose phthalate or hydroxypropylmethyl cellulose
phthalate are used. Coatings may also be provided to protect the lipid conjugated
polypeptide of the present invention from premature exposure to an acidic environment.
See U.S. Pat. Nos. 4,786,505 and 4,853,230 for methods of preparing dosage units with

cores that are protected from gastric acid, Preferably, the core is neutral or basic.



manner which is itself known, for example, by neans of conventi onal

m xi ng, granul ating, dragee-naking, dissolving, or |yophilizing

pr ocesses. wWoOlaes/05pd#ar maceuti cal preparations for oral useT/UsI0ER2770

obt ai ned by conbining the active conpoufids with solid excipients,
optionally grinding the resulting m xture, and processing the m xture
of granu after dj itab il afd e i

necessar{?;%st]o obt a]?aﬁgt lz‘i(g et% gﬁ%l?l $raggélok%?[géﬁﬁeﬁ%ggﬁéﬁjggwgg such as those
exci pi ent s ardescréned in UES.[Hab MNoss4,86,505 mdclcitdra3de Dykmffs os pignentsroas be added

manni tol or sorpi - cellul ose,.preparations.and/ cal ciu .
bhosphat es,  SacHe lBlets FEdpeseUme iR BRavemBl. (A M fefiPadn geer to charactrize
phosphat e; asconidatidfs & RESE Songpoiid asset ar ch paste, using, for

exanpl e, mai ze starch, wheat starch, rice starch, potato starch,

gel ati n, [003d)ar ant HOtherrhaymacenlical prsperationsaylasdy gandisyisad inelude byt areprgs limited
sodi um car bo I 0 [ | .

o LT 98RO Qo) il B2 R dimtains
above- nent i oned stlér ched admshishlton, nasab oxsentel drgdmsoraristmentsrapsisad]iyrdoadbined

pol yvi nyl pyrrolidone, agar..or alginic acid or .a salt thereaf, such

b Sodi um &l g e B aRirPICAY pes PRt caiy, @enghation FRgpyECRIigandor fller.
agents and | ulRhk@aUnSenhhersetRBBk For ®elihdlade datibfic, Si6HE, dmpHotedic Yhnd neutral
salts thereof, such as nagnesium stearate or cal cium stearate, and/or

pol yet hyl ene R§nsteasion emhangers sy as benzalkpnivmi diaridgi eilorbutanelp AL TR anchefbers
which, if desjred.. o esistant to gastric juices. For this purpose
concentrat ed saccharide sol utions can be used which can optionally

cont ai n [@085]ar abi Thet fallowingadxympley largpillustedtivelotne  nop dimytdid) wif elemegihydobf the
and/or titanium djoxide, |agcquer l.ut i or; nd suitabl e.orgapi.c .

Sol vents or gBFyB RS COther ruishie madiicsliges Bad ARIHRRS Pedies ARy of
to gastric | Won@SionSaldfat@ieierd hodilly2BtRinteedd iH nRIR AP &RAER h@ PRarfiddutical
as acetyl cellulose phthal ate or hydroxypropyl nethyl cellul ose

pht hal at e ar esciggeiandcphich AgLbigps t theseskllsd oy the @t Ao wihistthe spirityand scope of
l'i pid conj uga[}lggwg@}&ﬁpepti de of the present invention from premature
exposure to an acidic environnment. See U S. Pat. Nos. 4,786,505 and
4,853,230 for methods of preparing dosage units with cores that are
protected fromgastric acid. Pref e@%%@fgel core is neutral or

basic. WD 2008/ 057298PCT/ US2007/0 - - [0033] Basi c cores

contain one or nore al kaline reacting conpounds such as those

described in U Syrithesis N PalrhitcFateQHianan In@derds AlpHy@ALIFNY
pi gnents can be added to the tablets or dragee coatings, for exanple,

for identification.in order to characterjze. c i natj ons of active ]
L omouncltsteat ' dulmeroiSie s AR P SisrL N AopisREng PeRvioy, sateine
used i ncl ude, spBiticAfyeroNShtelnyltdsRided 8f M-ﬁ'vi@ﬁﬁhtlfdeFboﬁ@dQS?hn%ﬁgl{TIHﬂﬁ sftthetic

gelatin, rectal suppositoriés, inhalation formulations for ora
and/ or nasal sH@iEW 8t hemoegsnousy sxingle-srecice croajugate ewas roedugedit RARtEN.  More

optional !y COpBRatyaldificARREARE PHIGAY i AEFOURNSealPbf lifihodified TEN-

penetration enhancer, “excl pi ent, enetr ati on ennancers
sui tabl e for upea theneudiendadideothe dodyg possible in thapivert (Shert erarid Pegtideradtl Protein

penetration hangers sugh_as.benzal koni um ch] oride, chl orhutanaql,

AZONE and ot ﬁg?@ ﬁﬁ]trS‘{/ﬁ’iyﬂ g EHRKICEy - J[:]@F@"B]”T e%%%ga%ﬁ@f%%%gf-e&mgwd,

i [T ustrative,cddéhndpeh, 1998 bg.R97-408). tAea BN @iekSreRhsel TENRY ﬁfﬁ?!{%ﬁally circulate in
e

invention. Qther suitable nodifications and adaptations of ] _
vari ety of cdheiliveowih @nprolsagethpermds thesbirenhincingcibea thesepeaitic potepidal dor viral
treatment an i of .and .whi ch_ar Vi . e

ki 11 od 1 -t REPAT ot 2 blffpcoieBRE BiaREltch ot A0 bRASCE aleig Bmons
EXAMPLE 1 PAL-IFN and pegylated and unmodified IFN-o was compared, proving the potential of

PAL-TFN as a novel modified IFN with improved delivery and liver-targeting properties.



Synt hesis of Pal mtoylated Human Interferon al pha (PAL-1FN)

[ 0036] Human 1FN-a was reversibly |ipidized by conjugating pal mtoyl
cyst ei ne syecofsszloBy to cysteinyl residues of | FN-a viec™iusabFazeso
bonds. Through this synthetic strategy;2a honogenous, single-species
conjugate was produced, PAL-TN. More inportantly, disulfide Iinkers

in PAL-I ill e 'y o
reduct i ofr?w??rsi de t ae %0%9;? fe%@égmhﬂf%u?%giﬂ%@?d Fgﬁ%%c’g% (fl\},ﬂ(ﬁ.mtam View,
Pept i de and FEA) elnthexaltpwide duseriptionsand-fighs PN Iis deSigriatetiras hIFMa only, Fifty

B e RSP G0 R NSRS Es AP Gnd st gt ey
Wi th a prol ongeshrétedikifiethreitbE (FDY) gqﬂanpmggn Rias tda@scpRemt is6lubef enfddate the
for viral hepatitis. The phannacoki netics, biodistribution, d

Vivo bi ol ogi ChruIEAS bande o HAD nd Resal-berw insres) 41 d4atlao R re mifavd gysteiny!
| FN-a was corpgy didhihde gﬁ%}é(lﬁﬁ)\)g\%seﬁdg@?o 8t Ebod Fikd@R dnaY ﬁi[cu%astion‘ was

nodi fied I FN I Nprove ry an Iver-targeting properti
WO 2008/ 057 2 98RtiucdSa0iniieP Rz @t rood temp@@B 7l Human | nt er f er on- al pha

hl FN- bt ai f  Bi 0Vi si in.View. t h
(o Ton g8, ook T o W bR Tl e b B o
Fifty m crografewiettPackdril 1066 HPLESIe@A Alvohdale) Pendshlvasib) gﬁéoying a 2L50 x14.6

[ pL,

cont ai ni ng 0.5% Chaps. Freshly prepared dithiothreitol ( Q%K)leél
ng/ mL) was adB@Fheaomensx JupitariChrrolusmn lpgaace falifgrmia) fhgan agsp were 5%

|EN. After 1-439;5& ;1@?@?1{0@%&}%%2& %ég(kj Inddsoh 8454 OW 0.?%5%1‘?13%%@:

2-pyridyl disu was ad t'o the reaction m xtur
t he i ncubati ccid@®. Adogredientetiitioowaa potghenméd) startaug at dON B, émpeasiagtio £00% B in

[ 0038] HPLC angl ysi s s.use 0 itor,the ol.e action. HPLC was
conduct ed on 13 TR ot R oh% BaEr PR et SE A BR defeiion whs madé S 214
Pennsyl vani a)nr@yrpiathi MBL@ a389siX FNGwisn1iiee 20 1808 mid Uatidt BAL PANGRhjiBRte was
(Torrance, California). The nobile phases were 5% acetonitrile in

0. 1% tri f 1 uorsdeedes single geakmy 13442 %506 acetonitrile in 0.1%
trifluoroacetic acid (B). A gradient elution was progranmed, starting
at 10% B, increasing to 100% B in 15 mn and staying at 100% B for an
additional 5 min. The detection waEXAMPRE 214 nm). Wth HPLC
analysis, IFN was eluted at 10.98 nm and PAL-1FN conjugate was

eluted as a single peak at 1 2 gpgr acterization of
PAL-1 FN 100391Li qui d Chr omat %@%%%@H?%ﬁ&ﬁ?@ﬁag pectronetry
(LC-M5) was applied to

[0039] Liquid Chromatography-Ion Trap Mass Spectrometry (LC-MS) was applied to

characterize the modification of PAL-IFN. 10 pg of PAL-IFN was digested with freshly
prepared 1% trypsin for 2 hours at 37°C, and the digestion was repeated for another 2
hours and then overnight by replenishing with fresh 1% trypsin. The tryptic digestion
was stopped by adding 5% acetic acid. The sample was desalted using C18 spin columns.
[0040] Mass spectrometric analysis of PAL-IFN was performed using a Thermo Finnigan
LCQ Deca XPPlus mass spectrometer with RP-LC implemented with an Ultra Plus I LC
system (Micro-Tech Scientific, Brockville, Ontario} using a 150 mm x 75 pm C-18
reverse-phase (RP) column (5 pm 300 A particles) from Micro-Tech Scientific. Peptides
were loaded onto a Michrom Bioresources peptide cap trap at 95% solvent A (2%
acetonitrile, 0.1% formic acid) and 5% solvent B (95% acetonitrile, 0.1% formic acid)
and then eluted with a linear gradient of 5-60% solvent B for 65 min and 60-90% solvent
B for 10 min. Tandem MS/MS spectra were acquired with Xcalibur 1.2 software. A full



characterize the nodification of PAL-1EN. 10 pg of PAL-IFN was
digested with freshly prepared 1% trypsin for 2 hours at 37C, and the
di gesti on waxossaseased for another 2 hours and then overau/gszooimg2770
repl enishing with fresh 1%trypsin. Thel&ryptic di gestion was stopped
by addi ng 5% acetic acid. The sanple was desalted using Cl18 spin

I 100 [
lsi ng 8 Ther ma ET R S T TEiceRaBREu SIgAL (e O, KB RE R s R trom

i npl enent ed vﬂlehreacdlmgﬁlﬁlascﬁl us Il LC system (M cro-Tech SC| entific,

Br ockvi | Ontari Si a. 150 ever se- S

B 00K g Sl 0ok e e Sl SR SieRE R o B it
were | oaded onfin ahel\doﬁwa@rplﬁwmemwxemoﬂﬁ@ﬁﬂoﬂ@ AP ClileR Phadé speffometric data
solvent A (2% acet onitrile, 0.1%formc acid) and 5% sol vent B (95%

acetonitrile, ge@erft;@rf BUAMSICHCY erp 2 Aeflqvree folbipign eaeray BA%a fl] pragrMS mass range
di ent of
o 0t of RPN Brhls B3 TG ARG Byl 4 s

mm Tandem I\/IS spectra were acq
M WO 2008/ (Bw2&8RCGhetiSiiidat/ ﬁ?Qé’citﬂpped hOith al\rﬁneapwy A sofuck | (@herchobFlectron)

t hree consecutive NS/ em on aks fromthe,. .
precedi ng ful't® 'r@c%mcg/gﬁ‘iﬁ ﬁ%sc% sIJ B?f]avasmé‘ﬂ ?yeﬁng’iﬁ’éﬁll?‘ﬁg)tblecm’e
after three OWebimhENTES THe sphayl Wiayd bhthe rdastspoctrbmBtel s VASkWhad @ 1RBted
the exclusion ljst for 3 mn. Qher nmass spectrometric data

generati on peﬁaa‘r'r'éfyéﬁ%lPWé?“ée ¥as ]f8t9f’q3ows col lision energy 35% full
scan M5 angefq%ogot%gg&)cou Wﬂy% & Walnows104 BeHNES ver%lora of

m ni mum si gna he mass spectroneter was equl
wi th a nanos riBnaworksr{Bmvmksﬁ(l]‘loermnElned& (D npu/nieh gluater aorapate ftorhOThermo

meDS|I|ca TmP| 0.Ti pr ray .emtter bj.ecti ve, burn,

The. spr ETBIEmE R HASTESE -GHu Yt ST o Ghge ane sores
heat ed capi | Im»s/eehearm@lmi &Aﬁeetra/\/@ﬁd &%ﬁan[x%ﬂ?ﬂoﬁhﬂ% b;sratenedat&ﬁs@p%t fdentify
was anal yzed as foll Beta test version of Bi oworks (Bi oworks

3.1) on a ni r@yswawgetzd 2o/ peptides, & diffratiabmagificationfal JAP&AS (raolecular weight
El ectron utiljg @Aﬂ% vta'a%séE%éTsﬁ?QgéT BM’{NQ@?‘S 1H§ﬁ&ied}{tﬁreglﬁ)t1@rl'ﬁb@‘%&ﬁo‘?s%%oplc
correl ati on score et ween acqul ectra an a

interfer
al pha prot ei rendmheliapein; dargeckéatt:iantp. Cpspepdidp u@aﬁﬁ@nmwppm}atpam a threshold

differenti al dification of + ht wa
used | O her  SEGHESTORHH IR e g AG et 1) 680§ 0T gns 25 Tor ks 135) were
nDNOoi Sot opi C; theNA¥pRtedt toVWRFFN tha€ AR MEkforSbad KeredidbRifiecEOMBARS isptra were also
i dentification, Pectra passing a threshold of cross-correlation vs.

charge state panuglly welidatedj ons, 2.0 for +2 ions, 2.5 for +3 ions) were

t hen ins ed to f

spectra @elrﬁe] al so ’I\r?gf\éuiar%( I4y va1n?i {fts fgg&%%@gﬁﬁg{sgﬁgﬁeﬁds @91 C%@(SN%yszQ-
resi dues to f@ysid&hio [BNsul Theleorpegatien @@dhﬂt@b%telr@w%slm&ﬁnd Oys138
EFN-a. The conuat: Ltayl ¢ t sto 29

Oys138 wns. | Rk PRTER i e eerel e B el i o SR B G
Cys 1 (A), OmaTysB)s @U)dn@/iﬁda’iﬁnﬁ Cl"héﬂlsilbﬁd S&inheéh SontdiidgtCYEPE Was too large to
fragnent contai n\\VBC(TJ % 98 vvas t 00 Iarge to be eluted qut of the C 18

RP col umm in B¢ & C- 1§ RE calunpbing JehMe o Heyisy @i sigse the seduged pysteinyl
t abl 1
”@”293 hgsl n Req geelg Ist%llne ,vgghémsca&e RBdifEatfoh e dyEl BrigfR) infdE iRt EYSIS has
also been lipidized.



WD 2008/ 057298PCT/ US2007/ 022770 - 11 - EXAMPLE:3 Pl asma | evel versus
time profile of PAL-IFN in vivo [0044] Male CF-1 mce weighing 27-30 g
each, w t hworaees/@edess to food and water prior to the epgRUS2AEVI2S]70
were used for the animal experinents. -11d51 - PAL- | FN and 1251-1FN was
adm nistered to mce via the tail vein. At 5 min, 15 min, 30 mn, 1,

2, 4, and 8 hours post injection, )QQF' Fﬁ rom each experi nment al
group were sacrificed and bl ood Wa:sE co ec?ejd fromthe heart. 200 pi

of plasma was collected by centrifugation of blood for 10 m n at

6, 000 rpm The i nt acPlapnmatlevebvemsustintecprofile af FAMIFN 209Hbce- col d
trichloroacetic acid, and the radioactivity in the precipitates was
nmeasur ed |

IL.n.a ga C er.. 100451FELgure 2 sh that th as/nma .
Comcant DR 92 8 R Rlice weghing 230 Seoat.ondl Tet, A evst i ol & Rptgg pror
each _obse_r Ve ol thérex@imthts, Wét%_ ﬁ&ed?ﬁi&th@%ﬁﬁ'ﬁl\éxb&’i’rﬁ&mﬂi 9. X B- 1PNt dAndt 'PEIFN
di stribution phase and the elim nation phase, while | FN shows

pr edomi nat el ywaspdministered ¢ mice inHigdail win.cHt Ann Krim 3haun s Yeb and fbours
i mnation I i ; ' i L O ]

Sr ol onged, agwc?on-J éé;:ngrclioif Sﬁﬁ?les ﬁ%fe-ﬁfl}g?’éégpjeﬁ%%&‘%rig : Ilgﬁl' fgﬂgh%ﬁsl was

EXAMPLE 4 Congdlected fromfthé Rédrt. PRI0- LI plashn P tNIEREN by reqttifigzation of blood for

concentration, and liver. .retenti.gn i.n vivo [0046] The pl.as | ev of

oAl EN and TE M2 800D ShE orf ke dect RSt BElsa PESIRRER, VB D)% ice-cold

I FN and PEG | iiReNacetidbid, Bl tHe2RabiokAlvith AN the predigRitedX®ex hYIRER wed gamma

i ntravenously injected to CF-1 mce. The mce were sacrificed at 1
60 and 240 mupE5t injection. The radioactivity in 200 Al of plasm

and the wggde |1 vefio 0l 26860s TRFER platha®aAcH S HHon of PAL-IFN is significantly higher
than that of IFN at each observed time point. The plasma PAL-IFN level displays both
the distribution phase and the elimination phase, while IFN shows predominately the
elimination phase. Calculated from the curves, the elimination half-life of PAL-IFN is
3.28 h, which is significantly prolonged, as compared to the half-life of non-modified IFN
(0.73 h).

EXAMPLE 4

Comparison of IFN, PAL-IFN and PEG-INTRON in plasma concentration and
liver retention in vivo

[0046] The plasma level of PAL-IFN and its liver retention was further compared with
those of IFN and PEG-INTRON. '*LIFN, 'I-PAL-IFN and 'I-PEG-INTRON were
intravenously injected to CF-1 mice. The mice were sacrificed at 15, 60 and 240 min post
injection. The radioactivity in 200 pl of plasma and the whole liver of each mouse was
measured.

[0047) The elimination rate of PAL-IFN appeared to be slower than those of PEG-
INTRON and IFN (Figure 3A). Furthermore, PAL-IFN was retained in the liver with
significantly higher concentration (Figure 3B). As an example at 60 min post injection,
-18.89% injected dose (ID} of PAL-IFN was absorbed to the liver, as compared to 3.66%
ID of IFN and 5.92% ID of PEG-INTRON in the liver at the same time point.



[0047] The elimnation rate of PAL-1FN appeared to<be slower than
those of PEG INTRON and EN (Figure 3A). Furthermore, PAL-EFN was
retai ned iwotes/adsyer with significantly higher concentrewusz0nR2gUr e
3B). As an exanple at 60 min post injed®i-on, 18.89% i njected dose
(ID) of PAL-1FN was absorbed to the liver, as conpared to 3.66% | D of
LPN and 5.92% 1D of PEG I NTRON in t h@@% at the sanme tine point.
WO 2008/ 057298PCT/ US2007/ 022770 - le 5 Cel lular Uptake of
PAL- I FN [0048] Cel | ul ar upt ake of PAL | FN, I FN and PEG | NTRON was

measured in both the Sg- PC2 «gdllulbi UptakedoPPATRIFNCuUl t ured nouse
hepat ocytes. [0049] Sg- PC2 is a hunan hepatoma cell line, huh-7,

transfec vm th S [ eeded at

hoaor 1y bPm"s  Colslhapiafe pf PALRENS SN, one PECEMR QR i merined in apghathe
0% FBS at 37ng_pt;@céwlmechnﬁlpﬁﬁuaﬁ;@u@@?ed%dﬂﬁﬁé}ﬁf&yggt| | cells reached
confluence. The cells were wash once with PBS and then i ncubated

wi t h DVEIRP4210% FBSedYrR i mhwganlmatomawell 151 hynf wEawstaeted with HCV RNA self-
1251 - PEG- | NTROIY; £ " %%1985 rv?asa&eeafeﬁcat T*c]Ens 'dfsz !l"%FEO %{erﬁ' 1@'4%%1 plate,
ra e resu

and harveste or urenent o oac VI ty s aré sho
in Figure 4A culﬁbmduntWEwm%ALBS RN\3T°C iB0x RGRidiffed1 i OO atmogplete uhtdincells

that of PEG | NTRON and 9-fol her than that of 0501Th :
i ncreased hedﬁ?‘ﬁ&?tc%&l?ém uITgF ke gps IP“F‘FW%@# &%‘Sﬁ]éern incubated with

confirmed in mHupiw ¥ RHd dntihiiP PSErRe PALPAYIER-or THEPRGLINTFRONRY Shours at
hepat ocytes were obtai ned by the perfu5| on of coll agenase solution to

mouse | i vers.3716e Thepstivpyrecthentypsivieedian hagvested\ler mepsuzgnesnt of radioactivity.
density of 2. I i

DVEM F>1/ 2 con é"ﬁnﬁhﬁg a%o“h}l’ %B%%% cél f%du %rﬂg 0’? 2&1‘ #ﬁiﬁ%ﬁ@]{s f&ld higher
1251- EN, 125ItRd thhto¥l PRG-INFRORER6Gd b4TRGheAfhias that ofTFdAL | on f or 10 m n,

30 min | s wer ol | ect.ed

a0 0050, arbhedpE s PR CCIRE R G ATGIENE Ay cpyfiomed in
SD. As shown driindri Gii'lﬁlﬁ'e(flﬁrou§é11?ep%5ﬁl§§ Phe Eﬂhaﬂyﬁﬁbds@%@p&&@ta@%ér@ obtained by

increased with prolonged incubation tinme. At each observed tine
poi nt, the uphakerfusionpaf cotiagenagessalntipni tiraense liyensi giherheppiapyteshwereseeded in

G LT o Sl PR, 85 PHTOLLH WA, 58 e e
i ncubation. DMEM/F12 containing 10% FBS. The cells were then mcubated with '®LIFN, %I
PAL-IFN or 'I-PEG-INTRON. After incubation for 10 min, 30 min and 2 h, cells were
collected for measurement of radiocactivity. Data are expressed as the mean of uptake
(ng/well) = SD. As shown in Figure 4B, the uptake of PAL-IFN into the cells increased
with prolonged incubation time. At each observed time point, the uptake of PAL-IFN
was significantly higher than that of PEG-INTRON or IFN. For example, the PAL-IFN
level in cells was 2.5-fold higher than IFN, and 8.6-fold higher than PEG-INTRON at 2

hours post incubation.

Example 6

The recovery of IFN activity in serum following an iv injection of PAL-IFN to
mice

[0051] PAL-IFN or IFN was administered to CF-1 mice through tail veins at 2 dose of 0.1
mg/kg body weight (BW). Three mice were sacrificed from each experimental group at



Exanple 6 The recovery of IFN activity in serumfolleowng an iv
injection of PAL-IFN to mice WD 2008/ 057298PCT/ US2007/ 022770 - 13 -
10 mn, 2,WD28d5B%ours post injection. Blood was col | RC/ER0§7032A7¢ he
heart and serum was obt ai ned by centri“f]@g'ation of blood at 6,000 rpm
for 30 mn after overnight clotting at 4C. [0052] The IFN activity in

serum was quafif nid, 9d 44l BB R imjdish BESAL WA CORSSBY fd8AhE SkarPaMfierum
cells. Daudi cells were seeded at a density of 2 x 105 cells/m in a
96-wel | pl at evasaahdipined beantnizgat@nefibipod ah 0,808 impm dor 3mactenomersight eletting
Three-fold serti4a(1: dilutions of serumand 1FN standard were added to

the cells. Af{er—four days, 20 pl of CellTiter. 96 Aqueous One

Sol ut i on[oBsZjgent (RredFBigRtivikpih ssaum wi¥ juandfediging ireghtl-piolifeenioh aggly lagainst
and absorbance of 490 run, @ recoreg%j t o_anal yfe celsl l%rétg iferée\ti(?n

in each wel | .Das cellp Jaudppelisayeiese alc# fspsity © _%Xe]ePc [y 3, 26-well plate,
cal cul at ed fromdhrel QF BCAnSENRRIAIRE 534 ), taﬁ?osglﬁé}w ?Me@ﬂolﬁfseﬁﬂﬁﬂ\ét&lons of

correspondi ng | FN standard curve. [0053] Fi gure shows that the .
activity was secogened HiNdtafidagdwerd addedite thewells Aftemfoupvaysh@ nafCeliTited 96

ami i st or e 2l Gne SOARTRERERPreofi iadBl WG uliied iinsget el gnd

undet ect abl e dbedtBhncdtof2490 AMsivad Rgcerled ad .anily2ple proliferatitai iroBachf well. The

lTver 2,8 Oalnilogu?x?g? rs]g/r{lr%t I%NS crg;[vsltgtir? Segchlwgl wsag')cal%ﬁ(lgtreﬁsﬁsgn? rt]hel %n\rlli.ll\éogenerated
from the simulation of the corresponding IFN standard curve.

[0053] Figure 5 shows that the IFN activity was regenerated from PAL-IFN in vivo at a

low, but sustained level, for up to 8 h. In comparison, after native IFN was administered

to mice, serum IFN activity was rapidly diminished to an undetectable level at 2 h post-

injection,

Example 7
Induction of liver 2°,5° oligoadenylate synthetase 1 (OAS1) expression in vivo

{0054] Liver OAS1 expression was used as a surrogate marker of IFN-induced anti-viral
activity. CF-1 mice weighing 27-30 g were grouped randomly. Three mice per group
were intravenously administered with PBS, 0.2 mg/kg BW of IFN, and 0.2 mg/kg BW of
PAL-IFN, respectively. At 24 hours post injection, mice were sacrificed and livers were
excised.

[0055] A piece of wet liver tissue (0.5 g) was homogenized in 5 ml of modified lysis
buffer (50 mM Tris-HCI, 50 mM KCI, 3 mM Mg(OAc);, 0.3 mM EDTA, 10% glycerol,
0.01% NaN3s, 0.5% Triton-X 100, 0.1 mM phenylmethylsulfonyl fluoride (PMSF), 7 mM
2-mercaptoethanol, pH 7.5). The liver homogenates were centrifuged at 20,800 x g for 30
min at 4°C and the supernatants were aliquoted for storage at -80°C. Total protein
concentration in the supernatants was determined by the BCA protein assay (Pierce

Biotechnology, Rockford, IL).



[ 0054] Li ver QAS1 expression was used as a surrogate marker of

| FN-i nduced anti-viral activity. CF1 mce weighing 27-30 g were
grouped r aw@R8057ZPBir ee m ce per group were i ntravenousP§I/US2007/022770
admi ni stered with PBS, 0.2 ng/ kg BWof-14FN, and 0.2 ng/ kg BW of
PAL-1 FN, respectively. At 24 hours post injection, mce were
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centrifuged a&lottiflg 80Ebnstagt 20U mAOfRDO nithutd BImEMBrahie! RAE BRICRAL 5 588 hen-fat
aliquoted for storage at -80C. Total protein concentration in the

super nat ant s 4% dnidke fleFaei kennsiatyrp domEAopr ands then daenbated pyigh @ gabbit anti-OAS]
Bi ot echnol ogy, 057, / 0 /£ Qo -

[ 0056] An al i l?(l)’%%(&g{éf ﬁfg’ofﬂ( %é?gegﬁ‘?raﬁ?@%% ?ﬁ??@ﬁ‘%&?ﬁé’q‘t °c7>f/ 1%@ %9908% émight.
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antiviral efficac erefore, 1 ncreased expression of QAS1l
locally in liver would significantly enhance the therapeutic efficacy

of PAL-1FN against viral hepatiti SEX g Characteri zati on of
PAL-1FN with Far-UWV G rcular D chrdoi'sm 00581PAL-1FN and | FN

were eluted and coll ect qd fromHPLC. To obtain Far-uUv CD
Characterization of PAL-IFN with Far-UV Circular Dichroism (CD)

[0058] PAL-IFN and IFN were eluted and collected from HPLC. To obtain Far-UV CD
spectra, 1 uM of PAL-IFN in 50% acetonitrile/0.1%TFA was loaded into a cuvette with
1.0 cm path-length. The cuvette was positioned in a Jasco J810 Spectropolarimeter
(Jasco Inc, Easton, MD). Complete spectra were collected at room temperature with 100
scans in the wavelength range of 190-260 nm. IFN and buffer (50%
acetonitrile/0.1%TFA) spectra were collected in the same condition. PAL-IFN and IFN



spectra, 1 uMof PAL-IFN in 50% acetonitrile/0.1%FA was |oaded into

a cuvette with 1.0 cmpath-length. The cuvette was positioned in a
Jasco J8lOwWoreeasi9®l| ari neter (Jasco Inc, Easton, M). KIRA$200722770
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fully describgflcdshe invention, it will be understood by those of
ordinary skill in the art that the sanme can be perforned within a

wi de and086@]i val erftavimgngew dhilly slestiribed ik irfvention, at wokh deamdierstdodr by those of
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entirety. W) 2008/ 057298PCT/ US2007/ 022770 - 16 - WHAT IS CLAIMED | S;
invention or any embodiment thereof. All patents, patent applications and publications

cited herein are fully incorporated by reference herein in their entirety.



1. A honopgeneous pol ypeptide conprising interferon-a reversibly
conjugated wth pal mtoyl cysteine. 2. The pol ypeptide of claim1,
wherein said interferon-a is human interferon-a. 3. The pol ypeptide
of claim lwohessisnzari d interferon-a is conjugated thpeygglk00%028470
nore cysteine residues. 4. The pol ypeptjgde of claim1l, wherein said
interferon-a is conjugated with at |east two nol ecul es of pal mtoyl
cysteine. 5. WHATIH §pbaEDdSof claim4, wherein said interferon-a is
conjugated with four nol ecules of pal mtoyl cysteine. 6. A

phar maceuti cal conposition conprising the polypeptide of claiml1. 7.
The use ©f theheabyReRtd fgypRbridd wlﬂpn%mg%extfa%nlmewrﬁsﬂy%ﬁjug£te@w1th
medi canent for treating |iver disease i'n a subject . The use of
claim?7, wher er disease is viral hepatltl S. 9 The use of
a honngeneouﬁhﬂ]l%'c télée/ wherein the pol ypeptide is reversibly
conjugated wi th pal mtoyl cystel ne, for the manufacture of a
medi ca t f i - n
i oy St ati oo NEea T ot 1, G WG Ry Rlon S B AR )
wherein the palmtoyl cysteine is conjugated to Cysl, Cys29, and
Cys138.

3. The polypeptide of claim 1, wherein said interferon-e is conjugated through one or more

cysteine residues.

4, The polypeptide of claim 1, wherein said interferon-¢ is conjugated with at least two

molecules of palmitoyl cysteine.

5. The polypeptide of claim 4, wherein said interferon-o is conjugated with four molecules

of palmitoyl cysteine.

6. A pharmaceutical composition comprising the polypeptide of claim 1,

7. The use of the polypeptide of claim 1 for the manufacture of a medicament for treating

liver disease in a subject.

8. The use of claim 7, wherein said liver disease is viral hepatitis.

0. The use of a homogeneous polypeptide, wherein the polypeptide is reversibly conjugated
with palmitoyl cysteine, for the manufacture of a medicament for increasing the liver

uptake of interferon-c: upon administration to a subject.



11. The use of the polypeptide of claim9, wherein the pal mtoyl
cysteine is conjugated to Cysl, Cys29, and Cys138.

-17-
10.  The polypeptide of claim 1, wherein the palmitoyl cysteine is conjugated to Cysl, Cys29,

and Cys138.

11.  The use of the polypeptide of claim 9, wherein the palmitoyl cysteine is conjugated to

Cysl, Cys29, and Cys138.



